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112  There are many product streams in the field of petroleum chemistry which
13 include both mono-olefins and di-olefins, for example resulting from
14  hydrocracking, 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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1 expensive to achieve the required separation’using distillation.

15

16  Therefore, while the olefins are extremely commercially valuable, the

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’).
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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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and ar ot i gié&fins ¥R the complexed di-olefins. The selective complexation is
11  performed by adjusting the equivalents of the metal salt in the ionic liquid
12  such that essentially only di-olefins are complexed. If non-olefins are present
13  and it is desired to separate them from the mono-olefins, the mono-olefing
14  can be complexed and then the non-complexed non-olefins are separated
15  from the olefins. The separation can be effected by distillation, decantation or
16  other means known to those of skill in the art.

17

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
30 ' mono- and di-olefin-containing mixture over/through the ionic liquid can be,

extraction equipment, such as mixer-settlers, can be used. The flow of the

31 for example, co-current, counter-current, or staged in stirred tanks, with

32 ' counter current being preferred.

33
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- 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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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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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




24 25 26 27 28 29 30 DETAILED DESCRI PTION OF THE | NVENRH NGl 32 The
present invention is directed to nethods for separating di-ol'etrins from 33
nono-ol efins, and ol efins from non-ol efins. The conpositions include ionic
6 9 May 03/ 059483 PCT/ US02/ 41739 1 liquid soluti uspensi ons or
dispersyéﬁgggvggetal salts which conplex 2 nono- andgﬁhg@ﬁgFﬁns. The

di -olefins can be selectively conplexed in the 3 presence of nono-ol efins,
or bot h1di nwdretensaayldnitribe onethgftetiarydmutyl lethet and mherpetrockemicalbe

nono- ol efins ,sel ectively deconpl exed ip the presence of 5 conpl exed

di - ol ef | ns.a“ﬂlé‘n‘{aé‘ﬁé(quﬁggb%%%})aﬁ tﬁldt’g%rrpl exed, tend to be 6 inmiscible
in the gonic liquids and can be separated fromany olefins, which 7 are
conpl exed. The conpl exed olefins tend to be either present in solution in

8 the i8nic liquids or precipitate out of solution and can be isolated, for
exanple5 9 via filtration. 10 11 DEFINITIONS 12 13 As used herein, the
terns "adsorption"” and "conpl exation" are used to 14 describe the

conpl exétion of netal sBOUBCHS OF MENOnANDSBEOLEEINSICh as nono- 15 and

di -ol efins. The term "desorption” is used to describe the deconpl exation

16 of the olefin fromthe olefin/netal salt conplex. The term "adsorbents”

s 17 uged Menslesdrdiiefihixeres can bedelieed figm FBlatietyssfisblrcesl Qne or _

di ssol ved, 18 sgspenggedfi:% Og%ifspe_rsed i 2 ionic,l igui ds. .. Th(? term "bottons"
i s used¥t oSOYGEQEBINP - 'g“tfi“éwf%?'s rOp?B’@é_@Y OPEaMAMATCh col I ects in

the boyhompafafiths er 488F40|e dEhydSgchatibR ehlafRet Offgr BoRRRASal The term "G oup
IB netal" Is used to 21 describe elenents from G oup |B (1 UPAC Notation)

of theljper sodices obwpao-gnd/aai-sleine inchide wax hydrocracking; ethylene and
12  propylene derived from ethane, ethane/propane (EP) and flexi-crackers; fluid

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




23 24 25 MONO-OLEFINS 26 27 The nono-olefins to be separ %t ed 2&?
preferably C2.50 nono-olefins, nore 28 preferably C2.20 no s They
may include other functional groups, 29 such as hydroxy groups, carboxylic

acid gr Qf(?ﬁsﬂ{sﬂder oatons, and the like, 30 provi ded ‘%‘E‘%ﬁ‘{%}‘lﬁgh groups do

not reac ei t her the ol ef i n-conpl exi ng salt hi ¢ liquid so
as to prevent an effective separation. 32 The nono- oleflns can be used

