8 Septenber 2005 1 SOLVENT EXCHANGE PROCESS The present ggvent'oqufglates
to sol vent exchange processes. |In another aspect, it rel QPERCTGH 0
concentration of organic solutes in organic solvents using sol vent

resi.stant nanofiltration nmenbranes. In another aspect it relates to
addition of one or nore solvents to ap organic |iquid containing solutes
and solvents to change the conposition of the mxture. In particular the
process conprises utilisin%g %?%%ﬁﬁﬁ ofiltration nenbranes to
alter the mxture of solve EORNE B éﬁ?ﬁbcﬁﬁ?e solutes is dissolved.

- Many organi c syntheses take place through nultiple sequential stages. These
stages ma conprise for exanple sequential reaction stages, or reaction
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purification or another reaction stage. In _many cases, this second stage
may requilt@id geRrtaining solytes andt splvsntst ifechppges thesqompesitipn of itk siivee- i a second
"sol vent .t I £t at. used .in the first

st age. Aﬁ%g??%gqt eogg%égﬁ%“%r é%#@%%ﬁ“%%g%ﬁﬁgin%gﬁﬁggP f%%myﬁgﬁf?he first
sol vent ciltestht wxndre 6f solvehite id whithenese apfehomeds ¥ailsol9éd. Sol vent  mi xture

requi res a solvent exchange operation. In general, two inportant cases can
be identified for solvent exchange operations, depending on the boiling

poi nts of e f1F S 2nt,. Th irst case is when
the fi rstM;ér%I ?}'%Ar?géﬁg@g%gﬁ%&v@?& gélltnjla ?%lg%gfg]p%ﬁ% eéﬁﬁ%atg 3 t% fqésesseaggsngla%ol vent
and the centitee fol Rxddile seqsdtialdiatiidd diape) @arcabererPpLay eslidwedr pyrove
aliquots of the first solvent- Aliquots of the second solvent can be added
to repl addtfifation;stages. Tpmymneasessthe prepric msiecelgs which aregthe prodectpplor 858 wi | |
event ual | LNy ] I o] P e so ' d.ihn the
second solenr Mk a@ole o LOuEP PG L Bk St MR e e

boi | i ng pompletidnhah thet fiat steg:o Mhe SOtonaNfallotitly dtapaeiayt banprisaefod @kathde Here it
is not possible to exchange solvents by progressively distilling and
addi ng t RETBeRtigR @r aythe Aeaction stesre I BB PASEY thiF 8¢oPnd pge TRY FequireH@t t 0 be

rich in thepRaeands R M8N L dreS@sdollRa fif 'aSlecSR ¥t B ' scBla fvénprroved. To

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




overcone this difficulty, it may be necessary to use vacuumdi stillation
coupled with a 8 September 2005 WO 02/ 076588 PCT/ GBO2r 018 fgptember ¥d
~surface drier to renove essentially all the first solvent prior to adding
any of the second solvent. This process may be tinme consum ng and nay
resul t i wotne76ss8l ut es bei ng exposed to tenperatures bhcgbsozgihian their

t hermal deconposition tenperatures, which may cause | oss of products

t hrough thermal deconposition. It can be understood by one 5 skilled in the
art that the same general problens exd st when instead of having a first
solvent and a. second solvent, mxtures of several solvents are present in
the fir st swamdenfae driemotritmowasenibliytatighe fist sdlivenbptidr. to hadieeshyi of tisy st ens

i nvol vi ng_m xed,so] vents azeotropes may formwhich further conplicate
di still at PSR ?lgn%§r?°833&?yeﬁn%%?w 5&9@%@@“&@ t&’/@ﬁﬂ\“ﬁ*ﬁ % ocesses
are vel | k&hrwd foeib@atdfes Hifhes BRA R APmBEIde siiﬁﬂgt r%ﬁeﬁﬂﬂﬁ(}hEd to a

range of separations of species of varying nol écul ar ghts’in liquid and
gas phasemay (e ldsoef preduetd throtjle thiorneah decherphsitidro diydani bre Wilerktoat byrame
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0

Dal tons. Nanofiltration has been widely applied filtration of aqueous
fluids, bigithegeeond siage, gtk bath.clofecd lih aystatsvievalving aiked suivebtsaasedtropass not been
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nanofiltration nmenbranes which conprise a |ayer of silicone imobilised
onto a support, preferably a polyacrylonitrile support. These conposite
menbr dfesMambrage propgsepstase Well kaaym iarthe art efdeparating serencs laad camchetapplidve utility

for separgti ' Lar -wei.ght . sgl ute L ncl udi organonetal lic
cat al yst tg%np g%fgg&h'g?%ﬂnggr% é%’hels 8f‘§55¥18%f?t°£8982|;h‘¥6@3§:H%@H&P@%%Pl%f%ese
conposi t gsswefib erngsle i“MesbRas AletiivlopPt 4 Esk (R BLARRPLS 6F ehéRRsa 25 has
been descriped in the open literature ("Nanofiltration studies of |arger

organi c b Gt dditon [H88nNAbL6.sseer 1nkP3). Nunefiliration iBalmeniigame. C.
Sirkar K dtocedOHiiab n¥fnbranes whose pores are in the range 0.5-5 nm, and which have MW

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




Menbrane Science 170 (2000) pages 159-172), and their performance in
perneation of pure solvent phases has al so been report ed SepEmbec00sf
sol vent properties on perneate flow through nanofiltration nmenbranes. Part
| - investigation of paranmeters affecting solvent 30 flux" Machado D. R,
Hasson Dwo ®®nésst R. Journal of Menbrane Science 163 ¢ptpe8)2oipages 93-102).
The application of these nenbranes to recovering solvents from 8 Septenber
2005. WD 02/076588 3 chromat ographic systens is described in US 5,676, 832.
PCT/ GB02/ 01216 US 5, 264, 166 descri bes3processes for the production of
asymmetric polyimde nenbranes which are clainmed to be stable in solvents
such as t chiomamgrapkin zpstedns ixgdsarived ines bBylheo, 83yl S5 ketone (MEK) and net hyl
i so butyl ketone (MBK). These asymetric nenbranes are clainmed to have
~utility for the separation of |ow nol ecular weight organic materials with a
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Menbr ane mqgh&g%ﬁ(-%(}gﬁ(}j] 5 ; g{ﬂg t0 separate
catal ysts from organi (:1 SO v%ﬁ%%?% E%ﬁl%}eﬁ&?ﬁgé{ rtOQ%n E%r%&(é@tehna descri bed
~in the op&wlscilarweight ia.the Ragesee40shos isslvemnts Withysl et sveighat of yoiusd’ 15
~ Cosser L. noth. WH.,.Parshall G W Journal of Mlecular_ Catalysis 2
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reaction mxtures by reverse oSmposis. Ing of n tratron -
assi stidd Ovejeant weavent fiers e oil FilibatesWhith a Bol@miBadubmbmane” Wikite 1.Si, Nitach  Jour nal

