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PROCESS FOR THE SEPARATI ON OF OLEFI NS AND PARAFFI NS
Field of the Invention The present invention rel ates
W0 oooslel43Epar ati on of ol efinic hydrocarbons frpor/arP2004/053605
liquid feedstock conmposition conprising at |east one
ol efinic hydrocarbon and at |east one paraffinic
hydr ocar bon. Background of the Invention Oefinic
hydr ocarbons are frequently used in many industria
appl ications, including the manufacture of polyners
SUCH 5 PN FEnEEP ARATION [ GHRid VA GNP HARAT ST
as internediates for the production of detergents.

There exists many industrial processes for the
FhohdifoletiS% IOvegtdpPns, however nmany of these

Pr OCRSS §5r JHRAUG R vBYEE O AF OON S RARB et B@baBE€ion of
m xtures of olefinic hydrocarbons, paraffinic .
ohgfiimcarishecardoost Enont dekidumsufieeidss oshchomposition
0 [ e S r.th
e MRSt PRe Bler Jh R ot (oo one
pafaphiafd imidrdoadbooar bons, whi ch produces ol efinic
hydr ocar bo nd_sone, unreacted paraffinic
BACkatolt J?ié% ¥ERLACRN process is the dehydration
of abretinis; hwhkirokapbotscese afrexfuefnitiliyc ubgdr bo andon
. C osjtjon as well as paraffijnic hydrocarbons an
N BEE o BRI 1PBEasEBERI Y R PE AL e of
pBLoRESS Murchspyihetuseené prad hirimanubagidr ed@itives, and
olefins is the so- called Fischer - Tropsch

. FT)
3Ry 4F BRERHOTR S iREsitE e pPERRSt L oFh & & é’@&&raeéﬁor Thexe
eRE OEESRak P HNEAT1ad Bt S Of f LA MAPR@ULEErangs
hydrogen, which is generally inexpensive and can be

olehlnsy RReXAKd MRNYrHatieef RERCETEA Proegdres hngrocarbon
SQEQ%S Cetk DONAGL QU tGRRROHRAS] & HIH QY tijaaleb¥noheuever,

the FT process is not always selective towards the
pprofifitniomysirasiagbions. arfdeoprepjuether impurities such as

oxygenates and aromatics.

One such process for the production of olefins is the
partial dehydrogenation of paraffinic hydrocarbons, which
produces olefinic hydrocarbons and some unreacted paraffinic
hydrocarbons. Another such process is the dehydration eof
alcohols, which produces an olefinic hydrocarbon composition
as well as paraffinic hydrocarbons and unreacted alcohol
feedstock.

A further industrial process which may be used for the
manufacture of olefins is the so-called Fischer-Tropsch (FT)
hydrocarbon synthesis process. The feedstock for this
process is syngas, a mixture of carbon monoxide and hydrogen,
which is generally inexpensive and can be readily derived
from natural gas, coal, coke, and other carbonaceous

compounds.



stream derived fromthe Fischer-Tropsch process
typically contains a m xture of olefins, saturated

whyasoeaebons, aronatics and oxygenates. Wi | ePCEBR10DO053605
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conditions and catal ysts can be tuned to manufacture
streans rich in a desired species (e.g. olefinic
hydrocarbons), the FT product stream can also contain

a signifj per.cent age of the.ather t
conpoun §ﬁ%r§ u@ég By %we¥ﬁrp§:ce§§ & gesﬁa%if?Ot glways
hyd@@hﬁﬁhonskpwﬁkaartye p&dﬂudtnbnhpdroaafbﬁa The product

ositions .produced om,th rocesses nentioned
o S TR ISEa L5oBe hEr TG Ty oaehs HEPORS BT LYl ly
destdreth iH£ld Rii&ktpredyet s14£ 1018, mtdtrbeédphpdti@&&rbons,

produced bef ore they can be sol.d commerci a
Howet/dra %ﬁﬁnﬁ@ﬁtpéﬁgﬁndF%§tlI%ﬁ%%ﬁwrFéEﬁﬁP&ué@“%%Elons and

frequent)itd Radeadat8nte S&RAMAIMRRGE! BkCeams rich in a
hydrocarbons and paraffinic_hydrocarbons which have
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separatlng I nic hy rocarbons fromparaffinic
hydebcrhartdhear ¢ vpasghf fompdunds ipnodaceddbyubbat ET

ment i oned her ej nhel . di vi si ona

appﬁ(gga s?sonﬁeug’Gf%gfgtyg%g,&g"e}gcr |cgJa gquse of an ionic

Ii quid dﬁqunﬂﬁA @ﬂeédﬂpciBYdmpGannﬂmabOQ@bs1dnses|pzmhuced
g ersed in the ef%] ution, for EO be

sep ?ﬂ?(ﬂIQﬁggﬁfﬁlgeﬂyd?%cafbon§nﬁr8n1paraFfln

hydpﬁmiuinnusbyMyypmrﬁt&bﬁ aﬁtﬁﬂesﬁﬂdyhednbaeﬁuqmcdproducts

forps a conplex with the ol efi hydrocar

. Th
SepBralt IF s SrOsHOES BEQL ikl iy AEre B Gafre S0l

gengsmhe SENANE; . T iHowek¥r, acdbieritiast ICaTReslt benonf
the olefin/paraffin conposition and the netal

sal EEFIM A9 RRsd TEEANERELY ol dde TR do SERBRAFG, Otpkinic
ol eﬁya&&&&&@%@%w@wm& exRel M drbdn2e wiB LAl have

salt7ionic |iquid conposition,
similar molecular weights since they frequently have
closely related boiling points.

Vérious processes for separating olefinic
hydrocarbons from paraffinic hydrocarbons are taught in
the prior art documents mentioned hereinbelow.

US 6,339,182 and divisional application US
6,623,659, describe the use of an ionic liquid
composition comprising a metal salt dissolved or
dispersed in the ionic liquid solution, for the
separation of olefinic hydrocarbons from paraffinic
hydrocarbons, wherein the metal salt/ionic liquid forms a
complex with the olefinic hydrocarbon. The separation
process can be described by the following general scheme:
firstly, a two-phase composition of the olefin/paraffin
composition and the metal salt/ionic liquid composition

is formed; secondly, the olefins are absorbed and



thirdly, the resultant paraffinic conpositionis
separated fromthe netal salt/ionic liquid

wa@eowpoeidei on; and finally, the ol efins are i soPEL/BP2004/053605
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fromthe netal salt/ionic |iquid conposition by
desorption at increased tenperature and/or reduced
pressure. The use of nenbranes for the separation of

o el DN RER RO LA B3t e

Hovwehiardl yyerheanes g epasi at pre fHiodes sespbavei oml ys
regul arly been reported for the purificati

n of o
gasHERAT BB1e6F TAPE hYarBetd boir Hdd@ii6e EE fgneesition;

nar g dinghiniybutheno 0é £ £R¢ RoRe NHIGked E¥BhCahé Ymetal
singl e carbon nunber, e.g. C2 or C3. One technique

: r
enpiahted and ct Aé arbAbFaReo PR tiYodesPTBF PR nfE increased
hydg geanbans of aayBar akhidie duedispearbons is

per vapor ati on. Pervaporation involves contacting a
mul ti cdiponset ofi gendréees fgn the sepapakrsdos of olefinic

MEnDy A \Myﬂghf§8 gégkgffﬂhfgx% &%%C%QSOHE BQ? %g@g

speci es. €SEe Sor Speci es perneate across t
mendctaineragchdartht kerynhbyudegeed o comecens: at However,

gradi ent_that is_produced by evaporati th [

spetT B FtomFRé? ?‘SBUBFO%?%SeeSof %' orrfg%‘orr 5 %f%§/£’§qaeen
vaﬁ%wnﬁeca fareephegpari WO DFBRF] gaslkeanesolofanic

menbr ane rvaporation systemin which olefinic .

hy P SRR ety Ha t OB BTEH'S FoMpardr FEREELoution of

hy d¢ #es6 D anisde spertyppesal y on §iqueglraabsrmhuaber, Taay. C.
vacuum whi ch drives the pervaporation is created by a

wor R¥ rfeg+f | ui d passing through a venturi-type nozzl e,

sai d wordidg ddnniduleiehg18ys®! MethhacimbGaad 8kphpation of
for the perneate species. YOHIC l'i quids_are discl osed
as pbetEhialhyigocasgonsuf 9™ Rrraid HE RYRE§FRgPAP 15

Vapg8£v£55¥§%H6%.DE%%%%%6§B£%i§@Sﬁﬁkh%%sacgﬁﬁbeemﬁg a multi

separation process
component liquid feed with a non-porous membrane, which
selectively absorbs one of the feed species. These
sorbed species permeate across the membrane under the
influence of a concentration gradient that is produced by
evaporating the sorbed species from the product side of
the membrane by vacuum or a sweep gas. WO002/078821
relates to a membrane pervaporation system in which
olefinic hydrocarbons may be separated from paraffinic
hydrocarbons by pervaporation through a membrane. The
vacuum which drives the pervaporation is created by a
working fluid passing through a venturi-type nozzle, said
working fluid being a solvent having an affinity for the
permeate species. Ionic liquids are disclosed as

potential working fluids due to their negligible vapour

pressure.



for separating olefinic hydrocarbons and paraffinic
hydr ocar bons. The separation occurs through a pol yner

woreoss/0erae2 i ncorporating transition netal saltsPCEHPRIN€053605
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of form ng conplexes with the ol efinic hydrocarbon in
order to facilitate the transport of olefinic
hydr ocar bon conpounds . Separations of gaseous

ol ef i ni H¥ELeEFLRPNGe 8EF1 Y &f oot aR¥IEEEAFPOIGh process
across polyner nenbranes contai ning copper and silver

sal for H@psraltdsgbedafieporhvdrdasrosam amdnhare £ £ ooy,
126%?df5%§%5@%§ Ch%ﬂb g%é??ﬁkio (gy%ur%gﬁhggg%h a polymer

respectively. The separation of gaseous st reans
conpenitsiang enleprpneating et trre, t iamd mptepyFahts agrpable of
propane is effect by, neans of r

Contaftiisy EnELPags Y ICONE e Slel rOgRERR BT Yt
sel estfard Ltitanepehe ofahieont eff mile findcobgdbocarbon
through the nmenbrane is facilitated by the formation

of ?%ﬁhﬁ%ﬂqﬂ'e conpl exes between the gaseous ol efinic

hydr ocardigiis-aandnkhe tngh séosal d1s £ iBuppaKtiedchbohs and
menbr anes have al so been reported for the separation

of PAEHHind hWWESESPBBARS atier PR HFivHeE R§AP62AFHons,

howeye¥ai dites dopbert BRdSSPRFEE | 1 1Qf Hakef kMk6 been
hydr ocar bons and paraffinic hydrocarbons has been

| i nFeRer el gas £668 -f EeBSEBEk odi46loAg 62ERPDE 5EEYB-
AESELIRE?. | 1 d43C 105396 AGLEQUS SURNGY! ednbl Gupration of

rane, wherein the aqueous |iquid menbrane sol ution
congaserus vidadd strkemgorespoisine aihvdiease anenpehaes, gand

ar kG roSfling 30 sEoBanlaly ELHIG QN Y, HRaReChE oty A1

i ncpoppneat etbriirtamet lbonaqirdug Sod utdspedtd vieelmptpl es@hts,

D REBRES L A RTL B Y 0 U cB0dsheduce
hydrocarbon through the membrane is facilitated by the
formation of reversible complexes between the gaseous
olefinic hydrocarbons and the metal salts.

Supported liquid membranes have also been reported
for the separation of olefinic hydrocarbons and
paraffinic hydrocarbons, however, thus far, the
separation of olefinic hydrocarbons and paraffinic
hydrocarbons has been limited to gaseous feedstock
compositions. EP0458598 describes the use of an aqueous
supported liquid membrane, wherein the aqueous liquid
membrane solution contained within the pores of the
membrane comprises a metal salt capable of complexing
with an olefin and an alkyl carbonate co-solvent. An
alkyl carbonate is incorporated into the aqueous solution
to help prevent the supported liquid membrane drying out
and reduce the need to humidify the gaseous feedstock

composition. GB2169301 describes a supported liquid



conposition. GB2169301 descri bes a supported
i qui dnenbrane for the separation of gaseous ol efinic

whyasocaebons and paraffinic hydrocarbons, wherPer/BP10h€053605
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liquid nmenbrane solution is an organi c sol ution
containing netal salts. In EPQ311903, a supported
l'iquid nmenbrane conprising a nolten salt hydrate as
the liquid nenbrane solution is enployed for, the

se ARG T éProltgFi APRAFS T Pt fp GRS SPHENP PEF HR 6 ni ¢

hy i 60 2D nisN aadgps e9Es1 f BedsidaokagdBRes | WhefeimSche
ment | oned above, supported |iquid nenfhranes have only
reg&H%H%%/Wﬁ@@ﬁapépéPgéal?%rl%lﬁ? SEFEPAECi 8AIBELIOM ef i nic

hy d Q@ any; aRrdapasaifini cryozaanbensai BupPsrO8$ 1iquid
phase. It is believed that this has been due to o
pr obdrenRnsf cosPgBsEngas i Bl oen diadfehyidsatecammbhe yliquid

r ef to I hi pg | Ui
Cor TS, PRy eRa Poenflofal so=Tenk FepEafEon of
conpbst itriion hySupgerbedsi bndre pd rpfifd ndenbydnesabhbors in a

recentlghkx¥gédg%%%&tgd for.éﬂs}separatlon of gases.

Sup%%??edslonlc I|qU|8mﬁ%%%raneS are menbranes wherein
an i oni @9 ingitd onedpabodej ssuppmiiidd deduid tmhebpanes have

of the nmenbrane. Since ionic Ligui have negligible
vapdtty gredate Y gﬁﬁBoF?Bar??§ﬁ€$ ;£§ﬁ 3eﬁéﬁ8?éﬁ§s°%o

not o s&if {161 c fHyeIpdaebphebhed e rd e nivThyarecdepong Dutthe
to the sane extent as supported |iquid nmenpran

conp?$ PPt hdrt itfnBBLEFEed Hidfuitd redbta 8‘3“63“8 to

sol Yt b9sms UF BA(Pi343ade6KT bbasi sharRiilba] temmbheyuse
of a supported ionic |iquid nenbrane for the renoval .
of FrepeFied & iaf geecsingantt Hhe perauidymgrbrage solution

6, 5{Q S43 1 RES RBoYSEiOh S SRPRRIEE oPBEtion.

l'iquid nenbrane for the separation of carbon di oxide
from a gierrertad thooden légnddnmembAnas &2 visr 5686881y been

Al SQeEHPLOYI A L2 URGa0he 20! O fadd AU GuppRRUAT: bALC
liquid membranes are membranes wherein an ionic liquid
compound is immobilised in the pores of the membrane.
Since ionic liquids have negligible vapour pressure,
supported ionic liquid membranes do not suffer from the
problem of the membrane drying out to the same extent as
supported liquid membranes comprising other immobilised
liquid membrane solutions.