comer cifal |docimehtsdrh thenitd@iturar Slakry F@bh@rﬁr@p@dﬂp@&esdﬁgrutuﬁz@anpl e, the
nono- ol efins can be Eﬁsed to form pol yet hyl en

ypropyl enes,
pol yi sotfut AUPREOTIE@t nﬁiérl%%|tfeﬁﬁfﬁgchaaﬁ@6%|0§?ovhﬁﬂf eswvsmtgémm May 2006
VO 03/ 0589495%5@{5[#@93/0@8?@9&&6%'186?& c@rEMtiveIy ﬁlbh'ﬁ%!eémérm’él Htertiary butyl
et her and ot he etrochem cal s a variety rubbers such as butyl
rubber . 43 parafﬂmc@ygwamasso: MONO- AND DI - OLEFI NS 7 8 Mono- and di-olefin

m xt ures. can be s e of
m)?(]ouol e%f I n/di - F&éb %r\éﬁgp%lﬁé’ﬂeegml&@ﬁeﬁg#q %ré’%ggr?y ﬁ&aﬁsg%ﬁsoéﬂcﬁo paraffins
over a $ui t[abidand@.l@sjnmmmg hmactetlaymhteas@hhenemanam’nd@d.4 11 sources of

B})gg;ﬂg iy %ﬁf%@g’q?‘%g%ﬁ eeﬁlnﬁé"ﬁ Fagﬁ'ﬁ? lﬂ@% gﬁ?ﬁglre&%&@)’ackers

“fluid B3 abaraydd ﬁorﬁﬁl@@Hqu(dBG&)s ThaGHéthane aaPbiher iglaplkkifiis et henol ysi's
of heavier 14 internal fins; and et hyI ene ol | omerll_i)f&l on. O efins may

al so be Zpr s@0dedecyreq tﬁro(yg iAnnstregmsyalesis a5 geaeraly &M st s and

condi ti4gns hbﬁtfolé?lﬁ{sfteﬁm&&:l@ tﬁé G%QH SOBAE Redy i B Rintov@idDhefdr8 tie! | known to
those of ski'll 1n the art descri bed, for example, in EP 0 19 921

184 Al 11t he'e‘d@iﬁ@ﬁﬂlsSﬁlﬂttmlh&:wrm@lﬂmem@brmdﬁﬁmﬁWtymﬁaﬂyence in 20
their GIQ“ rEhnbved fla tRRGEAR $BEA Ao PFRS corYdht fRhfom hRSESRr tHe! aui d and

gaseous
: 13 removal of the olefins at ambient temperatures using ionic liquids.

14 Typically, about 75% of the C..g products from Fischer-Tropsch

15 synthesis are normal alpha-olefins (NAOs). Separation of the NAOs may be
16  accomplished using conventional distillation. However, as noted above, there

17 s only a small difference in relative volatility between an olefin and its

18  corresponding di-olefin and 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 to 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




21 hydrocarbons, are formed by contacting a synthesis gas (%@%?5%
conprising 22 a mxture of H2 and COw th a Fischer-Tropsc a({?st under

suitable 23 tenperature and pressure reactive conditions. The

Fi scher - T reaction 24 is typically conducted tures of
about chﬁn@@%%g%o 700F (149 to 25 371C) preferably ?&Jﬁﬁ@‘ﬁfﬁ% 400 to 550F
(204 to 228C); pressures of 26 about from 10 to 600 psia (0.7 to 41 bars),

preferafly bgQeferend@0 Miydf (Reseisblprodécd mond-oldfing spdtidibletins sqtdete vel ocities
of about from 100 to 10,000 cc/g/hr., 28 preferably 300 to 3,000 cc/g/hr.

