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{57 Abstract: Methods for separating di-olefins from mono-olefins, and olefins from non-olefins such as paraffins, oxygenates
@O and aromatics, are provided. The methods use metal salts which complex both mono-olefins and di-olefins, but which selectively
F complex di-olefins in the presence of mono-olefins. The metal salts are dissolved or suspended in fonic liquids, which tend to have

virtually no vapor pressure. Preferred saits are Group IB salts, more preferably silver and copper salts. A preferred silver salt is silver

tetrafluoroborate. A preferred copper salt is silver CuQOTf. Preferred ionic Hquids are those which form stable solutions, snspensions
~~. or dispersions of the metal salts, which do not dissolve unwanted non-olefins, and which do not isometize the mono- or di-clefins.
The equivalents of the metal salt can be adjusted so that di-olefins are selectively adsorbed from mixtures of mono-and di-olefins.
Alternatively, both mone- and di-olefins can be adsorbed, and the mono-olefins selectively desorbed. The latter approach can be
preferred when non-olefins are alse to be separated. The mono- and di~olefin-containing mixture can be in the gas phase or in the
liquid phase. The flow of mono- and di-olefin-containing mixture ovet/through the ionic liquid can be, for example, co-current,
counter-current, or staged in stirred tanks, with countercument being preferred.




3 FIELD OF THE INVENTION 4 5 The present invention is in t@%ﬂ%iﬁk% of
organi c separations, in particular 6 separation of di-olefins om

nono-ol efins, and ol efins fromnon-ol efins, using 7 olefin-conplexing
metal s | .ssol ved, dispersed or suspended in ioni L qu,ds. 9 10
KRR AR RVENTI o 15019 Thereoare many pré’gﬁf:btswé Mans in the
field of petroleumchem stry which 13 include both nono-ol efins and

di -ol efiins, f SEPARATION OF SUENESEROMOUEF NSASINGIEMINICLIQUIBSI n

ol i goneri zation and paraffin dehydrogenation. For a 15 variety of reasons
it is désirable to separate nmono-ol efins fromdi-olefins. For 16 exanpl e,
normal gl pha nono-ol ef i ns spph EOFATHLIRVENTIONExXene and 1 17 octene are
val uabl e products; and proddct specifrcatrons often require 18 relatively
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can be 23 PEIPSHPMPEXING MEaLsaltsdigsolvedeHFRYSEY O BYSPERCCAINIARFe products, but
‘must beg 24gsgpar ated from unwant ed nono-ol efins. For exanple, di-olefins
are often 5 used as crosslinking agents and in Diels-Al der reactions. 26
27 Meth8ds for selectively converting di-olefins to nono-ol efins have been
28 devepoped. For exarrplgACR@@{@gNBlesirﬂEI,NV@WSed process enploys a 29

sel ective, supported hydrogenatrton ectively renove
.di-oleffiins by 30 converting themto nono-ol efins. However, there are
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br anched h}l]drocar bons. Sonme of the 1 9 May 2006 WO 03/059483 PCT/ US02/ 41739
14 ydrocracking, olefin oligomerization and paraffin dehydrogenation. For a

15  variety of reasons it is desirable to separate mono-olefins from di-clefins. For
16  example, normal alpha mono-olefins such as 1-butene, 1-hexene and 1-
"17  octene are valuable products; and product speéiﬁcations often require
18 fe[ativeiy low levels of di-olefins (also known as dienes). When paraffins are
19  dehydrogenated to form olefins and subsequently used in alkylation
20  chemistry, di-olefin by-products from the dehydrogenation step produce
21 undesired products in the alkylation step. Di-olefins are also known to poison
22 some catalysts and need to be removed before certain reactions can be
23 performed. Di-olefins themselves are often valuable products, but must be
‘24 - separated from unwanted mono-olefins. For example, di-olefins are often
25 used as crosslinking agents and in Diels-Alder reactions.
26
27  Methods for selectively converting di-olefins to mono-olefins have been
28 developed. For example, one commercially licensed process employs a
29  selective, supported hydrogenation catalyst to selectively remove di-olefins by
30 converting them to mono-olefins. However, there are several limitations to
31 this type of process. Normal alpha olefins (NAQ) may be isomerized to
32 internal olefins in the presence of the catalyst. Hydrogenation can also cause
33  side reactions such as formation of branched hydrocarbons. Some of the
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distillation requires a |arge nupber of stages and / high reflux 10
rati os. 2PaPiiPARRAIRRPraress hes APLimove paiE MEN B AT 5ROt B o
distillgti ¢fp drdditGaeams! PRIdRiohallyo RhowRcataRbls 4tk td)Ge @BABSIVE) rel ative
volatility between a 12 paraffin and the corresponding olefin with the

sane nuftbevolefile aadesnonmestally hbasmfwurity requirenents for comercially
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advantageous to have econom ca or separating 25 ol efins from
mono- ol &f i hecausedhenpriebelyadnyall diigrance inglative Woldtilitybefwees aand 26

nmono-ol,efi ns from pon-ol efins,.such.. as. raffins. Lt I | so be 27
advant Ageoﬁgra{{@ ﬂ&%%ﬁ?&fﬁsﬂ% e%\rvglﬁ % 'Y eﬁmctéf%?n%ation of 28
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29 with internal double bonds. The present i|nventiqgn provides such nethods.

30 31 féni expensivede aghieva thexieayid separationssingadisilislieh are nade up entirely
of ion 32 and are liquid at or below anbi ent tenperatures. Usually, such
conpounds 33 produce solids with high nelting points (commonly known

as' nol 1én Fhetefork, wiildivg dfDs ay@extzindalp ¢emneeal able, 3ige

17  commercially avallable methods for separating them are expensive, toxic, or
18  both. None of the known processes provide a facile method for obtaining
19 relatively high purity olefin components from olefin-containing streams such
20 as cracked gases. ltis a difficult separation to achieve economically by
21 distillation. It is also difficult to control the side reactions and the migration of
22 double bonds which occur in catalytic hydrogenation.
23
24  ltwould be advantageous to have economical methods for separating di-
25 olefins from mono-olefins, and, preferably, separating both di-olefins and
26  mono-olefins from non-olefins such as paraffins. It would also be
27 advantageous to have such methods which also limit the formation of
28 unwanted products, such as branched hydrocarbons, paraffins, and olefins
29  with internal double bonds. The preseht invention provides such methods.
30
31 lonicliquids are a category of compounds which are made up entirely of ions
32 and are liquid at or below ambient temperatures. Usually, such compounds
33 produce solids with high melting points (commonly known as ‘molten salts’).




lonic liquids differ from'nolten salts', in that they have ] W?Q(Loting
points, and are liquid at anbient tenperatures. Moreover, Ph@@y d to be
liquid over a very wi de tenperature range, with a liquid range of up to
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| efi n- | exi tal salts. W i xt - 10 and
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metal 12 salt/olefin conplex. Since itonic liquids are non-volatile, the
non- conpt exligyidsage peryolsties Wil nengffesliveasppr preseliygr Mashate ar @t i | 1 ation or

ot her cagpv | 1 : : i be readily '
desor be?aﬁgétkggg\blgf éﬁ%@@rﬁ g%ﬁ}ﬁéhﬁe?g{'&gﬁr{éfyoﬁép ‘?’Jﬁgﬁ%ﬁﬁgﬁx all owi ng the

i oni ¢ | iGguiahd polpnetic materialk6 sol uti on to be recovered and recycl ed.

Mono- ol e;i ns may al so be conpl exed, 17 allowing facile separation of
non-ol efiins foll owed by sel ective desorption of 18 nono- and di-ol efins.

1920 821 |odi liqdids ardusedtherdif to diésoled, sudPend@ispdise @Dthad@isBUMVARY OF THE
I NVENTI ON Di scl osed herein are ne hoq f esepalr té n tdj - 0l eéA ns from
ono- of & i LIS ATOHRIID FEIR Shik | ibed Bnase REFEEn ey genat es
and ar oRt i £ di-bifins is contacted with such an immobilized olefin-complexing metal
11 salt, di-olefins are selectively complexed over mono-olefins, forming a metal
12  salt/olefin complex. Since ionic liquids are non-volatile, the non-complexed
13 mono-olefins may be easily separated via distillation or other conventional
14  methods. Furthermore, the di-olefins may be readily desorbed and recovered
15 from the metal salt/olefin complex, allowing.the ionic liquid — metal salt
16  solution to be recovered and recycled. Mono-olefins may also be complexed,
17  allowing facile separation of non-olefins followed by selective desorption of
- 18  mono- and di-olefins.
18
20
21 _ SUMMARY OF THE INVENTION
22

23 Disclosed herein are methods for separating di-olefins from mono-olefins

24 and, optionally, non-olefins such as paraffins, oxygenates and aromatics. The
25 methods use metal salts which complex both mono-olefins and di-olefins, but
26  which preferentially complex di-olefins in the presence of mono-olefins with a

27 high degree of selectively. The metal salts are dissolved, dispersed or
28  suspended in ionic liquids. Preferred salts are Group IB salts, more

- 29 preferably silver salts. A preferred silver salt is silver tetrafluoroborate,

30 although Pd salts may be preferred for separating olefins higher than Cs.
31 Preferred ionic liquids are those which form stable solutions, suspensions or
32 dispersions of the metal salts, which do not dissolve unwanted non-olefins,
33 and which do not isomerize the mono- or di-olefins.
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18  In another embodiment, both mono- and di-olefins are complexed, and any
19 non-olefins can be separated, for example via distillation or decantation. The
20 complexed mono- and di-olefins are separated by staged desorption. Mono-
21 olefins are not as tightly bound to the complexating agent as the di-olefins,

22 - and can be desorbed more readily. The desorption conditions typically

23 involve distillation under vacuum. After the mono-olefins are desorbed, the
24 - di-olefins can then be desorbed, generally at high temperatures and/or lower
25 pressures than the mono-olefins.

26

27 ‘ In one embodiment, the mono- and di-olefin-containing mixture can be in the
28 ‘ gas phase or in the liquid phase. In the liquid phase, conventional liquid/liquid
29 . extraction equipment, such as mixer-settlers, can be used. The flow of the
30 mono- and di-olefin-containing mixture over/through the ionic liquid can be,
31 ' for example, co-current, counter-current, or staged in stirred tanks, with

32 ' counter current being preferred.

33




25 pressures than the nono-olefins. 26 27 In one enbodi rnenb,l\dél godgono- and
di -olefin-containing mxture can be in the 28 gas phase or liquid
phase. In the liquid phase, conventional Iiquid/liquid 29 extractlon

equi pmar\g ‘P;as m xer-settlers, can be used. The f baie 30 I
nono- 3| 2f i n- cont ai ni ng m xture over/through thé ionic liquid can
be, 31 for exanple, co-current, counter-current, or staged in stirred
tanks, Wi t hsi@dr comisletds gy be busmcrtgr \mneﬁswmpoundssznélusmg/aylfmoo6 WO

03/ 059483 PCT/ US02/ 41739 1 Sd egr conpl exes % Eo Socg y various
conmpounds, GORMAYRHH FYaRIfesRnd By M%racé’%{ 50 RRYF RUENA | des. Sil ver

acetylides @kaf eﬂ@égoﬁomaérdmb 3threlsét§om o6 fBuRbe r‘éfimﬂédlti&ﬂira these
corrpounds shoul d be renoved or e m xtures are brou i nto cont act

with t het | dhe eixiueasiare brwmhhtﬂagcqmctswthéhwm@%m?h Nethedsio ant s are wel |
known {6 tN@5sRyRb sith bbnthidds Aelwel iofn!td ifbdk! drskirdr e of this
a netho

i nventi on, erevi's provi or separating nmono-ol efins froma
m xture @ ncl udi ng m)no ol efi ns and di - ol efl ns vvherel n 9 the mxture is
cont act ith.an ionjc. liquid.sol t|on 10 d| ersion of an
o1 ef 1 n- domPedraPeRErLs i VaruREhereoF rediaBT A oo g or SBraliT g ¢ ne

“di ol efign queho-bleEnswBAT & httktufe indln@ingivdnu-6lefins ARd Bi-alefiesiwhéreinl2 cont act
with the ionic liquid solution for sufficient tine to ,selectively conpl ex

13 the & - dhemixupisconiacterbwith 8n ianiciquid pelkfion, SYSPENSIULPE / ol ef i n conpl ex.
The 1410”°%§¢E?Qbﬁé?§n@%?ﬁd?:|n?ﬁléfhg ﬁieftah%alt%ﬁﬁé’dlé‘bf"gelfeélﬂ}éw he overal |

m xture.” The 15 di-olefin may t be desorbed fromthe 'netal salt/olefin
conpl ex.1 1eompleNing tesdiwdefin Q&@pﬁtﬂ monoplﬂfl@ The erixtuenis nziateingddn pr ovi ded a
N0 150" sHRGRERAA DA BRI U AL RIS ACEREN i ¢ - of f  ne
di ssol vied, the dipelefire dyer A8 nosnosolsfire tudfedniametal saltiolefi hlcqmpﬂax The mxture is

mai ntai ned in contact, with , t for
To T ol nof oS Mobd-oldtd is fieo SsParatad OB e MemTaRlw S atey th ¢ he
ol ef i n@oNui-eMKfiRInapthah beaddsotsed érntife Rtalsab@ldiihdofiplex. 23 conpl ex. The
nono-ol efins are then selectively desorbed fromthe netal

. :: In a second aspect of this invention, there is provided a method for

18 separating mono-olefins from a mixture comprising di-olefins and mono-
19 olefins contacted with an olefin-complexing metal salt dissolved, dispersed,
20 or suspended in an ionic liquid. The mixture is maintained in contact with the
21 oleﬁn-comple_xing metal salt for sufficient time to complex the mono-olefins
29 and di-olefins with the olefin-complexing metal salt to form a metal salt/olefin
03 complex. The mono—loleﬂns are then selectively desorbed from the metal

salt/olefin complex. The di-olefin may then be desorbed from the metal
24 salt/olefin complex.
- 25

26  In athird aspect of this invention, there is provided a method for sebarating
27  mono-olefins and/or di-olefins from a mixture including mono-olefins, di-

28 :oleﬁns and non-olefins. The mixture, comprising a di-olefin, a mono-olefin
29 iand a non-olefin, is contacted with an ionic liquid solution, suspension or
30 dispersion of an olefin-complexing metal salt capable of selectively

31 %complexing the di-olefin over the mono-olefin. The mixture is maintained in
32 contact with the ionic liquid solution for sufficient time to complex the mono-
33 olefins and di-olefins with the olefin-complexing metal salt to form a metal
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sel ectivgl y, %Bﬁﬁﬁgp%&%lﬁi%gw@n@ﬁﬁ {a ) /@Jogi;d'ea A8 for géf-gﬁllnﬁ -olefin

may then be desor rom iI'n conpl ex. a fourth
aspect df trhorso- oheﬁasuahdﬁmr dtcbiefirmﬁremrammtldectommbhgaﬂ-olefmssmpam-at| ng 6

nono- ol nd/o n [ i ol efins, nmono 7
ol efins ancfﬁ gl%hrg %@? 8W'tﬁl’?‘ Cﬂérﬁ] g?rﬁﬁfgg ﬁfﬂ’ [9 It met al salt 8
“di'ssol’ Vfwd dibs&Wdﬁﬂpen’seﬂuﬁBesmdll edlin an |0r@dlﬂliqu|di.l'ﬁw ldlxtdfbes m xture hs 9

mai ntai ned i n cont act ol.efin-co exin or suf ficient
(e 10t raaRaadi) crylach it B oiRa o plosno ety Bt B stipkel Ber s £o
form a g r 96 seEMely édmaak tHeQliRidfins ©08Mthe fronbbSleM o GeHPL Xt that@no- ol ef i ns
and non-olefins are 12 separated. Then, the di/olefins nmay be desorbed

fromtHd fisaliolefiarcampiex. sTéletUQ@rmmemP@Q'O|Q@§tandtW@ QlefHisc Al exed
nono- ol,ef i | & qigo%é ef i n-conpl exi ng
met al @I %R%%?r%qthgﬁnegl ﬁ%le@éﬁt ac,yEb ¢ cﬁﬁigl)tﬁ{lcthg f"fé?fn érilé!corrpl exi ng netal
sal t fd|3 s shftiobdfiaromplere Next,dberpbescomiptexed nanmelefieg and now-ofedinen a second
met al It/ e 7 S are
cepar andd, %6 NBREIY e KMok aBEierd Sel ARy AR oRefel's
sal t/ olygf i withmuehetefinléompexing metAZaltddr sufficient time to complex the