Tnvesti oatace ITREEMEREbe gee LT GONRAE3R6LATE o ool e nanof 1 ¢rat i on

menbranes to catal yst separation and recycle. The patent literature al so

describes the use of nenbranes to separate catalysts from
The use of membranes to separate catalysts 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




organi c solvents. US 5,174,899 di scloses the separation of organonetallic
compounds .25 and/or nmetal carbonyls fromtheir sol uti on$ SeptesthgaA®@® nmedi a
with the aid of sem - perneabl e nenbranes made of aromatic pol yam des. US
Patent Nos 5, 215, 667; 5, 288, 818 5, 298,669 and 5, 395, 979 descri be the use of
a hydrophobi c nenbrane to separate water-sol uble noble netal ionic

phosphi ne |igand 30 conpl ex catal ysts from al dehyde cont ai ni ng

hydr of ormyl ati on reacti on nedi uns conpri sing aqueous sol utions, enul sions
or suspensdéserilses athe saplikadai alf wslvent-rkiSstint 6Bnpd# % Dehbphesrhesepdbn 4fdescri bes
the application of solvent-resistant conposite nenbranes to separation of
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or ganophosphi.t.e 1igand from a honmbgenequs n- agueous. hydr of ornyl ati on |
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applied to solvent exchange processes. The present invention addresses the

probl ems B the R8oRS it a& Inembin® REaR3iB8 Hus hbCLRK GPFIHa o WA &?hiﬁql';ggv' des a
process for nodifying a first organic conposition conprising (1) at |east
one firstpeodswsnt, (ii) at |east one solute, and (iii) at |least one second
solvent, to produce a nodified organic conposition in which the
concentration of the at |east one first solvent is reduced and the

concent r af eotewsnt ippatign addresgestthepreblemes she 8P AHt is i ncreased, conpri sing
the steps of (a) providing a selectively perneable nenbrane having a first

surface d a surface: (b) transferrin rtion of the first

sol vent 1(‘31]?l om t %Sggcgﬁg%tpregﬁn?flﬁzeélgl %pf%éd%% eacB‘i?aeSgJ?“r g@ﬁlfggg 85@33 HE™ frenbr ane
by cont acdinip@sitidifeolptisihg Qf A ¥kt G RAPRNIch, 81) alebdd bkl r8l Siyhd @&E, Wherein
the pressure at the first surface is greater than the pressure at the
second suwmeaseondnelventyetoeiprodiube anentdifde orging sehpeitionelin/ vadcheabdl e
menbrane such that the nenbrane rejection (R) of the solute is greater

t han O - % CORegriraden pgthe 2hlsatt o8 figt selent deregnerdswr viameonceniratipnolothg dhi ¢
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enbodi ment the organic ConposItion e I'hg T Of ep Y her
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of. (d) providing 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).




sel ectively perneabl e nenbrane having a first surface and a second surface;
(e) transferring a portion of the first and second sol v8riteptenthsn2@Me fir st
surface to the second surface across the nmenbrane by contacting the
organi c conposition fromstep (c) with the first surface, wherein the
pressure at the first surface is greakter than the pressure at the second
surface, and wherein the nenbrane is a selectively perneabl e nenbrane such
that the nmenbrane rejection R of the solute is greater than 0 % (f) adding
. a portion of the second solvent to the organic conposition retained at the
first surtmaegérter piefermed rinbahimentiarposti@pof(ae Jeast®nSegteibetins20£8 . from fhe a
further preferred enbodi nent a portion of at |east one solute is
t r ansf er r 85 FEGT IH eS?CP‘irligiur@EFr"‘fcé‘E?éﬂ"tednﬁfr#ga‘?econd surface across the
menbrane, By the term"selectively perneable” it is nmeant a nmenbrane which
will allowthe passage of solvents while retarding the passage of sol utes,
such t hat BY tesdeim eselestieebhuermaedblsn it léﬁﬁﬁ@rﬂéﬁ‘é@ré@nﬂbg‘l ﬁﬂkﬁﬂg@féhe pasagie sol vent
flow acr ogp s4iD&u"SRE 3BGrdin Bel B é%lfes%ﬁl'tééf" L¥en 1{2&{ g%@ﬂlkt)ee c%)éntpa%og.e“ ned in
terns of nmenbrane rejection R "a comon neasure known by ose skilled in
the art afifferdadd qaede aeduced by @R solvediOB¥ acBiRE tHeIembinge eTHeperm seletimelent r at i on
of species_ i .0 the r te ermeat e bei ng.t organic liquid which has
passed th %rﬁjﬁlaﬁbq? héeY Hgﬁ%é%ﬁérf tegﬁ%oﬁfm@aﬁeoﬁbegmnrhgﬁ %anr%‘?n Igf)aégﬁeé%mwni n the
r et ent at eby thesekilkten eiafgnd B&finedgani ¢ 1iquid which has not passed through
the nenbrane. It wll be appreciated thata nenbrane is selectively .
perneable fo a s ciesif R>0. By the term"solute" it is nmeant an
organic nml£&1u4e5§]e>11m0% nol ecul ar wei ght in (tlre range 200 - 2000 Dal tons
“which is presentrdi ssolved in at |east one solvent, such that the
concentration of the solute in the resultant organic liquid mxture is |ess
than 20wt {erBy:, gonk&fidioS et %@a@és‘& ih thel perfiBAd) L. QAR e drbAHid Bt th
nol ecul ar wei gFlt | ess than 300 Daltons in ich the Soluté can be
di ssol vedwkigh dag pmeehthraigh ohe ofembtank.eamlt C). =1 cotctitration of species i in the

retentate, retentate being the organic liquid which has not passed through the membrane.

It will be appreciated thata membrane is selectively permeable for a species if R > 0.

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.




In a further aspect the present invention provides for carrying out a

sol vent exchange by onmitting step (b), so that the at | aspteorer 2¢50nd
solvent is added to the organic liquid prior to menbrane filtration step
(e). In yet a further aspect the process nmay be carried out continuously so
that stepo@hysssand (c) or (e) and (f) are perforned scrgBiznaeusly. 8

Sept enber 2005. WD 02/075588 6 In yet a further aspect, the process may be
carried out discontinuously. PCT/@B02/01215 In yet a further aspect, nore

t han one sel ectively perneabl e nenbrahe may be enployed, 5 so that the
menbranes used in steps (b) and (e), or in multiple repeats of step (e),
may be different. This allows the nenbrane to be chosen to provide the best
combi nati on of ol vent flux and solute rejection for a specific

CoNposi t i eB?ﬁ{rﬁﬁér%Pﬁ’&ﬁl?@r?qe&im%i"i%%’éd@&dﬁ%ﬂ%ﬂ‘i%t ed with the nenbrane.
By way of non-limting exanple, where toluene is the first solvent to be
exchanged for nethanol as a second solvent, the nenbrane used for the 10

- first fil torytabnthst gsspedt,bhorathan bee sdfwotivaly pampabbasnciabmandinginbd ahpleyed, f | ux, _
whi l e the nbr ane ., chosen, for t S nd filfration ste ) may be chosen
Vo provi ot BahemembERR R 1S (1 end hirdumuliphersinet fhe (i mPekist one

first sol ygeleniTahidR1ME RhaaRtbRNe o bi chS el'g‘t&(gf!fvfde%e beft! hEBSH noﬁ_fst he at

| east one second sol vent may be repl acedg y second m xture o?