US 6,579,343 describes a method for the use of a
supported ionic liquid membrane for the removal of
impurities in gas streams. In particular, US 6,579,343
describes the use of a supported ionic liquid membrane
for the separation of carbon dioxide from a gaseous
nitrogen stream. A similar process, also employing the

use of an ionic liquid compound for the removal of carbon

dioxide from nitrogen streams, has been presented by R.



di oxi de fromnitrogen streans, has been presented by R
.Baltus et al. at the North American Menbrane Society

w@ baMBy142annual neeting of 2002. Recent resear CPCT/EP2004/053605

10

15

20

25

30

publications by L .C. Branco, J .G. Crespo and C . A
.M. Afonso describe the use.qf _supported ionic quuid
nenbranes for the separati on of organic conpounds.

paréf!;_‘;-%lsa 957?§ @Wthglﬁmti}iqr}-\merl::tga ﬁQ%rarAf& S#)let']}ﬁ

escrlbes e use o a supporte
| i qINAMSTerionané hastingnof cidmz enper at ure ionic

l'iquids,, for the se ati.on, i sonmers._of, polar

organic:%%ﬁeﬁ§sreﬁ8ﬁg$§ %ﬁﬁﬁ%@ Vi%oérogﬁ?%ﬁﬁ¢u§ G

aniciddprt hylda. ReM. Afsmp@mdseﬁllblequhd aeghsANsupported
| -n-butyl -3_-nethylimdazolium hexaf

consi sting of
| uotOPoSpBte PAMBERIPEERT PR BareE o Gf organic

pol adwaddd},ene IBI BQEtﬂ@uI@f‘W ar)@lg'e& egpkRyednt ored he 2002,
separation. Eur 2002 No. 17, P .3865 -
38741, Ao 1t§>y Peeado- e¥7é$ de%fésl&el%é&etﬁéeu% Y

Supa%go%dcéd qyie s AERBRLBRSSe BASR %O%Bfaownﬁgp@{@wrfomc
ionic’liquids for the separation of the polar

conboTEits dfforarth@r ganaéa‘@meﬁat@og@lrat pénpakar organic

sol iﬁﬁ§ ag Gy ﬂ@gg t al in
&t € roon1 en%e u?gélé%lc "1 g &ggﬁéﬂgnﬁ% ilised

|s szﬂ&nnyiﬁnhm@nlpalyuppytteﬂn&aquuﬁoumdbrane consisting of

pol etﬂi fone hydrophi | i rQp n n n and

nony- ph| exh Xﬁypg%ﬁo ene. E%ﬁéqfﬁo% &R é?g ure

|onimmdbxmmsbdaﬁnwhhehpbhessomnnnndﬂydlmqmudenenﬁlaoenda

based is sel.ected fro f n- | -3- .nethylimdazolium

xBTS o IRLPES) £oR [ yieBatation.

net hyl i nirka.olgudm Uet,rabbzlpr@bmc&t a7, £.3866t yl 3871, also

nethylln1dazo||un1hexafluoro€hos hate and | -

n-
dechY -BLanf 1R iAh-dafBPFERPexEY o fioSPRRPEESY 1iquid
Despédier 4 ey %a&@dngpahogaéﬁeﬁemdtaﬁleg ibak csepghass ngor

l'iquid olefinic hydrocarbons and |iqui

the separation of the polar components of an organic
oxygenate solution and solutions of organic amines. The
membrane material in which the room temperature ionic
liquid is immobilised is selected from polyvinylidene
fluoride, polyethersulfone, hydrophilic polypropylene,
nylon and non-hydrophilic polypropylene. The room
temperature ionic liquid on which the supported liquid
membrane is based is selected from l-n-butyl-3-
methylimidazolium hexafluorophosphate, l-n-butyl-3-
methylimidazolium tetrafluoroborate, l-n-octyl-3-
methylimidazolium hexafluorophosphate and 1l-n-decyl-3-
methylimidazolium hexafluorophosphate.

Despite there being processes available for
separating liquid olefinic hydrocarbons and liquid
paraffinic hydrocarbons, there is still a need to provide

an improved process for the separation of olefinic



paraffinic hydrocarbons, there is still a need to
provi de an i nproved process for the separation of

we@b@Sioai4sehydr ocar bons from paraffinic hydrocar POTEP20041053605
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particular, there is a need to provide a process which
will not only provide ol efinic conpositions of

sufficient purity to be commercially useful but which
will also be highly energy efficient. It would al so be
de&%dd”rﬂcérPBHﬁrg\’??‘Bep%r hYAreRaFRORYpabt® of
sep@atiicyd 2@, eth8ke Dy AP aRS phboiupas apfédéss which
hydrocarbons in a liquid feedstock conposition_ having

a biiddd nope PR NP B8PV BdR rakff Itdich 68MRAADBEEINE 0 f. SUBf icient

C Quiite 3 B@Wcéﬂﬁ@ﬂ:ﬂﬂg,} Yoskeen bavngnt Batw Ll Bfd NS be
hydr ocarbons can be separdated from paraffinic

hydricdnbenerign affigitnt f eddsmosk dcahsai he ndesirphle to
ol ef j nj.c, hyd n I quj ratf i.nj - L
o R 207 44 Wonar B phEzasing clotinic
mentydanedrbeoed Gpom manenbirane hydrokabenbeém a liquid

i npge ted with an_itonic_ l.iqguid.compositipn. It.h

o She e obPeRRet 07 e e SR Seb B Bur cof | e
| i qed kboremundee ssepagatCor @ErHcesses can be carried

out in the liquid phase.wth ng | oss of t rane,

sol uti ort§ KES QPWthrPﬁ%S¥%£H%?§€W %8Hﬁ83?6?gﬁgiﬁgaqh§

ol erﬁ%d&'dbarbwn%ca@howpw@wﬁt&pm beeaffSupeary of

the Tnvention The present invention relates to a, .

pr oOR¥EEOGaFP N Fe 18epat AERHH %ﬁeQﬂQQQNﬂcenﬁﬁaneﬁrﬁ%ﬁ&?d

frog & dd Ui dreedshosk £QIPOSddilcORaGaFBih$ENBy@tocarbons,
| east one ol éfinic hydrocarbon and at | east one
par By fihe c1gey @fo@asBBROT Bed dl ik SerbsAperi SpRgd upon a

co | b gquid d §¥%§ | i SHPRAr i 8did oM fuia
|i3%?@&#g%%ﬁgﬁéﬁ &%Srggﬁﬁtﬁg suﬁ%%%%%gl?gnﬁg I? tid dui
e nbespes doimr.i s hageabsaneedmpruaprdsdaohiyt Rowpd that

iOné&cﬁiéﬂgﬁ%f%%%pqghﬁkoﬂiquid membrane separation processes

can be carried out in the liquid phase with no loss of
the membrane solution into either the feedstock
composition or the olefinic hydrocarbon product
composition.

Summary of the Invention

The present invention relates to a process for the
separation of olefinic hydrocarbons from a liquid
feedstock composition comprising at least one olefinic
hydrocarbon and at least one paraffinic hydrocarbon, said
process comprising contacting the liquid feedstock with a
supported ionic liquid membrane, wherein the supported
ionic liquid membrane comprises a membrane impregnated
with an ionic liquid composition.

Since the separation of olefinic hydrocarbons from
paraffinic hydrocarbons using supported ionic liquid

membranes can operate under ambient conditions, the



Since the separation of ol efinic hydrocarbons from
paraf fini c hydrocarbons using supported ionic liquid

woroubnerdes can operate under anbi ent conditi ONBCT/EP2004/053605
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t heprocess is highly energy efficient and produces
very little waste product. De%aLIed Description of the
I nvention The term "hydrocarbon” as used herein
relates to.a ¢o und in which the dom,n
Corticesend e hEABAY S50 ToX B 18R  AJh BERICh S m
" pariafthienwa shgdpesaaden” as used herein, refers to a
hydrocarbon conpound mhereln aII carbon - carbon bonds
A 2E 2 L 3Pc hydr ocar bon"

as used TS @ichm r\ﬁ{;@fécél%&vhxé@r %%%HbQQrQQHPOf@ﬁates to a
wherein at | east one carbon-carbon bond is a carbon -

carpuipashia pbagh the fewidesd sonskétpeaseptements are
I nventi oduges.an. " d,c Ry dr q &%EE% ”
conpos|0?1|néa'§1)ﬁ‘$i wﬁa Egconpgbgégﬂ% e %%é??2?§9 ocarrbon
(s)aaWuaHdIMﬁzebeenrsépasauqxhfhyﬂnophebbeedempmmnd wherein
it on b ss_of I vent,
gRﬁgedEﬁ J%85§p05| 7on Use JTﬁyps%%S?égégs giﬂéﬁkfrm
pr eselnd fiinive htydebcasban? i mi&dwmeanbomefenpm tei on
éSIn at | east one oleflngﬁ:qydrgcarbon b
TR PR FPIRPE Ry WP StErb &t 1R3SE 78Rt CAE bon &arbon
Optb&&ﬁ| iy dearboarparpdediéulle Hagd.eedst ock
conposition. It is referred that the feedsto

conposrt?ﬂﬁwﬂﬁﬂ&?sﬁoP cORprR<E it dﬁﬂ€8t§8Pv8ﬁ?§u%%% an

feed@I@ﬁchorm@&bEbQBoaspmpbther&rpaswabnbewhmru| d at
t he operatlnq enperature and pressure of

SepePERY e Sr §§e§#n%ﬁehb¢’é%‘"éﬁbqq1(\?énf”?’6ﬁh “has been

Typéééﬁfé%e&I?%o%?@ﬁéaké@@s£6@@Qﬁﬁmkﬁlkﬂ%npb93€ﬂé process
invention 1s carried out at roomtenperature (25 0C)

andofit the mxaseati ényeassone (1 atm

The feedstock composition used in the process of the

present invention is a liquid hydrocarbon composition
comprising at least one olefinic hydrocarbon and at least
one paraffinic hydrocarbon. A solvent may optionally be
incorporated into the feedstock composition. It is
preferred that the feedstock composition does not
comprise an added solvent.

The feedstock composition as used herein must be
liquid at the operating temperature and pressure of the
separation process of the present invention. Typically,
the separation process of the present invention is
carried out at room temperature (25 °C) and at
atmospheric pressure (1 atm).

The olefinic hydrocarbons present in the feedstock
composition are preferably Cs - C4 olefinic hydrocarbons,
more preferably C¢ - Cig olefinic hydrocarbons. The

olefinic hydrocarbons used herein are even more



The ol efinic hydrocarbons present in the feedstock
conposition are preferably C5 - C O olefinic

whyasocaebons, nore preferably C6 - G 8 ol ef i NPCI/EP2004/053605
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hydr ocar bons. The ol efi ni c hydrocarbons used herein
are even norepreferably olefins_in the detergent range
(Ce - C). The olefinic hydrocarbons present in the

f eedst pck QI si tion taln re than gne

ol ¥ '?fﬁﬁ%ﬁd.qﬁféﬁéréBlgh ioaﬁ§8ro§&fbohé)1rrThe
t heo I €SIt G drFABbhE Opr@éedd’larprt(h@eféeaétbbﬁ

present invention are npno-olef inic hydrocarbons The

ol eFPIIRRS HydhE2¥HGREE BB JBMEE | thAhENFeRdSEoBKC POnd.

C0nF%@EéﬁéBlya&%ePBQE%EQPEYh Sdredbnlsr @i khBeake@Etock
branched i nternal -olefins, linear or branched

al pPRIRRTition OF thecraprgss -of WhPriesgnsdipyention are
unsybst i ﬂgfﬁﬁf%y% W% olk £69§ and m xtures thereof.
era

More pre He oIe I ni ¢ hydrocarbons present in
the f eed@te)cideo?ormpos hydoacarkonse | pstsed tf Aonthenéaedstock

brapched. al phagl ef i )
branched: alahagl el Lage L iRears ol anGed hahetpal,
hydbo@mﬁmnaqreemeﬂt—orlefme, f ekittstaor brccbmaoshtedoalmw—

o1 RL BB ettt heCt (HOviiaAal CBPOLRS. 4 ot R P ER

t hecyoni € diehiing,CamAofikt@feortidredmnMare psedetably
t he grocess of the present invention. Preferahl Epe

ol ef %r%l?ﬁﬂdrl&é’ry%ﬁ§aﬁP8§§n&’r‘?er'lthe”¥ ddFs GRS o

CONP&fEbd$ DI 1D 1@t seoBtakd anym flitddorRal baadpsd dhsha-
ol efinic hydrocarbons may al so contai.n a heteroatom

(i . elefhnst omnsater Hﬁﬁ“E%?‘Boh’)t‘?rrPat]hé’W&PécéPBo’ﬁlXtures
chatgergggnples of suitable heteroatons include

oxygen, nitrogen, sulfur and phosphorus. Preferably,
however , Thée0 ¥pfdiocanbei o s ABP PN 7GR SRt é@nttaﬁnf5ﬁ9stock

het 8{)19@59{'@1 T 8 PIRf hAk &y Ny graca Res J¥ g8eat fhifictional

t he dstoc
groups, provided that the functional groups do not react

with the ionic liquid composition or the membrane used in
the process of the present invention. Preferably the
olefinic hydrocarbons present in the feedstock
composition do not contain any functional groups. The
olefinic hydrocarbons may also contain a heteroatom (i.e.
an atom other than carbon) in the hydrocarbon chain.
Examples of suitable heterocatoms include oxygen,
nitrogen, sulfur and phosphorus. Preferably, however,
the hydrocarbon chain does not contain any heteroatoms.
The paraffinic hydrocarbons present in the feedstock
composition are preferably Cs - C4 paraffinic
hydrocarbons, more preferably C¢ - Cig paraffinic
hydrocarbons, especially Cg - Ci¢ paraffinic hydrocarbons.
The paraffinic hydrocarbons present in the feedstock

composition are preferably selected from linear or



conposition are preferably C5 - C o paraffinic
hydr ocarbons, nore preferably C - C b paraffinic
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hydr ocar bons. The paraffinic hydrocarbons present in
the feedstock conposition areipreferably selected from
| i near orbranched non-cyclic paraffins, - 4 al kyl

(C
- ) it d id.uted cli fins, (G
R o e L T Fed BBty 1 ¢
paraftfstigused nixuuselstitartest cynbie ppreabfamty the- Co
par af.f j;ni.c n N e C ;
e of L 26 EF O R e DL UTRb EPPLEEY paraceins
br anched xgarasf theraofl. mMdine exetfkenbdy. tik hparaffinic

conpounds optionall) resent in the feedstock
compebtashohey BrESPRy . 1a el el el Bfnr FEetor Hee
oxXygenaites) fadf sSuhéaf, paundffigen amdnphespbersfiSins and
cont ai ni ng h¥drocarbons. The type of these optiona
corfothtdEswitier88pend on the origin of the feedstock

CconNposi tgar @oBpofh8Shedy -oplliReany Bk PLESENE SEn -the

The feedstock conposition may be derived from any ‘

i ndtRRIStECk COBReSiikPRN pPriRiFddd Ya [FIREAr &NEFUAE
ol ef J JH L shuedr %&gg_@ﬁgﬁeélpdarp&‘rsélﬁff'u@,cn@XE{BQEﬁFQfP@S- I'n

a preferred enbodi ment, the feedstock conposition is
derphepHanemsa chns s heing Thyhsrdr gpodcessThFheype of these

" Fi er-_Tr " d r hesi.s L.k v
rea§§¥%é?%a %ggﬁggﬂgﬁnﬁgggd%%gﬂgyE&d?§8e8&2¥g§n§ﬁeg@§
gasfgedstddie qumposntéonf a.d+ sherchFrofsohscht apyst ,
e.g..,a cobalt or iron based Fischer - Tropsch

cat aF9%1"*$% produce hydrocarbons. The synthesis gas
used i n e fdesiherk- cdnppsitidy dragec debdrrsyatihésoms arsy

derived from cheap, abundant|y. availabl.e natural gas. .
or t?ﬁﬁ?tfﬁéﬂ(ﬁﬂQS$§SFVE&ﬁ%rp§g (ﬁﬁ%éhnﬁﬁggégsgg of&finic

pr ofy@Lodarbons and paraffinic hydrocarbons. In a preferred
embodiment, the feedstock composition is derived from a
Fischer-Tropsch process.