16 mono-olefins to form a second metal salt/olefin complex. Then, the non-

- 47 complexed non-olefins are separated. The mono-olefins may then be

18 desorbed from the metal salt/olefin complex.
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28

29

30 DETAILED DESCRIPTION OF THE INVENTION

31

32 The present invention is directed to methods for separating di-olefins from
33  mono-olefins, and olefins from non-olefins. The compositions include ionic
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.present invention is directed to nethods for separating di-olé iy rom 33
nono-ol efins, and ol efins fromnnon-ol efins. The conpositions include ionic

6 9 May 03/ 059483 PCT/ US02/ 41739 1 liquid sol it uspensi ons or
di spersi“%gs%g%{‘grret al salts which conplex 2 nono- anﬁghggﬁ“elgslgns. The

di -olefins can be selectively conplexed in the 3 presence of nono-ol efins,
or bot h1di Jiqlidfsolgions)Gusparsicrisal iditpersonsief rdetalosaits evtvich, comipdex he

nono-ol efi ns sel egt,i vel. conpl exed in the presence of , .5 conpl exed

i o1 ef Ens Mo 51 S PRLTS W s a0 hecir BN EN CoTBleted 5T B8 6. | m sci bl o
i n the BonigredenBe!bfhoABHICTAS, SholitBRs|eiRarid MBhaBlEfiRs 85h BE, Which 7 are
conpl exed. The conpl exed olefins tend to be either present in solution in

8 the i éni complgxedsanstthgreenapletinsesaleatively deeprnplesed kivihe peasepee PEol at ed, for
exanpl e ' nny L ONMya ok ‘% T d herein, the
terns " gdsgp}élpfegnb dgé%hh%oﬁ%&g’g?gﬁ %’on a%pg r‘uose ?)e;( fietceiﬁg(t:drjié e the

conpl ex @t i dmmidcibiesinethe salic Bquids andotarf bensepasgied ifresn smcdlefirss, whith- 15 and

16 of "t Ro_ GrarmPEKGl TRecoRuerH et B3 Be SfFsrsson I e B ucor bent

©insT17 uged thdiodRIiguIdE ©r phipiagf du-of eamtiG hnycareb@isoradd, Jor eXaniple, O

di ssol ved, 18 suspended or dispersed in ionic liquids. The term"bottons"
i s used9t o Viafdtrao8er i be the portion of a process stream which collects in

the boypom of a 20 vessel during a fractionating process. The term "G oup
IB netal" is used to 21 describe elenents from G oup | B (1 UPAC Notation)

of thelperiodic table of 22 el ePEIINITIONS

12

13 As used herein, the terms “adsorption” and “complexation” are used to

14 describe the complexation of metal salts with olefinic species such as mono-
16 and di-olefins. The term “desorption” is used to describe the decomplexation
16 of the olefin from the olefin/metal salt complex. The term “adsorbents” is
17 used to describe the olefin-complexing metal salts, alone or dissolved,

18 suspended or dispersed in ionic liquids. The term “bottoms” is used to

19 describe the portion of a process stream which collects in the bottom of a

20 vessel during a fractionating process. The term “Group IB metal” is used to
21 describe elements from Group IB (IUPAC Notation) of the pericdic table of
22 elements.

23

24

25 MONO-OLEFINS

. 26
27 The mono-olefins to be separated are preferably Co.5p mono-olefins, more

28 preferably Co.20 mono-olefins. They may include other functional groups,
29 such as hydroxy groups, carboxylic acid groups, heteroatoms, and the like,
30 provided that such groups do not react with either the olefin-complexing salt
31 orthe ionic liquid so as {o prevent an effective separation.

32 The mono-olefins can be used commercially to form a wide variety of

33 products. For example, the mono-olefins can be used to form polyethylene,
34 polypropylenes, polyisobutylene and other polymers, alcohols, vinyt chloride




23 24 25 MONO-OLEFINS 26 27 The nono-ol efins to be separ@tﬁg},%@ﬁ
preferably C2.50 nono-olefins, nore 28 preferably C2.20 nono-ol eéfi'ns. They
may include other functional groups, 29 such as hydroxy groups, carboxylic
acid gr eroatons, and the like, 30 provided groups do
not reagtboo\?‘v’lm?%&éi ther the olefin-conplexing salt 31 ptgtr}ﬁ%sp]zZH?%m c liquid so
as to prevent an effective separation. 32 The nono-ol efins can be used
comnmer cital Inyorioenelr caigrylanitilel enathyliterdtiaryadutyd @thper @edd otiser petrochesnainpibe, t he

nono-ol efins,can b S to faorm pal yet hyl ene, 34 pol ypropyl enes,

pol yi sogut ?Ingﬁe"aéfﬁﬁ ‘gtrﬁtgqer?)&‘%@?@ftyldp@%%ol s, vinyl chloride 7 9 May 2006
WO 03/ 059483 PCT/ US02/ 41739 1 nononer, acrylonitrile, nmethyl tertiary butyl
et her and other petrochemicals, 2 and a variety of rubbers such as butyl
rubber.43 4 5 6 SOURCES OF MONO-AND DI - OLEFINS 7 8 Mno- and di-ol efin
m xtureg can be derived froma variety of sources. One 9 source of

nono-ol efin/di-olefin mxtures is fromthe dehydrogenation of 10 paraffins
over a $§uitabl e dehydr BRURCESOE MANGs ANDIDROLEEMNS er ci al 11 sources of
nmono- and/ or di-olefins include wax hydrocracking; ethylene and 12

propyl ene derived from et hane, ethane/propane (EP) and fiexi-crackers;
“fluird 83 odbrd-HNda-olefin hirirds— €8N b defverl ffom 2aRIreE ¢frsaqketss Dnet henol ysi's

of heavier 14 internal olefins; and ethylene oligonerization. O efins may
al so_ be9pr SAUEEAT mf@Or%W%ﬁi%ﬁ@lﬂW%@Erryvnbth@&%éu_.grosenatw Fatal yst's and
condi t kgns E?ﬁffirf&%fe?é@hﬁ&lgué 6geti=0BR &! ag,rﬁf.‘tdfjﬁa%\' Sohfercidi8 wel | known to

those of s n the art, and are descri or exanple, in EP 0 19 921
184 Al 11t heowees ehmenafangiirdirolefias insiusieywaxtiysirgosacking] eyylenefandence in 20

thei r eoti petNienk Uehl&d from Wifine’ LORRERSHANETERY SndhIQGSTatkels: fitthd and

gaseous
13 catalytic cracking (FCC) crackers; naptha crackers; ethenolysis of heavier

14  internal olefins; and ethylene oligomerization. Olefins may also be produced
15  in a Fischer-Tropsch process.
16
17 Catalysts and conditions for performing Fischer-Tropsch synthesis are
18  well known to those of skill in the art, and are described, for example, in EP 0
19 921 184 A1, the contents of which are hereby incorporated by reference in
20 their entirety. In the Fischer-Tropsch synthesis process, liquid and gaseous
21 hydrocarbons are formed by contacting a synthesis gas (syngas) comprising
22 amixture of Hz and CO with a Fischer-Tropsch catalyst under suitable
23 temperature and pressure reactive conditions. The Fischer-Tropsch reaction
24 s typically conducted at temperatures of about from 300° to 700°F (149 fo
25  371°C) preferably about from 400° to 550°F (204° to 228°C); pressures of
26  about from 10 to 600 psia (0.7 to 41 bars), preferably 30 to 300 psia (2 to 21
27 Dbars), and catalyst space velocities of about from 100 to 10,000 cc/g/hr.,
28 preferably 300 to 3,000 cc/g/hr. _
29 The Fischer-Tropsch products may range from Cy to Cygpt with a
30 majority in the Cs-Cqgot range. The reaction can be conducted in a variety of
‘31 reactor types for example, fixed bed reactors containing one or more catalyst
32 beds, slurry reactors, fluidized bed reactors, or a combination of different type

33 reactors. Such reaction processes and reactors are well known and




21 hydrocarbons, are formed by contacting a synthesis gas (%y@ga%
conprising 22 a mxture of H2 and COw th a Fischer-Tropsc Y Qﬁst under

suitable 23 tenperature and pressure reactive conditions. The

Fi scher - reaction 24 is typically conducted ratures of
about fr‘%?%%}g%o 700F (149 to 25 371C) preferably MSW$]5% 400 to 550F
(204 to 228C); pressures of 26 about from 10 to 600 psia (0.7 to 41 bars),

IO][ ef gr ahl ]y dﬂéut{tggﬁ;@(ln%d Ig%r(gﬂ:ré.?smﬁy F&EggaTQb‘fscrﬁﬂgxfeﬁggBMBie Z pggg ve} o/ciht i es
of about_ from 10Q to, 10, cc/ g/ hr., prefer to 3, cc/ gl hr.
2 The B sCHBPURTISES (AT PE GR0S RRgharargEaIcs o 63 SIT@B GsInaih a 30

maj ority in hﬂ\%si@?eé&if%ﬂ’anHadFQSblewfjlrcg(ogrg&?é!%e@fﬁigﬁ%cﬂé’éﬂﬂ#%éfght] n a variety

of 31 reactor types for exanple, bed reactors contalning one or nore
cat al yst4 Jmrafiois hydrogarbpng.eact ors, fluidi zed bed reactors, or a

conbi natd on of dif . oL S, : ' sses and
reactors'j are WeF'scbﬁ%’ﬁ@bg%%&%r@%&{?ﬁgg&ﬁ%d%%f‘%g%ﬁ@@t @%&?Wﬂ?% 1
docunentéed liqoidtgredudts, énchadingunrBacted pyfthesis gas, methand, gnddCesses utilize 2
superi or, heat, (and ss). .transt characteristics for the strangly

exot her i ¢ TgrdsFHORBLS biscdl lAing ad RAE TV TPESe PERRRAES IS vel y hi gh
nolecul @  webaRited frdm Rt Rqdid Pid@iubtsﬂﬂm@&ﬁélﬁék% afd bihee hight pafaifsch chem stry
tends to provide a variety of gaseous and 6 liquid prﬂ%ucts, i ncl udi ng
unr eact & SPRDESERE! @roqsbﬁﬁ\myreamoﬁymsm@w%aeaf%ro WeXeHitB8 ure of

ol ef I ns0anGigRAGIafrs 18d to daKEIRe GaRARISIERY h¥R) fAbd domdletapmirdiuRgl from t he

gt
l'iquid prodlcts. The nethane and I ght paraffins 9 can be recycled
t hr ougH 1an regystergasis sgniithdie syriesigeascgenegator. Howeolefins anedypigalyl i ght ol ef i ns

tend € Q L0l enbie: GRLAINENRiseBIRORCthd By RS TRRNSHRRl b uEhe 11 recyc e

gas is Sent 10 esi’s' gas gener at or e olerins are typically 12
renoved3vi aempyal @é thecolsfaysaatambient tdrhperaturesuding ioninliquids. al | ows for the 13

renoval, ,of the gl efins at i enper at ures usi Lonig liquids. 14
Typ calify,  about YHRIorBudBeahe PaaRtek i EReBis BPsdhsch 15 synt hesi s
are normal sphipbas ekehdmtal lNelefine¢NADRY.| Separhtidmer t(haRROBapee 16
acconpl i shed usi conventional distillation. However, as noted above,

there 187 iascempl?s%ad $ifinp| copventional tidiliation. drieweves. aooneied BPOYe, Hifirdeen an
Che! Loy s enas et gl bagear R a2 parar I L
nunber 18f soagsmondingy/diHoldiingind corresponding paraffin with the same number of
| 19 carbons. Therefore, distillation requires a large number of stages and/or high
20 reflux ratios, and, as a result, is very expensive. The present invention
21 provides an inéxpensive method of separating mono-olefins, di-olefins and
22 non-olefins using ionic liquids.
23
24 Other sources of olefins include processes for converting hydrocarbons at
25  high temperature, including steam-cracking, catalytic cracking or deep
26 catalytic cracking to produce relatively high vields of unsaturated
27 hydrocarbons, for example ethylene, propylene, and butenes, are well known
28 inthe art. See, for example, U.S. Patent No. 3,407,789 to Hallee et al., U.S.
29 Patent No. 3,820,955 toc Woebcke, U.S. Patent No. 4,499,055 to
30 DiNicolantonio, U.S. Patent No. 4,814,067 to Gartside et al., U.S. Patent No.
31 4,828,679 to Cormier, Jr. et al., U.S. Patent No. 3,647,682 to Rabo et al.,
- 32 U.S. Patent No. 3,758,403 to Rosinski et al., U.S. Patent No. 4,814,067 to
33 Gartside et al., U.S. Patent No. 4,980,053 fo Li et al. and U.S. Patent No.
34 5,326,465 to Yongqing et al., the contents of which are hereby incorporated

9
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PCT/ US02/ 41739 1 hy reference. t hese al so rod ce nono-ol efins and
di - ol ef f ns pe@mg@wg@ reaNfRturg gﬁ[}é@@% R range QF‘a% ‘fﬂcPH@ nono- ol ef i ns

~accor di B9 g ol itPhdaVietRédcibivind hignsk fexe ef B%fd&ﬂxcts%u%hl%t rocheni cal

process soneti nes used in refineriés pro uce olefinic raw materi al s
(e.g. eBhymanbtﬁaf dhmmest comgondeeds wekeﬂnane buinser aacheaphiba. fHeRMact ure. The

fleedst gk LSRG OIREA BANS LAYARINEY P8RS Phbas ¥ W hplbgFed eeds dl ving

hi gher 'yi el ch as comon feeds are
et hane11bu1shgl’ﬂl,yabodeamp1‘mpharic Stream 10 crackl ng is carried out at
tenperﬁéures of 1,500 - 1,600 F, and at pressures 11 slightly above

at nosphéric 13 In the cracking reaction of conventional fluid

catal y§ac ¢4 ﬂffékdré@(w(d:r@%tldﬁtbfto‘é)n@énhoﬂaéi e EtbRteRking QFC@Fum&; gfydr ocar bon
f eedst ock ?)/(ﬁl e catalytically converted 15 into a variety products
e

commonll¢ krelpledm f§fnLﬁfI9§ ahydroparhoy fegdstock gnay be cafalytically C@S}‘(ﬁfr@? oi |

D e, i A S RIBERSE TP LS RO ey 1
parti cdbar cyd8 ot,atapbthec krd vanious awenmndntsmghtevmare’aqphma frecludings i ncl udi ng
the de% gn para?fmseaen%solefins. Of course, the particular products from any particular
18  cat cracker unit depend on a variety of factors including the design and needs
19  of the petroleum refinery. The products that include naphtha and lighter

20 components are separated into various product streams. The products from
21 the gas plant véry depending on the particular refinery design but commonly
22 include naphtha, C4s (butylenes and butanes), propane, propylene, and a

23  stream (commonly referred to as "fuel gas") that contains ethane and lighter
24  components (C; and lighter), including light olefinic components such as

25 ethylene and propylene.

26

27  The product yields from a conventional FCC unit vary depending on a wide
28 range of design and operating parameters, such as feedstock quality, the

29  amount of regenerated catalyst supplied to the riser reactor per volume or

30  mass unit of feed, the temperature at which the cracking reaction takes place,
31 the residence time of the feed in the riser reactor, and the like. The

32 conventional fluid catalytic cracking unit'may process one or more feedstocks.