29 The Bi sECABDLERIYBRIBHCHISHIRAPEEIAG {fopHhg MNupietns acsordinpte Wist h a 30

maj ority i feRBod- C130+ range. The reaction can be conducted in a variety
of 31 reactor types for exanple, fixed bed reactors containing one or nore
catal ys# 32 beds, slurry reactors, fluidized bed reactors, or a

conbi nati o ' r r tQr o1 ] esses and
eactord antemrreokRain e pRBE Al aGHE shmet O R D5 11750 ]
documenﬁeﬁ pirdsducbméléﬁntoaawtmateriaIfSI(etgr%hﬁbae}rfermﬁaﬂmmﬁ&edstgdemes ulti lize 2
superior, heat (.an ss) .transfer characteristics for e strongly

cxot her fi ¢ PRYOSHERIFRETEMREIEs dfe RO 'BBPE oG SR ladackieR | vel y ni gh
- molecul gr Wak @i twith ﬂedwéreéédsrui\ﬂn@u@h@pﬂémgBﬁby-ﬁrdau%&wch&ppsch chemistry
tends to provide a variety of gasedus and 6 1iquid products, including
unr eact 8d $pRbihesThe geest cammendeedsarg atiranes bulaneoand pepldha.aSHeaMur e of

o el g0 BRI L o SOBRETREDF, SR TR F P RPBl 1O

| i quid products: ane a t para e recycl ed
t hr ough1an sligitlyrabave sthmisphesis gas generator. However, the 10 |ight ol efins
t end t? coke the catalysts, and need to be renoved before the 11 recycle
gas is €ent to the synthesis gas generator. The olefins are typically 12

renoveq3Vvi i eV @SEHg redBRA dFldoAentibR8l AT EAtBlvtit BreRRIhg PPCE) bgisoff or the 13
renoval of the olefins at anbient tenperaturés using ionic |iquids. 14

Typi caflfy, patselgimasiipesfes: dBydrocabgn frpgstoskmaynpecalalytically cgpeartedis synt hesi s
| . " ' ' Ay 16
are nogga gg!)B%th'y%ffh\FlszHt & Con m%ﬁgﬁﬁ\ﬁﬁi ?leuﬂ& 3%‘ fre ARy, Rt

acconpl1sh using’co I on. ver, as not'ed above,
there 1&7 icgclenilyhaphthaabhd daidusroompenentsdighter thea naghthia, indudinget ween an

o e R A i o PR e T
nunber 18f shPE@8sker DA BEpdHIbh 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




20 reflux ratios, and, as a result, is very expensive. The )g?é
i nvention 21 provides an inexpensive nethod of separating m)no q‘6| ns,

di -olefins and 22 non-olefins using ionic liquids. 23 24 CIher sources of
ol efins 'n processes for converting hydrocarbon

terrperap{?roé Oygggscl udi ng steamcracking, catalytic crai’@hﬁ 2237 eep 26
catalytic cracking to produce relatively high yields of unsaturated 27
hydrocan bonéeudneﬂusﬁn@mImitgtdmls@r@@msﬁrmbtr@nenzt@ad;hmﬁmeﬁ are well known
28 in the art. See, r exanple, U 'S. Patent No. 3,407,789 to Hallee et
al., UB&. V‘?Q"@&?@nhy treaie'gzembbsdr%ra%%’scke U.S. Patent No. 4,499,055 to
30 D Ni gol antonio, U S. Patent No. 4,814,067 to Gartside et al., U S

Pat ent . 31 4,828,679 to Cormier, Jr. et al., US. Patent No. 3,647,682
to Rabodet al., 32 U.S. Patent NJONPEZEBINED3 to Rosinski et al., US.

Pat ent glo 46814, 067 to 33 Gartside et al., U S. Patent No. 4, 98g 053 to
Li t . . 34 5,.326,46 Yon t
Cont o oo RS ot o7 0PI B o Bl

PCT/ USO2/ 4J|ﬁ’aﬁdelﬂémfffr@f @\E@Qﬁﬁes MityorafromBties; agwil) agydrgenwater,ol ef i ns and
di-olefins, whic 2.can be a nta eousl{#/ SE@ at ed fromthe nono- ol efi ns
~accordi g €8PORMONPXidey 637PPR AioXidg, aCalylgRiGs.SU nifregen-centeBieni cal