The “Fischér—Tropsch" hydrocarbon synthesis involves
the reaction of carbon monoxide and hydrogen (“synthesis
gas”) in the presence of a Fisher-Tropsch catalyst, e.g.
a cobalt or iron based Fischer-Tropsch catalyst, to
produce hydrocarbons. The synthesis gas used in the
Fischer-Tropsch hydrocarbon synthesis is derived from
cheap, abundantly available natural gas or coal.

Typically, Fischer-Tropsch processes produce a
hydrocarbon product stream comprising paraffinic
hydrocarbons, olefinic hydrocarbons (including internal-
and alpha-olefins), aromatics and oxygenates (commonly
alcohols, but may also include ethers, esters, acids,

aldehydes, acid anhydrides, and ketones).



hydr ocar bon product stream conprising paraffinic
hydr ocar bons, ol efinic hydrocarbons (including
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oxygenat es (commonly al cohols, but may al so include

et hers, esters, acids, aldehyges, acid anhydrides, and

ket ones) .The process of the present invention
contactin f eedst conpositio

conpris t.he ck .

Goaor | haherBPeREkR 0 Tk ISR S pFRHEESh tSbrine

me durasaet i Hige thep peed etb dlordomploisqtii dnnéabe atieed

conpri ses.a menmbrane | regnated wth,an.ioni | i quid

o e R IR LA S TR e il mifBiarBetary ! @ e
genfipgdot der epakedl byuidandrpremsi eBmptisesUa tadihierane

menbrane in an ionic |jquid conposition, such that
subidtRrRgngtied HiEhopnt Hr iforlddudfe SPMPPEYEWPR h t he

i oni ¢ | isid @@APESALE Ot g inRi@lrh¥ie st Bee NBERE AA1EI yTRY
be imersed in the.lonlclﬁqu|d conposi tion under
vacriiffaaned tyi §heohmBR¥siqaheh ¢ Huisabdeafienarsye atn an

”E@itmtid%%f %agbxi@ﬁo Y0 Uy dIDRRa@f shBScRRELS1 B dihe of
menbrane are filled wth the ionic |iquid conposition,
nmoreherpsfresairg $91%edrwitdr hedipadical iguidocomp®s theon .
por of 1 r fi ' Lonie. | oud
L

i onl tyqulidjuWahposipdsnt inder arecwmy. eXcesbisurcbatext, the

liquid is renoved. . The_ipnic 1iquid,.co itjion i
A . %
dr awr ¥ ntSOUbfg%n%éfa&I% ?LIPH "t‘%aensp%rhés‘g fqggﬁgghgﬁbéine °r
by wepd |dBrohd eoces. oAnyhé yemkfaneepiveatie 13adt abtle flor
use,with an ionic |iquid conposition may.be _ used in
ol PR S CRBPBALEER (TR 6 6O APt ot more:
suppesdethigniiead ikadicde B NHE 28e .o T eThiefbirahe Ohré heilled
menbrane is not critical, however, the nenbrane shoulq]
not Wheh ridi tiane il FUE AeCPBRIP T HiYuri d T8GnPEEPERBR b then
t he, £gedsd otkordNGhePh OHYET 1 COIMPdnis+1bRG RAMSASRl excess
properties of the nmenbrane o o o
surface liquid is removed. The ionic liquid composition
is drawn into and held within the pores of the membrane
by capillary forces.

Any type of membrane suitable for use with an ionic
liquid composition may be used in the process of the
present invention to form the supported ionic liguid
membrane. The material of the membrane is not critical,
however, the membrane should not be reactive with the
ionic liquid composition or the feedstock and product
compositions. The physical properties of the membrane
which is to be impregnated with the ionic liquid
composition are not critical, as long as the capillary
forces acting within the membrane pores are sufficiently
high to prevent the ionic liquid composition leaching out
into either the feedstock composition or the olefinic

hydrocarbon product composition. The membrane used may



which is to be inpregnated with the ionic liquid
conposition are not critical, as long as the capillary
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sufficiently high to prevent the ionic liquid
conposi tion | eaching out into;gither the feedstock
conposition or the ol efinic hydrocarbon product

osi tion. .The nenprane used be, i otr i.C
0 e G (T Ao n TR RS 208 | Gbufufonngpic-
nMemrywake rshetkdnbaycamd afdulii h}!véOEntbﬁfixﬁJﬂt}@ ﬂomuﬂh«é
conpositign which is to, be |ﬁﬂgb|||sed W 1 hi

PorTacr JQHHLE. SRR BT, WMIR fnbhaRe 1EROD1ILsed

hy driapiin 1€ Sgbtabserh@tgid .al $rEgerhbey ek aldnae is
known to those skilled in the art in the field of

meridne@hddpgrat i on. Exanpl es of types of suitable

menbr an%%llt%hedﬁags?pm by 3L HRAHPRAE ONSe PRI Mo
menbr anes, ceram c nenbranes, zeolite menbranes and

por@w%lsmlﬁ&damd sh%@rﬁrmfbrtélﬁe@epﬂeﬁ‘érlamrﬂ%

me i.S. a s, or [0 0

S it TERCRBL Ol A OB R Pkl
menbrcdneld mesopocpisi aad . m&ﬁndpﬂmeSppbymmernm@mhraneﬁ,

are_known to hose skill art ing

nenbr e S & 5??8[51’ @%ﬁp eesme(rantr%rgﬂfﬁagpe ?ra erl a u‘?r{ma
foraﬁﬁﬂsﬂﬁﬁl membiranes. |rmieﬂhxaupqlyhelhembranelimlwse
acetate; regenerated cell ul ose; m de;

o A ROSE FoRgP RoRREO SR PABREPE uor i de;

pol yet hemsuldoaRaie rhindt eptil i fopelsgpiapyhenpol piné omiembrane
pol yacryl ate; polyetherim de; and non-hydrophilic

OI&&HQﬂﬂMQQ%§lCP#efeﬁﬁbF?b%qKPQﬁﬁﬂﬁFaﬁétﬁg1395 are known to

po'&ﬁ@éﬁ”éﬁyyr%dfﬁHOEhgear@QhYQﬁﬁﬁﬁi@hﬁoae,membrane
pol yacryl ate, polyetherimde or a polycarbonate

nenteravatithe cExRMgleat phrswitaHe mersranési §ongpolymer
crif +ﬁﬁ¥ané@“ﬁﬂ@qggﬁanﬁoﬂ?yuf¥bd3: ahhahoshegtetate;

t ubu spira
regenerated cellulose; polyamide; polycarbonates;
polyimides; polyvinylidene fluoride; polyethersulfone;
hydrophilic polypropylene; nylon; polyacrylate;
polyetherimide; and non-hydrophilic polypropylene.

Preferably the membrane is a polyvinylidene
fluoride, polyethersulfone, polyacrylate, polyetherimide
or a polycarbonate membrane.

The configuration of the membrane is not critical.
The membrane may be of a flat sheet, tubular, spiral
wound or a hollowfibre configuration.

The ionic liquid composition used in the process of
the present invention preferably comprises one or more
ionic liquids, wherein the one or more ionic liquids
comprise a large organic cation with a weakly
coordinating anion. The ionic liquids used herein are

preferably room temperature ionic liquids.



wound or a hollowfibre configuration. The ionic liquid
conposition used in the process of the present
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l'i quids, wherein the one or nore ionic |iquids
conprise a |arge organic catipp with a weakly
coo;dlnaflng anion. The ionic liquids used herein are
preferably roomtenperature iqnic.liquids, Room_ .
tenpera?ﬁp@ ?8ﬂ?8rggﬁﬁ?d§”5§ ﬂégalﬁgr%?nu%ﬁgngﬁgﬁ}@re
fald;g?@mogads vbhPovedy Wik Relrlyi Dgwpeéht sSn@nsbiartes and
iquid at a tenperature of 25 QC_and_a_pressure of 1
at rospHed1d| ghi 8 F?ﬁ@?ﬂ%“ﬂ%héFéPSy FefRf n?iprefaice of !
| okingh SphaTe .OVebndcWM fgu iRl eyl 88§€in | DMithe liquid
i qui ds al so have essentially no vapour_pressure,, and
nmosRhasEniaveri gurdde aFempg FatdH® Wange - st ABPECat i dvigta also

te égtelgs%ntﬁldﬁ.&peﬁmgpo&xer AsRulr@Ni Gndi AYEESi G R
i nsol uble in watef and 1'n hydrocarbon sol vents. The
prdbﬁnﬁkésaab gémiénﬁiq&t@% @b lige atarPeRebeBRRH} B iRy
to LI _inten Thi achpe r i
e BaeTogtage e EREny T Pl G G e ] Jehcer
igggﬁi%31mW§§ﬁ§arbea dolvéimesn Tech. Biotechnol., 68,

, - 356; .. Phys.. Condensed tter, . 5.
34B) . 13‘%‘5‘% péé’ge-r%%fﬁG?}‘!dﬁ%%%alqélﬁgsErgangerlt%bﬁ%vé,
Marac@kdikRP&o 3Reir3intdndedbtsr.. Chem cal, bé998hieved by
2627 - 2636; and Chem Rev., 99 %%?9” 2071 - 20§4,
t heV ¥Rttt AP 28R 2 M H¥bHor&e d CR&F et ATBY
r ef e5@piehd | Oic leixghpdes ney el eeghty.comerr cTathy or

can_be synthesi sed by technj Il K h
ki PIEEERTPae B aP%dynt hbiT o tior sty e - CHAEGpEsar

| onjggedd Uil MRS 4B9T NBJoby BEACE iF1063 Chem@EeD and
contai ni ng heterocyclic ring, greferab

. . a
het Brobresilc Navfg, Mae h3&n &7 81 atd n"g%é{geﬁt‘ Yatgr- an
al kyhefal i§le)1996Th®627 - 2636; and Chem. Rev., 99, 1999,

2071 - 2084, the contents of which are incorporated
herein by reference.

Ionic liquids may be bought commercially or can be
synthesised by techniques well known to those skilled in
the art of synthetic chemistry. One type of ionic liquid
may be formed by reacting a nitrogen-containing
heterocyclic ring, preferably a heteroaromatic ring, with
an alkylating agent (e.g. an alkyl halide). The
resultant quaternary ammonium salt may subsequently be
subjected to an ion exchange reaction, or other suitable
reaction with various Lewis acids or their conjugate
bases, thus forming an ionic liquid. Suitable
heteroaromatic rings include optionally substituted
pyridines, imidazoles, pyrroles, pyrrolidines, thiazoles,
oxazoles, isooxazoles and pyrazoles. These rings can be

alkylated with virtually any linear, branched or cyclic



resul tant quaternary anmonium salt may subsequently be
subjected to an ion exchange reaction, or other
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conj ugat e bases, thus form ng an ionic |iquid.