33  Typical feedstocks may include atmospheric gas oils, heavier feedstocks from

10




19 of the petroleumrefinery. The products that include naplatl\la i ghter
20 conponents are separated into various product streans. The %Fo ucts from
21 the gas plant vary depending on the particular refinery design but

commnlﬁvém%é%%‘&cl ude naphtha, C4 s (butyl enes and bu%%&ﬁ%?wﬁzsrgopane,

propyl e a 23 stream (commonly referred to as ") that
contains ethane and |lighter 24 conponents (C2 and lighter), including

l'i ght ol ef vaéuuns SisEINIRALMILS UME shearis fRIM ViR enbnsudpranookens. 26 27 The
product yields froma, conventional FCC unit vary depending on a wide 28

range of d¥Sbipakarfahyfieireatersyand hwdree@ekerssuch as feedstock quality, the
29 anmougt of regenerated catalyst supplied to the riser reactor per volune
or 30 mass unit of feed, the tenperature at which the cracking reaction
takes p#ace, 31 the residence tNQN-QEEFMNS feed in the riser reactor, and

t he Iikg. The 32 conventional fluid catalytic cracking unit may process one

or nore_.feedst s. 33.Typical feedstocks Lncl ude,.at ri c gas
o 15." by R FRLB AR T e rons-SoAR SRS BEeRy T8 SR BESRRE 41730 1
vacuum i stihtlhiéd paafiing] dygenates sdridiermmomaties, @k el aghytifogerchates, cokers, 2
vi sbreakers, hydrotreaters, gnd hydrocrackers. 3 4 NONNOLEFINS 5 6
“Non: ol ePi n§3Hradeafox|ds, EABORGSICE) eFaiviens IWIUBA OGP ERMBEIGE 1 hi s
inventign indnoiritiel 48 aPAHE LA of SREERRRIRT wRBR Yy R SEBditGSsuas wel | as
~hydrogen, water, 8 carbon nonoxi de, carbon di oxi de, ‘acetylenics, sulfur
and ni l@ogenixtuestaining 9 inpurities and a wide variety of other materials
whi ch y be present in such 10 m xtures. 11 12 Non-ol efins such as
paraffins and aromatics are often desirable products, 13 particularly for
use i n18i sNohlokfinsfsueh as parafitistamigromidtivesrer oftentdesalolé tppodubts, desi rabl e to

i or 15 - BAGHIAGY li g P At SUERTEO T Hite BIOEYET 185 oo Sl fur i mpur 11 es
are pre¢jer gbbpabiemepdradts Hon fSmiReniRelet dR8lehhs palRiIaN8f the
15  mono- and/or di-olefins are desired products themselves.
16

.17  Sulfur impurities are preferably removed from the feedstocks before they are
18 added to the ionic liquid/metal salt solution, suspension or d'ispersion. This
19  can be accomplished by hydrotreatment or other means well known to those
20  of skill in the art.

21

22 Acetylene impﬁrities are potentially undesirable, as they can form potentially
23  explosive salts with various metals, Acetylene impurities are commonly

24 removed by selective hydrogenation. The hydrogenation system may employ
25 any of the catalysts well known to selectively hydrogenate acetylenics and

26 dienes, for example acetylene, methyl acetylene and propadiene, as used, for
27 example, in ethane crackers. Group VIII metal hydrogenation catalysts are
28 the most commonly used and are preferred. Group Vill metal hydrogenation
29 catalysts are ordinarily associated with a support, such as alumina. One

30 preferred catalyst is a low surface area granular alumina impregnated with

31 about 0.1 weight percent palladium. Examples of other catalysts which can

- 32 be used include Raney nickel, ruthenium-on-aluminum, nickel

- 33  arsenide-on-aluminum, and mixtures thereof. The catalysts ordinarily contain
34  a Group VIll metal in an amount ranging from about 0.01 to about 1 percent

11
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29 catalysts are ordinarily associ ate a support uch as al umi na. One
30 pref ér r &iScBatent/No. 4 §47a392)t0 Cosynact ab kS, I@tanﬁjﬂ@ﬂ 128,595t | npr egnat ed

with 3 r catalysts
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contaln fa G oup VIII metal in an amount rangi ng fromabout 0.01 to
about 1 peﬁ%&Fﬁncﬁl 9 May 2006 WD 03/ 059483 PCT/ US02/ 41739 1 by wei ght of
“the totgl catalyst. These and other catalysts are well known to 2 those of
skill in the art, and are described, for exanple, in US. Patent 3 No.
3,679,782 to La Hue et al., U.S MBIMLBAUES 4,571,442 to Cosyns et al., 4
U S. Paipent No. 4,347,392 to Cosyns at al. U. S. Patent No. 4,128,595 to 5
Mont gonery, U.S. Patent No. 5,059,732 to Cosyns et al., and U S. Patent 6
No. 4, 162, 9b6é rmetalsalis esefal accordiag tothisdnventioh andselbctad drohehedyy | ncor por at ed

by 7 ref 8 9 SALT 11 T, t | t ful di
0y i 421 g ons whigh JTa concat iR el &0 s bt ch form
chem cah C@mrﬁrgéld%'{rl['b)kﬁl(ﬁf bminunﬂ(lg and ﬂﬂﬂﬁiﬁ}[l)); Sitksr Fidaneatd ) . gol d([),

nickel (11), platinu and pal |l adi'un([] ver (1) salts are 14
parti clftar IPgrtiskieriy pr @rredﬂadth@wthwal@ameg er@yefgee@)fcefsepareang or separating

15 ol ef5nS A Rgn: NG ULSET dheith S4B hliosdier abBheidfve | ver acetate,

silv

16 nitrate, silver fluoride, silver tetrafluoroborate, and mixtures thereof. Silver
17 tetraflucroborate is particularly preferred.

18

19 Copper salts include copper halide salts, and can be buffered with a soluble

20  organic nitrogen ligand, such as pyridine, piperidine, hydroxypropionitrite,

21  disthylene triamine, acetonitrile, formamide and acetamide, derivatives

22  thereof and mixtures thereof. Pyridine and/or hydroxypropionitrile are

23 particularly preferred. '

24

25  Salts such as iron (Il), cobalt (I} and nickel (l1) salts can also be used,

26  provided they are effective at complexing the olefins.

27  The concentration of metal salt in the ionic liquid is typically at least about 0.5

28  moles of salt per liter of solvent, and preferably at least about 2 moles of salt

29  per liter of solvent.

30

31 It does not matter whether the salts are dissolved or merely suspended or
32 dispersed in the ionic liquids for them to function as intended. Further, it

33 tends not to matter whether the salts dissolve in, or are reacted with, the ionic

12
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thereof. Silver 17 tetrafluoroborate is particularly preferre 19
Copper salts include copper halide salts, and can be buffered with a
soluble_ 20 organic nitrogen |igand," such as pyridine, piperidine,
hydroxyﬁ?ﬂ%@gﬁgirlle 21 diethylene triamne, acetorit R%"r?ornan1de and
acetam de, derivatives 22 thereof and m xtures thereof. Pyridine and/or

hydr oxyRr oph@s.t Fot Exaifte, a%mfstméﬂé@& yal@rt@ﬁ@td@issol%m tRSiohRd ts such as
iron (11), cobalt (I1) and nickel (I1) salts can also be usegaq 26 provided
i

they ar@ elifeids.iand eappebsalisdRichy reaet véthethedanic liquids, @nd drthelgn on of netal

salt ingth pically at |east about 0.5 28 noles of salt
per Iltgr g?fn@%x&g%'td@éﬂ délé?{es%/erably at | east about 2 noles of salt 29 per

liter o#f solvent. 30 31 It does not matter whether the salts are dissolved

or nerelLy spe r S t themto
functloﬁ ajl#' Bﬁg?da%li ?{ﬂ?lggﬁ} @%qseﬂ&wﬁgfw?@oﬂﬁ%ﬁeqﬂg(}é} her the salts
di ssol ve i felatelphigh concdrdetiong, the élbﬁ]/l’f@fﬂ! galt 209pMrynA0REciAe3/ 059483
PCT/ US02/ 41739 1 |1 quids. For exa pears hat silver salts tend to

di ssol vé i frophedlitinn. Jf this pregipitation i H@‘@ﬁfﬁg g‘é’ﬁg“{t%nd to react with the
“jonic |Bqu'§g@t|oﬁé?ﬂﬁs€&%1bg§%ﬁ IEIB ?e@o%mﬁeﬁﬂﬁsﬁl%ipﬂﬁﬁbrﬂjnﬁﬁ bgs. 4 5 The

salts are eto co I ns at ‘a varlety of concentrations. At 6
rel ati vl ydesigble an@ W ane tm&epatate vatieis olefins by pregipitatiopraidex may

preci pijhat tion. If this precipitation is not desirable, nore
dllute1g gFE%%EﬁsyﬂﬁéﬁP sions should be used. However, this precipitation
may be119 desirabl e and allom/one to separate various ol ef i ns by

pr eci pi ent L tr 11 12 Meta ts such as
ho sal 12" aMetaidalts oich SR8 ool cun brisved afTin G SDs i ch o

doubl e 190n§lﬁncfhrtﬂr@o%uﬁlerl§6nd§ Ifrel-reé fifdt éi'aﬂefrﬂ aﬂdrwéaﬁgte%bb@ beAAgdohi am a 14
second di-olefin conplex with a sij nP " ion, and the second doubl e bond
14 second di-olefin complex with a single Ag” aon and the second double bond

15 from the second di-oclefin and two double bonds from a third di-olefin form a

16 complex with a second Ag’ ion.

17
18 [ONIC LIQUIDS
19 |
20 lonic liquids are a category of compounds which are made up entirely of ions
21 and are liquid at or below process temperatures. Usually, such compounds
22  produce solids with high melting points, for example, above 450° C. These
23  solids are commonly known as ‘molten salts’. An example of a common
24 - 'molten salt’ is NaCl, with a melting point of 800° C. lonic liquids differ from
25 ‘'molten salts’, in that they have low melting points, for example, from -100° C
26 to 200° C. They tend to be liquid over a very wide temperature range, with a
27 liquid range of up to about 500° C. lonic liquids are generally non-volatile,
28  with no effective vapor pressure. Most are air and water stable, and are good
29 solvents for a wide variety of inorganic, organic, and polymeric materials.

| 30 They are used herein to dissolve, suspend or disperse the olefin-complexing
31 metal salts.
32
33  The properties of ionic liquids can be tailored by varying the cation and anion
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15 fromthe second di-olefin and two doubl e bonds froma thi93% d';@d%lzefi n
forma 16 conplex with a second Ag- ion. 17 18 I1ONIC LI QU 2 0 lonic
i quids are a category of conpounds which are nade up entirely of ions 21
and are | iquid at or bel ow process tenperatures. Usual such conpounds
22 prod&%&sﬂgﬁj‘ﬁsﬁs with high nelting points, for exandl Cé% Y¥ 450 C. These
23 solids are comonly known as'nolten salts . An exanpl e of a conmon 24

' ol t en qsaldairirigS I&Jﬁ\glquﬁ% Ay ﬂ‘iel?‘%bh'lnﬁ&mﬂpéﬁﬁhcgﬁorﬁ%@d@scrib@ﬂ'fér| iquids differ
from 25 '"nmoltén salts', in ey have low nelting points, for exanple,

from - 180 @xamler,(tn dEehen. ’FﬁﬁbyBrpmn@io 68:391r-3pf (987 Chamy 81, wi de

t 0 C. loni

| ant de Sar S8R (b 3. i, DA st AsFBOYB IR © Loture

I\/bst ard al(HQ%)pIChahBal a'tdaﬁrhgéllaeelh? Naves, gmrum 3291988 ?/r%B?sJ ﬂ\&ﬂtege\évi ﬁgr\éﬂ\i tegy
u

di ssolva- siegenazer e B o0 AT Coper hevib s aepd BEoRhig Ca fs a2 3

The propger tcoiten® of vitiditarel HbsétisinEapolated & tefdreflcd)y varying the cation and
ani on 13 9 May 2006 WD 03/059483 PCT/ US02/ 41739 1 pairing. lonic |iquids

and their commerci al appllcatlons are described, for 2 exanple, in J.
e TR bRENRS BRI b aclgd rogtiesoiny neod Bz a0 203
?nd EnaneelngngeﬁeJaHy amlerhammatm %ing, wiiparsalkylatingvagent (for sxatnele |
ok 2027 30k NSl by 4 oSS GOTaRIng bSO, SO,
f or med1hy re&ei@éng@g:mthvrtsummmremﬂém witmgariter&sefewadndsor taeirl ng, preferably a
nal | dof 2t o CPBIGRE et i REPPriG IR QUGS SN BRTSTPAGTTAR 11 cchange
bases 13 ?E'P%é‘.‘”gﬁ*."%?%ﬁ%'n?rﬁ”’*"‘"*w%@“%? e R e SR g
i ncl udd4py Wdoh@ndwbsmtuteatwmmr ITheseBngs eandee alkyatedwtit viduallyd i i dazol es,
15  any straight, branched or cyclic C+.p alkyl group, but preferably the alkyl
16  groups are Cy.12 groups, since groups larger than this tend to produce low
"17  melting solids rather than ionic liquids. Various quaternary phosphonium
18 compounds, thioethers, and cyclic and non-cyclic quaternary ammonium saits
19 have also been used.
20
21  Counterions which have been used include chloroaluminate, bromoaluminate,
22  gallium chloride, tetrafluoroborate, tetrachioroborate, hexaflucrophosphate,
23 nitrate, trifluoromethane sulfonate, methylsulfonate, p-toluenesulfonate,
24  hexafluoroantimonate, hexafluoroarsenate, tetrachioroaluminate,
25 tetrabromoaluminate, perchlorate, hydroxide anion, copper dichioride anion,
26 iron trichloride anion, antimony hexafluoride, copper dichioride anion, zinc
27  trichloride anion, as well as various lanthanum, potassium, lithium, nickel,
28 cobalt, manganese, and other metal ions.
29
30 The ionic liquids can be neutral, basic or acidic. Neutral ionic liquids should
31 be used if the desired mono- or di- olefins are not to be isomerized. [fit does
32 not matter whether the olefins are isomerized {and if the non-olefins are not
33 acid-sensitive), either neutral or acidic ionic liquids can be used. Acidic ionic
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14 pyrrole and substituted pyrroles. These rings can be al ky] teg{)%th
virtually 15 any straight, branched or cyclic C1_20 alkyl érhz[ﬁ}f) t
preferably the al kyl 16 groups are Cl.12 groups, since groups |arger than
this te duce low 17 nelting solids rather than ionic |iquids.