sol vent s, salvenbfeharid sobte wizktiantor aspkciie compositainedriic agmibBquiéphactd by a

first mxture o sgl yent s, and second m xt.ure of solvents respectively,
such t hat {’? ﬁ%’qc{epépﬁ}#iﬂf?’é’mﬂf' ﬁys‘(?%%ﬂ‘?oé‘mg’ﬁﬂnﬁ F\’@“g’é%d\‘b&reﬁpﬁ‘?%ﬁ’é%ﬁf sol v)ént s

vary in CHp@bichi ©be elhbhiRl For RdiRbPdsa%ecoRl 56154, M8 HBRLRARL W8 fRfnd he
invention, 20 In yet further cases there may be nore than one solute

present0 i first ildratdomgsien (&) miay be chosemig provides hifatolsne fluf, wiilesle mehbraes nay be
retained at t LISt rface of the nmenbrane enployed. .In t other
Cases.t nabetnidy ik R haPhindie (o' B ebos BouRror s ehgiegrify. °l ui o,
only sonme of which are retained at the surface of the nenbrane. 25 W have

found that in some cases during the nmenbrane separation steps (b) or* (e)
t he 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 ().




solute can attach itself |oosely to the nmenbrane surface. In these cases it
can be readily washed off using fresh second sol vent pr 8Hediediben2((e
subsequent step (c) or (f). W have also found that in sone cases during
menbrane separation steps (b) or (e) the solute can begin to formcrystals
or ot her wanhiotksssas sol vent passes through t he nenbrangcpggeseligt e 30
concentration in the retained liquid rises. In these cases the solids may
be re-dissolved in the fresh second sol vent added during a subsequent step
(c) of (f). 8 Septenber 2005, WO 02/ (076588 PCT/ GB02/01216 7 In yet a
further preferred enbodi nent, the menbrane may be backfl ushed using either
sol vent or gas, to renove deposited material and inprove flux. 5 In yet a
further gﬁpect the invention may be applied to sol vent exchanges wherein

the or gdfi%et pifgthes PFﬁffs&eare@lb@@mean Fheﬂaemlpréner mpy be dagkflashed apiag eikersol ut e
result from. ! wherein it is desired to
-exchange sci)? %ﬁ%ﬁgm&ﬁw‘s’ec‘%{’%@ Mngéﬂo ich the solute wll be
crystallised so as to purify the solute species. 10 In sone cases it may be
necess ry to heat or cool the organic liquid prior tQ contact with the

| rrenbra Yok f ey g3peely éyvenmmaéé%gpn Vi Selrenh cxehpnges whereln then i s
~enpl oyed Lkd i \bER E]]]ﬁ]@&[g@?ﬂ I f eat the
second soolr%ent%ﬂpor tg\ésteps teml%%]% mﬁgssgl?i%crg%%s%gng so{%@é
sol ubi | i tsynthesideddtien andwhantin dtdsidesirtd/iodednegswiviepiape s adcotidsolviend fremi Nng st eps
(c).or (f),.to effect st al ation. 15 Preferably the solute will have a
nol ecul ar‘)’%@ﬁ?"@? w&lﬁé%gysj@{y %é‘? fsgngurity dhe SoBHesPesitsef er abl y above 300
Dal tons, and yet nore preferably above 400 Daltons. The solvents will be
chosen vvith regard to solubility of solutes, viscosity, and miscibility

. 20 wil h Tnséree cased it may ¢ neovesary tohéut or écmctttmrcsgmiudﬁquaSpmm contudt withet y.

SUI tabl e nert sol ven e ous and known . to,those skilled in the
art. By TSpbTaRe i S &ﬁpf'a(hb zﬂmﬁ?f casess [} hishe? SHFUingtion; lﬁ(ﬂ“iPi%’e romatics,
al kanes, f&lﬁivﬁﬁ%%lveﬁ{ mﬁhfge i€ Blap bloRe hiRGul $9 Lt MleSec R (s6vant gn@xttlaes'i g amnes,

nitriles des, p heriol s, am des, car boxylic acids, alcohols and
di pol ar (©) or (f), us increasing solute solubility, and then to subsequently decrease temperature

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,




~aprotic solvents, and m xtures thereof. 25 By way of non-limting exanple,
speci fic exanpl es of solvents include toluene, xylene, Bepenser30§5ene,

ani sol e, chl orobenzene, dichl orobenzene, chloroform dichloronethane,

di chl oroet hane, ethyl acetate, nmethyl ether ketone (MEK), nethyl iso butyl

ket one (wWd Biyssssicet one, et hyl ene glycol, ethanol, nepgpaglyipgopancl,
‘but argl, hexane, 30 cycl ohexane, di nethoxyethane, nethyl tert butyl ether

(MIBE), diethyl ether, adiponitrile, N N dinethylfonman de, dinethyl
sul f oxi de, di oxane, nitronethane, S Sgptenber 2005. WO 02/ 076588
PCT/ GB02/ 01216 8 nitrobenzene, pyridine, carbon disulfide, tetrahydrofbran,

N-met hyl  pittdbehdeft N @yridiiks € taBir I dibBfideNelefbhydffdadll M-MERS] te0RRIe, The
menbrane of the present invention can be configured in accordance with any
of the 5 apeienigies vidispwad mixtwrerdheseaski | led in the art, such as spiral wound,
plate and franme, shell and tube, and derivative designs thereof The
nmenbranes may be of cylindrical or planar geonetry. The nenbrane of the

present i rThe fcirdrinedy the@rader? AivestfonQan Be BOHTrgRRH G Gt RIIRIEAA: any P Ui t abl e
menbranes wi_ Il have a rejection for the at 1east one sol utesgr eater than

0% yetd moeasnskaown taghese giilled iathe a1t Auchagspisph wowsk plaisrand Samb) shelyandat er t han
70% yet bl v: 90% and_yet f erabl t
{han S50 penddan et ARetiofld GALSE TRCRnBanEey i of UGB ot o 2y

pol yneri c geomatgr amic 15 material which provides a separating | ayer capable

of preferentially separating the solute fromthe solvent in steps (b) or .
(e). Preferably the nenbrane is formed fromor conprises a material

). Preferably the m s fors prises amterisl
it raf 1 1 PO BB beentbl e NCa blont B R G bl Bl 17"

pol yet Hy| 8nitgble pehlyrpmes wyill &mve,a mpjettjdnefor tit latiRan Shdydle0 @rdafed Hay 0%, yet
pol yvi nyl i dene ?i fbbigori de (PVDF), 20 polyethersulfone, 90I yacrylonitrile,
pol yani deMOFoPSiemblie gregler than £0&6. avok maare Preferabliy steater dhan 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,




t hereof . The nenbranes can be nade by any technique known to the art,
including sintering, stretching, track etching, tenplat& Septattiend(05.