Sui tabl e heteroaromatic ri ngslz* ncl ude optionally
substituted pyridines, imdazoles, pyrroles,
pyrrolidines, thiazoles, oxazaqles, isooxaioles and

pyazofes 21ids 8 PPRgsPERFF IR I Kyl ated AR vITQWRE 1y

ankihiceegkoupfs ANERESr OTha3Y &hiigCnay £2fh al dey ImedltAWy, solids
preferably G - C 6 alkyl groups since groups |arger
t ha@® ORPSSREY TP ot i®oW ¥B1iGSng sol i ds as opposed to

ionic |iyguidas Vard o gHd sk ukBNOBRDbOESe r  hi QRIINGY Snd
cyclic and non-cyclic quaternary amoni um salts have
al sonbeyrliseduabermrry jaioninmgaprdss haye c@lsqliaps used

Car{:obefoQﬁlmiBﬂ!i.c fﬁ%fds? basic or Lewis - acidic.
p

NeutTal pH 1onrc uids are preferable if it is
desi r ed Inotict bigsbderéae denaesitebil ni behystrlozsrdbons Lewis-

which are tq bhe separated. However, if 1t ]} t Co s
corft C\Ahegﬁggr?gepa%l e élﬁﬁlaggc%\?%o%}%%%%%}%% ?iofn 1t 1s
i S desarreid sed, tb. esoméride thleehbileifdnby dhpdasdeutsorisn which

the feedstock conposition are already isonerised, or
rg s

t hét % d@s P6f SERBTEEDTr atiBITYE 1t A mbvalCbf? St ETHie

hy diraaidiors.ef bOBY an parafdidiagpindeorpoboni st ream
then Lewis - acidic ionic |iquids can be enpl oyed. Any
wealdgreddsedic nat Bngt Anth llﬁ‘éceﬁﬁ%%ﬂrgg“?h’en the

COUFB LRIt K RohBBsioNbs didWH1d%a" €6BmeBUsEAP| 6r the
counterions for the ionic |iquids herein include
gal foann toft thehsePpEat iertiaftheusepyrat ef olefinic

tetﬁf%%yéyfya%%ak§omhgxﬁ$riﬂ@ﬁﬁﬁhQ%BQ@EﬁrbBﬁi§tream, then

(pertluoroal kyl) trifluorophosphafe, nitrate,
t r i Bévioraedidiyl donfenhiguidy iFambe) emPABYAGH sul f onat e,

met hyl syl fALRa Ry b8LYENESU {PNl%n RELYbEULESTSyed as the
counterion in the ionic liquids herein. Suitable
counterions for the ionic liquids herein include gallium
tetrachloride, tetrafluoroborate, tetrachloroborate,
hexafluorophosphate,
tris(perfluoroalkyl)trifluorophosphate, nitrate,
trifluoromethylsulfonate (triflate), methylsulfonate,
methylsulfate, p-toluenesulfonate, octylsulfate,
bis(trifluoromethylsulfonyl)imide,
tris(trifluoromethylsulfonyl)methide,
bis (trifluoromethyl)imide, hydrogensulfate, dicyanamide,
bis(pentafluoroethylsulfonyl)imide, formate, acetate,
(mono- or di-hydrogen)-phosphate, phosphate,
trifluoroacetate, hexafluoroantimonate,
hexafluoroarsenate, tetrachloroaluminate,
tetrabromoaluminate, perchlorate, hydroxide anion, copper

dichloride anion, iron trichloride anion, zinc



bis (trifluoronethylsulfonyl) imde, tris
(trifluoronethylsul fonyl)nethide, bis
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bi s (pentafl uoroethylsul fonyl) imde, formate,

acetate, (nono- or di- hydroggeh)- - phosphate,

phosphate trifluoroacetate, hexafl uoroantinonate,
b oror'senate tetr chloromlﬂn at e

e ASPARCARaARAEE: FbriTiiors: EhOUF oo FA- S Aens and

come:rlodlsc mbathdﬁuranl WiGkdl,0rcbailehl nahgenesd orand other

2|nctr|chlor|de anion, as well as various borate

anisite laf@nearrbig ?%ﬂﬂqﬁmuun ni ckel, cobalt,
MARGRAN@$E onaBE Qh@eioﬁﬁﬁiilqﬂlﬂﬂélnﬁﬂg apé omsreihéis not

anion of the ionic Ii uidﬁé1 for use herein is not

criQﬁkﬁﬂcalprBWPHéﬁe@h CafitdRNUYEBA T BPHRS A i IAHIE
' | o 1\ mtkh%hea&é@{b@ d.Thenpr gfef & e @niin s
for use inthe itonic lig s herein are selected from

t etfaac hiser dal mhﬁnacelctbquaifdﬂ lhl@rr@bar are, selected from

hexafy ! d%’ﬁ%l} Uﬁn&ﬁat%‘

b
Iuorone yl'sul fona ate Wlcb orﬁyFsquonate
netﬁqﬂaﬁnddﬂnphoppbbUeneSLnﬁaﬂmat@rlﬁﬂgoromethylsulfonate

(trj th I I m ul f ate,
dicbﬁﬁ§ﬂ1gpg’(§l§H E%%?%Sa?udr%%Fﬁ3¥ %géf) imde,
acetdiwndsmlionate, dbhydtﬁmﬁm@orqmmmhphahéfophbsxmmnea
trif | uoroacetate, ger di chl oride anion, iron

t ri RIS HiRsR éﬁg ???W?f fichl oride anion. More

pref&&éﬂﬂéﬁﬂ&ﬁiu@&b@BﬁyDéuIfﬁhyknﬁmldelqub§8a0é t hreono-or
process of the %Qesent |nvent|on are selected f
AP 211

( t re¥hHrRsaAs gPRabhy| BhOsRIRE St & uPEB?S%%?%ﬁ@

n'tééﬁﬁért&ﬂdﬂﬂ&%ﬁ@@°§h§&ﬁ; MBI W sWhherate, ahibh, and zinc
| uor oet hyl sul fonate, and di cyanam de. Preferably the

|ont€i¢hkﬂﬁkﬁﬁuﬁMBPPses a ni trogencont ai ni ng
heter ocyglif HaldQ8p1 Thendi 44 Q98N o GHRl d8bRiBI1iquids of

the process of the present invention are selected from
bis (trifluoromethylsulfonyl)imide, tetrafluoroborate,
nitrate, trifluorcacetate, methylsulfonate,
trifluoromethylsulfonate, and dicyanamide.

Preferably the ionic liquid comprises a nitrogen-
containing heterocyclic cation. The nitrogen-containing
heterocyclic cation may optionally be a nitrogen-
containing heteropolycyclic cation or a
heteropolyaromatic cation. Suitable nitrogen-containing
heterocyclic cations include optionally substituted
imidazolium, pyridinium, pyrrolinium, pyrrolidinium,
thiazolium, quinolinium, oxazolium, isoxazolium,
pyrazolium, piperidinium, morpholinium, pyrimidinium,
pyrazinium, indolium, isoquinolinium and cations of 1,4-
diazabicyclo[2.2.2]octane, 1,8-diazabicyclo[5.4.0]Jundec-
7-ene and 1,5-diazabicyclo[4.3.0]Jnon-5~-ene. All of the



het erocyclic cation nmay optionally be a
ni tr ogencont ai ni ng het eropol ycyclic cation or a
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substituted imdazolium pyrigdnium pyrrolinium
pyrrolidinium thiazolium quinolinium oxazolium

i soxazoliu razol,i u i,peridi.niu nor phaol ini um

by AERVET P ByPaY1 7 (HOSEAGEEF It G Hot 197 um and
catdranghell drdeydibzabi €ykh flky2d g2pbaet andMord, Breferably
di azabi.cyclo[5 .4 .C undec- 7- ene and 1,5- . .

di éi‘&bil{??&f:ohq‘?’sd . DM 5255 3o A LT AP PN oF R M e
CatheRR$ oARYmRE1 USSt idnit edionitt BranyrhbeArchdradtcheg used
or cyclic G - C2o alkyl group. More preferably the

i odinc thieqdPaicohpapsds of fiher geRess coht Bitipgfsent
het;erQarqERt b?e_C%T,P&mal'\ﬂf‘tsﬂs%fi%ﬁﬁphﬁmlcﬁ@z&laitdnp%d

used in the ronic lirquids of the process of the

pr eserdinduencedbhoms e optional |y substituted

I'm dazo'dr%@e?@?dpﬂli?é%l%mnpQ:taltqgﬁs E’ggf 5 qq%rein are

i m dazol'iumcations for use herein are those having

t het Homemhlaarib) thel dermula ((I) wkeépwin R, R2 and R3

are independently selected from hydrogen, G - C20

al kyl groups, and G - C2o éhkaxyalkyl groups. In
preferred enbodi nents herej’,+Ri} ,and R3 are

i ndependent |y sel ect edR¥Te Bbygi¥gerRand G - Ci 6

al kyl groups, nore preferabl yyhydrogen and C - C8

al kyl groups. In particular pgeferred enbodi nents

herein, Ri and R3 are independéntly selected from (1)
hydr ogen, nethyl, ethyl, propyl, butyl, hexyl and

octyl . Whergdne&pedtapmng E? & hedeerpeanhtht sefgcted from
hy &, wthyl, %ﬂ@y@ggkéuﬁﬁl ealfd,fr @) elibxyalkyl
pro , butyl, hexyl and octyl. In another preferred
enbpdbument Her pirefeRrredse igpatsoherein, Ry and R; are

independently selected from hydrogen and C; - Ci¢ alkyl

groups, more preferably hydrogen and C; - Cg alkyl
groups. In particular preferred embodiments herein, Ry
and R; are independently selected from hydrogen, methyl,
ethyl, propyl, butyl, hexyl and octyl. 1In an especially
preferred embodiment, Ri is hydrogen or methyl and R; is
selected from ethyl, propyl, butyl, hexyl and octyl. 1In
another preferred embodiment herein, R; is hydrogen or
methyl.

Preferred pyridinium cations for use herein are

those having the formula (II) below:




methyl . Preferred pyridiniumcations for use herein
are those having the formula (11) below. R5 (H) wherein
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- C20 al kyl groups, and G - C2o0 al koxyal kyl groups.
In preferred enbodi nents heceif,- R4 and R5 are
independently sel ect ed fromG - G alkyl groups. Mire

R N A AP D SR S

G M an° esped a ferre
empdirsgen, he[el Ozo RélkglmngSupH,e arrdd@peﬂd@mtallytoxyalkyl

sel ected from nethyl, ethyl, .propyl but hex and
CCigAoBen OAB Broferiet GAineERy neRe LuiRo At RS fre
| Oni fadpefdled th 1 s&B8ch&d ef woraicg Sele%CEEHyif@mliﬂi‘te More
cations of I-nmethyl - 3-H - imdazolium

H Brafegabilyuf and dsopye ln@e%ﬂqﬁ”d%é’olsie&ﬁf:%?db@{:w -
3 &Fahﬁgﬂﬁg%\hgﬁn 1In hﬁ?(lélspec§aﬂ'[y|ﬁéjﬁezﬂédl@mﬂodlment

i mdazolium |-
i mltﬁalzajmrum #nprisppire- leﬁE?Wnth rﬁedﬁfé}leiduﬁ'\roﬂ} methyl,

but I I - 3-nethyl -
azyo]1 l‘JDm EDP;X ?5?1 a%é))#slurgﬁd OCIE%dazol [ ume 1}/
et hyI - Ir rmtehprefepyedmmmmeln-t,prtbpybatlons of the
?_rggéﬁg lpyrlglﬁ uane hg%%ﬁq éie fg§gg¥gﬁ f9§$|9ﬁ£ %gglons
- pysf di-metmyll-3- Ethhdazd&hmﬁthe{hgﬂﬁBdHﬁlmnﬂaZQllum, 1-
met.h di l, 4- et hyl -
P P i gapPY bl My g g ARG T-newya-

| - ogtpd indh gaRAYpY Lt o) 13 - R iefietarzed iuapi t-&towul €3

for use herein are selected f o a%ionbi.gati n of . _
opt PR} GOl HRed L TRT 7 Yy F‘ﬁ?gfﬁ’m'

Cat$&%§11§ﬂﬂéﬂhthgmﬁaéﬁbiﬁ@mﬂ|ﬁ Hix y(1H3)-makaye- i dla 261y um,
of the anions selected fromtetrachl oroal um nat e,

t et FafCtlorietaye - iRedArP LibvbpoSikate 3-RELPit e,
tri bl Lok QPRI 1SWrbpgat §-methyl-pyridinium, 1-butyl-3-

methyl-pyridinium, l-hexyl-3-methyl-pyridinium, l-octyl-
3-methyl-pyridinium, l-ethyl-4-methyl-pyridinium, 1-
propyl—4—methyl—p§£idinium, 1-butyl-4-methyl-pyridinium,
1-hexyl-4-methyl-pyridinium and l-octyl-4-methyl-
pyridinium.

Preferred ionic liquids for use herein are selected
from any combination of optionally substituted
imidazolium or pyridinium cations having the formulae (I)
or (II) above with any of the anions selected from
tetrachloroaluminate, tetrafluoroborate,
hexafluorophosphate, nitrate, trifluoromethylsulfonate
(triflate), methylsulfonate, methylsulfate, p-
toluenesulfonate, bis (trifluoromethylsulfonyl)imide,
hydrogensulfate, dicyanamide,

(bis (pentafluoroethylsulfonyl)imide, acetate, (mono-or

dihydrogen)-phosphate, phosphate, trifluoroacetate,



(triflate) , nmethylsul fonate, nethylsulfate,
pt ol uenesul fonate, bis (trifluoronethylsulfonyl)
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(bi s(pentafl uoroethylsul fonyl) imde, acetate,
(mono-or di hydrogen) -phospbaig,. phosphate,
trifluoroacetate, copper dichloride anion, iron

t hl d. .
or RBPREA SRBORN AR (il Paie o1 gt AP0, s mafg gine

use ‘he |n
ar e raeheotredef awbom. conbi nati on of an ani on and a

cation wherein d.f I -
O R 0E STl e CEh S S P e e
- Freddii dagokbusttédd bﬁ&dhl a cdmbihBtdazobf wn dniexyhd a

- 3-Himdazoliu | -octyl - 3-H -
- 3mﬁépﬁywherphghgg%|qqﬁﬁon is selggkggzgié#nj Aet§¥f“g- H-

l'Qﬁﬂﬁ%&o§1ﬁﬁthYLetE?EkﬁuHJﬂMBdaEb@HhM' 1-propyl-3-H-

methyl -i m dazol i um hexyl - 3 msthyl-lm azoljum 1-

octiytidzodduny| 1rb\ﬂﬁ‘—ﬂh2%)ﬂi'l}mlqa2@t1hym4 Bty 3-H-

-pyr | 1-pr I di 1 -
éﬂhQF%Othmby?|§?% mﬁﬁmﬁzolﬂﬁﬁ' inégﬂ@l 3dody1

-Dymlﬂﬁa’ﬂdlmumlr loptwyl S-mamTyIiyllmgwpélmmun% hutyl-3-

eth ri | I

2 i By ar B | S R RRY 10 dszolium, 1o

1- dswd |- 3-mé-t il Ry hidpyeol dim,i wﬂea:myll—aemythﬂhmmnium,
-pyridini e anion js s ro

(t rh?ﬁﬂﬂg‘rﬁ}t WFQ@FFBHW? r?JrH“breel ?’élttt gfg or at e,

?I tgfs ﬁilrtlrutmfh :IUQF?QEGBaxhethjﬁlﬁgdwlﬁlihﬁumate,octyl 3-
rifluoromethyl su onat e i cyanam de. A,

par® ety Ry LG8 ERy e 4~ FORY 4T“thﬁéé'q-f'BP/rggé“h‘é‘F‘ei hREoPYL-
Se' @%@&Jf—%@ﬂm@ﬁ&}d}n -13p md-metihryildpgr@haumum, 1-

nitrate, "1- hyl - 3H i mdazoliumnitrate

| - eRewyL- 4'3ﬂ9¥é’tyﬁylpﬁ/ﬁiléé§b‘1”hﬁﬁtlrlcﬂté(tle4 “Befpufrypigtiniom,

mel £ 0150 driSnCaR Be1usedqi firdth ace of room
tenperature ionic |liquids, depending upon th

par bmmmflsmm@ttmmsvéf%ybkw&eed tEE—cs\ﬁ/fPrEPFPharate:

So'hg§rate, trifluorocacetate, methylsulfonate,
trifluoromethylsulfonate and dicyanamide.