Var i ous%‘%ﬁ'@@%‘gry phosphoni um 18 conpounds, thi oet hé’?:ér{US% 73c?ycl I c and
non-cyclic quaternary ammoni um salts 19 have al so been used. 20 21

Count er Hongig\ias eln Ba ueed genextmfsle, Witdnufe debirad el o rehve Ble@ii®al un nat e,
22 galliumchloride, tetrafl|uoroborate, tetrachl oroborate,

hexaf | uér oRE Ppnadeca pareifinic hydipearben sireamyaicbvhemtbelefingfae e,

nmet hyl syl f 2 senesul fonate, 24 hexafl uoroanti nonat e,

hexaf | ugr Og?&%a%@?6@5ﬁ0h| oroal um nate, 25 tetrabronoal um nate,

per chl odat e, hydroxi de ani on, copper dichloride anion, 26 iron trichloride

ani on, antinmny hexafl uor] copper.dichlorid Lon, zikn 27 trichloride -
i on. 2o JAPRY eBdinet fitam e R nbliels Bideefed Mo el | o6

cobal t, gmapgpeing vaious alky) derivatives of heuaiPnarg @niheniu®bation, iadiots can be
neutral _ basi¢ or acidic. Neutral ionic |jquids should 31 be used if the
desi r ed /moNBYNgrtha@assefialed A8i0ns.« The acitiy o piHeliqugticanbe it does 32 not
- matter ghelfistdd or @RS b Uy Ing RS ok Loluaiénts| s ahan- ol ef i ns are not
33 acid-sensitive), elther heufral or acidic tonic liquids can be used.
Aci di ¢ Ponicembinagonagf Layos anbBogissioardtic Pampusang.41739 1 |iquids can be
used, far exanple, when the desired goal is to renove olefins 2 and
provi de a paraffinic hydrocarbon stream and when the olefins are 3

unl i kelty to i SMETHOES FARTDERARANEHNGDDEFISFROM NON-OLEFINS i oni ¢ | i qui ds
S preﬁgred, for exanple by 6 preparing various al kyl derivatives of the
guat ern&ry anmoni um cati on, and/or varying the associ ated anions. The

aci di t y30f Moh@-diEfHsC di-alEfitsnCrRikiupes thafdof 2hi Be sbRlctifR faMdvedRbnyar yi ng the
mol ar equi val ents, types and conbinations of Lew s and Bronsted acidic

conpondft s miNEEsGIY. duRterreiRs ANdo oL aeinesswekons pERIfiosEPYReNaiBRo- ol ef i ns,
di - ol e%”sgﬁggg hafticd’ Fheld n@%fr?gl?azﬁﬁgﬁnt?ﬁéﬁ?édtmh& f@%\‘.?pﬁ%{i(ﬁ m mXxtures

I ncl udi ng I'nNs ‘and non-o as parafttins, enat es
16 metal salts to form a metal salt/olefin complex. In one embodiment, di-olefins

"17  are selectively complexed over mono-olefins and non-olefins, with olefin-
18 complexing metals salts which are dissolved, dispersed or suspended in an
19  ionic liquid. The mono-olefins and non-olefins can then be separated from
20 the complexed di-olefins, for example by decantation or distillation. Then, the
21 mono-olefins can be complexed, and the non-complexed non-olefins
22 separated from the complexed mono-olefins., Both, the di-olefins and mono-
23 olefins, may be recovered from the metal sait/olefin complex by desarption.
24
25 In another embodiment, the mono- and di-olefins are both complexed, and
26 the non-olefins are removed. Then, the mono-olefins can be selectively
27 desorbed, separating them from the complexed di-olefins. Finally, the
28 complexed di-olefins can be desorbed, typically at higher temperatures and/or
29 lower pressures than those at which the mono-olefins are desorbed.
30
31 The flow of olefin-containing mixtures over/through the ionic liquid can be, for
32 example, co-current, counter-current, or staged in stirred tanks.
33 Countercurrent is preferred as it is the most efficient.
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and aromatics. The olefins are brought into contact with ol gfl n- %qygpl exi ng
"metal salts to forma netal salt/olefin conplex. In one enb

di-olefins are selectively conpl exed over nono-ol efins and non-ol efins,
with ol | exing netals salts which are di ssol celg% g, ersed or
suspendé&b?sr{%%{r%gpl onic liquid. The nono-ol efins and non 0 1“% s can then be
separated from the conplexed di-olefins, for exanple by decantation or
distillation. Then, the nono-ol efins can be conpl exed, and the

non- conpl exeg ! | _ l.efins. Both,
the di- ef MiIRRRS RO o Ve : ANZOLEFING QVER, &Qal

salt/olefin corrpl ex by desorpt i on. dLEFN@t her enbodi rrent t he nono- and

di -olefins are both conpl exed, and™ the non-ol efins are r enoved. Then, the
mono-ol & i ns can be sel ecti veI y desorbed, separating themfromthe

conpl ex d be desor bed,
typi cal % a/%ccﬁlfo‘?rﬁgeﬁstp & h\gﬁ'g%) ﬁ’rrgéggﬁ %@@cﬁ%&?@c&hp%&?upgn{ﬁﬂn t hose at

whi ch t e rmmn—olbﬁms n'EhlalseIedmdmdexaTbm céh bwexf:loﬁédato sel@dimelgi ni ng m xtures

/th h th d, b
g\c/)ﬁ;\t er - r cﬂ%?@m’eed%&eﬁsa%@ﬂuql R ?'?r’] f’}"ﬁ@ anéﬂ%%g\gd?@?%ﬂl?ﬁ teé]f'ge preferred

Tas Tt ig ¢ nshoRlding ABtdrobing odfipleR WA (HONRRI BB R US02/ 41739
METHODS FCR SELECTI VELY COMPLEXI NG OLEFI NS OVER MONO- OLEFI NS Accor di ng

to this9 nlafnsgre tmie spmpigred wik pdigh splegivite pyik e dmpertast ihs over
mono- oly f ! O’ﬁ%&sl nss‘?@ﬁ)aféiﬁé Bﬁh&mél%éﬁ 4 Q&e%glgl_lspﬁ?orﬁﬁﬁ%% egnmﬂe §io selectively

renove oma mxture includin nono- ol efi ns.
Si nce 1t10t mlefmaol\m*tewasrmntaudngidl-mibﬁfsmm mommbbﬁnsmaﬂnbeloentaeiedl sal ts wher e

di - ins. re t | exe ect|V|t
mor t 97t | Vi g iR sbeRs o o clned oot S Suibbd el s8R o1
conpl ex3onian lér’ﬂ@h(ﬁhld fet eXdrmsle bMdiféGtra@am@ﬁnbﬁd e @i-Blefiflcgh bes and
nono- ol efi ns can be cont act ed th a solution, suspension or dispersion of

an ol efffn- @8!%51[% oRptexed b)smatntalwngme olgfin mixtigun §onﬁa§trw183<t§ﬁp| e by direct
ddi |
additi g?l e c{]u‘?d oL éﬁ%lﬁn?ﬁ dlsﬁs}s WiR Qflugfﬁﬁgﬂ és‘qgtﬁﬁ'orpy fofal Nt ai ni ng

t he ol rein cént 1 éni ¢ uti'on, suspension
or di sfér sisufficient telsidencedimiedapemnmoit ﬂmtqompjexrabon ofsthiafdi@mntfor esidence tine to

P S SRRk ol BB oG B 0o 1 mnuce
18

minutes to about 8 hours. The di-olefin/metal salt complex tends to be either

19  dissolved or suspended in the ionic liquid, or precipitate out. When the
20  complex forms a precipitate, it can be removed, for example by filtration.
21 When the complex is dissolved, dispersed or suspended in the ionic liquid,
22  the non-complexed mono-olefin can be separated, for example by
23 decantation or distillation. The complexed di-olefins can be isolated, for
24 example by desorption. When the di-olefin has been removed, the enriched
25  mono-olefin can be further purified or used directly, depending on whether
26 there are additional contaminants.
27
28  According to one embodiment, the method of this invention can be carried out
729' ~ via an extractive distillation process. A mono-olefin/di-olefin containing
30 ' mixture is added to a solution, suspension or dispersion of an olefin-
31  complexing metal salt in an ionic liquid in a first distillation apparatus (10),
32 . and the di-olefin is maintained in contact with the ionic- liquid for sufficient
33  time to complex with the metal salt, for example from about 1
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m nutes to about 8 hours. The di-olefin/netal salt conplex t9 gs 6(% be
either dissolved or suspended in the ionic liquid, or preci g\lﬂ %%e out .
When the conplex forns a precipitate, it can be renoved, for exanple by

filtrati n the conplex is dissolved, disperse ded in the
B p s ey Uiy

i-oni c |iqui he non- conpl exed nono-ol efin can be sep for exanple
by decantation or distillation. The conpl exed di-ol efins can be isolated,
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distillation process. A nono-olefin/di-olefin containing mxture is added
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. PR e et ot e _ 4 th
i -or et i {stitrabicdus KO Wil Bithe PR s BRIk S dsdded L 110,
tinme ;oacorqidztiuzti?vi (c4|0).}ﬁme battomhs mmuhebecor?«:ﬁstiﬂiaﬁaor{}apparaﬂusunclmdi?@ 9b:\/ay gOOG
WD 03/ 0594 US0?2/ 41739 ' 4 s,

10 i nutles 08 ORI HER S soh e Ssrangen St easiiaron e sfbenti a1y oo

conpl et'g, f GacR X iRl fRstafidtiBsti ra&ug hours, the non-conpl exed nono-ol efin
is isolated via distillation 0). Then, 4 the di-olefin/netal salt

conpl ex%nd ionic liquid are sent to a second 5 distillation apparatus
(30), er - £, 4 r L Spl Vi [ stilklation (40).
The bomaongr rﬁegfi f oﬁg!aggé%n%éﬁéj@? ?Ppg?i?gaﬁgq#b%@?@ﬁ %gt,ra?tﬁ(@%&géfeﬁ& J3‘7 the ionic
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m xturq3i s saddea Beopabsedthtbugina seHeP eNmiv@is (B0 AHET®! dirify whikh@nean
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| ol at 89 ool ¥Hen! ool Saifborhhigk bl rfihiauidbte cOP! ex and

18 sent to a regeneration apparatus (80), where the di-olefin is desorbed and
19 isolated via distillation. The bottoms from the regeneration apparatus,
20 including the ionic liquid/metal salt solution, suspension or dispersion is then
21  sent back to the series of mixers.
22 '
23 Non-complexed non-olefins, if present, can be removed from complexed
24 - olefins, for example by decantation or distillation. After di-olefins are

- 25 removed, it may be desirable to complex the remaining mono-olefins and

26 then remove any non-complexed non-olefins.

27
28 METHODS FOR DESORBING OLEFINS FROM THE METAL SALT-
29 COMPLEXES
30

31 According to the present invention, desorption is effected, prefera'bly ina
32 packed tower or flash drum, by dissociating the olefins from the olefin/metal
33 salt complexes using a combination of increased temperature and lower
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18 sent to a regeneration apparatus (80), where the di-ol efi Mi S &g}sorbed
and 19 isolated via distillation. The bottons fromthe regg ?3&12 n
apparatus, 20 including the ionic liquid/nmetal salt solution, suspension or

di spersion is then 21 sent back to the series of mxers. 22 23
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ol efins, for exanple by decantation or distillation. After di-olefins are
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desorb gases. 10 11 According to one enbodinent, the olefin stripper or

flash dqumaEBdrdingab e embddiment] thetokdia stippeppt fastodrufd mapintiudeor i ncreased
energy efficiency. In such 13 systens, the olefin-rich solution is flashed
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14  higher temperatures and/or lower pressures. The design of such systems is

15  well known to those skilled in the art.

16

17 Once the mono-olefins are stripped from the ionic liquid solution, the di-

18 olefins may then be desorbed in a reclaimer or regenerator. The stripped

19  ionic liquid solution can be removed from the olefin stripper for reclaiming and

20 recycling {regeneration), The reclaimer typically operates at a higher

21  temperature than the olefin stripper. Typically, the temperature in the

22  reclaimer ranges from about 100°C to about 150°C, preferably from about

23 120°C to about 140°C. The pressure ranges from about 5 psig to about 50

24 - psig, preferably from about 10 psig to about 30 psig. The heating duty may

25  be supplied by steam or any other means known to those skilled in the art. At

26 these higher temperatures, di-olefins are dissociated from the metal salt

27 - complexes.

28

29 METHODS FOR SELECTIVELY DESORBING MONO-OLEFINS OVER
30 DI-OLEFINS

31

32 According to this invention, the complexed mono-olefins selectively desorb
33 over complexed di-olefins. This selective desorption can be exploited to
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17 Once the nono-olefins are stripped fromthe ionic |iqui degs@%u%b&é;, .the
di- 18 olefins may then be desorbed in a reclainer or regener 0 he
stripped 19. ionic liquid solution can be renoved fromthe olefin stripper
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sol uti of, sesqimmtcme tor petimitgks smmplexatmmfdh@ﬁieﬁns;dmpempl@fremrret al salt in
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liquid118 selts. lsmce fhesqoersidxed dandltélﬂﬁtoﬂje)dissmédbr@uspeﬁdwun ti&gl tation,
for sufficient resi dence tlrre to permt the conplexation of the ol eflns

for exdspl dori¢ l!ﬁlH* Y AIRHROMP ?ﬁeﬁﬂoé‘“oc'@f'rﬁtfi?ﬂtbezﬁﬁ 8, foRgxgmRie BY abl y about

10 m nyges db@aﬂ?ﬁ%ﬂoﬁdsﬁ}!%tlﬁﬂurs- Since the conplexed olefins tend to be
di ssol ved or suspended In 't 12 ionic liquid, any non-conpl exed

non-ol 4#i ns can be separated, for exanple by 13 decantation or

di stil |1 §]E : E@reé éﬁy Bér?—oé%? Ereaé%a&qu,%g %r'?lﬁle%@ n?o%%—acﬁgﬁn%dt:antb%e conpl exed

nmono- ol
16  selectively desorbed from the metal salts. Mono-olefins are not as tightly

17  bound as dl-olefms and when subjected to conditions of elevated
18 temperature and reduced pressure, tend to desorb faster than diolefins. After
19 the mono-olefins have desorbed from the metal salts, the temperature can be
- 20 raised and/or the pressure decreased, and the di-olefins desorbed.
21
22  In one embodiment, a mixture includes di-clefins, mono-olefins and non-
23  olefins such as paraffins and aromatics. The di-olefins can be selectively
24  complexed and separated from this mixture as described above. Then, the
25 mono-olefins can be complexed and separated from the non-olefins in a
26  similar manner. Finally, both the mono- and di-olefins may be desorbed and
27 recovered as described above.
28
29 COMMERCIAL APPLICATIONS

30
-.31  There are many commercial applications for the separation technology

32 described herein. For example, the technology can be used in ethane,
33 ethane/propane and flexi-crackers to separate propadiene and propylene
34 from propane, and then to separate propylene from propadiene.
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fl exi - cipackgiry simpReniaide Thomajrebs igdde B Bsilesteons3 dvhiohodrepr opane, and
then to_separate propyl ene from propadi ene. 19 9 My 2006 WO 03/ 059483

PCT/ US0Z/ 41¢8sled anshigised-al 1y, this is typically done using expensive
distill@tion facilities. 2 Such facilities are expensive because the

boi l i ng point difference between 3 propyl ene and propadiene is small, and
t he sep&r atArothensomnigscidbyse iain theralkylationofatarmgties apartiedarhnwihere at very high

PressuBe. ML FRSDAIENTH P LR ST AR Al °Om, o o
cost i 941duevttich 4lbe teid tu driclidenmreadiéd parffins. Theatpehetdcamdogyefosed. 8 9
~Anot her,,.commer cj al i.n the iopn of aromatics, particularly
Wher o 120° Famaring e ot vs P HednaRaaletns Fupiesrapanes of "mono.  and
currentt ook %’Sﬁsaé*%””“"@ﬂ%@%%mﬁ%“%“ﬁ R 51 ef s
i nvol vd4 selaefipsiwiie the mejaliangdnthe ionic lighid. gy preferredriwayiodisl tbigy nerel y
I nvol veg ¢ RIVeEHBbldYihE olefin-containing stream, in the form of a gas rather

16  than a liquid, through the ionic liquid.

17 _

18  Yet another commercial use is in olefin oligomerization, for example ethylene

19  and propylene oligomerization. Such oligomeriiation reactions are commonly

20  performed in normal alpha-olefin synthesis, and the separation methods can

21 be used to upgrade the product stream to remove di-olefins.