-processg 50i‘fﬁ;§urﬁ’%§ atd aclvibie véﬁ‘ét¥ B%ﬂh@? rlaferiaf WRIBK Wiy B Srbbéliton s@oM materi al s
~(e.g. ethylene) formvarious teedstock for 7 petrochem cal manufacture. The

f eedst d@k maxtg@Sfrom ethane to vacuum 8 gas oil, with heavier feeds giving
hi gher ¥| el ds of by-products such as 9 napht ha. The nost comon feeds are
et hane but ane, and naphtha. Stream 10 cracking is carried out at

t enper agur N@naﬂefﬂ:zsmeh as pafdbiths dnd srothatits an’eezfmrcmslraﬁlé psddugte, | y above

at nospheric In th C reacgtion conventjonal fluid
cat al Sﬂgcl E’?ﬁ'@ﬁ'?ﬂb qQrEee)n &'ﬁﬁégﬁ‘ ﬁl@?gqrnp%q%} e?’@‘f:‘[dép a h;hrocar bon

feedst gk QBYiIrdbfe AdcphiHie ﬂfb‘rﬂ ﬁoﬁ%&n%—ta?ﬂlor@o!eﬂw p%rtib@[drl?tm‘théf product s
commonly known as slurry oil cycle oil, light 16°cycle oil,

napht has aﬁwnaaandigsdlcmﬁﬁmmﬁgsnra pductts themsedyest ha, including 17
paraffips and olefins. O course, the particular products from any
particullar 18 cat cracker unit depend on a variety of factors including
t he ded¥ gnSaligr imparides 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




19 of the petroleumrefinery. The products that include nap%tel\t)la i ghter
20 conponents are separated into various product streans. T 5¥0
21 the gas plant vary depending on the particular refinery design but

comonl | ocl ude naphtha, C4 s (butyl enes and but [ opane,
propyl e%‘é‘?&éﬁ%sg 23 stream (commonly referred to as Eﬂ}ﬁ@i’b@%) t hat

contains ethane and |lighter 24 conponents (C2 and lighter), including

l'i ght olef ibyivieiginop eictotat catafBt. Thedd akd bitler BatahBE 41t QrMlkabRn to 26 27 The
product yields froma conventional FCC unit vary depending on a wide 28

range of ddROPieKE b Her at iang apa Aasasibed sfor examplasinleedBelstk quality, the
29 amoupt @, @%Wﬁbg_% I-‘Fﬁéétléf.?U.§.méﬁt%.t4ﬁf1t‘ﬁ42't'ﬁs(%s[yﬁ§@Pélgr per vol une
eed, t i ¢h the ¢

or 30 mass unit of e tenpérature at acking reaction
t akes pHacdl.S. Batenhbor&s4tagd to Cospmset at hkS fRatdnt Mo.th828.5%%%0 reactor, and

he |ike. ' s £ LU Lyt ' j
or - mor 657 MRS IS PeSHiftng, 5168 752 R ckklts & A2 EHRY AhdieY, P obas® O
oil s, heavil\w. 4fm(wﬁao!tm &t A tHOcdhidvily oRWBiIcHh Yfe ﬂ@bﬁﬁ@%ﬁ)o&iﬂd W02/ 41739 1
vacuum |st|AIat|on units, and streans fromother units such as cokers, 2

vi sbr eaKer $€'"€fRf¥Fot reat ers, and hydrocrackers. 3 4 NON-OLEFINS 5 6
““Non-=olegins present in the nono-olefin and di-olefin mxtures of this

i nvention 7 include paraffins, ox %enat es, and/or aronmatics, as well as
hydrogef, water, 8 carbon nDnoxMﬁ_Lxﬁﬁ(_Lﬂiﬁ‘u di oxi de, acetylenics, sulfur
and ni ypogen- cont aining 9 inpurities and a wide variety of other materials

whi ch may be present in such 10 m xtures. 11 12 Non-ol efins such as
par af f ins diheé rastaisHits csefal ecootdiag takbis inedition proseletted frof3heravyt | cul arly for

B T N A A
and/ or 1di - @ji@ir{iNgoRIIS rﬁ@c&i(ﬂ}??leﬂh%ﬁ tahdtgaRaEEMIDS Sitkér (1) saltSald ur inpurities
are preferably renoved fromthe feedstocks before they are