A particularly preferred ionic liquid for use herein
is selected from l-butyl-3-methyl-imidazolium nitrate, 1-
ethyl-3H-imidazolium nitrate, and l-ethyl-3-methyl-
imidazolium triflate.

Certain low melting solids can be used in place of
room temperature ionic liquids, depending upon the
particular separation to be effected. Low melting solids
are generally very similar to ionic liquids, but they
have melting points in the range from room temperature
(25 °C) to 100 °C, or are liquid under the conditions of
the process of the present invention.

It has further been found that the introduction of

metal salts capable of forming complexes with olefinic



are generally very simlar to ionic |liquids, but they
have nelting points in the range fromroomtenperature
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of the process of the present invention. It has
further been found that the_ip$roduction of netal
salts capabl e of form ng conpl exes mﬁth
rocarbons i hcreases .th %v{%¥ Eﬁ%ed
[

e S

oI effariicc lliyjdlidCﬂélbbfl&lé riom tyder 8fei3lalﬂBClb§ld0f)C@Ié]ﬁ]ln'&,C

w thout the need for increased.t erature and/.o

it BeBE: £-08 pai ] itate nyBRaraTPERS of vy Hibut the

oI efddu @diydh@@aab@@Stérﬁmatﬂmel @ﬂkﬂ¢olrl gedidced pressure to
g%oosn tion. Hence, |n a ﬁpr ef erred enbodi nent herein

AL AR EPRAERRBOR ¢ diecotsiiieds AYfiEpedrialy from

d| sal iefhicdilggakaedofpositsipanded in the ionic liquid
conposition. The netal salt used herein should be

capabl e Hsmceor iPng Brebepiek amborlingng| Beraie, the ionic
hy%%ﬁép%mpgts?‘fﬁﬁe@orﬁ'i%;la&!ess%l ethor sH3e hessbivad.e

fromthe salts of silver, copper, nmanganese,
zi ntisgensechem spabeadedinn itk donigobampidi EIRR O iPn -

ruthenl Yie R9dh ugk) €400 Y ANG TRURABUM Bl e ot

m xt ures ereof. € anion e nefal are
knofwrriimd kosenplek| edth nan MMwT\yxpdcalcanb@al salts

cap bl%g‘r—[ orm gg aégingl ex W éh %n XI %fﬁl §§%§’g£%§e&fom
ﬁ%%%ﬁéBﬁ;gEleerAg&@% A@(r@én&@@Z) zlﬁbf‘:ldplptﬁéBt;m,
VorRablag bI“ﬂ'C%FH %@Cy%\ft a?’i@'argé’lgl'ds%gfth‘(??“é%pper

sal $$od BFPE T ufi hMEr mSByBSenutg! indUdkk Mrps et iod ek .
nmetal salts for use herein are sel ected fromA

AgCH 3sCe Ajcrn3sEatigcresSorNedFcese Agsknat Eboft?ﬁf
3CARN: U i CUN@B ar€uBr and m xtures thereof. In an

especially
Typical metal salts capable of forming a complex

with an olefin include AgCl, AgF, AgNO;, AgCF3SO,NSO,CFj3,
AgCH3S0;, AgCF3;S03;, AgBF4, AgPFs, AgClOs, Ag(CF3COz), CuCl,
CuBr, CuNOj3, Ni (BF4)2, Ni(CH3COz)2, Ni(NO3)., and PtCl,.
More preferably, the metal salts are silver or copper
salts, especially silver salts. Particularly preferred
metal salts for use herein are selected from AgNOj,
AgCH3S03, AgCF3503, AgCF3SO,NSO,CF3, AgBF4, Ag(CF3CO2) CuCl,
CuNO;, CuBr and mixtures thereof. 1In an especially
preferred embodiment herein, the metal salt is AgNOs;.

Preferably, the ionic liquid composition used herein
is non-aqueous, i.e. the ionic liquid composition
comprises less than about 5 %, preferably less than about
1 %, especially 0 %, by weight, of water.

The process for the separation of olefinic

hydrocarbons from a liquid feedstock composition



preferred enbodi nent herein, the netal salt is AgNO 3.
Preferably, the ionic liquid conposition used herein
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conprises |less than about 5 % preferably |ess than
about 1 % especially 0 % Dby,gweight, of water. The
Process for the separation of ol efinic hydrocarbons

roma ligquid feedstock co sitionc rising at, | east
onEoBPEFPANE Bydh s BOW QA LAD P oRidt Gl BlY 4¥ AEcTeast
hydfn@cgabaﬁfiﬁnﬂmh yERscar®hactbngri es | ¢sp ot fiegdsheck
conpositign wth a supported ionic |liquid nmenprane
un&éﬂu&Gné???Bﬁgchﬁq s tEQNS B ER 7 vRYKPRESST dicd1¢
ol afiigds df herbparafidds: ddhdR@ibhsubaitabe ¥ aasethioely
the separation of olefinic derocarbons froma liquid
f eS@PREERSCOAPOENE | BFPE RAFATILAG - at | east one ol efinic
hydrocarfop,apdc@ialt eagle YORAEAELE Nt ke YA OCATIRAN o £
conprises contacting the I'iquid feedstock conposition
wi tfiefispappbydedca opdns |fnpm @ AdaBidnéeedelepck composition

condi ti Q uLta o..sel I; y | efq
e L TS Lo SR RO AER) S IR 2ease
separaapedadféntol hepdtechibvna cevpirisag phatectinghithe

not, w shi t,0, be bound by .t heor Lt_] | eved .t hat
rhe- ik dBeRe PRk Bt ol Bikron shipfEted fohi
LOQHQMﬁdbﬁhmbﬁbﬁéiﬁh@ehyﬂﬁﬁﬁaﬁbnﬁssamdapheatéi$ékbctively
ydrocar bons _present in the feedstock conposition. .
parstqﬁqr&ﬁebgtl\%ééﬂst o o‘?ﬁl??qfql&ﬁi’ dwg‘SﬁﬁbgPW%no R

t hen RHRS r@bonkheepBibt @lea Nt dlnecteadshoskreceiving
conmposition. The ol efinic hydrocarbons partitioned

i ntiasfe ionic |iquid conposition within the pores of

the menmigne HetnyisNeR§i ) &L HHRNEXBy thebdy) | ibrisum
wth the netal salt present in the ionic |iquid

comprisiaviash thfe thPePFAFeS hyfr dbsr BERES pat BY FREQN occurs
hydr ocaiBofg .andnkhg 1 £eYRISilldocarbons and paraffinic

hydrocarbons present in the feedstock composition
partition between the ionic liquid composition within the
pores of the membrane and the feedstock composition. The
olefinic hydrocarbons partitioned into the ionic liquid
composition within the pores of the membrane form
reversible complexes in equilibrium with the metal salt
present in the ionic liquid composition. The olefinic
hydrocarbons, paraffinic hydrocarbons and the reversible
metal salt olefinic hydrocarbon complex diffuse to the
permeate side of the supported ionic liquid membrane due
to the concentration gradient within the supported ionic
liquid membrane. The olefinic hydrocarbons and
paraffinic hydrocarbons partition between the ionic
liquid composition within the pores of the membrane and
the receiving phase solvent, thus driving the equilibrium

of the reversible metal salt olefinic hydrocarbon complex



metal salt ol efinic hydrocarbon conplex diffuse to the
perneate side of the supported ionic |liquid nmenbrane
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ionic liquid nmenbrane. The ol efinic hydrocarbons and
paraffinic hydrocarbons partijj an between the ionic
quuid conmposition within the pores of the nenbrane

and the_receivin se sal vent Vv the .
el EavPe f SHRATEaS Mgt hoprilafiied dhdgthic
hymwﬂaabbmhoﬁgnpmemﬁqlﬁanmJﬂlqﬁlgenempmsxgpanmaz W@H
co nplexed ol ef i ni g drocarhb n LN the Jom

com5GErE s BnoR (76 [T RS S e 8P 1T hb U 6‘}% d‘ane

l oni c | irgul doﬁBﬂ’bi@me foTrI‘IQ:h‘éOpdbt:leQﬂSof othé hergwesness
of the present invention are not c¢ritical i

rovi ded
thdtnvteﬁélpénﬁé? R0l CErd GHlasBGPEIGRE Bich %ttem@rature

bonjg bir@disdre0aPOsitdPntHat ithet RBnLE QUL g PhassnpdaR ion
the process is carried out. The tenperature of the

prdeess shet héapi@seimse mhamn iths BROGES bkS rA B aheut -
tenperatie g&\p%w@ré e W%@?@eQQCQF‘Sﬁ’hQ%%é@ﬁ

and/ or nelte e tenperatur or the process of the
pr eisprntiioneshbohd sheubel ot Shebsespehathoe athewhich the

LSRR i LRGBS, gporane

he® separat| process is carr
outforThaet @m‘bebatsuoﬁ £ los qumtoaessnbionhethe@aﬂtso be

i nventign sh d ferably be such that _the Lege
pha¥&h sthialtqgga &E%ﬁ ak élo roastll%ér?np%%cesg S %afrr S ok
oUt combyd idalony whbhethenwaaﬁaﬂlemugpedceast he mm::e&is aft .

t he present invention is in the g% om - thc'on

300 EReratEPy SPR R RERTIES POmEDC0b P8 300 0t

andsHBY e prefrerably be shen range tthEaOIil‘\s251Gﬁ)§0pk15@a QG
For econom ¢ and envi ronrrent al reasons, {{ngt

aesncwcb whenn EPeoE RPE Rt D FEES S ﬁﬁecsf&%
%Bl&allla} &%@%Eﬁg@%%% Qs idl thBepkeaRSE a&ﬂrtﬁle
e

ich the l'i quid edstock conposition_energes as
promnmﬁeqﬁrugmﬂntlon is in the range from -50 °C to 300 °C
preferably in the range from 0 °C to 200 °C, and more
preferably in the range from 25 °C to 150 °C.

For economic and environmental reasons, it may be
desirable to perform the process of the present invention
at room temperature, or at the temperature at which the
liquid feedstock composition emerges as a product stream
from its’ process of manufacture (e.g. a Fischer-Tropsch
product stream).

The pressure for the process of the present
invention is not critical, provided that the feedstock
composition is a liquid feedstock composition at the
pressure employed. Typically the pressure for the
process of the present invention is in the range from 1

bar to 30 bar. A pressure difference may exist across

the membrane, provided that the pressure difference is



fromits' process of manufacture (e.g. a
Fi scher-Tropsch product stream . The pressure for the
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provi ded that the feedstock conposition is a liquid
f eedst ock conposition at the jressure enpl oyed.
Typically the pressure for the process of the present

invention,is in.the . range fro r r. .

pr 885uPR ﬁ??$%9§ﬁ%@tﬁ§yq8Q%§tT% r%§§u%ﬁ§%%b %Paﬁg

pr expdetled hat ot heheprpessisr efdché enemgmnesnot so | arge

that the ionic liguid conposition_is expelled.fr t

por es o?ofh%cﬂﬁﬂ%ﬁhﬁg§ E§El§88ﬂ%ﬂ¥%féﬁﬁﬂgﬁ§?r&ﬁhgh aPS
reas@Rsablé AYpLEL slesivhablbeotespest ore tpwe gemcdsaseation

the present invention at atnospheric pressure, or .a
t hétpPERSEPREHEC v & Ylife IOFfoth}F% ?%%Lkrec(?rifpé@ilf*’oﬁhe

eWQH%%§da§e§dgféﬁmﬂgoﬁ§dgiiqbﬁr@ﬁbk%éé P L asoRict stream
manufiacture. The ol efinic hydrocarbon product

corfiyesi ££6h BEACHES ¢ | @ctHr8-recei vi ng phase by
any tePHﬂ%qﬂfeE{E?@H*%Pf&g%rﬁ%h'p?&@ﬁ@faggﬂboéﬂﬁion can be

recei ving phase o process of the present _

i neritliectedsin 8oteesivinth@heseebyi agy pheen kpiey émovns in
typi.cal ly any_suit | v A LS. e

ol ef1%hi® hyd%g?:g?ﬁaﬁi%’rgtfc?ggcg\ﬁn,g(%gpt#%%égan%fi%]rgav\htpit}?ﬁess
t heDlteki pireshytr beaemoivmpricdactsotvapbsi tion is

sol ubl e.  The receivin hase .solvent sh S e
i nert tghtheFShVﬁn?iéhé%F(ﬁﬁ%&§§¥t%8n§5§gé$%ﬁ%ﬁﬁlen
suduitdaatl et Belivent cwhicuiis dorpasitbi bhei slabinisol ubl e

in the receivin hase sol vent,. The .ol efini .
hy&ﬁ6¥éFﬁ§H°Br8g88Fch 9§4£ﬁ?nw§§dob?i%%é%?thﬁaOleflnlc
septRG rbbanptBaut ecebnbdrg tilase ssebvanleat Tihe end
of the process and before the oIefini&Fthrocarbo

0

pr oRRR&L VAP BEPEPORCT ¥es et AUk %h 28808 ot REF br v T (i denic
reati{d s colp®si€s8hvang Phagf seel ¥adh ehat the ionic

liquid composition is not soluble in the receiving phase
solvent. The olefinic hydrocarbon prqduct composition
may optionally be separated from the receiving phase
solvent at the end of the process and before the olefinic
hydrocarbon product composition is used as a feedstock
for further reactions. The receiving phase solvent of
the present invention may be chosen such that the boiling
point{s) and melting point(s) of the solvent (s) and the
separated olefinic hydrocarbon product composition(s) are
sufficiently different that recovery of the olefinic
hydrocarbon product may be performed by conventional
separation techniques, e.g. distillation.

In a preferred embodiment herein, the receiving
phase solvent is a paraffinic hydrocarbon or an
oxygenate. The receiving phase solvent is preferably

selected from pentane, hexane, heptane, octane, decane,



the present invention may be chosen such that the
boiling point (s) and nelting point (s) of the sol vent
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conposition (s) are sufficiently different that

recovery of the ol efinic hydrgcarbon product may be
perfornmed by conventional separation techniques, e.g.
distillation, referred rein, the

L,
reé@P@Fﬁ@eph%%%r PéléOEEF%ff??#blﬂw dr ocar bon or

anp@x}genat eiaffutyac /ithieq (ADBEE Sod VcEr[‘FIthyi ether.
preferably sel ected from pentane, , hexange, t ne,

octane Thechheceicthide PéFFﬁHEchﬂ%ﬁn%ﬁ?%

%Q%@@kmeHE£QY$tﬁg&ﬂﬁr%Qﬁﬁ¥hoﬁtbﬁﬁoﬁ§m3¥3cdﬂﬁimﬂoahhphase
The process of the present invention E{
ous

pep@@Fﬁﬁéoas aPrrferpblyeine PEACEATORE Wi dnft
ph@%%eﬁE?Bﬁtian?f¥5¥ﬁgéﬂysyatG§n9£9§8§§ addegerasesh.