22 Apotential advantage of the methods described herein are that the di-olefins

23 are not converted to mono-olefins, and can be purified and used in

24  commercial applications where di-olefins are required, for example in Diels-

25  Alder and simitar chemistry.

26

27 COMBINATORIAL CHEMISTRY APPROACHES

28

29  Because of the wide applicability of this invention to a broad variety of

30 separations, a combinatorial approach can be used to identify optimum ionic
31 liquids and/or metal salts for separating the di-olefins from mono-olefins and
32 non-olefins. An advantage to the combinatorial approach is that the choice of
33  ionic liquid, metal salt and the like can be tailored to specific applications.
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14 olefins with the netal ions in the ionic liquid. A preferred to do
this 15 invol ves bubbling the olefin-containing stream in €ﬁ§a¥ of a
gas rather 16 than a liquid, through the ionic liquid. 17 18 Yet another
comer cj al e is in olefin oligomerization, for exanpl e ethylene 19 and
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performed in normal al pha-olefin synthesis, and the separati on nmethods can
21 be uged to upgrade the product streamto renove di-olefins. 22 A
potential advantage of the nethods descrjbed herein are that the di-olefins
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di - ol ef gns rédctiongrand rezictibh benditiths 18 Jendrateoami/onevaluiie ttbibrdriegaft o t he

conbi nat or i al aaproach is that the choice of 33 ionic liquid, netal salt
and the’l i K#e€8h be tailored to specific applications. 20 9 May 2006 WO

03/059483 PCT/ US02/ 41739 1 2 The scale of the separations in conbinatori al

chem stry is preferably in the 3 range of about 1 ng to 200 g, nore
pr ef er aBl y TheianiekquideeCarpbalaill a@ i a lapicd! fashinghin gt @ray&a®rbe nodified as

desi rednde i t. ' . Jho Wll..ln the art can

readi | 30deﬁ‘g'[r{l %Wﬁgpggeﬁr'gg??e@@p@%y%% 'éﬁl‘lajg%@?'oﬁzefg%& r’gHaéc'P b'gn condi tions

]tp g_egerlat éql.gmiélbham/albel_atai cbil'wettdchllre,][érmﬁ)awb \(aﬁoim?"ra!dﬁ'satli)or& wiiciThe | onilg
i qui can be, | ai, t in 0gj ca shion ip, nmulti-t arrays or

it T2 P Pai 8 erttfalioht s RuE pel Y BHStas S ST Bor o o ably. i he

i 0”! c 13 | H%itﬂﬁe&ipkinﬁu%’@orﬂp@mﬂﬁsrféﬂa g@ftiéulﬁﬁ ﬂé&%é%etﬁ%ltﬁ%\"e various

modi fications which 12 permt the identification of structure-activity
rel at i dfshcpebingtionsheweef can also be laid out in a logical fashion, for example in

15 arrays. In a preferred embodiment, an A x B array is prepared, with various
- 16 combinations of ionic liquids and metal salts. However, it is also possible to
“17  evaluate a single ionic liquid with-a plurality of metal salts, optionally at
18 different concentrations, and then repeat the process as desired with a
18 plurality of different ionic liquids. |
20
21  The ability of the particular combination of ionic liquid and metal salt at
22 performing a desired separation can be measured and correlated to specific
23 combinations. The array can be ordered in such a fashion as to expedite
24 - synthesis and/or evaluation, to maximize the informational content obtained
25  from the testing and to facilitate the rapid evaluation of that data. Methods for
26 organizing libraries of compounds are well known to those of skill in the art,
27  and are described, for example, in U.S. Patent No. 5,712,171 to
28 Zambias et al. Such methods can readily be adapted for use with the ionic
29  liquids and metal salts described herein.
30
31 By screening multiple synthetic variations of a core molecule, the selection of
32 the optimal candidate is more a function of the data collection method than
33 the "rational” basis for selecting a useful ionic liquid and/or metal salt. The
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can be rapldl timzed rectly correl at 4 with the  ,structural
hanged 2 PRHISHr Wb ety g pt o priciic 50, 35 P oo B SnofBRY { e s are
typi caligy feszfraa@ntarb&lqeﬁtryh@étmgﬂgemnrtqmuroequewgbumnor non- 7 cyclic)

quat ernary anmoni um sa then combining the salt with an 8 appropriate

ani on gdecursor (typically a nmetal salt such as al unmi num chlori de 9 zinc

chl ori dg, _sadiadmaRuAL LUAG ARNBRENALSmARMISUIR IehEablet gaocal
ik hfheRbiehaBREh e

hexafl ourophosp oric aC| tetra uoro oric acl
productt6 11nmhdetntantin@appmpnatedmxmms ahHraom- andtﬁy&oferﬂhs tcethedubhesl n cases
where. t‘l 96 a Lv%ﬁ's in the multi-tube rack or multi-well plate, and allowing the olefin-
18 complexation reactions to take place. Where a stoichiometric amount of
19  metal complexing agent is used to selectively c'omplex the di-olefins, the
20 olefin layer can be analyzed, for example by gas chromatography (GC), for di-
21 olefin concentration. Alternatively, where both mono-olefins and di-olefins are
22 complexed, the complexed mixture can be subjected to conditions of
23 relatively high temperature and low pressure, and as the olefins become
24 - desorbed from the metal saits, the products can be monitored as they are
25 desorbed and the appearance of di-olefins monitored. Ideal results would be
26 those in which mono-olefins are desorbed first, and where little or no mono-
27 olefins are still being desorbed under conditions where the di-olefins begin
28 desorbing. Here the desired separation involves selectively separating di-
29 olefins, mono-olefins and non-clefing, the presence or absence of these
30 components can be evaluated, for example using GC, to determine the
31 success of the particular combination of ionic liquid and olefin-complexing
32 metal salt.

33

22




12 precursor was an acid, the acid side product such as HC m gﬁq?rermved
by 13 extraction or by gently heating the ionic liquid undé)r 3 m 14
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o UsdD) 4 PeGAtiNS e oo ed s ttherBrig s ot IS RERT By wsea 1o
add apprioprh@titvell dlatégagents to the appropriate tubes in multi-tube racks,

~or wells in multi-well 3 plates. Wen appropriate, the chemstry can be
perforr?@d in an inert 4 atnosphere. The tubes can each be covered with a

bb t \ tAR ' d vi
rubber 13ep Aﬂ'éh%a‘ﬁlvéiy,othg chémofsgi? ncgmb%%iérﬁﬂne@%nhaﬁﬁ??&é%t inffliRd via

i njection. 6 n"one enb , the separati are Carried out via
conput d¢ cduhe sicks osmultieveltates: 3ndothe daformationtsteredofor exampleiofisa and net al

salts q?)n ggrﬁ%@ered ina 9 conmputer in a "nenory map" or other neans for
correl atin data 10 regardi ng the chemcal reactions to the ionic

liquidgsin the multi-tube racks or
17 Any type of multi-well plate or multi-tube array commonly used in

18 combinatorial chemistry can be used. Preferably, the number of wells or
19  tubes is in excess of 30, and there is a tube in at least 60 percent of the
20 positions in each multi-tube array. The shape of the rack is not important, but
21  preferably, the rack is square or rectangular. The tubes can be made, for
22  example, from plastic, polymers, glass or metal, such as stainless steel,
23  depending on the type of aniocns used in the ionic liquid or in the metal salt.
24 - Any type of liquid handler that can add reagents to, or remove reagents from,
25 the wells and/or tubes can be used. Many involve the use of robotic arms
26  and robofic devices. Suitable devices are well known to those of skill in the
27  art of combinatorial chemistry.
28
29  Any device that can take samples from the individual wells and/or tubes and
30 analyze the resulting hydrocarbon phase can be used. Preferably, the device
31 is a chromatographic device, such as an analytical or preparative scale high

- .32 performance liquid chromatography (HPLC), GC or column chromatography,
33 although other devices can be envisioned, depending on the chemistry
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16

~ 17  The entire eluent from the chromatographic columns described above can be
18 sent through an appropriate detector and then to a mass spectrometer.

19 When sampie collection is desired, it can begin when the UV or mass

.20  spectrometry signal indicates the presence of the eluting compound, and can
21 end when the UV signal indicates that the compound has finished eluting

22  from the column. Mass spectrometry can verify that the eluted compound is
23 really the compound of interest. Particularly when mono-olefins, di-olefins,
24  oxygenates and paraffins are evaluated using the library, a combination of

25 GCand MS is used, particularly since mono- and di-olefins may elute from
26  the GC column at similar rates.

27

28 The device preferably includes a computer system capable of storing

29 information regarding the identity of the ionic liquids, metal salts and the

30 product streams obtained when combinations of ionic liquids and metal salts
31 are used to separate the mono- and di-olefins from each other and optionally
32 from non-clefins. Software for managing the data is stored on the computer.
33
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can be gsed to correlate the identity of the ionic 2 liquids, the netal
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16 Example 1: Synthesis of Neutra! {onic Liquids

17
18 A variety of quaternary amine-ionic liquid precursors were prepared as

19 follows. 1-Methylimidazole was measured into a stainless-steel autoclave
20 alongwith a slight molar excess of 1-chlorobutane. The autoclave was
21 sealed, pressurized with 75 psig of nitrogen, and heated to 90°C for 18 h.
22 The autoclave was then cooled to room temperature and the contents were
. 23 placed on a rotary evaporator-at 95°C for several hours to remove any
24  unreacted chlorobutane and 1-methylimidazole. A 'H NMR of the product
25 indicated the formation of 1-butyl-3-methylimidazolium chioride (bmim*CI’).
26  The reaction was repeated with 1-chlorohexane to give 1-hexyl-3-
27  methylimidazolium chloride (hmim*CI"). This general procedure was repeated
28  with pyridine to give the ionic liquid precursors N-butylpyridinium chloride
29  (butpyr'Cl') and N-hexylpyridinium chloride (hexpyr'Cl"), although a higher
30 reaction temperature (130°C) was required to achieve high yields.
31
32 Two different procedures were used for conducting an anidn exchange
33 reaction to give a neutral ionic liquid. In one procedure, the precursor is
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9 correlate that information with the information obtai ned frﬁ E@%
chem cal 10 reactions can be used. This type of software is vvef“l’ nown to
those of skill in 11 the art. 12 13 The present invention wll be better
under st god h.-reference to the followng 14 non-li ng exanpl es.
16 Exan'gfoe"%fs;%@nt hesis of Neutral 1onic Liquids P%EU,&“@‘Q? ety of
quaternary amne ionic liquid precursors were prepared as 19 fol |l ows.

1- Met hyki md%é%é iMaSetomAGHd %écté@ft\ﬁitrﬁthétsédmhﬁﬁt&ttﬁ@Heﬁréd)a?rh@\/e 20 al ong
with a sli 3ht nol ar excess of 1-chl orobutane. The autocl ave was 21 seal ed,

pr essur 2zedNaBEnor¥ais).gindihe rﬁtﬂﬁf@g@qﬁduﬁ@%@@@\éﬁc’f is digsoiveddn Wateh. 22 The
~autocl age ugy {a&ﬁad GRAURIadi@ IR é@%ﬁﬁ%ﬁ?ﬁé??o@ﬁﬁﬁ@h%%%é&ﬁé& were 23

placed on a rotary evaporator a or ‘several urs to renove any 24
unreact d diminn’ Obwaa neednrike theeiohig! liquidduiol BF s Ay biatipnRcedurese The oduct 25

d d th but,vl h b c
26 The. PealtFaRITAE ectps iingiaRie i il ter e (Rt iilsbled s 5m7m )
B 1 h by R B e BN Bkl Byl

W
chl or i d@p)zlg‘"tbwﬁt%m]g? h%HHCNﬂWQM%ﬂ?ﬁ"&ﬁ m‘ém@m 8alf was (rb’nﬁba% f‘

al'thougg avdyt&hﬂrhéng%gt rvegﬁryt%etb%rrﬁ&r@é 35&&%3%5%% befklet htt o achi eve

hi gh yields ferent procedures were used for conducting an
ani on efchd#higeharg® inmiscibibiy wilh wateels duada thepresentecfiregidyal NaGhirone

proced : May 2006 WO 03/059483 PCT/ US02/ 41739 1

di ssol \L;Qd |t¢1éq|§%l}£c{ ﬁﬁgéz’%&hééac?e@ew th the sodiumsalt of the desired anion
2 (NaBF4 or NaPFS) In the ot her procedure, the precursor is dissolved in
wat er a ct ed ith t acid formof the HBF4 or . HPF6) The
recur 48 A & Wb Meraiss ot Genermie.A arely 8! RmtcridRs sipdhor h
prOCequeSﬂTeTﬁ'r%cuéo@s%tI@sizb& Yib&e, taQQvélea%lﬁdd'itibﬁal ;Sl'@b@rsbr‘sq:mrﬁwdyeﬁh water was

greatly influenced byt route of synthesis. The ionic |iquid made by
the acild r fomecanamerciatsupplisre Thesetraactions are summerizedeini Tahble 1) i qui d nmade
usi ng tlge sodiumsalt was mscible with

16  Table 1. lonic Liguids

17
lonic Liquid Precursor Anion Source lonic Liquid
Bmim'Cl . HBF4 Bmim® BF4
Bmim*CI HPFe Bmim” PFg’
Hmim*CI NaBF,4 Hmim" BF,
Hmim'Cl HBF, Hmim® BF,
Hmim"Cl NaPFs Hmim® PFg
HmIm'Cr HPFe Hmim* PF¢
Hexpyr'CI HBF4 Hexpyr® BFy
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8 water. Wiile not wishing to be bound to a particul ar theory, i& |

believed that 9 this change in mscibility with water is du 5 er?z

presence of residual NaCl in 10 the liquid nmade via the salt route. 11 12

The acid procedure was then used to generate a variety of ionic |iquids

usi ng ﬁ&?z‘ﬂ’«?"ﬁ? ecursors synthesi zed above, as wel | &%Tﬂﬂ?lflf’%nal

precursors purchased 14 fromcomrercial suppliers. These reactions are

sumari zgd T Tabre 1. Ib 16 Table I. Toniq Ciquids 17 Tonic Liquid

Precur sorjAni on Sourcelonic Liquid Bm ntCl"' HBF4Bm m+ BF4 Bm mtCl - HPF6Bm m

PF6 Hmi mi{dfexmyBeiHm m- BF4 hikd HBF4HN m+ | fexpyiniRfisciriiaPR8iniCh | PF6

Hmi m+Cl ' HPFeHm-m—PF6—Hexpyr+CHHBF4Hexpyr—+1BF4-26—9—viey 2006 WO 3/ 059483

PCT/ US02/]41739 Hexpyr +d " HPF6Hexpyr+ PF6 ing = 38.7 Q)

( CBHL7) 3NEQ), )RV CEBHL7) 3VdlF,BF4 (np = 58.(6gBly)sMeN” BF, (mp =

(C8H17) 3NeN+C - HPF6( C8H17) 3VeN+ PF6 Me3NH+CY Ig%F%(Ig?BNH +BF4- (np ={1830)

Bu2Me2N HCf HPF6BU2Me2N+PF6- [(mp = 154. 5C) 8

(C16H33) NE3N-CHHPF6(TCIOHI3) VEINPFS (np = 131. 7/C) BuZMEZN +CI - HBF4Bu2Me2N

+ BF4 ind = 75.1 Q) bmim= 1-butyl-3-nethylifm dazolium hexpyr =
N- hexy! pylr{CdHaiviaN"Cl" HPFg (CgHir)sMeN™ PFg

MesNH*CI HBF, ~ | MesNH *BF,- (mp = 183°C)

Bu,MeoN *CF HPFg Bu:Me;N'PFe {mp =
154.5°C)

(CrsHss)MesN*CT HPF; (C1sHas)MesN'PFg (mp =
131.7°C)

BuzMe;N *CI HBF, BusMeaN * BFy (mp =75.1
DC)

bmim = 1-butyl-3-methylimidazolium
hexpyr = N-hexylpyridinium
hmim = 1-hexyl-3-methylimidizolium

Example 2: Solubility of Cu and Ag complexes in lonic Liquids

The present example investigated the possibility of immobilizing Ag and Cu
ions in an ionic liquid. The Ag(l) and Cu(l) compounds have been proposed
for use in the selective complexation of dienes over mono-olefins. The

© 0 ~N O O AW N =

immobilization of these ions can be accomplished by either dissolving Ag and
Cu salts in an existing ionic liquid or by reacting an ionic liquid precursor with

-
o

a Ag or Cu complex to create a new ionic liquid.

—
e

Several screening reactions were conducted to determine whether Ag and

_ o
W N

Cu complexes were soluble in ionic liquids. The results are summarized in
Table 2.