i nterfacial polynerisation or phase inversion. Yet nore preferably the
menbrane is prepared froman inorganic material such as by way of

non- | i m wwog/oeesgspl e silicon carbide, silicon oxide, gét/gpRlwi;oxi de, 25
titani um oxide, or zeolites, using any technique known to those skilled in
the art such as sintering, |eaching or sol-gel processes. In a preferred
aspect the menbrane is non porous and®the non porous, selectively
perneabl e | ayer thereof is formed fromor conprises a material selected
from nmodi hblgecteRmeo bassd lehxtdmers DpsiRReiBimR SHaeslgstdrikes, Ustiid@@ne and nitrile

pol ydi et hyl si | oxane (PDMS) based el astoners, et hg/l ene- propyl ene di ene

'(EPDI\/; babbladignes subbere pased plasiomsrs orafvsal erubbere duel gtg I:It@rrénase,d glagiemesnber ﬁoos
WO 02/ 076 0 _
bscd ol aEtudRrireHOMANENS B VPl Rl AR SR IaT HoheasRl ner onor <,

nat ural r elaktetherspilyethytenyRlyphipsiest, ebittafiisthyldae (FTHE)OpspigtidendNeopr ene)
" based el astoners, \ﬁgi chl orohydrin el astoners, pol yacrgl ate e|lastoners,
as

pol yet | &Hworidso (RMPIpbaset elastomerst pelyetharbletkoanidys EREEBAIIRm mixbiressi nyl i dene
5 difluoriyde £PVDF) based el astoners, polyetherblock am des (PEBAX), and

“m xtures thereof In a preferred aspect the nmenbrane conprises a
reinforcing material selected froman external nesh and support. This is
particul arly advant ageous for, honogenous tubes, or 10 sheets., Such tubes or
sheets majt %@r%?%’{eﬁfa@?%&et%emhﬁqemnﬁ%ea reidereise mpteiad gelecteds Bpm a8y anpl e by
over br ai diaga51uh i i : ¥ jding a
supporti ng’arresh %‘gra&1 Isggmghgﬁelﬁzs. 8%@%@&%@5%%@%%??g%geltﬂé%sgﬁgé@n%'n_ por ous

| ayer IndsleetsaButht fubesabr gwaipanenbe réiliferced So dntdéase dhedd bwasinpesyere foray be a

supporting |l ayer. The s orting | ayer y be a porous support |ayer.

Sui t abl e %ﬁfr@ﬁ 51' é’v?rglfa“#‘ﬁguﬁ’ﬁ%ﬁ%%%ﬁ? %B’B@ft"r PSSt O BY HFYIHRE 17 known to
those ski Lipgstih@mbdSoPidt sletsteMbr ane processing. Preferably the porous
~support is Torned o ~

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




fromor conprises a material selected frompolyneric material suitable for
fabricating mcrofiltration, ultrafiltration, nanofiltr &tSeptendrer 2é¥er se
osnosi s nenbranes, including 20 pol yet hyl ene, pol ypropyl ene,

pol ytetrafl uoroet hyl ene (PTFE), polyvinylidene difluoride (PVDF),

pol yet hemaudzfoodsss pol yacrylonitril e, pol yanm de, polyi ptoepozantisni Xt ur es
thereof. Sel ectively perneabl e nenbranes 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 #0368,112 and 5,067, 970. Preferred
nenbranes are produced by WR Grace & Co and are described in US Patent

5, 624, 166mede)imi®ep0/ 06293. The rejection per f or mance of the nenbrane may be
found to be inproved by pre-soaking the nenbrane in one or nore of the
solvents to be used in the solvent exchange. 30 The process nay be

per f or medTHeNor h 8

Sept enber 2 Ogce{g/%ﬁ%% }B g ?glg%rgl%ggkﬁ' / %cBa(%&Zd/ ‘g@o#sm%g ﬂ(':Mmsd‘:E ndannn lrll&g ??se§.ﬁr§é %r ocess -may
be per f ordredtends filigtiore i ussd dhe prassuss maf Ibovsupplietlrthtougln a suitabl@ pesap wher e

‘dead- egd n.s used ressure ma bes Iledthrou h a suitable
punp or9 ﬁoh&géﬁgmﬁlpgg%ﬂgﬁ?ﬁgé%o ﬁrdefnl‘i E%E’WIP@?SS‘% e designed
to exert fiseagaeof e nididrankl r st surface of the nmenbrane. The portion of
organic liquid renmoved during steps (b) and (e) may be greater than 30% of
the starting organic |iquid, preferably greater than 50% of the starting

o San ¢ PR AT S M BT B b L

organi c Ithqsimtlnglhgama\l&qmﬂ; wrofeitblyl gréven dhe. SUSSEN thé Siektink roaiié lahideyenpl e only,
with reference t acco anying draw ngs in whic 15 Figure 1 is a

schemi?i e Pk greéﬁeﬁ §haap eof the saingerganie dawid, even more gesferabipvent i on,
greater than 80% of the starting organic liquid

‘The invention will now be described, by way of example only, with reference to 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,




Figure 2 is a schematic of an apparatus operating the process of the
present invention, Figure 3 shows graphs, Figure 4 shows Sgptpiter 2% Fi gure
5 shows graphs, and Figure 6 shows graphs. Figure 1 shows a schenmatic of
one enbodi nent of the process. The organic liquid mxture containing the
first somueezio7esssl di ssol ved solute is fed (1) to a presswseyaelsl (4)
containing 25 a nenbrane (5), so that the organic liquid mxture is
contacted with the first surface of the nenbrane. Pressure is applied to
the organic liquid through an inert d?as (3). The organic |iquid above the
menbrane is kept stirred using a stirrer (2) to reduce fouling of the
menbr ane sk fyaemoviag pud terpplying the presoramnequited duouthpiimes $3s Thdwroteghint he
nenbrane and exifs th el | .. Jhe, second soJvent_is fed to the cell
Uhrough: 1 PRceblels apeliediig detsbd fHogiod Rinces. Buibs dpadbamt comERoBigan: ¢
i quid frREckde €Rlde ; oLy 2 ed with
'Po deratd thO HidBesk in”&.%cﬁl%b tha?ﬁl?'l?l:f)ﬁ,éﬂ&‘??( 3 I%rglgﬁ{‘s{t e a st O?ﬁl

any of the flows through Tines (1 (6),
di scont i niiention of setegst ésrforsed 0@0H thewizaRy HEEBKNRCTS BBORAD (®1Thit iyknd by

removi g d.r | ving, the essure as requiyed.throu | i ne . The
procesg i%nc’pteﬁgggg%i#ﬂ?@‘)gage B tbﬁ?‘“ﬁ%@ﬁﬁ%ﬁ@?ﬂ%&aﬂ“ Oélg cess. In
thi s deadascindhe BAEH pabRs tRMNolute mhyPteR® TS billdeug £ @&?&?&rﬁh& B&ARE @F @RS 1 N batch
so that during each filtration stage a substantial fraction of solvent is

forced oumegbranges ibpesametcdnrentiaigd ir the metentais Hoavemerait avill GjovidEhaisslvetty| e 5 of
oper.ation | pwer fluxes than the nme_.configurati.on operated _
cont.i nuouesxlt‘]"g%?{]gé g)gtﬂ? %&eh(%g%%flsc'he fﬂnﬁ@éoélg PRofss 3‘%‘?&’8 51@?/3 A S | d up as a

| ayer on the surface of the nenbrane as it becones concentrated in the

~retentate. However, it will provide a solvent ........exchange to the sane
degr ed0astigwe 2 shevs angbenenphodenentofiths precess; iThe otzenis ligwid anidurcsbateining 10 Fi gur e