I nvention I's ornmed as a conti nuous phase
oper at i &he iFheCp$®c@%stY@f rriesepresenent e myphrces an

g:]go £ ?.%tlgﬂ{lg%i?gégf&mhwo%%rtbgBngggg‘yfén éﬁl‘lﬁ)oas'xtét‘éﬁtate

@ conposition oned el nabove
trntdﬁpehumuOnhydAecmeﬁnqumdo@eceloehpmertthﬁrQﬁﬁﬁyﬂl§es

ool b e MYdracar bon () Mo NoNAs: been ReRAAtd o

hyqﬂQﬁﬂkﬁQ@oﬁrQdUleewnpnsmmmmnsesaeatedhermrthe
ol efinic hydrocarbons over .the f edsto k,co 2%|t|

The ettt CRTBPBLGT Hon (15 0F aBrBolY TF O Hay AiSsuct

CongMnipfs isTRnl i8MBHRi shéd iparaldffinie hydrocarﬂmms over the
excl uding any paraffinic h drocarbons Bygsent i

rec@qﬂ%@%&%‘peéww Py b6 ﬁ%%?*'?%’b product

ﬂ? ﬂéﬁﬂdiﬁnwhﬁb Lo ot & Mie Rydnocambanses of paraffinic
Preferably, the anmount of paraffinic hydrocarbons in

t hehmre-*rqamb@nﬁydleé@é\ﬂ@b?ﬂ Pt R 2 SABESi PYBROFITP IS
%ﬁigsgﬁq@ltlln’ ther eeéffrﬁ/lg\?béﬁ’aslee%l%%@ 1Qh%¥1 may be

ess t , excl udln% araffinic

hydtrnnﬂﬂﬁnngd concurrently with the ole lnlC ydrocarbons.
Preferably, the amount of paraffinic hydrocarbons in the
olefinic hydrocarbon product composition is less than 20
swt., more preferably less than 10 %wt., especially less
than 5 $wt., excluding any paraffinic hydrocarbons
present in the receiving phase solvent.

The retentate composition is the stream which is
left behind after the feedstock composition has been
subjected to the process of the present invention, and
which contains the compounds which are not preferentially
separated from the feedstock composition by the supported
ionic liquid membrane used in the process of the present
invention (e.g. paraffins). The retentate composition is
enriched in paraffinic hydrocarbons over the feedstock
composition. The retentate composition can also comprise

olefinic hydrocarbons which have not passed through the



present in the receiving phase solvent. The retentate
conposition is the streamwhich is |left behind after
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process of the present invention, and which contains
t he conpounds which are not- piseterentially separated
fromthe feedstock conposition by the supported ionic

l'iquid rane. u es esqat t
| nOEROPBRC o e o PARE e Fed D) TRRE, o
i So€nblehidid nhydrafdrbone hydsectr bortheowEtentate

f eedst ock conpositi The at e cor osi tion can

al §6MEBHPF+R o eﬁ%cc,edhg’argg ?%%ns WHIE 'haVveé “not

pa%&@@ekbbDﬁQ@Ot%ﬁSUQﬂOhbed | @Bpeclaly di (reavir.ae. more

Preferably, the anpunt, qf ol eflnlf ydéocarggé% S

pré§éﬁFlVﬁ FRethetighiHrd @BRPBSI P ont T Hed oFFThgn
M . tAE FDE@st SOK Edngfsakabhy 30 % . or rnore,

especially 40 % . or nore relative to, the |n|t|al

anount BheoPEPFRFE My disc RFESRETLI MY PR FR @@L SO be

CO'TE%%' bt hd NEu PT PGESS o ofN8 Bh8SER!ni VIBHIcYa Y
| so be used for the purification of a paraffinic

hytfre@dartbgh feepss bekore IPSiising ebnped st paPaefsinic
ongloca ab i bBhCahydlocad ﬁﬁ&?o Rd, thﬁ?@thfﬁ¥béﬁfﬂadﬂ c

Bon I'npurity, el n t concentration of the
oI efmpmlmtlyydwbeaetnmntherrplmcteyltlrntnhe pbt elne plkefinic

osition is.reduced aver f
g?y PERYaF ok BPBERY i} npurl %y %EQSESQP %(g%kﬁon Ls
Cormdeldo Bvefhehs e@m@énmtpromc ess od)éfihec predrotarbon

i nventi on can be rfgﬁ more than.once on the

f e RV Yo dRp&EPt %\Wﬂkorcqﬂ?é’séfcéﬂ hi ¢ hydrocar bon
product 1¢RNMEephlkeNoh NpesEey's toF thapmesbetdesveﬁnion can

purity of the oleflnlc hydr ocar b osi t.i.qn

andPorranee tesk BRESt BNRD 971t eT gﬁ\%z%ﬁ?. n% RN J1tlorl

be fayidercrd lustek At 80dhPyrddtrbon product composition in
order to obtain the desired purity of the olefinic
hydrocarbon product composition and/or the retentate
composition.

The invention will be further illustrated by the
following examples, however, without limiting the
invention to these specific embodiments.

Examples

The examples described hereinbelow were all
performed using a glass transport cell based upon the
experimental set-up used in De Jong, F.; Visser, H.C. in
Comprehensive Supramolecular Chemistry, eds. Atwood,
J.L.; Davies, J.E.D.; MacNicol, D.D.; Vogtle, F.; Lehn,
J.-M.:; Reinhoudt, D.N. Elsevier Science, Oxford, 1996,
vol.10, Chapter 2, p.13-46. The glass transport cell of

the examples is set up as follows.
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using a glass transport cell based upon the
experimental set- up used in fe_Jong, F.; Visser, H.C
A in gonprehensive Supranolecular Chem stry, eds .

t woo cN ¢ ;
Vogt | e, 2FS hf@ﬁﬁﬁc 1aqﬁam ﬂélgh%u%$ %%aﬁﬁﬁﬂg? Seil is
Sciggrea, 16)<P£>dj@lre 1096 Thet)lg.laﬂ;@ tmammt Z:elri cbp4bBses

The gl ass transport cell th
{ O HOWEORPSERBRBRT cl 26t atr of LERGCBF et o e

celdrah3p8k¥eBeiD & Ricked -fliemg{:ﬁ@Ssé;ﬁﬁlﬁtﬂordelqelhhlves
conprises two conpartnents (1 and 2), wth the overal

gl dSs andaAspor The efwo @idt Madives ﬁ?oﬂ?@mﬁ)éﬁﬁhﬂék@ tical
Celéy gﬂld\fgéaﬁ %f‘%]gs 4l)n1tT§1e iryR cehl Ralves {2 andi14d at

are entica Indrical glass units. The cell halves
ar @@ealneldaati open ezt Rl coper gnde heEagherf &t 9ddh

of (1S e8eLbnbel¥es gorx%i ke %15‘2%5?1&??%&' G %@r

|np§ er Tor strrring aperture (
andst8)rrifke (Suppdr 6 edandrd cfﬂhlqapdrtrenbr dheaf®d)8li s

positioned on the open end e I T,
supportgﬁ’lgﬁpgofF% i€ ?ﬁﬁﬂn q$gﬁ mgﬁh%ﬁﬂgan%vﬁ ed
be&w&a&xbhedopﬁntﬁedSpeﬁ driie dfwoneekklhaheds. (3Thend

4). The two cel |l es . are_ cl anped eth

e PR RO RLE 16} I I Pr Khani PauAL et gny
sealethricteehet BpehWongo NPArtHE s (:ielantlamres The égddasﬂs)
transport cell 1s_then nounted horizo

t wol e ctvhi <A §lta.1f'?érgr%e%lraw%aﬁsgfge(n%ilsJs‘%%v&])metal

whi benﬁ{v%ﬂps('ﬂo' Ofiﬁdolr@eﬂrwefdﬁﬁe ahaggat dealiyyt seal
controlled inpellers. The supported |%n|c [ jiqu

me bt Eifen G@@dtﬁ@rcpﬁgartments (1 and 2). The ggass

transport cell is then mounted horizontally between two
mechanical stirrers bearing magnets (not shown), which
are positioned to drive the magnetically controlled
impellers.

The supported ionic liquid membranes used for the
examples hereinbelow are formed by the immersion of the
membrane into the ionic liquid composition with which it
is to be impregnated. The membrane is immersed in the
ionic liquid composition until the entire membrane
acquires a transparent appearance, after which the
membrane is removed from the ionic liquid composition and
any excess ionic liquid composition is removed from the
surface of the supported ionic liquid membrane.

The separation process is performed by first
charging one of the compartments of the glass transport
cell with the receiving phase solvent for receiving the

olefinic hydrocarbon product composition. This is
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imersed in the ionic liquid conmposition until the
entire nmenbrane acquires a Lransparent appearance,
after whi ch the nenbrane is renoved fromthe ionic

uid co sjtion and any cess,ionic liquid

5300RDRS, 6% GHBP ' Siiene 10Ff heee by it dhase
summrvtead amﬁomdmmwsubsrmimamerné"hessam@am,i ohich is
process i s perforned i rst ch L ng one of t .
coﬁﬁ&ptﬁ@ﬁtgaﬁfC??ﬁ?iﬁ%&i?gpﬁaﬁgﬁgyglﬁe?f 6&?!?%4E3nlc
r e@ﬁ/‘d\ﬁoﬁgrﬁbﬁsﬁré&bd@rl'!orrfwsﬂte.%ﬁl Vi 0He t §Ea o4 eftdtisport

hydrocar bon gro uct conpositign. This isdesignated the
perafddt éSsPAROWTREL? et VifRF ShB4BUESP vEAL RS for any

COWM%%@%&Q&&& nalrisd ARG d cophePmb st USEk HOg108S

chromat ogr aphy anal ysis of the ol efinic hydrocarbon
pr dduatspoatiposili b9. tere qilaggsdt wakbpbhe Eesdstack

allo %s&%lgbage&ﬁﬁie ot{?gfﬁiakgdc@ﬁgkfggéségﬁk side. The

ne 1 éea conmpartnent of the gl ass
tramﬁnnnbc¢ebbmpssiheuncﬁhﬂge@mwwuheshenfee@%tm%k

sition. This is desi t
EBF35§ CsckPEs 6§|?|on a ggéoﬁgf°§§g8g9g§ é%%%ySls
St&ﬂdaﬂﬂh faleidehotk usapbéxulqnxpnleOMHtbgeaphgaratlon

ana sis of the feedstock co sitio ri
S B e EAte L ST e b AssBF Phe ' Spddfation
Seﬁﬁﬁéﬁééyl pB@QﬁséomﬁﬁffméﬁﬁﬁkﬁﬁIﬂ&ﬁtgléésth&agkp@mx cell
transport cell are allomed to stir H gﬁ]YOXI
0

L0 TP IGHed 56r SBAToRt APRGURAEE oo Dt BRPerSf L7 @oriod

Sanpt es Afudshan takRntbhosraide .t hgappleeak e Stitken aitken
the feedstock side after 24 hours, and are analgsed %%er

gasteom dratfodihapRe INFAES gBkde ATShESgFEEASESER Fidarf
Agi é?%o@%oéa% S acf:@r QAR peEanly apd ChedhbabyespMyt h The

aut osa l'ame ionhisati'on detector. The col um
is gﬁgxphmomangga@ﬁ1used is an Agilent 6850 gas

chromatograph and chemstation with autosampler and flame
ionisation detector. The column is a 60 m, 0.32 mm
diameter, film 0.50 pum, J&W Scientific DB-1 column (all
commercially available from Agilent Technologies, 395
Page Mill Rd., P.O. Box #10395, Palo Alto, CA 94303,
USA). The temperature program of the gas chromatograph
includes an initial temperature of 50 °C, an initial time

"1 and a final

of 8 minutes, a rate of 10 °C min
temperature of 325 °C. The calculation of the quantities
of the components was performed using a calibrated ISTD
program.

For each component of the feedstock composition, the
average flux through the supported ionic liquid membrane

is calculated according to the following equations:
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94303, USA) . The tenperature program of the gas
chromat ogr aph i ncludes an inijgjal tenperature of 50 0C
, aninitial time of 8 mnutes, a rate of 10 OC mn 1
and a final tenperature of 3§5 OC . The cal cul ati on of
the quantities of the conpbredys,pas perforned using a
cal i brated | STD program For “edch conponent of the

f eadhetreck conposition, the average flux through the
supported ionic liquid nmenbrane is calculalfd_1
accbrdigigreget hEux RVonitigee§eat Pent: JX9 M/“ vherle J =
aves age bl X B¥CEnd | Wndldn®d ih €K@ Prcdiving Rimse
anount of the conponent 1 n the receiving phase

( pelpeeacetei dédle) , dietarriimed by gas chromatodiamny (k9.
(kg). _Am =.surface ar f orted. ian,G 4 A
oty angurtety e U Ro shPBaPLRRRIAE AU hefipFane
For g2npari son purposes, the flux through the

supported ionic liquid nmenbrane is nornmalised to 1.0 M
f ecttlst ddinec @rpoAENe L CUMR SRRARLARN Thé-sel ectivity of

the supgt %@fngmgoﬁi@g&s%%ﬂbrtmefﬁek eREbL G efHd

over its' analogous paraffin is calculated accordin

t 0:spported inhécel Bywid glemiirapet s pormajjyeedger 1.0 M
noryml j sed . fl ux of e | )G ;Rydrocarbon. Jp =
avé&%ﬁ%sﬁgwhﬁppgg e%Fu§§%§g¢ﬁ¥§ énafogous paraffinic
hydr ocarhen.selectivity of the supported ionic liquid

membrane for each olefin over its’ analogous paraffin is

_J
s=Yy]

calculated according to:

where

S = selectivity.

Jo = average normalised flux of the olefinic hydrocarbon.
Jp = average normalised flux of the analogous paraffinic

hydrocarbon.