-—
S
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hm m = 1-hexyl -3-nmethylimdi zolium5 Exanple 2: Solubility %

conplexes in lonic Liquids 6 The present exanple investigat Meré
possibility of immbilizing Ag and Cu 7 ions in an ionic liquid. The Ag(l)
and Cu(g% unds have been proposed 8 for use in the selective

conpl ex9 BA>Y# di enes over mono-ol efins. The 9 i moBiGTTEHHGR of these

i ons can be accorrpl i shed by either dissolving Ag and 10 Cu salts in an

exi sti ng i q@bféiiwwj],@bfhgahg@hbﬁg] @ﬁic'liaﬂidQ liquid precursor with 11 a

Ag or conplex to create a newionic liquid. 12 Several screening
reacti oﬁs wer e conduct ed to determ ne whether Ag and 13 Cu corrpl exes were
sol ubl e ipr—TonretTqurds—Theresutts—are—summgrTzedTTm— 14 Tabie]2. 27 9

May 2006 |WO 03/059483 | Tablle 2. Solubility of {Ag and Cu ion in ionic

l'i qui ds HAdhidEeRMidldrBRcursor g Sdilqui d or Precur sqrSsiublédl ubl e?
Bm mt+BF4 AgBE4Yes BrimRPESAGREGNo—Br-m-C—AgEHNg—Hr—-m-C—-AgcH-Ne

Hexpyr +C| AgCl No Bmi mtd ' CuQl Yes Hm m+C ' CuCl Yg¢s Hexpyr+C -CuCl Ye$ 3 4 As
shown abqugyidmegt t enpt was L0 dissolve theedg salts in ionig¢. liquids
5 that cdntained the sane_apgjions. For exanple, IAgBF4 was conhined{with 6
bm m+BF4'| and AgPF6 was comji ned with bm mtPF6|. AgBF4 was solubl¢ in 7

“theionig Ukl Nei t her AdP, or AgCl dissollyged in the ionic |iquids
that 8 wgr %"ﬁ%?ﬁl:éd Attenpt< @lﬁg made to dissglve CuCl in a couplie of
differentf 9 i1onic Tiquids dnd ionic liquid prgcursors. The CuCl i ssol ved
in bmmd f, 10 hmmd', gnd hexpyr+C . It ig believed that thejCuC

participgt %B'm ®la 11 conpl ex 9@n reaction to qiNPe new ionic liquids with
CuCl Z anijons—28

Q)

| Hmim'Cl" AgCl No
Hexpyr'Cr AgCl No
Bmim™CI CuC! Yes
Hmim*CI CuCl Yes
Hexpyr'cl | CucCl Yes

As shown above, an attempt was made to dissolve the Ag salts in ionic liquids
that contained the same anions. For example, AgBF, was combined with
bmim'BF4" and AgPFg was combined with bmim'PFg. AgBF, was soluble in
the ionic liquid. Neither AgPFs nor AgCl dissolved in the ionic liquids that
were tested. Attempts were made to dissolve CuCl in a couple of different

O 0O ~N O W

ionic liquids and ionic liquid precursors. The CuCl dissoived in bmim’CF,
10 hmim*CI', and hexpyr"Cl. Itis believed that the CuCl participated in a
11 complexation reaction to give new ionic liquids with CuClz" anions.
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9 May 2006 WO 03/059483 PCT/ US02/ 41739 1 Exanple 3: Use of Icw[i c%#(%@ui ds
Containing Ag(l) and Cu(l) Salts for 2 Diene Coordination 3 M&

exanpl e eval uated the use of Ag(l) and Cu(l) conpounds inmobilized in 5
ionic liquids for the selective conplexation of dienes, The adsorption of 1
6 but en®YEIY the ionic 1iquid sanpl es was neasur eFGAFHEFumari zed in
7 Table 3. The ionic liquid sanples containing varying anmounts of dissol ved
8 AgBF4 yshoved phawpleSs: e 9&AE Riquii (%ntéihfﬁ?wﬂl? Bfid @@A) Bhkd @rt he i onic
liquids 9 confarning the Cutl anl rd not show any appr eci abl e
absorptiZon. For the 10 Ag-contBieng&@ordimation i qui ds, the ratio of butene
absorbed, to Ag was slightly 11 higher than 1. This suggests that the Ag
coordi nates nore than one olefin at 12 a time which woul d make an Ag-di ene
conpl ex 4norkhis beampid evaluiizd|thy udd obAgh) and Cinéraainpoends asebillgeddont ai ni ng

ionic liqui.ds are . able to selectively, 14, coordipate, dienes.qver nono-enes.
15" B Ao Rvias Rarthe SR Compxhtion 81 ARG 1T SRR TS were al 5o
tested fgor putdndgdBetheliens i@ Bamples IRRMEAsUbCaPRBURIMATzedas det ect ed.
This again_18 sugﬂests that the Ag is formng a cogglex wWith the olefin

and that’ t habladedhe imnigliquideamples spstaimings\arving gmernsil dissaived | i quid. 29 9
“Nay200%6 i : 4 ' y lonic

Ui i ds Ccom i naARa (o s SBedipfiiy of e Bt re as WARERI AU, o Gacol s
Gas/ nol 9 Awotainicg/fhe) ClBll mriRFYdis nokgiRimany appredialie abeerptien. For the
Bm m+BF146- l%ﬁdf‘go%ﬁgirlﬁngl;'igr%g iic§u7idst3ltllllee %%o%%%ﬁgg'béét?@eéqg Elg%vaés?lafjmf 0 butene

11 higher than 1. This suggests that the Ag coordinates more than one olefin at

12  a time which would make an Ag-diene complex more thermodynamically
13 stable. Therefore, these Ag-containing ionic liquids are able to selectively
14 | coordinate dienes over mono-enes.
15
- 16  As a control experiment, the Ag-containing ionic liquids were also tested for
17  butane absorption. No appreciable absorption was detected. This again
- 18  suggests that the Ag is forming a complex with the olefin and that the gases
19  are not merely dissolving in the ionic liquid. '
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Bmi m+Cr 1. 0 equi v1-0. 03Nc CuCl butene Bm mtCl "2.0 equi v1-0. 15%91%9%ut ene
Hexpyr+Cr 1.0 equi vl-0. 60Nc CuCl but ane Bm m+BF4' 5% AgBF4But a A% 30710

Bm m+BF4' 10% AgBF4But ane00 Bm m+BF4' 25% AgBF4But ane2.560.35 3 4 bmm =
1-butyl -3-nmet hyl i m dazolium 5 hexpyr = N hexyl pyridi nc = not

cal culi a%”é’a"g@é""‘g’ May 2006 WO 03/ 059483 PCT/ usoz/41739q’f¥ﬁé§z?“,m§ m xture of
hexene and 1,5 hexadi ene was m xed in n-decane and 2 exposed to four ionic
liquid gol utdupng. GIHRbsAPlich thy lauicd_maslt:bﬁt!amjné@@(;)lanm%l)s_a&s.
3-nmet hyl -i m dazoliumtetrafl uoroborate (Bm m BF4-) mxed with 0% 5% 4
10% and 25% AgBF4 to formsilver containing ionic liquids. The results 5

showed a preference for adgsoroimgthe—i, 5 hexadrene gqver the hexeng. The 6
results ar¢ shown in|Table 4. 7; 8 Tablle 4. Sel ectivg Absorption off dienes
over nono- plasfi¢ bisuld MSkItHexene/ hBasMbl |H&X%AdBane/ nol |Hdaladiasredlexgne
0 0 [0)
Ag+Ag+ 0% AgBFAN AN Al. 66 5% AgBF401. 4I\V£bsrgré)éd27l. 14. q\/IEI)OA) AgBF4
Bmim'BF4" | 5% AgBF, 1- 1.45 1.32
butene
Bmim'BF4™ | 10% AgBF, | 1- 1.89 0.87
butene
Bmim*BF4™ | 25% AgBF, | 1- 7.69 1.30
'| butene
Bmim'Cl" | 1.0 equiv 1- 0.03 Nc
CucCl butene
Bmim'Cl | 2.0 equiv 1- 0.15 Nc
CuCl butene
Hexpyr'CI | 1.0 equiv 1- 0.60 Nc
CuCl butene
Bmim'BF4" | 5% AgBF, Butane |0.13 0.10
Bmim'BF4" | 10% AgBF; | Butane |0 0
Bmim'BF4" | 25% AgBF, | Butane | 2.56 0.35

.3
4
5
6

bmim = 1-butyl-3-methylimidazolium;

hexpyr = N-hexylpyridium;

nc = not calculated
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25% AgBF40. 421.12.6 10 11 The ionic |liquids al so show an a%fhi/lgi ﬁCYOﬁf or
adsorption of dienes over alpha 12 olefins, and al pha ol efi ns oXer
paraffins. The same ionic liquids were run in a 13 TGA (total gas
adsor ptjon temto nmeasure the uptake of butane, hutene 14 and 1,3
but adi eWg).‘Ps‘?%%’?ﬁ I qui ds show very little uptake of thé’cgﬁﬂs%"énﬁecause 15 i1t
contains no double bonds to interact with the Ag+. Hi gher uptakes of the 16
- ol efi nstshowk a MRktreof héxenefander, 8 hekdtfistiellas Mitted ihincdcdre badserve as 17
adsorbents. The results are shown below in Table 5. 31 9 Nﬂ, 2006 WO

03/ 059483 PETPIgIde/faurionc liquid splatiens. Jhedepiciguinsolitions B! -C8enes over

13- but S onar g iRl favaflh Lo BRI P e WIBTE Y Jo,

AgBF40. 21. 30%3 aBd 25%N\agBF 4 ta fainx silvee cortainingdoric liguidd., Theessalis ene was ni xed

I n n-degan n to i oni Laguid so ' ak-pLng a copper
triflare TP AR RRRR I s o hgddert vt h¥ QAL rh

1- but yl 83- n@duity lareé shlazipl Tabg 4opper 7 trifl uoronet hanesul f onat e

(Bm m CuOTf). The results showed a preference 8 for adsorbing the 1,5
hexadi ehe over the hexene. The results are shown in 9 Table 6. 10 11

Table 6g Sqhge!d. VEeldRRAORMoA T icRBS BvaMRbndBRANS! efins 12 Mol
hexene/gol Mol hexadi ene/ nbl” Mol hexadi ene/ nol

Mol Hexene/mol | Mol Hexadiene/mol Hexadiene/hexene
Ag’ Ag’
0% AgBF4 N/A N/A 1.66
5% AgBF, 0 14 N/A
B
1 10% AgBF, 0.27 1.1 | 4.0
25% AgBF, 0.42 1.1 2.6

10

11 The ionic liquids also show an affinity for adsorption of dienes over alpha

12 olefins, and alpha olefins over paraffins. The same ionic liquids were run in a
13  TGA (total gas adsorption) system to measure the uptake of butane, butene,
14 and 1,3 butadiene. The liquids show very little uptake of the butane because
15 it contains no double bonds to interact with the Ag®. Higher uptakes of the
16  olefins showed the ability of metal infused ionic liquids to serve as '

17 adsorbents. The results are shown below in Table 6.
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Cu+Cu' hexene 10% CuOTf 0. 0720. 3675.13 13 14 Next, a m xturejqf h e and
1,5 hexadi ene was m xed in n-decane and 15 exposed to Bm nﬁ%&%erei n
the triflate had been slightly air exposed. 16 Two sanples were run, both
with and without hydrogen exposure. The 17 results agajin _showed a

prefer eWé)e°3§"89r483adsor bing the 1,5 hexadi ene over the %%g“ﬁ%{"éﬁ".

Furthernore, there was no decrease in diene |oading or selectivity in 19

t he hydrogempexHoser’chRMDRrptibAG dRMek bvetBns-bRiis bVerRipafing. 32 9 May
2006 WD 03/059483 1 Table 7. Selective Absorption of dienes over

nono- ol & i ns PCT/ US02/ 41739 Ml hexene/ nol Mol hexadi ene/ ol Mol

hexadi engfmmot—Co+Cqg+texerme No H2TEXpUosUre 10% CpOTf 070730, 28437 91| H2
Exposur e [10% CuOTf (. 0770. 2913.80 |4 Wiile not w ghing to be bound {o any
particul g theory, jiMolistdrelmelved Mdldutdarieémols deblobhSebttadienamel | padi ng in
the air exposed sanple (conpared|w tth the non- p,air exposed sanple) is due
to parti 4l deacti vdthdn of the Ql e to 02 7 ekpdsure. Not abl y, Mo
decr ease [was obserVed due to HZ e@xposure. [t is[falso 8 believed {hat the

| ack of 4&ppreciabl g uptake of digne by the ionif Liquids 9 contaihing
copper sdl2% Agibun {ithi Tabl e 3 wag e to the fof#dtion of a new 10 ionic
“irguid,  BrrmrCa €2 wheretrnthegopper—Ts tTedppT T the amom amg, as 11
such, not| avail abl g for conplexatfion. 12 13 Additionally, TGA adsorption
exper i merjt %gBFgqriduct ed on ea¢lo.®f the 14 ipR3c |iquids described above
w t h but gne—and1-hut-ene—uvnrder—thefollow-nrg—==pb—test—eondi-tens— sanpl e
size: apgroximately 20 ng; C4 flowrate: 50 cc/mn; 16 tenperatuge:

i sot hernalzdg%Aggﬁ:Q. olpe TGA recorndesl the sanpl ef ygi ght until 17 @ plateau
was reached in-thelsanple wejghtlversus tine plbt. Three of the 18 sanples
di spl ay8d significant anpbunts of butane and 1-butene adsorption

4  Next, a mixture of hexene and 1,5 hexadiene was mixed in n-decane and
exposed to an ionic liquid solution containing a copper triflate. The ionic
liquid solution was 1-butyl-3-methyl-imidazolium/copper

5

6

7 trifiuoromethanesulfonate (Bmim/CuQTf). The results showed a preference
8 for adsorbing the 1,5 hexadiene over the hexene. The results are shown in
9

Table 6.

10

11 Table 6. Selective Absorption of dienes over mono-olefins

12
Mol hexene/mo! Mol hexadiene/mol | Mol hexadiene/mol
Cu’ Cu’ hexene

10% CuQTf | 0.072 0.367 5.13
13

14 Next, a mixture of hexene and 1,5 hexadiene was mixed in n-decane and

15  exposed to Bmim/CuOTf wherein the triflate had been slightly air exposed.