2 sh | ' The. i Cohigquid m xt

cont ai ni nac BAF Sl PAROA B8 Wesdlied P IERRL 1 O BAPLERHE L) BT 1

m xi ng t ankvefi2it)adidie(28). SBeghnics e Riixtin® i8 debadulbr@)24)Thyea ngﬁ@ﬁ'@ﬁ) liquid
mxture i rgelglrcul ated (24) by a punp (25), through a nenbrane nodul e (26)
cont ai ni ﬁ@foa & sEbraps medyler (Rekasnieming b pelastivelp pyrmepble 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 continuous

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,




portion of the organic liquid perneates through the nenbrane under the
pressure applied 15 by the punp and exits the nodul e (288.Septeenbor 2205 c
liquid concentrated in solute (29) is returned to the m xing tank. Organic
l'iquid containing the second solvent, small amounts of first solvent, and
sol ute, wo ootddgh awn fromthe m xing tank (22). The ppegesGiist hi S

exanple is operated as a cross-flow filtration process. In this
configuration it is possible to wuse the cross-flow velocity of the
menbrane to avoid the build-up of lajy&rs of solute on 20 the surface of the
menbrane. Any or all of flows (20), (22), (23), (24) may be continuous or
~di sconti nEigus.5 kdlges ® Blemblagé Sslvid BRIRIZANE nthandD forbsl Ab&ae akingol uene for

met hanol using . STARIVIEM 122 as a nenbrane at 30 bar applied pressure,
20C, and %RARI%EEM al122 ssagprmdsame at $bbpr.ci0°Q apd pn i concretiation pHHOBY TOABr was

measur ed : [ ' el A .t 9 Menbrane
Sol vent E?%ﬁgﬁg%"?)‘% Jnﬁ%%%.l W%Sodrléaélﬁ%(%/%& g%%%affng&gg{&%g& @%%?Eﬁﬁ“’f%z as a
menbr ane fat indf¥idualmngR €hovaruh phats bedéw.i al concentration of 0.01M 30 TOABr.

- Rejection of TOABr was neasured as > 99.9% for all filtration runs, 8

Septen‘éer 2005. WD 02/076588 12 PCT/ GB02/ 01216 Figure 5 relates to Menbrane

Sol vent G t i _ 22 as a
ronbr ane HENEC- s SRR Sifvetl ithaE Srthddid] B et] ARl Ig 0
Rej ect i onMBF50T&ABmembmnaen3)bag2e?€, arxl APinfitdl tarcemtdiiof iof 01088 DBABHINS.

Rejections, for il dividual runs R shown on plots below Figure 6 relates to
Menbr ane S350 8HKP gloverat hgse nEpiel for gaeh Blsipn BBet at e using MPF50 as a

menbr ane Be 30?8 wil Ofow 80 bk ent rat | M TBABT .
Rej ecti on of TeBABr ‘?ng shownq‘zf'ltﬁp%{%lcgehf g‘?lhﬁ‘icg%fg}r‘ tgéa'gﬁﬁ?‘ﬁg[ Q%I?}?%ﬂrtlm un. The
i nventlDorExamplesnow be described in further detail in the follow ng

‘non-limting 10 Exanples. EXAVPLES

EXAMPLES

EXAMPLE 1

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)




EXAMPLE 1 15 The solvent flux and rejection of various nenbranes is
denonstrated in this exanple. The solute is TetraCctyl AdrSapiembidr 2065e
(TOABr), MW = 546 Daltons. Menbranes selected for this study are listed in
Tabl e 1, show ng nenbrane properties: 20 Table 1--- Menbrane Properties

( Manuf actwis ee7&sséat a) Manuf act ur er Menrbr aneMAWebr ane R AR 216

t ypecut of f property/ 0) KochMPF-50700hydr ophobi c70 (Sudan I'N, MA£384, in

et hyl (USA)acet ate) OGsnoni csDesal - DK350hydr ophi | i c96 (Sucrose, MAN 342, in
water) (USA) WR G aceld2A220hydr ophohi3c62 (2% n-decane, MAE142, in tol uene)
(USA) 142B200hydr ophobi c74 (2% n decane, MAMA142, in toluene) 8 Septenber
2005. WO 136 288 hfeBR2 aﬁﬂg v able from
nmenbr ane gﬁ?{ﬁ I(?ersDjevga\il?mGrl-ace 14@%2%&3W{%b2%ne ]%%ngl{%g@%?%% E'Jg‘%n

met hods géﬁgﬁmemjame%mpabﬁdwmg mﬂ&o@sageamﬂﬁdeﬁaﬂqedaﬁuswtenmzaa/ﬁeaﬁwB both

to WR G a n fluxes were determ ned using an

Osnoni cs/ i@?pﬂﬁ%ﬁ%%a eeaé’ar&ge Menbr ane discs were cut from Ad
sheets in circular discs 49 mmin dianeter, giving an active nenbrane area
of 16.9 cn2. Al experinments were carried out in a funme cupboard. The cell

was pr el s Refentien mﬂtfmxemq;? delermined iusin@geﬁsrgas'csﬂbesw(é@ﬁm SEBAT t8st 661 bar . The
vol'unme of 0 and.t er npat e ,was neasur ed
with a 1 e%nlg)gasn%rdlm;% ¥ c}ﬁﬁ%% %%Isﬁ%et‘%lﬁl V&ﬁtg’ ‘¥‘F“l§x "V\/Qg‘mg% & by

active membrane area of 16.9 cm?. All experiments were carned 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

Membrane |R (%) {Flux |R 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 unstable 88.1 | 15.8 | unstable unstable - -




(2) J= At where Vis the volune of perneate (solvent), A is nenbrane area
and t is tine. This results in an "average" flux bei ng &Septeatbenl005 in
general fluxes were higher at the start of an experinmental run than at the
end. 15 Al experinments were perfornmed using a starting concentration of
sol ute (WoMBroyesed 2wt % All toluene filtrations werepat/GBW1218! | ot her
solvents at 30C. 10 mMl was retained as perneate in each filtration and 90
m- wthdrawn as perneate. 20 Results fromthese tests are shown in Table 2
bel ow: Table 2 -- Results for flux and rejection. Fluxes are neasured in L
m2 h71 at 30 BarG Solute Rejection of TOABr(R)is defined in equation
(1). Sol Vesaivkal uenebiitdienol Et Methanelet Onethyd0- Pr opABGne/Cetiat&p {neR
(99 FI uxRAl uxRFI uxRFI uxRFI ux 142A99. 8341 999. 825. 110043. 710066. 71004} 9 142
B99. 748. §99. 919. 71p057. 399. 9114. 4- - Des@efate

DKunst ablg&s gﬂ 15-8ugs stabte—=8 och et 2005 WoG2£076586—14
PCT/ GB02/ gnglS Sol veré Tjkiﬁuj efMet hanol Bt'hyl |Acet phel sjo- pr oggﬁ',ﬂ‘ol TS: et ate
MPF5096. 587. 7---97.4 15. 1 Based on these results, each of these nénbranes

is suitable for use W|th at | east one solvent- soI ut e conbi nati on.
Based on these results, each of these membranes is suitable for use with at least one

solvent-solute combination,
5 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.