Example 1
The glass transport cell is assembled as described

above. The membrane used is a polycarbonate membrane
(Isopore (trade mark) membrane commercially available
from Millipore, 290 Concord Rd., Billerica, MA 01821,
USA, having an average pore diameter of 0.4 pm and a
membrane thickness of 10 um). The ionic liquid
composition is a 40 %mol solution of silver nitrate
(commercially available from Sigma-Aldrich, 3050 Spruce
St., St. Louis, MO 63103, USA) in 1-butyl-3-methyl-

imidazolium nitrate.
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avail able fromM I Ilipore, 290 Concord Rd., Billerica,
MA 01821, USA, having an avergge pore dianmeter of 0.4
mm and a nenbrane thickness of 10 nm). The ionic

liquid nposjtion is 4Q %ol, sol ution, of sil.ver
nitrat e%g‘gogﬁ%}l{ﬁgﬁ?“%m&'éﬁ‘llgaﬁ M8 GhEE Y S ch,
305/ nopledieedt by Slididimt Hf MR 63h63us USA)ution of silver
| -butyl -3-nmethylinmdazol iumnitrate. The N

|- BUCRES. 0t A1 Mol 1 DI RREED a8 7 5o SHH g Asegous
by @dditlican oef 1apy eglenlse 131Ut n@Ra @bl Shh Ve 1 ot 1dat e
(0.25 Mol in 100 M water) to a stirring aqueous

sol (ramgre reral Lpuayai BakketinAm Solyrahz SRReNS EHib G
(Cq&‘fsexﬁfeh%'t'rm@@uf@,l escfmﬂx%qwe@termﬂiya 0 9% @Hin

Al arichstraBe 14-16, 50679 Kol n, GCermany .25 Mol in
100LGl mMatwaitprat ak obPen eygrretakug captidap L boeed t oo reeaat
for.one hour. The.sil| | Qr,i 0 LS: Le

(1P tovs: aTor STy (B geO Pt nhs PRy
wat £rl irsatriemovedrf aogléade filneryl(p@rogithyl P4) . The water

i mdazoliumnitrate solutio e ragion, T ;

| bkt yremovgd crphy End; AN Al A7 sotifn nitrate

t hesodid ieth by waaporadio hr ethehdHbatgl -20méthylThe

recei vi ng phase sol vent enpl oyed s kgtna ecane £

( coleaq Y BFEFREBI BT SHr SghleralgrFEnin stgghe tor

Spr g Sthouwdts akoupsecMO 63103, USA) and the feedstock

conposition is derived froma Fischer - Tropsch

synt hesiBhe HfFeRysEhBNRBPRRY 1N TRl o¥GH PR qabfedegane
Tebbfner ci 518§0542¢ ka5 P8P8 | Biyrfa0n1Ex3BR], €3850 Spruce

Conmpound % . "of the feedstock conposition 1-Pentene

* 1S#4. St. Louis, MO 63103, USA) and the feedstock
composition is derived from a Fischer-Tropsch synthesis,

and has the composition set out in Table 1.

Table 1. Feedstock composition forAExample 1.

Compound $wt. of the feedstock composition
1-Pentene’ 1.4
Pentane 3.1
1-Hexene’ 5.8
Hexane 8.8
l-Heptene* 8.8
Heptane 12.0
1-Octene’ 9.9
Octane 14.1
1-Nonene’ 11.3
Nonane 18.6
1-Decene’ 3.2
Decane 3.0

¥ contains up to 2 %wt. isomeric impurities based upon

the weight of each individual component.
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up to 2 %w. isoneric inpurities based upon the wei ght
of each individual conponent.Jye average flux of the
conpounds t hrough the supported i onic quuid menbr ane
over a 24 hour erl dvg closed in, Tapl e bel ow.
Tabl e 2TReAGEPS ‘éef thg E&mHSHPdie?h’b%“‘-’r*brt“t%e

CO@Q@%@@%e@f15K§6pi£q&1d<ﬁﬁﬁ@3@ﬁ§ bhex &4Kk@d Md)r period is

1- Pent ene * u Pentane 2. 2cl O J
1- Helﬁéﬁ@sedzln %a‘RJr%) . 4cl 0~ 1- Heptene
0 Hept ane . 3 c I 4 1- Cctene *_ 1

&ab&eo@t anBVEFase £l USE 2. AdnBABEDE: 1) B 9
Nonane 3. cgmbogngg-gf é}gﬁ@g@ 15 . 3 c | g u Decane

2 . O_C_I ontains up to 2 %M. jsoneric
'npurb$ﬁ§§uﬁﬁsec upon Flux (kg/m%ﬂ
1-Pentene’ 3.7 x107%
Pentane 2.2 x107%
1-Hexene 2.8 x107%
Hexane 1.4 x107%%
1-Heptene’ 2.0 x107%
Heptane 8.3 x107%¢
1-Octene’ 1.3 x107%
Octane 5.8 x107%
1-Nonene' 8.0 x107%°
Nonane 3.1 x107%*
1-Decene’ 5.3 x107%
Decane 2.0 x107%

" contains up to 2 %wt. isomeric impurities based upon

the weight of each individual component.

The selectivity of the supported ionic liquid
membrane for olefinic hydrocarbons over their analogous
paraffinic hydrocarbons over a 24 hour period is

disclosed Table 3 below.

Table 3. Average selectivity over a 24 hour period for

Example 1.
Compounds Selectivity
1-Pentene / Pentane 16.8
1-Hexene / Hexane 20.0
1-Heptene'/ Heptane 24.1
1-Octene’/ Octane 22.4
1-Nonene / Nonane 25.8
1-Decene / Decane 2.7

contains up to 2 %wt. isomeric impurities based upon

the weight of each individual component.
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hydr ocar bons over a 24 hour period is disclosed Table
3 below. Table 3 . Average sejgctivity over a 24 hour
period for Exanple 1. Conpounds Sel ectivity 1-PenteneV

Pent ane.16,. 8 1- Hexene */ Hexane 20 . 0 1- Heptene
*/%ﬁéaﬁéﬁe324 . 1 1-OcteneV Cctane 22 . 4 1- NoneneV
Nonane Zhe. gBads CemespditDeeddeil as3embled:as described
contains up,to 2 % rities based on
heitght TBe BEERE e SARLAe CoRBLHERE S ERdp e e
0l agsdprRSReEhdEEhArk)S resdrEbleedonte dESET 1 Peth Ao e

The nenbrane used is a polycarbonate nenbrane (I1so ore
(t riaabe MeAR) PrERbramelndmeRicaRly ROEF| Abiee¥OM Hm

M1 1ipore, having an avera re dianmgter, of, 0.4
sl Ao B PRREnE o KL T3St - TRES! b qu%l&*
Comots'l@iohs 18 404 @/‘n@ﬁolscgdlhthBnOEbehllﬁér ﬁhiﬂlﬁi&
(comercially available fromSigma -Adric

|-bmqumercaalﬁrﬁt nyﬁll@%%lzﬁﬂqﬂuﬁlﬁmréﬂ-érl% %fe&e‘hﬂtry -3-

N Pt Lk abhy, 1
SIS FULSEOPA Ol oL RS (REOVRCAL e sorvent

64mlmenist1adbep@nﬁah%mwnaﬁéw ezdsiakke from Merck
iti v fr a fiS6har h
o st VeCe L0 8 Eagha pafgeRseh Goomapy
. Wéﬂneihk felededstbckomprpidsian ors ﬁ@mlgxanﬁremza.Fischer—
Corrpropnsdch/&\s'tynth%fsﬁsbeag dasst Q:%l% %%%%%HHBH set out in
Table 4.

Table 4. Feedstock composition for Example 2.

Compound gwt. of the feedstock composition
1-Undecene’ 11.8

Undecane 37.6
1-Dodecene” 11.3

Dodecane 39.3

" contains up to 2 $wt. isomeric impurities based upon

the weight of each individual component.

The average flux of the compounds through the
supported ionic liquid membrane over a 24 hour period is

disclosed in Table 5 below.

Table 5. Average flux over a 24 hour period for the

compounds of Example 2.

Compound Flux (kg/m?h)
1-Undecene’ 3.2 x107%°

Undecane 1.4 X1O’x
1-Dodecene’ 1.8 x10°

Dodecane 7.5 x107%°

" contains up to 2 %wt. isomeric impurities based upon

the weight of each individual component.
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component . The average flux of the conpounds through
the supported ionic |iquid megbrane over a 24 hour
period is disclosed in Table 5 below. Table 5 .

Aver age qux pver. & 24 period for the c npou ds

of Exanpl'® 2eledgnpdind FEE? TREY P & ﬁ?nﬁjw g

3. &eﬁb@an@nﬂ@@%@ﬂuﬁdﬁ hlyd rota Doctes esnee & t]heﬁrcla@alllogous

Dodecane 7.5 clgq contains u I soneyi.c

i nﬁéF???égl%a§¥QF QHﬁeOMGEgﬁtZ%fh?ﬁﬁﬂP?ﬁﬁﬂ itdual

CO@E%@@BEeEhﬁnsﬁélﬂ?‘é'@'Heﬁon the supported ionic
|qF| nenbranfffor ol efini ¢ hydrocarbons over their

anal ogous paraffinic hydrqcarbons over 24 hour

peﬁ?@ge|§ di B¥EERIR SHCFABNEtE BEPHWE Fhgip period for

Aver age selegggﬂ#iy over a 24 hour period for Exanple
2 . Conpounds Selectivity 1-lUndecene * / lindecane 22.9

1] Dodecene doodgaane 24.0 cgntains upsdieck Y.
|soner|cgjnnur|t|es based upod the weight of ea

irdlvﬂd@@deceﬁeonéﬁthEw@ﬁnle 3 The olass;??a%qnnrt

cdl | ils Dasieesbked/ dodtesne bed above. The AfrBrane

us€dcbataipsl yeardnadwe .nérbmanigc impurities based upon

the weight of each individual component.

Example 3
The glass transport cell is assembled as described

above. The membrane used is a polycarbonate membrane
(Isopore (trade mark) membrane commercially available

from Millipore, having an average pore diameter of 0.4 pm

and a membrane thickness of 10 pm). The ionic liquid
composition is a 40 %mol solution of silver nitrate
(commercially available from Sigma-Aldrich) in 1-butyl-3-
methyl-imidazolium nitrate. The receiving phase solvent
employed is heptane (commercially available from Merck
kgaR) and the feedstock composition is derived from a
Fischer-Tropsch synthesis, and has the composition set

out in Table 7.

Table 7. Feedstock composition for Example 3.

Compound swt. of the feedstock composition
1-Tridecene’ 9.3
Tridecane 44 .8
1-Tetradecene’ 7.6
Tetradecane 38.3

contains up to 2 %wt. isomeric impurities based upon

the weight of each individual component.
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l'iquid conposition is a 40 %ml solution of silver
nitrate (commercially availabiz-from Sigma -Aldrich)
inl-butyl - 3- methyl - imdazoliumnitrate. The

recei vi e PRR&La§O! MBIU dﬁﬂQEQYQthéuﬂ@ﬁt@HEbugh the
(comercially avail able from Merck kgaA)_ and the | _
f ecgPPOEKSEoRPRLE tHH i "eEPTFRE PYBM A #1 ey period 1s
RRSEDosKa! IEStSo1 81 diav,t e composition set out in
ble 7 . Table 7 . Feedstock conposition for Exanple

. Conpound_%m . of the feedstock conposition
1- Treibdec8ne Averagearikicaver4a. 841096t rerfetthe or £h6

Tetradecane 38n3o60M alNE MRph@ 3. %\ . isomeric
inmpurities based upon the weight of each individual

Tr
Ta
3

c npoQgﬂ%¥%g avegrage flux of t@qugoquwﬁqﬁ t hr ough

t he _supp ionic liquid menbrane over a 24 hour

pdr i beliigletiese osled in _Tabl e 8 bebof, @Dl e 8

Aer ageidécane®ver| a 24 hour peri o@.Porl®1e conmpounds
of| Exmeqpt &ieteneCanpound Fl ux (kg/ 62B) x1907Fri decene *
6.%}&1{}5&3&aﬂ@cqne 6.0 c 1q ud4 14Tetrad@lene * 9.0 c
| Unteihadesare A.9d.q1lddmeent aimsutix fes Da¥sid. upon
isonmeric inpurities based upon the weight of each

i ndihA diediahcoRBoRant . 1MHe K83 COFPPPeBE - t he support ed
ionic Iiquid menbrane for ol efinic hydrocarbons over
their angle0@@Uectivity of the supported ionic liquid

membrane for olefinic hydrocarbons over their analogous

paraffinic hydrocarbons over a 24 hour period is

disclosed in Table 9 below.

Table 9. Average selectivity over a 24 hour period for

Example 3.
Compounds Selectivity
1-Tridecene / Tridecane 11.3 Not changed
1-Tetradecene / Tetradecane 18.5 Not changed

contains up to 2 %$wt. isomeric impurities based upon

the weight of each individual component.

Example 4
The glass transport cell is assembled as described

above. The membrane used is a polycarbonate membrane
(Isopore (trade mark) membrane commercially available
from Millipore, having an average pore diameter of 0.4 um
and a membrane thickness of 10 um). The ionic liquid
composition is a 40 %mol solution of silver nitrate
(commercially available from Sigma-Aldrich) in 1-butyl-3-

methyl-imidazolium nitrate. The receiving phase solvent



paraffinic hydrocarbons over a 24 hour period is

disclosed in Table 9 below. Table 9. Average
w@eelsnsi4ri ty over a 24 hour period for Exanpl ePGI/EP2004/053605

Compounds Sel ectivity 1- Tridecene / Tridecane 11.3

Not changed 1-Tetradecene /. Hgtradecane 18.5 Not

changed contains up to 2 % . isoneric inpurities

based on the t of each i e
BanBLEra i o e el parimer 2] Y AR Bom
desgginbedl abite). athe thenifeadetoskethds talq)oio;rrp@ﬁbamaneset
menbrane (|l sopore (trade mark) nenbrane commercially
av&PfFabrel#hb i1lipore, having an average pore

di aneter of 0.4 nm and a nenbrane thickness of 10 nmm

) - ThB@ei 00 CFéddptictic wBRPSistikdoni forn B 4sol ution

of silver nitrate (cq
Sijgma- Ab@hb@@ﬁdi'1| - but ghit 3- oﬂﬁﬁﬁaﬂfeedSﬂdﬁ&Z@bmpbsltlon

niltrate e rﬂcejVLﬂﬁ nhnca solvente |nunA

TTC T

tetr ade}aﬂﬁxf?%mnm c ::1| | y available fr ‘fr]‘\

Silgna- Al HEX@R§ and the feedstock has t3re composition

set out lrAcTabée 10. | Table 10 Feedst dcié Pnnanlflnn

for Exanpkceade Conpound % . of the f4eeddst ack

cqnposi tiFoacéneHexeng 3.1 Hexane 3.2 15.Axtene 4,2

Odt ane 4p2cineDecene|5.2 Decane 5.3 1-5IDbdecene 6.2

Dqgdecanepbddcéne Hexatflecene 8. 3 6.2
Docdecane 6.3
l1-Hexadecene 8.3
Hexadecane 8.4
Heptane (internal 3.7
standard)
Tetradecane to 100 %wt.
(solvent)

The average flux of the compounds through the
supported ionic liquid membrane over a 24 hour period is

disclosed in Table 11 below.