16  Two samples were run, both with and without hydrogen exposure. The
17 results again showed a preference for adsorbing the 1,5 hexadiene over the
18 hexene. Furthermore, there was no decrease in diene loading or selectivity in
19  the hydrogen exposed sample. The results are shown in Table 7.
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19 and were further tested with 1, 3-butadi ene. Additional agj\glr p&q(%n 20
experinents were conducted using 1,7 octadi ene, 1-octene, a M9
~decadi ene. The CB-diolefin and Cl0-diolefin runs were done with a new 22
batch of 10% AgBF4 i mdazoliumionic liquid, so a C5-diolefin was run for
23 corrpgqug’@f’?" th previous results. The results shO\ﬁCfrﬁJé?z‘r‘flﬁsé’ lonic
liquids 24 selectively adsorb out the al pha-onega di ene over the paraffin
and nor mel TaBR 7! 98BcRleAisamtiohdPalened GvadmBndblefir®06 WO 03/ 059483

PCT/ US02/ 41739 I A mixture of 1,7 octadiene and 1-octene (about 3.2w % each
in n-dedane) 2 was evaluated. The resulting liquid after 24 hours in

m Xi ng cgntact—wtithe —3Tom ctTgurd contal ngd the sane anount | of
1l-octene,f but only|1.4 wt %of the 4 1,7 octadlene. This corresponds to an
adsorpti dgn of 0.72 |riwdldexénaioti ¢ridot hexadiengmol s| Mphhéxadiemgémolt han [ pr evi ous
experinerits showed |for. 6 C6-di eng,and dermnstraf]%?ethat the C8-dijene is
preferentfially adsqrited over 7 tthe C8-nono-ol e ©E 9 A nmixture of

C10- di ol ginoR.Bxidsefedane (4.2 WM % |[was al so run apd showed a 10 decfease to
0.7 W % dffoercud4i hqurs. This corrfesponds to an pdsorption ratio 11 of 1.2
mol C10-di ol efin /0%y +. 12 130884 xture of p3€4-diolefin, a CB-diolefin
and “a - ClQg=g é‘d'rél was—stubjectedTto—Hthe sang Ttondrtions.  1he ' '
C6- di ol efli nz%g prgferentially adsorbed over thg 15 C3-diolefin apd the
C10- di ol gfi0f%k CyRTfl ¢ 00@7 Wi shing 1 @.284 bound to p3@articular 16 theory, it

I s bel i evedthat thedifferential—adsorption—is-due—to-ei--erences in 17
solubilaty. 18 19 lonic liquids can be used to i nprove the separation of

di ol efigs {hi T Wi ¢ ALt ahy baRRURPTHERYY, RliPBAicRbE ihdithd NACs) . The
ionic liquids I ch have been 21 tested are mXxtures that contain an

or gani cSanideereasel inedienaloading dmthesainexppsed sapolegompaegygth thgmos- | i qui ds
readi | y,separ f 23, ar tabl e over a w de
t enper atur %ﬁ‘reghgsee’d’%{%é’)ﬂ%ﬁﬁgé&ﬁé&gaﬂ%cﬁ@mgf?gig{]?gc JF\lt/%Q(S'f’ll stillation or

l'i qui d- i qekpostxé.r Notablynne dpaeasée was pbeeress dud beH; exposure. It is also

8 believed that the lack of appreciable uptake of diene by the ionic liquids
9  containing copper salts shown in Table 3 was due to the formation of a new

“10  ionic liquid, Bmim*CuCly’, wherein the copper is tied up in the anion and, as
11 such, not available for complexation.
12
13 Additionally, TGA adsorption experiments were conducted on each of the
14 ionic liquids described above with butane and 1-butene under the following
15 test conditions: sample size: approximately 20 mg; C4 flow rate: 50 cc/min;
16 temperature: isothermal af -24°C. The TGA recorded the samplé weight unti
17  a plateau was reached in the sample weight versus time plot. Three of the
18  samples displayed significant amounts of butane and 1-butene adsorption
19  and were further tested with 1,3-butadiene. Additional adsorption
20 experiments were conducted using 1,7 octadiene, 1-octene, and
21 1,9 decadiene. The Cg-diolefin and Cy¢-diolefin runs were done with a new
22  batch of 10% AgBF, imidazolium ionic liquid, so a Cg-diolefin was run for
23 comparison with previous results. The results show that the ionic liquids
24  selectively adsorb out the alpha-omega diene over the paraffin and normal
25 alpha olefins (NAOs). '
26
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25 process can therefore be used to purify |large amounts of NAGs \ghi ch are
26 typically used as chem cal precursors for the synthesis 8fMay200

pol yet hyl enes, 27 surfactants, synthetic |ubricants and additives, etc. 28
29 It will be apparent to those skilled in the art of chem cal separations

t hat th@voﬁws’ﬁ‘?gcess of this invention can be appli e H4¥e variety of

m xtures of 31 nono-olefins, di-olefins, and/or non-olefins , and the

forgoi ng exepphee ditter o?tggi;lgﬁ% gﬂ&'ﬁ%c{t@meﬁ%bb&ﬂ wm/@taweinaﬂdem? limting.

Those skilled in the ar chem cal separations can readily determ ne

the operlat iwas evaluased. iThe reswingliguid aftavidd TroosinExDg/ OoLHEYitPt US02/ 41739 1
|1 aul ds .5 TRbAL g bofiRhed RS b8 BinduRf of REEXhE DR Yhi 12 webpEARESS and
of thisi or any specl

process ~ 2 Steéep nventron I Cc “separation of
mono- ol &f i mMs7 odiadighef iThis coreapatidsrtoranradsbaptionef 0gR2rmgoledie conbi nat i onal

chem str pr.oaches herejn and ot her. t echni ques k En the art. 9 May
2006 V0D 3/ ERdaseImaleRssliontl ower fhaip pieviouS gXpisritpeste SROWEH 10, " L od for
separ at igng cRdiend)| i deendpetities Shatdhe Sg-diene0prtdrentally adsatbed @veonpri si ng

di -ol efi_ns and nono-ol efins with an 5 ol efin-conpl exing netal salt

di ssol vdd, ¢ Seenaneoleldr. suspended in an 6 ionic liquid; 7 b) naintaining
“such mture in contact with such ol efin-conplexing netal 8 salt for
sufficient time to selectively conplex the di-olefins over the 9

mono- ol & i smixdureaf Giadictefinlin datanedi & witeJovasralex fureand shiwvesha separ ati ng t he

non- conpl exed nQ- Ql-ef i, w12 2. T l.al m: rt her

conpri snii%ng 0%85%’%8??13'7?%6&1 %ﬁt‘?ﬁrgdeti’ql"ﬁ% T?IS%SI’I’EL%QFﬁg t‘lgré[' %fjgé@l%? Bétfgf I n conpl ex.
14 1513. Tid. 2mbhOg-didlefid mahAg’. wherein said ionic liquid is capable of
formn 16 sol ution, suspension or dispersion with said

a
ol efi n%@orrpl exing netal salt.
13 A mixture of a Cs-diolefin, a Cs-diolefin and a Csp-diolefin was subjected to

14  the same conditions. The Cs-diolefin was preferentially adsorbed over the
15  Cg-diolefin and the Cqo-diolefin. While not wishing to be bound to a particular
16  theory, it is believed that the differential adsorption is due to differences in
" 17  solubility.
18
19 lonic liquids can be used to improve the separation of diolefins (alpha-omega

20 olefins) from normal alpha olefins (NAOs). The ionic liquids which have been
21 tested are mixtures that contain an organic amine and a transition metal

22 compound. Because ionic liquids readily separate from hydrocarbons and
.23 are thermally stable over a wide temperature range, they can be used in an
24 - extractive distillation or liquid-iquid extraction separation process. The

25 process can therefore be used to purify large amounts of NAOs, which are
26 typically used as chemical precursors for the synthesis of polyethylenes,

27 surfactants, synthetic lubricants and additives, etc.

28

29 It will be apparent to those skilled in the art of chemical separations that the
30 process of this invention can be applied to a wide variety of mixtures of

31 mono-olefins, di-olefins, and/or non-olefins , and the forgoing examples are
32 intended to be illustrative and non-limiting. Those skilled in the art of

33  chemical separations can readily determine the operative and optimal ionic
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17 18 4. The nethod of claim3, wherein the anmount of said

ol efin-conplexing 19 netal salt is adjusted so as to conpngﬂﬁgggﬁtially
only the di-olefins. 20 21 5. The nethod of claim1, wherein the netal
salt conprises a Goup IB 22 metal. 23 24 6. The method of claimb5,
wher ei nWHENH ) salt is a copper salt. 25 26 7. THEWBEIHIG?of claim 6,
wherein the netal salt is CuOIf. 27 28 8. The nethod of claim5, wherein
the netpl mrplds, et sait bHe tosdiidns foPGardfihPout the prRRESSS &ifd fibéés® 8, wherein
the nmetal salt is AgBF4. 31 32 10. The nethod of claim 1, wherein the
nono- ol%f i iepmef this-iavastipn for @Ry specifig semmatianefuneng-glefing stelsfias

ol efin-go Pl : : met hod of
claim 13? %@r@: ﬁr&é@%@%“‘qﬂgﬁp g%' ?65"% @%ﬁ? ﬁ%@%"@ﬁ%& (f h(%? ?e.'% ferlll;l-glgd conpl exi ng
met al skl tother lackhigied kreowinan trepgrdr atus. 4 5 12. The nethod of claim 11,
further. conprising separating said non- 6 conpl exed nono-ol efins by
distillation in said distillation apparatus. 7 8 13. The nethod of claim
12, further conprising desorbing said di-olefins from 9 said netal
salt/olefin complex by distillation in said distillation apparatus. 10 11
14. The method of claim1l, wherein said mxture is contacted with said 12

ol efin-conplexing netal salt ina systemof one or.noreliquidmxers. 13

14 15. The nethod of claim 14, further conprising separating said non- 15
conpl exed nono-olefins fromsaid netal salt/olefin conplex by 16
decant ati on.
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17 18 16. The nmethod of claim 15, further conprising desorgir%\zg%?(?déd
di-olefins from 19 said netal salt/olefin conplex in a reg n
apparatus. 20 21 17. The nmethod of claim 16, further conprising sending
the bottons from 22 said regeneration apparatus to said systemof liquid

i xers. "P5%38. The method of claim1, wherein thepaqﬁq@f%?lgsgof nmono- and
di-olefins is 25 derived fromwax hydrocracki ng, paraffin dehydrogenation,
or 26 qomfyyp@att @ SLAINEE:-. 27 28 19. The nethod of claim1, further
conpri si ng subjectrng e mxture to 29 partial hydrogenation prior to the
contac® ng step. 30 31 20. A nethod for separating nono-ol efins

conpri si ngy | X GW.' I.ng di-ol efins and

nono- ol%ef ?‘ﬁsﬁvﬁ@hog@%ggé%p@q ﬁ%’é%ﬁ@. ng #r%r'?dél salt dissol ved, dispersed,
or sus@endsd contactifgGTmBNa/compeising di-oldfing and o®ro®!efBrsostuds PCT/ US02/ 41739

lionigliquid; .2 b Lntainin uc ) xture i,n_c l,t.h such
ol ef i n%corrpl e?[eﬁﬂ’cﬂélp%%""gsmgtgi ?aq%@ﬁs@ﬁ ﬁgpgﬁpdﬁﬁ%ﬁbgﬁ%&%@g}( t he
nono- olgef i ns @it ifuick! efins with 4 the ol efin-conplexing netal salt to form
a netal_salt/olefin conplex; and 5 cz selectively deFo,r bi n&%he
mono- olfef iMs MagHaining swek Aixtyeg incontact Wit suchpedcompleging Meighe et hod of

rclhairm g0, fur LSk | Ohﬂﬁ:e he=Qfi_ 8 9 the netal '
sal t/oi%ef in C%%fog%ﬁﬁ?%hﬁﬁgggﬁgﬁ%%o fo)gﬂhggbgl;dgp? r?géﬁomr;lo- ol ef i ns and/ or
di - ol e®i ns comunosilefirs ta form) a ol seltolelincomplexaeed conpri si ng di - ol ef i ns,

o0 S S, S8 SRt Moo | - coml exf ng metal ol

11

12 2. The method of claim 1, further comprising desorbing the di-olefins from
13 the metal salt/olefin complex.

14

15 3. The method of claim 2, wherein said ionic liquid is capable of forming a
16 solution, suspension or dispersion with said olefin-complexing metal salt.
17

18 4. The method of claim 3, wherein the amount of said olefin-complexing
19 metal salt is adjusted so as to complex essehtia!ly only the di-olefins.
20

21 5. The method of claim 1, wherein the metal salt comprises a Group IB
22 metal.

23

24 - 6. The method of claim 5, wherein the metal salt is a copper salit.

25

26 7. The method of claim 6, wherein the metal salt is CuOTH.

27

28 8. The method of claim 5, wherein the metal salt is a silver salt.

29

30 9. The method of claim 8, wherein the metal salt is AgBF .

31

32  10. The method of claim 1, wherein the mono-olefin and di-olefin-containing
33 mixture is a gaseous olefin-containing stream.




14 in an ionic liquid; 15 b) maintaining such mxture in corbt ct '6th such
ol efi n-conpl exi ng netal 16 salt for sufficient tinme to conpl alf%@

nmono-ol efins and di-olefins with the 17 olefin-conplexing netal salt to
forma netal salt/olefin conplex; 18 c) separating the non-conpl exed

non- ol eMHEOYHEY 19 d) selectively desorbing the mondS(EP¥HE% r om t he

netal salt/olefin 20 conplex. 21 22 23. The nethod of claim22, further
conprisjing desorbing the di-olefins from 23 the netal salt/olefin conplex.
24 25 24. The nmethod of claim 23, wherein said ionic liquid is capable of -
formi n@ a 1R&hednethpdef clging pewkerein said aivdyeis ceacipd with saig olefin-

ol ef i n-conpl gxi J t; . nmet hod of claim 22, wherein

t he rret3(e:1I Sa?@?ﬂ@%ﬁ%ﬁ}r@ég&%h@ gggszlilé%n%pﬁg*gﬁ'. 30 31 26. The nethod of
claim 25, wherein the netal salt is a copper salt. 32 33 27.The net hod of

claim 26, erein the al salt,.is CuOrf. 38 9 WD 03/ 059483

PCT/ Usgl 4@3@‘3"19&‘@8&%‘%@ ﬁe%ur%"&rB?meﬁlséri‘%?eiﬁra%%éaﬁag?he metal salt is a
si | ver gsal t . codpxedmohbalefitk by distillatdndh Bnidistiboreappdritesnet al salt is
AgBF4. 5 6 30. The nethod of claim 22, wherein the non-ol efins conprise at

| east dne of 7 paraffins, oxygenates, aromatics, or mxtures and

—conbinat i ' . qihersient he
par af f ﬁsﬁnﬁﬁ?@%’fo fg:bathgl flfu-r@.%r E%Blﬁnggeédlr'ﬂggbngi?héd olf claim 22,
wher ei 9 t he saidmatblefaitiolefinnomilechwdistilletion inosadd distillation apparatus.
10

11 14. The method of claim 1, wherein said mixture is contacted with said

12 olefin-complexing metal salt in a system of one or more liquid mixers.

13

14 15, The method of claim 14, further comprising separating said non-

15 complexed mono-clefins from said metal salt/olefin complex by

16 decantation.

17 |
18 16. The method of claim 15, further comprising desorbing said di-olefins from
19 said metal salt/olefin complex in a regeneration apparatus.

20

21  17. The method of claim 186, further comprising sending the bottoms from

22 said regeneration apparatus to said system of liquid mixers.

23 '

24  18. The method of claim 1, wherein the mixture of mono- and di-olefins is

25 derived from wax hydrocracking, paraffin dehydrogenation, or

26 combinations thereof.

27

28 19. The method of claim 1, further comprising subjecting the mixture to

29 partial hydrogenation prior to the contacting step.

30

31 20. A method for separating mono-olefins comprising:
32 a) contacting a mixture comprising di-olefins and mono-olefins with an
33 olefin-complexing metal salt dissolved, dispersed, or suspended in an
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12 of ethylene, propylene, or m xtures and conbi nations theregf. 14 33.
The method of claim 32, wherein the ethylene is produced in9 a}ég ene 15
cracker, an EP cracker, a naphtha cracker, or conbinations thereof. 16 17
34. The_nethod of claim?22, wherein the olefins are pro&ﬁc d_in an 18
appar at Y@ %% ed from the group consisting of an FEETIRPH* ™ Rapht ha 19
hydrotreater, catalytic refornmer, distillate hydrotreter, hydrocracker,
coker, 1 20 RFG&nid!igdid; RDS unit and conbinations thereof. 21 22 35. The
met hod of claim 22, wherein the olefins are derived from parafLi n 23
dehydr &eridt i omaieteinngsushsnixigemiargontact with susi okjiercetipliexinedgetaby 24
conbi nag i ons : ; | &drBi i ein the
ol efi n?t are pﬁsggE%ggfrfch&'gﬂ%?s@ﬁ%rpyé%‘}ﬂ%wgggccﬁéﬁsn%r@ Herasl-lgs%f m%"%ﬂﬁzg 37. The
met hod 4of cl aitine @Rfinshmpleixingtrhetahsaitdo doret a metalrsaltiatafimegomplexand 30 ol ef i ns
derived frqoqmthe efhenglysi.s af heavigr | raal el 31 32 38. The
net hodqjof ‘§I ai ﬁp@élv%ggéﬂﬂngﬂ@ @Pg?-loﬁgn%Fréitgggqé;{alesfg It@eg'% a recycle 33
streamg n a Figp . Tropsch synthesis to reduce the anmount of olefins 39 9
May 2006 WO 03/059483 PCT/ US02/ 41739 1 recycled froma Fischer-Tropsch unit
to an Upstream nethane reformer. 2 3 39. The nmethod of claim 22, wherein
“the olefi b b JRANTI O W B8k isfromg stream 5
6 40 The et Psaepied dhaief70, LR o YR e B e wi ¢ h sai

7 ol ef ith- conplhexnetgl salfcléfinscaniples a distillation apparatus. 8 9 41. The
met hodloof claim40, further conprising separating said non

11 22. A method for separating mono-olefins and/or di-olefins comprising:
12 a) contacting a mixture comprising di-olefins, mono-olefins and non-olefins

13 with an olefin-complexing metal salt dissolved, dispersed or suspended
14 in an ionic liquid;

15 b) maintaining such mixture in contact with such olefin-complexing metai
16 salt for sufficient time to complex the mono-olefins and di-olefins with the
17 olefin-complexing metal salt to form a metal salt/olefin complex;

18 ¢) separating the non-complexed non-olefins; and
19 d) selectively desorbing the mono-olefins from the metal salt/olefin

20 complex.