'EXAMPLE 2 The overall solute recovery possible during a solvent exchange
operation carried out follow ng the process of the inveBtSeprmbsr2005
denonstrated in this exanple. A solution of 2 w% TOABr in toluene was
used as an initial organic liquid. A 100 m sanple of this 1.0 organic

i qui d waeo éxd7és88 ed once using Menbrane 1 so that 90 wtross/meishdrawn as
pernmeate and 10 nL renmained as retentate. To this 10 niL retentate, 90 niL
of fresh second solvent was added. The filtration of the resulting 100 nL
of organic liquid was «carried out usr’ng Menbrane 2 so that 90 nL was

"W thdrawn as perneate and 10 nL remained as retentate. 90 nL of fresh
second solTablet3 whelutaRaeayeryoV W) duningtselventcrchenge®npa fxsi shveat (Idd@engin f i nal

organi c ligquid containing TOABr, sol.ute. .The re A of, solute in this
Fractton 1 4alepfiRdaliee MyetCeeinthinodi) Wie REVGieol baffiineio00c
(I'nitial MassSol ut ei nFirstSol vent) 20 The concentration of toluene in the
final organic liguid was less than 1 wt% Data for solute recoverjes (W

are showr Memtrawsise 3. 8 Sept eY¥egend SHDGBL WO 02/ 076588 15 PCT/ GB02/ 01p16 Tabl e

3 - Sol utjgzRecovery- W9 va—r'%—sg-k e—from-aii+st—solent
(tol uene cbpRe T g)\bt%‘ o e ng i n |FeTraganolsh yee i s
TOABr i n |akpaexperi meg8. MendgranesSeepyd SOT Vedg VETDT aifgg §VENDT ahe
2Met hanol|Et hyl Acetf at eﬂic‘et onel so- Probanol. 142A142A96. 998./1898. 898. 8
142B142B9942886. 795] 842BIA2A142897. 998| 7. 9 1421958794, 896-796. 7
142 ADKAG .13~ H42AMPI-5 061 _
142A 1428 97.9 98.8 97.9 -
142B 142A 94.8 96.7 96.7
142A DK 46.3 - - -
142A MPF50 - - - 61.5
142B MPF50 - - - 61.5

(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
m )

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




- 142BVPF50--61.5 (1) Sane nenbrane disc as used in first filtration. 5
EXAMPLE 3 The- process of solvent exchange is denonstrat @eptentbler 208xanpl e.
The solutes are TetraCctyl Anmoni unBrom de (TOABr), MWN-- 546 Dalton, and
10 TetraButyl Ammoni unBrom de (TBABr) MW = 322 Dal tons. Menbranes used are
- STARVEM w2p026uisgd | ed by WR G ace, and MPF-50 from Koetr/vsemmane Systens
(USA). STARMEM is a trademark of WR Grace. Retention and fl uxes were
determ ned using an Gsnoni cs/ Desal .(USA) SEPA-ST test cell 15 Menbrane
di scs were cut from A4 sheets in cirdfilar discs 49 mmin dianmeter, giving
an 20 active nenbrane area of 16.9 cnR. Al experinents were carried out in
a funme cupisdterin an “dFhrege’clix being apived st insgederal fluxes wenp thizhsreat thel starogfen gas  at
pressures _of 5-50 bhar. . The _ volune of feed solution was 100 nlL and the
~vol ume of ZhEPHYETH AR dheetd with a measuring cylinder. The sol vent
flux (3) was obtained by J= V At (2) where Vis the volune of perneate
(solvent), Ais nenbrane area and t is tinme. This 8 Septenber 2005 WO

021076588 Thesobenixdragesdiopd ®lveat Litotsolviemt 2averé cavadageds Hllaws: bei ng arrived at
experi ment run than

- in genepal, f.l.ux re higher at the. start of I

at the%en{ﬁAfﬁﬁl%glﬁllﬁ\g\é\ﬁto‘%é%ﬁ%ﬁ%}'é%"nfcroﬁﬁng’@ls@é’ﬁat QO?IQI WIWP“%‘?‘%@% carri ed
out as follows: (1) An initial 100 ml of starting solution containing

sol ute at OXfmirteidume sl inihe greporisedmandmngicellvol ume of 20mM in the
pressurised nenbrane cell; (2) The nmenbrane cell was depressurized, the
20mL_r et e dhe membranedell wps depres@ized, they20ml 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 #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




adding the solvent 2 and m xing well; (3) Repeat steps (1) and (2) until
the purity of the second solvent (neasured using gas 108Skpemhtoliaphy) is
judged sufficient. Al filtration steps in this study were carried out at
30 bar applied pressure and room tenperature (around 20 C). Sol vents,

sol ut es swdnemessks anes enpl oyed are shown in Tabl e 4 betowsolhzifabl e 4

Sol vent Exchanges ExchangeSol vent 1Sol vent 2Menbr anesol ute

#1t ol uenenet hanol STARVEM 122TOABr #2net hanol et hyl acet at eSTARVEM | 22TQABr
#3met hanol et hyl acet at eSTARMVEM 122TBABr #4net hanol et hyl acet at eMPF50TBABr
The results are shown in Figures 3 to6. 20 All publications nmentioned in

t he aboveasjspiritiof tetinventia. ARt the inteaiop dhsbef deyribédEih@baR6iEon Wid | OUsS

modi fi cati oni%Fe})g% variations of the described nethods and system of the
i nvent i onSRkf e%?f%%@ﬁ‘%m@é‘% ftnderld J1ej yndesstopd, thap dheqiniventjon 198 wlaimedar t i ng

fromthe e p I 5 / 8 10421 and spirit

of the i n%@%ﬁ gﬁt. St%l ﬁlﬁ%@ghht%g' it(}r?ggn i%%ﬁﬁgse@%g%cr #D[%)%%’ ilJnanglésnnecti on

Wi th  spemicflificatipns bEthe descebddanibdee fir sarryiitg &h hd idvédddon RARh toslidubed t he

~.invention.,as ¢l.ai,med. should not he unduly lLimted to such specific
enbodi renfigse Foilrde o @F%&éwl#ﬁ%li%ﬁd%éﬁ ieadesk o e withiacihe Beae 96 dkss f or

- carrying gitbwi@laigyention which are obvious to 5 those skilled in

chem stry or rélated fields are intended to be within the scope of the

followi ng clainms. 8 Septenber 2005.