Table 11. Average flux over a 24 hour period for the

compounds of Example 4.

Compound Flux (kg/m?h)
1-Hexene 2.6 x107°
Hexane 1.3 x107'
1-Octene 1.1 x107°
Octane 3.7 x107°
1-Decene 3.6 x107'
Decane 1.3 x10°°
1-Dodecene 1.3 x107’
Dodecane 1.2 x107°
1-Hexadecene 3.1 x107°
Hexadecane 2.0 x107°

10
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Tetradecane to 100 %w . (solvent) The average fl ux of

WO b@soerpounds t hrough the supported ionic |i qRETIEP2004/053605
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menbrane over a 24 hour period is disclosed in Table
11 below. Table 11. Average-fiqx over a 24 hour period
for the conmpounds of Exanple 4 . Conpound Fl ux

(kg/ m2h),, 1- Hexene. 2.6 C bh Hex 3. Cd g s

1- Oct enéh‘f. SRR A Ok e o aonéeqﬁl.% Sk RgQgt%c_i r%:lecﬂellf.uédc | g

' Pem%mené.Soc bDefBiric Doydercenebdns dyer tDosliacamalbgdus
C - Hexadecene 3.1 c |0 B Hexadecane 2.0 .c |0
TR ST SR Py TS OrS 15 (5Gr Befl) BRVE HTEHY L8
merdfarsanestar i gl eibhné c1hygdiesar bons over their

ana!ogoys Sararfingc hydr ocar bons over a 24 hour

period is_disclosed in Table 12 below. ,Table 12. .
AvérRde 181 eBVRYRES BAEFCE 2HYnGUFTpBrid 9% B8R &°F

4 . Conpoundgx&gpestavity 1- Hexene / Hexane 20.0
1-Cctene /| Qcotane 29 7 1- Decene/ Decane 27.7 1-

Dgdecene / [adgfAMis10. 8 Selectivity
l1-Hexene / Hexane 20.0
1-Octene / Octane 29.7
l-Decene/ Decane 27.7

1-Dodecene / Dodecane 10.8
1-Hexadecene / Hexadecane 1.6
Example 5

The glass transport cell is assembled as described
above. The membrane used is a polycarbonate membrane

(Isopore (trade mark) membrane commercially available
from Millipore, having an average pore diameter of 0.4 um

and a membrane thickness of 10 um). The ionic liquid
composition is a 40 %mol solution of silver nitrate .
(commercially available from Sigma-Aldrich) in l-ethyl;
3H-imidazolium nitrate (Synthesised according to: Ching
K. Lee, Hsin W.Huang and Ivan J.B.Lin Chem.Commun., 2000,
pages 1911-1912). The receiving phase solvent employed
is tetradecane (commercially available from Sigma-
Aldrich) and the feedstock has the composition set out in
Table 10 above.

The average flux of the compounds through the
supported ionic liquid membrane over a 24 hour period is

disclosed in Table 13 below.



1- Hexadecene / Hexadecane 1.6 Exanple 5 The gl ass
transport cell is assenbled as descri bed above. The

woreebnere2 used i s a pol ycarbonate nenbrane (| SPEDER2004/053605
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15

(trade nmark) nenbrane conmercially available from
M1 Ilipore, having an average jwpre dianeter of 0.4 mm
and a nenbrane thickness of 10 nm). The ionic liquid

t ¢ . | .
COTABILIA3T ATelhdtd ST oRELVG 90 Rus neilod) £ kfe

(conmmercially Av el rom
1-ethyl - SHcom@amtsl iafmEmampaeeS ( Synt hesi sed
a radina + - Chi ne | Llo1 AL LE oy Af

ASACAS Ty T O A= LRI B A B B wa |_CC, HSH—vyvrdah allu |va|T
J.|B. Lamn;ﬁlﬁm Co+1*run. , 2000, pacgesc ]ﬂkﬂm 11)912) The
r eeevn haset+sel-venrt—enptoyed radecane
( ¢ormBrt %‘ﬂe“ i avaitable fromS & S ‘_1:9._3\,.., and—the
f(:!pdct}i‘"ﬁ"ﬁar}?a& thhe {"an‘thl tion-set’ n4llf :Un Tabl e-10

akoyel W%/Prrﬂp fIJJ)( of the L{\]I’W;IﬂMQ fhrmmh the

suppor@eekneni c |IGUI d_menhr ane ol %074 hour peri od

i 4 dibclessnt in|Table 13 bel ow Tabile 19"’ Averaoe fl ux

oJer ab&dardwur period for the corbdundd of Exanple 5
Canpotmsiddane (Kg/ n2h ) 1- Hexenel 31 19T q b Hexane

9.[4 cpddedunke Ojtene 1.1 *1(Th CcdanexiD® ¢ 1O B 1-

DdCENgesadacerdd] || Decane 4.6 C [ gyl k-1ddddecene 7.7 C
| I ByDpgiecane 90 ¢ Tq 9 T-Hexadegena®™I ¢ Tq 9
xadecane 3.2 Q" The sSefectivity of the supported

ionic liquid
The selectivity of the supported ionic liquid

membrane for oclefinic hydrocarbons over their analogous
paraffinic hydrocarbons over a 24 hour period is

disclosed in Table 14 below.

Table 14. Average selectivity over a 24 hour period for
Example 5.

Compounds _ Selectivity
1-Hexene / Hexane'- 33.0
1-Octene / Octane 68.8
1-Decene/ Decane 67.4
1-Dodecene / Dodecane 8.6
1-Hexadecene / Hexadecane 1.9

Example 6

The glass transport cell is assembled as described
above. The membrane used is a polycarbonate membrane
(Isopore (trade mark) membrane commercially available
from Millipore, having an average pore diameter of 0.4 pm
and a membrane thickness of 10 pm). The ionic liquid
composition is a 20 %mol solution of silver triflate
(commercially available from Sigma-Aldrich) in l-ethyl-3-

methyl-imidazolium triflate (commercially available from



menbrane for ol efinic hydrocarbons over their

anal ogous paraffinic hydrocarbons over

a 24 hour
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Average selectivity over a 24 hour
5.

period for Exanple

Compounds Sel ectivity 1- fexene / Hexane 33.0

1-Cctene / Cctane 68. 8 1 Decene/ Decane 67.4 1-

Codeaae by

decane 8

gshf ’a%sstﬁsash &&'t

e tRert Tl Ried s

desuviithed1ahaye. Tihe resdinding paedei sobveotl yaoarlmoeat @ s

v BB SR B KT HO L Ih VPG AL abEPR QR

B0 Y o)

di 3Rt @heOfeB@ddt HBK Ak & HEEHImpRe it Dbk k@@ssOmf 1D TamlLe

The ionic liquid conposition is a 20 %ol

sol uti on of

silA\er triflate (comercially available from Sigma

(c

omerci al l'y

-Aldrichhel Bybr§EOYEr 3k dJRtMY combBLH@Zoth M4 ifHat e
aval | abl e fron¥l uka,

| ndustri estrasse

25, SUpROIS4T] 1Bnéhs] BB GmembEangndyer Thed reeel \Befgod is

has.e I nt _e e i radecane (conmerci al
gvac}s i%S%ﬁr%% gmﬁ% PSAPZ”}. ch) and the(feedst ock hzls
the conposition set out in Table 10. The average fl ux
of Tdid ecdipodndsagar blgh aver §uéﬁohpé§ ponied | feuitde
menbr ane over u di scl osed in Table
15 bel ow. TaEPep§énQ%Né$2%%4 ux over a 24 hour period
foar the co s of Exanpl e 6. 2Fl ux (kg/ n2h
1 Hex SREEORT ¢ 1lg" 6 w rFRIPAHAR) UX (kg meh)
1-Hexene 7.8 x107°
Hexane 9.5 x107’
1-Octene 4.6 x107°
Octane 3.0 x107’
1-Decene 2.1 x10°°
Decane 1.0 x107'
1-Dodecene 8.4 x10~'
Dodecane 4.3 x107°
1-Hexadecene 1.1 x107~’
Hexadecane 5.4 x107°

The selectivity of the supported ionic liquid

membrane for olefinic hydrocarbons over their analogous

paraffinic hydrocarbons over a 24 hour period is

disclosed in Table 16 below.

Table 16. Average selectivity over a 24 hour period for

Example 6.

Compounds Selectivity
1-Hexene / Hexane 8.2
1-Octene / Octane 15.3
1-Decene/ Decane 21.0

1-Dodecene / Dodecane 19.5
1-Hexadecene / Hexadecane 20.3




Hexane 9.5 c I "' 1-Cctene 4.6 c I g"b Cctane 3.0 c
lgq"" 1- Decene 2.1 c I g"fa Decane 1.0 c Iq"'
wdz2edeaene 8.4 ¢ | " ' Dodecane 4.3 ¢ 10 B  PCT/EP2004/053605

10

15

1- Hexadecene 1.1 XIO ' Hexadecane 5.4 c I q 9 The
selectivity of the supported ronic |iquid nmenbrane for
ol efi ni c hydrocarbons over their anal ogous paraffinic
hydr ocarhons qver. a,?2 enl [ [ 0 [
Table 1 eﬁsoﬁvqggfeéigr?%egr%gog%séeligglhi\gugt gﬁ%;c/e%h%
24 pooreperafodthfeoprEsanpl enentGonpoesdd tSefisctheity 1
Hexene /_ Hexane 8.2_1-Cctene | tane /15. 3 _1- /

Do SHRP FAL PP SRR EEanGS ) DU T SOT. PR REE Rne

| Heyateeaond). i3l b Lsqevd desddStar idoampabateorxaompeissing

that _the prqcess of  the present vention results in,

{ heokepih IR (BR3P PP ES Rt Hon SVFFgRR T Pois With a
par gf §i &g vedrarc aeheasivne @, | i muitchdrgedst agkevident from
conposition conprising ol efinic hydrocarbons and

par BR®i ﬁ%vqmma@@&veﬁo%_gaw Ehe P TRGHS U&dr d8Sopresent
Selfﬁ%éﬂﬁf?&uégHtégﬂéraEE b$e £Vh fety driabba sakavene

exanpl es t the process of the present invention can
sepdebergeitefianas HpdgeclsbonSlén fymn darafdént <r ange

AT SR AL SV At

aboy s e XD &S Maim the RHEGESSx&ples that the process of
the present invention can selectively separate olefinic
hydrocarbons from paraffinic hydrocarbons in a liquid
feedstock composition having a broad spectrum of average

carbon numbers.
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the present invention can selectively separate

ol efi nic hydrocarbons from paraffinic hydrocarbons in
w@2005men4el f eedst ock conposi tion havi ng a br oadPGPER100UOS3605

of average carbon nunbers.CL Al MS 1 . A process

for the separation of olefinic hydrocarbons froma

liquid feedstock conposition %%ﬁbrising at | east one

ol efi nic hydrocarbon and at |east one paraffinic

hydr ocar bon, said process conprising contacting the
liquid feedstock with a Suppdr e Bonic |iquid

menbrane, wherein the supported ionic Iiquid menbrane
conprises a nenbrane inpregnated with an ionic liquid
1 conpogiricess Zor The yrrruwds cof ofl alafiniaherdiaraydions
£ lenbrane . fous o 0 Y, rléégye
Fahgt ang'sd 2eHREPROk tonle (T3 BB 25 Py KT I8 one
oIéﬁnnnt hy@mozarmber&mm dtheldamt @nbigardfﬁoanSHanntarbon,

conpri ses an ionic, ui the i |c L UId n
SR8 SoUBAL HF i NAr O oo ToR Rt B Sp Tt (P
a CAlpUttel ibAecpPlLOgess r@émkﬂf]a)hegnezh@freﬁhetné esmpcngted

clainms, wherein the nitrogen - containin et er oc h
IR g SO SR IS P L S S

ah”i&?fallll&nﬁatcb%osﬂlﬂle process of any one of the
precedi ng clains, wherein the ionic |iquid conposition

2 conpihis ar aravst 8FF Shpimchpaflersom Farfh RETAT Bfpt 2,2
%%égbfghéﬂﬁgIﬂgcgbﬁégbﬂgdpof@ﬁﬂ%”ﬁyyé Mempshended in

e ionic qui d conpound. 6. The process of claimb5,
3wherBie prireasst accoatingobprimesrgt Afegdpinfel saft2-

S%%fﬁe{k{r‘%ﬂﬂkhﬁlﬁﬁhglc8£p§é%%Q{ éHM§Q§%esn§Hg§8§§@

iI'num- pa ni cobalt, iron, gold,
1nqﬁh@n|tﬁa ﬂdnmm aanuahroqmmnqsnujybdéﬁaﬁgeanéoﬁfQ%Qﬁ%%
r eof e Rracess glcag one of claims 5 or 6,

hﬁﬁ%F%?%C%H%‘ﬁé#ﬁ SAFtCIS 8" si vé?lor copper salt.8 .
4The pregesscafs aify aageoat of atlms graapdingnisdréing, t Weerein

the nitrogen-containing heterocyclic or hetercaromatic cation
is an optionally substituted imidazolium cation.

Sf The process of any one of the preceding claims, whereln
the ionic liquid composition comprises a metal salt capable
of forming a complex with an olefin dissolved, dispersed or
suspended in the ionic liquid compound.

6. The process of claim 5, wherein the metal salt comprises
at least one salt selected from the salts of silver, copper,
manganese, zinc, platinum, palladium, nickel, cobalt, iron,
gold, ruthenium, rhodium, chromium, molybdenum, and mixtures
thereof.

7. The process of any one of claims 5 or 6, wherein the

metal salt is a silver or copper salt.
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metal salt is selected from AgNg3, AgCH 3SC3, AgCF

3SO3, AgCF3S2NSQ2CF3, AgBF 4, AgCF 3CO2, and m xtures
wo b@s®efs22 9. The process of any one of the preR€DERZP04/053605

clainms, wherein the liquid feedstock conposition

conprises at |east one ol efinjg _hydrocarbon which

contains from®6 to 18 carbon atons . 10. The process

of any one of the preceding clainms, wherein the liquid

8 LRk EpEouR ISt LU dr 43 YE9ET9M & ] S8Yein the
metal salt is selected from AgNO;, AgCH3S0;, AgCF3SO;3,
AgCF3SO,NSO,CF3;, AgBF,, AgCF;CO2, and mixtures thereof.

9. The process of any one of the preceding claims, wherein
the liquid feedstock composition comprises at least one
olefinic hydrocarbon which contains from 6 to 18 carbon
atoms.

10. The process of any one of the preceding claims, wherein
the liquid feedstock composition is derived from a Fischer-

Tropsch process.