21 .

22  23. The method of claim 22, further comprising desorbing the di-olefins from
23 " the metal salt/olefin complex.

24

25  24. The method of ciaim 23, wherein said ionic liquid is capable of forming a
26 solution, suspension or dispersion with said olefin-complexing metal salt.
27

28 25. The method of claim 22, wherein the metal salt comprises a Group IB
29 metal.

30

31  26.The method of claim 25, wherein the metal salt is a copper salt.

32

33 27.The method of claim 26, wherein the metal salt is CuOTf.
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10 conpl exed non-olefins fromsaid netal salt/olefin conple
distillation. 11 12 42. The nethod of claim4l, further co?ﬂﬁ&?%
desorbing said nono-olefins 13 fromsaid nmetal salt/olefin conplex by
distillation in said distillation 14 apparatus. 15 16 43. The net hod of
cl ai m 4aVO9¥¥,r conprising desorbing said di-ol ef i FEHYBHIH7 said netal
salt/olefin conplex by distillation in said distillation apparatus. 18 19
44. The nethod of claim 22, wherein said mxture is contacted with said 20
ol efi n-conpl exing netal salt in a systemof one or nore liquid mxers. 21

22 45. Zrhe28reThedatfiodofalaimesd, wheraimthe metapsalbis apilvepsaitat i ng sai d non 23
conpl exed non-olefins fromsaid netal salt/olefin conplex by decantation.
24 25 . The nethod of claim45, further conprising desorbing said
nono- olgf i P& TRE nidtiesd &failaimBs,, adhefsih theohefal saltioyBEY. i n a regeneration
apparatus. 27 28 47. The nethod of claim46, further conprising desorbing
said di2olefins from 29 said netal salt/olefin conplex in said
regener@l i gy EHRRGhdPor cHim 21 whBroi 1 JBH-BEfhsorkbriseiBt kit bris bher |
conprising sending the bottons from 32 said regeneration apparatus to said
system®df | i qpaefinsxexygenass momaties; opoiduiae and/coshiratiopethearsio 41739 49,

The method of claim 22, further conprising purifying the ol efin-containing
m xture before the contacting step to renove sul fur, acetylinics,

oxygenad es31.aftle oietlsod dfediakmB;, samsrei the parafiing campose eyiepasalfing nono- ol ef i ns

and/ or di-olefins conprising: a) contacting a m xture conprising

di -ol ef¥ ns, nono-ol efins and non olefins with an ol efin-conpl exi ng netal

sal t djpSobyethe HctR SRILIAM22, WheRSA dRAmbRo-BRfihe borapliseiatildastphemai nt i ai ng

such mxture in contact with such ol efi n-corrpl_eﬁis%gerrret al

12 of ethylene, propylene, or mixtures and combinatio eof.
13
14  33. The method of claim 32, wherein the ethylene is produced in an ethylene
15 cracker, an EP cracker, a naphtha cracker, or combinations thereof.
16
17  34. The method of claim 22, wherein the olefins are produced in an
18 apparatus selected from the group consisting of an FCC unit, naphtha
19 hydrotreater, catalytic reformer, distillate hydrotreter, hydrocracker, coker,
20 RFCC unit, RDS unit and combinations thereof.
21 .
22  35. The method of claim 22, wherein the olefins are derived from paraffin
23 dehydrogenation, ethylene oligomerization, wax hydrocracking, or
- 24 combinations thereof.
25

26 36. The method of claim 22, wherein the olefins are produced in a Fischer-

27 Tropsch synthesis.

28

20 37. The method of claim 22, wherein the mono-olefins are normal alpha
30 olefins derived from the ethenolysis of heavier internal olefins.

31 |

32 38. The method of claim 22, wherein the olefins are separated from a recycle
33 .streamin a Fischer-Tropsch synthesis to reduce the amount of olefins
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salt for sufficient time to selectively conplex the di-olefi 0 t he
nono-ol efins to forma first nmetal salt/olefin conplex; sepgﬁﬂ%@ﬁt he
non- conpl exed nono-ol efins and non-ol efins; desorbing the di-olefins from
the first netal salt/olefin conplex; contacting the _non-conpl exed
nono- ol MARLUBH non-ol efins with the ol efin-conpl eBGHPSHAHE® salt; 12 ¢)
éi déz 1;13e]2 15 16" 17 18 19 20 21 22 23 24 25 26 27 28 29 30
U -,mla%gg ' non-ol efi ns
in corﬁt act ﬁﬁng@ﬁrg?ﬁﬁSQﬁhex. ng met afr@?@ﬁ&?%ﬁéiﬁ?wi ent tinme to
conpl eX the mono-olefins to forma second netal salt/olefin conplex; and

T AP SIS or A Fs ™"

sal t/ olgefin gasgouexlefin-containing stream.

5
6 40. The method of claim 22, wherein said mixture is contacted with said
7 olefin-complexing metal salt in a distillation apparatus.
s
9 41. The method of claim 40, further comprising separating said non-
10 complexed non-olefins from said metal salt/olefin complex by distillation.
11
12 42. The method of claim 41, further comprising desorbing said mono-olefins
13 from said metal salt/olefin complex by distillation in said distillation .
14 apparatus.
15
16  43. The method of claim 42, further comprising desorbing said di-olefins from
17 said metal salt/olefin complex by distillation in said distillation apparatus.
18
19  44. The method of claim 22, wherein said mixture is contacted with said
20 ~ olefin-complexing metal salt in a system of one or more liquid mixers.
21
22  45. The method of claim 44, further comprising separating said non-
23 complexed non-olefins from said metal salt/olefin complex by decantation.
24
25 46. The method of claim 45, further comprising desorbing said mono-olefins
26 from said metal salt/olefin complex in a regeneration apparatus.
27
28 47. The method of claim 46, further comprising desorbing said di-olefins from
29 said metal salt/olefin complex in said regeneration apparatus.
30
31 48. The method of claim 47, further comprising sending the bottoms from
32 said regeneration apparatus to said system of liquid mixers.
33
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52. The nethod of claimb51, wherein the anbunt of said ol efi -co% xi ng
nmetal salt is adjusted so as to conplex essentially only thng?Xo efins.
53. The nethod of claim1, wherein said ionic liquid is conprised of anions
and cations, wherein; said anions are selected fromthe roug) consi sting of
hal i de Y PY98%et a1 anions, chloroal uninate, bromalpﬁﬂtﬁ%"é,”gal i um
chloride, tetrafluoroborate, tetrachloroborate, hexafl uorophosphate,

nitrat e, [ t Fmsml i ; SefilchftairgResul f onat e,
41 9 I\/gly 2%%6?!3%9% 05$9T483 %ﬁ%@%@%”i%%ﬁqbﬁg@?%r (_)anfi nonat e,

hexaf | @or oar Bésinedefarethecontantivglsten oaemove suldur agtyinigsl uni nat e,

per chl qr at e, I.d | dichloride 3 anion, iron trichloride
ani on, (')’J;mti n%%ghgﬁééf?%%@hgﬁetg@%%ﬁs'di chloride 4 anion, zinc trichloride
ani on, 4 ant hanum ani on, potassium anion, lithium 5 anion, nickel anion,

bal t _aniop, ] d cambi nat | 6 and m.xt. th f;
and 7 i U ATRAIEO% 0k SebATa L One ST @Ngos AR AR CITPRIG eyl i e and
non- 8 gycd)i C GHAlaRHiRPE YniRUFERDMpTsialdidins Ahliio-aBfAs ak@BonPYr i di ni uns, 9

substituted pyridiniunms, N-alkylpyridiniunms, imdazoliuns, substituted 10
i ni dazdl i ums,  Klalns with anyalefireampriexingrmets) palt dissalvadedisnansad 0% ut ed 11

“pyrroligni uns, @F;Hag I ‘ hosphoni uns, aryl phosphoni uns, 1- 12
butyl - gmet hyl :%png) azoﬁi'ﬁﬁ]ﬁ'c’l{]ﬁﬂgﬁlﬁpyri di nium 1-hexyl-3 13
met hyl i9m di)zol imaimtisirgBsiich)Biktare inRicbae? With anch aiefinwomplexing metal conbi nat i ons

th f. 15 16 .. The. h f, claim22 ' id jonic liquidi
core}g(ra?@ed of aﬁ?@ﬁg su?ﬂ%eﬁﬁ{i{nggq g‘?}ﬁgt,"’%m"é%"é‘?"F?‘W‘%@"é’g‘%f‘ﬁglgg?ﬁﬁg' ;r eI gg: ec!t Zd
from tfe group nesHRSHIENing1g férin Aditst eetaiahttBlefin @mphbal  ani ons,

chi oroal um nate, brgnoalum nate, gallium chloride, ’ffq? tetraf |l uoroborate,
t et r ack or@bor &?B?raﬁ%(ﬁplﬂ%rmﬂﬁ’%ﬁ‘dﬂ%{‘o‘ﬁlieﬂ?%? 1 NORRIElipgst | uor omet hane

sul £ oy e.q)Tet UL SHIHEOREHEolofind RhHRERUL FRRALAUoloRR chARA uor oant monat e

hexaf | uor odrsenate, tetrachloroalum nate, 23 tetrabronoal un nate,
per chltdr ated, hydniariingthamoorcompigxed mencceleting al non-olefins with the

15 olefin-complexing metal salt;
16 ) maintaining such non-complexed mono-olefins and non-olefins in
17 contact with such olefin-complexing metal salt for sufficient time to
18 complex the mono-olefins to form a second metal salt/olefin complex;
19 and |
20 g separartating the non-complexed non-olefins.
21
22 51. The method of claim 50 further comprising desorbing the mono-olefins
23 from the second metal salt/olefin complex.
24
25 52. The method of claim 51, wherein the amount of said olefin-complexing
26 metal salt is adjusted so as to complex essentially only the di-olefins.
27 '
28 53. The method of claim 1, wherein said ionic liquid is comprised of anions
29 and cations, wherein;
30 said anions are selected from the group consisting of halide salts,
31 metal anions, chloroaluminate, bromoaluminate, gallium chloride,
32 tetrafluoroborate, tetrachloroborate, hexafluorophosphate, nitrate,
33 trifluoromethane sulfonate, methylsulfonate, p-toluenesulfonate,
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24 anion, iron trichloride anion, antinony hexafluoride, co r_dichloride
25 anion, zinc trichloride anion, |anthanum anion, potassi u%ﬁﬂg@‘ﬁhl I thium
26 anion, nickel anion, cobalt anion, manganese anion, and conbinations 27
and m xtures thereof; and 28 said cations are selected fromthe group .
consi st "RYBF*/clic and non- 29 cyclic quaternary arfhfdfiS## R i ons,
ﬁjl- klylkalmmn! glms., pyridiniunms, 30 substituted pyridiniuns,

al kylpyri di ' H‘iﬁ%'t uorOskd hAlHRLRE] uns,
N, N -dial kyl i meggﬁ%?%ﬂés, pyér’ ;ﬁgﬁ ?ﬂnl um%éié&%’?gﬁr?%l}%ggﬂi era'r ol i ni uns,
phosphdhi uns, tatrédybmiosluptinate,ureschlanate, hiydeiderdnions copperstchloride
butyl - 3; net hyl i m dazol i - N-hexyl pyridinj o.n =3 May 2006 WO
03/ 059483 PCT/AHSS2 I8 HisdIchick 2y PRl S oot Bt N, and
m ﬁ] ua Gﬁf anld _a?wiolmmbrtﬂdmcmm@ dniivay, efthariim 4nibh, potagshirhadioholithivpt i i zi ng t he
met hod of claim1, conprisin reparing a 5 conbinatorial Jibrar
el Udithg & pIAN PRGN Rab Ak Mo ghoansAP enPr e manafins -
ol ef i n-gonpl egéiagn @éthé%off;sandand evaluating the library for its ability
7 to separate di-olefins froma mxture conprising nono-olefins and di 8
olefing 9 10 B8l cationeateoseleated tipmithe grovp aonsistivg eioeyclig ard Bpm 20,
conprigj ng pre ' ' r L al i - R JAC s plurality of

conbi nzﬁ_ i ons o{‘g’a;i’do | ée’ill‘%’Vﬁ”g’ﬁﬁﬁls’n‘z‘%ag‘g’ﬁﬁeﬁ"%’)%%@%wg’% [ hg%rlr@fgrg? salts, and
eval uatd ng t hesubstitatdypyfidiniunis3 N-aikylpyridinitms timidazpburas,esubbiiifiteds from a

m xtur ‘le 0 conpr irsn%cﬁl%ol?l}rr?g, II\P, ﬁ'-&glﬂylprgia_azo]lﬁm%l, S;rir&%iurr?s? substituted

11 pyrroliniums, phosphoniums, alkylphosphoniums, arylphosphoniums, 1-
12 butyl-3-methylimidazolium, N-hexylpyridinium, 1-hexyl-3-

13 methylimidizolium, (CgHs7)sMeN, BusMezN, and mixtures and

14 combinations thereof.

15

16 54. The method of claim 22, wherein said ionic liquid is comprised of anions
17 and cations, wherein;

18 said anions are selected from the group consisting of halide salts,

19 metal anions, chloroaluminate, bromoa!urﬁinate, gallium chloride,

20 tetrafluoroborate, tetrachloroborate, hexafluorophosphate, nitrate,

21 trifluoromethane sulfonate, methylsulfonate, p-foluenesulfonate,
22 hexafluoroantimonate, hexafluoroarsenate, tetrachloroaluminate,

23 tetrabromoaluminate, perchlorate, hydroxide anion, copper dichloride
24 anion, iron trichloride anion, antimony hexafluoride, copper dichloride
25 anion, zinc trichloride anion, lanthanum anion, potassium anion, lithium
26 anion, nickel anion, cobalt anion, manganese anicn, and combinations
27 and mixtures thereof; and

28 said cations are selected from the group consisting of cyclic and non-
29 cyclic quaternary ammonium cations, alkylammoniums, pyridiniums,

30 substituted pyridiniums, N-alkylpyridiniums, imidazoliums, substituted
31 imidazoliums, N,N'-dialkylimidazoliums, pyrroliniums, substituted

32 pyrroliniums, phosphoniums, alkylphosphoniums, arylphosphoniums, 1-
33 butyl-3-methylimidazolium, N-hexylpyridinium, 1-hexyl-3-
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56.

methylimidizolium, (CsH17);MeN, BuzMezN, and mixtures and

combinations thereof.

A method for optimizing the method of claim 1, comprising preparing a
combinatorial library including a plurality of combinations of ionic liquids
and olefin-complexing metal salts, and evaluating the library for its ability
to separate di-olefins from a mixture comprising mono-olefins and di-

olefins.

A method for optimizing the method of claim 20, comprising preparing
a combinatorial library including a plurality of combinations of ionic
liquids and olefin-complexing metal salts, and evaluating the library for
its ability to separate olefins from a mixture comprising olefins and non-

olefins.
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