18 CLAIM5 1. A process for nodifying a first organic conposition conprising
(1) at least one first solvent, (ii) at |east one sol uteg8 Sspttmbet 2005 at

| east one second solvent, to produce a nodified organic conposition in

whi ch the concentration of the at |east one first solvent is reduced and
the concentration of the at |east onggsecond solvent is increased,
conprising the steps of. (a) providing a selectively perneabl e nenbrane
having a first surface and a second surface; (b) transferring a portion of
the firstChallMsnt fromthe first surface to the second surface across the
menbrane by contacting the first organic conposition with the first
surface, wherein the pressure at the first surface is greater than the

- pressure at t he secon and wherein the nenbrane is a selectively

urf%ce,
per meabl el e SFER & YRSt “?tr?égar‘?‘lé’rft??’gﬂ%“mr%cinﬂjﬁ’ingn (R of the solute is

greater than 04 (&)ea80ieRPst3oR@ft 1 on of the second solvent to the organic
conposition retained at the first surface of the nmenbrane. 2. A process
accordi ng to cfidi m dt leskieme sélbe, ardgani ¢ conposition resulting fromstep (c)
is further enriched in the second solvent relative to the first sol vent
conpri si ng trmﬁ%kep%f%ﬁtmwéﬂyn%W8vmﬁing a selectively perneable menbr ane

havi ng a frrs eco S C trans ] a portion of
the first°&he d%g%%gﬁggggpranFco?P q(?an?F%§ é?%?%g 0?8 {ggggggd surface

across t NeTBiBeRNE ridc&P BBl e tdhBitiOn g@%&ap%%&etée%hdf ERastiep ()
with the first surface, wherein the pressure at the first surface is

greater uhanmmmempmassgﬂms&@$oﬁhe second surface, and wherein the nenbrane
is a selectively perneabl e nenbrane such that the nenbrane rejection R of
~the sol ut@ pgv %ﬁérlertrralr pengable membspme igvine fofirst s¥fase aHer swewhd sol vent
to the organ| 5, gonposrtron retained at the first surface of the nenbrane
in step (e).

(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).




8 Septenber 2005 19 3. A process according to claiml or claim2 wherein a
portion of said at | east one solute is transferred fromStSeptefiibes200Sur f ace
to the second surface across the nenbrane. 4. A process according to claim
2 or claim3 when dependent on claim2 in which the steps of contacting
the organic conposition with the sel getively perneabl e menbrane under
pressure and addi ng fresh second solvent are repeated until the final
concentration of the first solvent in the organic conposition is reduced
bel ow a pi-e pret®s aécosling/talclém Ir @l cldiin\2ewliccih b @orion o€ plid at legn o solhe second
solvent in the organi ¢ conposition. 5. A process according to claim2, or
claim3 v&ﬁ&ﬁn%‘éﬁé%mthe@%ﬁ\lr&calt?ﬁhz seqopd gyrfcereross theyneybrere- mor e t han one
‘sel ectively perneabl e nenbrane is used for consecutive nenbrane filtration
stages. 6. A process according to any one of the preceding clains in which
the first4 sobiests absord@ng td SlhintD 6k ¥lag Of wBQ KSR Rnt Jn clAinPh Gf $BRnageor ding to
any of the preceding clains in which the second solvent is a second

m xt ur e oteps ol vemeging8he Arganigcespositico maihne tdeaivylygrenebld hempraecedi ng

clainms in \afmch therg iS npre than one solute present_ in the organic
conposi t iBACRFEYeead pdiing el sgeond falvert srg wpeatedruntih the fipghepngeniration A

process acﬁ‘(fﬁ)e]r Hllspgal%(ﬁt e %?g% fco %mBBne ?ser%éluncgd %l al m;% %emn}u%ed Vt]er els more

t han one ute present I C conposi ?II on I's'retai ned at

t he sur f aeletiaf toticonfaat &N, thﬁ%doﬁd’ho%hﬁﬁ tl?éorka@fi’@éon%ﬁh&?l ute is not
retained at the surface of the nenbrane. 10. A process according to any of

the above clains in which at | east one solute present in the organic
conpositioon attaches |tsel to the nmenbrane or otherw se grem pitates out

~of 8 SepCefEPCSHESOIRE P AIB mPbE R 6ﬁvhawi?nﬁ=gdf&t from; Glait ST §Ep 4 and i s
re-di SSO'ilY%lQYé@Dqgltﬁel @né) eleét%pr ?ﬁe%nﬂe gr'i]t IIS use% Lrlbgo% Lcl:% t step. 11.

A process according to any one o precedr ng C whet&rh the organic
' membrane filtration stages.

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




conposition containing the first solvent and at | east one solute result
froman organic synthesis reaction. 12. A process .accoBdieptgntber 2006 one of
the preceding clainms wherein at | east one organic solute is separated from
the organic conposition produced fromthe process by crystallisation. 13.
A process according to any of the abg e claims in which the solute has a
nol ecul ar - wei ght above 200 Dal t ons. A process according to any of the
above clains in which the solute has a nDIecuIar wei ght above 300 Dal tons.
'15. A pr dbes&nmﬂ'mnaﬁuﬁgg tdilantionaiept hed BheM&sallal v addkionhdfctiesh Recos®dl ut e has
- a nol ecul.ar i ght above 400 Daltons. 16.. A process according to any of
t he abovéobﬁﬁﬂﬁﬁsPﬁmWﬁmbﬁq%he first or second solvents are i ndependent | y
chosen from aromatics, al kanes, ketones, glycols, chlorinated sol vents,
esters, ethers, amnes, nitriles, aldehydes, phenols, am des, carboxylic
aci ds, algoho éﬁoc%&dacc@}d?ﬁﬁ 3 BPTRE 6 8R! Melidthe aaﬂns%&ﬂéfneﬁmt é}?&ﬁ@f 17. A
process according to any of the above clains 'n which the firs second
sol vent s coapesiiiord epeaidieg they/fichesdemt andm leadt wan apluky teule frobenmzaganic St yr ene,
ani sol e, chl orobenzene, dichlorobenzene, chloroform dichloronethane,
di chl or oSYHARYES 8§ acetate, nmethyl ether ketone (MEK), nethyl iso butyl
ket one (M BK), acetone, ethylene glycol, ethanol, nethanol, propanol
but anol , hexane, cycl ohexane, dinmethoxyethane, nethyl tert butyl 8
Sept enber; 228QRecedslacgélafiz b MIPEe ofth€hiaYddifl s vARERAPN IELst b ordhnidV
~dinethyl foram de, dimethyl sulfoxide, dioxane, nitromethane, nitrobenzene,
pyri di ne,soluter Fonemiaed fiiote the etrganky dompasition, phdducat g pher palcesdobye,
acetonitrile, water, and m xtures thereof _ 18. A process according to any
of the abBFEUEREFIE in which the sel ectively perneable 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 Ng3t A pastgssOdecttiMgab QML o£1h81aBBveMIARS 10 W8I hd R Bhis § RRILRIADY ane

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




separation steps is operated in a dead-end filtration node. 20. A process
according to any of the above clains where one or nore of Sehembendtine
separation steps is operated in a cross-flow filtration node. 21. A process
according to any of the above clains in which the selectively perneabl e
- menbrane separates solutes with nol egﬁl ar weights greater than 200 Dal tons

from solvents with nol ecul ar wei ghts™l ess than 200 Daltons. 22. A process
according to any of the above clains in which the selectively perneabl e
menbrane sepMLES), aRiHY eheVabiBolRIIE QU 19 Iaieh SRSl E iR ha.,300 Dal tons
from solvents with nol'ecul ar wei ght's less than 300 Daltons. 23. A process
accor di ngdiogangnpitagfmettzec,abioveencém] mpyridinewhirbdn tihelfidel eathyedfyrapeNaeabl e
menbrane is formeg_ froma polynmeric or ceramic material. 24. A process
accor di ng@FGYLmgrogflonenaeelpnguls. Wptsh 4d miktyies terephe sel ectivel y permeabl e
menbrane is formed fromor conprises a material selected from polyneric
material suitable for.fabricating mcrofiltration, ultrafiltration,

nanof i | t r 88.i/0Prodéss raeabeaiﬁg tPOHIVOS the abRERIANE S whids liadidgRg) yehiwbiene,

pol ypropyl ene, polytetrafl uoroethylene (PTFE), polyvinylidene difluoride
(PVDF), pobyeatehaseyiioinies! opolayar@eyinetni 4mdiib eonfigoley asmite] wopol yhwiadé,

cel lul ose_acetate, .and m xtures thereof. 8 Septenber 2005 22 25. A process
accor di ng™ 8% &S @Hé&lff o drEvrs dediERgherel ms wherein the menbrane consists
essentially of a polyimde polynmer based on any of the followng: (i) a

pol ymer b _ -amnao-l-64' -amnephenyl)-1, 3-tri i ndane and
benzophen%'rsigdptrg%rs gé%ﬁ%ﬁe%g}géf d ;a ?alei C?B%S&ﬁf g/eﬁ%lF TR tF%%ﬁn-grane

(4- ami nophpatior Repd Kb gaytidin & d3aBerdGTitriok Bddet | Met hyl -1 H- i nden- 5- ani ne
and 5,5' -carbonyl bis-1, 3-i sobenzofurandione; (iii) a copolynmer derived from
t he co-condensati on of benzophenone 3,3',4,4'- tetracarboxylic acid

di anhydr i #e Aandcess rcrrdingeo ghy df (hd -aberervdgime mpkie ametoh axvee @liible toinbane  di ami ne
of the corresgqondi ng dili soc_h/anat e%, A%_, 4' - met |’(ij| enebi s (phenyl isocyanate)

a cross-flow filtration mode.

and  t ol USRI EHE Popatated 1 m
21. A process according to any of the 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.




(iv) a copolyner derived fromthe co-condensation of

1H, 3H-Benzo[ |, 2-c:4,5-c'] difuran-1,3,5 7-tetrone Wi th 8 September 2005

5,5' -carbonyl bi sj |, 3-i sobenzof urandi one], 1, 3-diisocyanato- 2-nethyl benzene
and 2, 4-diisocyanat o-| - net hyl benzene. 26. A process according to any of
claims 1-23 in which the selectively ?g)grrreabl e nenbrane is formed from or
conprises a material selected froma ramc material suitable for
constructing m croporous nmenbranes including silicon carbide, silicon
‘oxide, b5 CANbEBOAEMRIingd td Y BIB 0K iiflCpre@AtheZ QBklst $ifereift fhe MeBIbPHESS
according to any of the above clains Iin which the selectively perneable
menbr ane censatscesepodiyt o apelyiman poly@8r bAeposwagss tixcolswingg t o any one of
clainms 1-23 in which the nenbrane is non-porous and is formed from or

conpri ses(y fraPemsl sedcoedd@raminaddid reinopbinyBi |, bickrthdiade st ast oner s

- including Lethyvl sil oxane .(PDMS) based el astoners, ethyl ene-propyl ene
~di ene (EPB%%L%%%S@I%% aé%!tbg)%lrcsafldbol ynor bornene based el ast oners,

pol yoct enafyer pdias&ditteh A8BR@LSninddRbHH- ,§%ﬂﬁrcbﬁ§,@ctof~‘ll1@?35—%&%1-1@4'[ adi ene

and nitrile butadi ene rubber base‘zg)(H el astonmers, natural rubber; butyl

rubber basden-glaastecmd 55, -cpbbydtit-dSaprtensi{histipieene) based el ast oner s,

epi chl orohydrin el astoners, polyacrylate elastoners, polyethylene,

pol ypr opyiBhé gyt AgrYedofiowt A Sasopdsnrtion pb|bpgsorbstioaend3 h-# T uor i de

(PVDF) b t . L xtures t eof. . pt enber 523 29. A

process .2%‘?%? ﬁlﬁﬁgﬁtagﬁgﬁémﬁ%@gg £ ﬁ_%lx%l?ee%fg '%%%‘1?%‘&5 r@@@?‘%l‘aﬂ‘g? & Fenbr ane

conpr i sesdiamirRi ¥tk €drRGpdhBIn@ diiRdcyah&C i QelnielEnals EtlefyiN&cyRad) 3a8d ,

support. 30. A process according to any one of the precedi hg clains wherein

t he menbriahend disacyapgrposi t e nmenbrane conprising a porous support and at

| east one on-gor ous layer, 31. A process accor dilgl?qto cl aim 30 where the
t'&lp

 porous supPoftIPeLYRIsF %V‘Fdr diprbrthe corispdangation platlEhIHiBerzel e def-¢ om

pol ymeri cy; o1 hal- Sl f.0 i: i icrofil|trafion
S S b ST B ea Bl Bl P b i g

ultrafiltration, hano t

pol yet hyl Bagthypehiaé oyl £a8socpabit Bkt Iveniagt hyl ene (PTFE), pol yvinylidene
difluoride (PVDF), polyethersulfone, polyacrylonitrile, polyam de,
pol yi mi de, cellul ose acetate, and -

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.




m xtures thereof. 32. A process according to any one of the preceding
clains wherein the process is perfornmed in a continuous Srizpteerber 285 A
process according to any one of clains 1 to 31 wherein the process is
performed in a discontinuous manner. 34. A process according to any of the
preceding clains in which the nenbrang is pre- treated by soaking in a
constituent of the organic conposition prior to use. 35. A process
according to any one of the preceding clains wherein backflushing of the
‘menbr ane 2%i Agraictsharcosiolgy@ninyosnegal thie Sprekeaigt dhaiinsprieyen MR hicabent | ux. 36.
A process as substantially hereinbefore described with reference to any one

of . the ESQimRises? reinforcing material selected from an external mesh and support.
30. A process according to any one of the preceding claims wherein the membrane is a

composite membrane comprising a porous support and at least one non-porous layer.

31. A process according to claim 30 where 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
polyethylene, polypropylene, polytetrafluoroethylene (PTFE), polyvinylidene difluoride
(PVDF), polyethersulfone, polyacrylonitrile, polyamide, polyimide, cellulose acctate, 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

Examples