14 particularly preferred, although Pd salts may be preferred for separating

15  olefins higher than Cg, Useful silver(l) salts include silver acetate, silver

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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18 added to the ionic liquid/nmetal salt solution, suspensi 08 g4 1g(?o%perm on.
This 19 can be acconplished by hydrotreatment or other neans known to
those 20 of skill in the art. 21 22 Acetylene inpurities are potentially
undesirabl e, _as they can formpotentially 23 explosive salts with various
net al s. W@c@{"ﬁ"ﬁ%e I mpurities are commonly 24 renoved W@Q’@Wi ve

hydr ogenati on. The hydrogenati on system may enploy 25 any of the catalysts

vel | knqmnam@el:eﬁé)taﬁ%w amﬁife@ﬂaemaiﬁlvéﬁ%lwt@ﬁd esdisgsivelia the ARs, for
exanpl e acetyl ene, hyl acetyl ene and ﬁ@o padi ene, as used, .for 27

exanpl e2 |||1q|é€’ﬁa’=m§| @Pﬂék@@ teng touastwith fHedenic iguds gadboihoend iR al ysts are
28 the g g 4L are preferred. Goup VIII netal hydrogenation
29 cata ysts re ordinarily associated with a support, such as alum na. One
30 prefdrred catalyst is a | ow surface area granul ar alum na i npregnated

whi ch odn' 138 spte Aete? I peBReRMe o= A VarelR ARG BORH LAl nom “n ckel
33 ar segi deelgtived) bigh _bhtentvatdons, e siefn/iretdl saft cohpexeadyadrgsipitater di nari |y

contain_ 34 a Gooup VLIl netal in an am)un ran fromabout 0.01 to
about 17pefieBhgolytiony Iihyjs @ree'eltal&eno%n@tatf&gg %S@'%‘QIYSQ 1 by weight of

""" the totgl cahfbisbispds %ﬁ@sgagd%%w%%vat m.@ﬁ.%cméﬂ.omﬂ eto 2 those of

skill in the art, and are crib for exanple, n U at ent 3 No.
3,679, 782 desirableiand glovapne ta separata various\elefing la{mfem;_tattoo ewsyns et al. 4

U S. Paken to Cosyns at al. U S. Patent No. 4,128,595 to 5
Mont goﬁé Eu%@u@&é@iﬁf% 5,059,732 to Cosyns et al., and U. S. Patent 6
No. 4, 7l$2 956 to Liu et al., the contents of vvhi ch are hereby incorporat ed
by 7 refe c LTS 10 sal s accordi ng
to thid gl n ssiis 39‘3’ §%K€c?‘§ Bﬁlf%é@-f%r %’fesl‘%'h‘sd' E‘ﬁ B orm

chem cagh Cwmh%%dﬂbfe"bdﬂdgffl‘oﬂ'ﬁa fildt HiolefRHNAY $ihdle doliBleYohd @ont 2. 9ol d([),
nickel (I'l'), platinum([[) and pa ladium([[). Silver (I) salts are 14

part i cdftar Bgcqndediwlefincomplexvithya singlesAg tishnanid the seeeiddouble befid separ at i ng
15 ol efygns ¢ B OGS b diBlefin 5 tho FUbIPSSHds frsth hnikd Gildisth Blhyer acetate,

silver
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

13




16 nitrate, silver fluoride, silver tetrafluoroborate, and g&g u&@g
thereof. Silver 17 tetrafluoroborate is particularly preferr 19
Copper salts include copper halide salts, and can be buffered with a
soluble__ 20 organic nitrogen |igand, such as pyridine eridine,
hydroxyﬁ%&%%gﬁg%rlle 21 di et hyl ene trianine, acetoﬂqﬁ%#%@”?ornan1de and
acetam de, derivatives 22 thereof and m xtures thereof. Pyridine and/or

hydr oxyRgr Omaﬂgigt %rﬁz@llé\h@s ar?@th@#rcbhﬁﬁléré‘ﬂél é(pﬂﬁ&@tfcﬁfsraﬁé de&ﬁlbea5fo§a| ts such as
iron (11) (11 ni ckel ) salts can also be used, 26 provided

they ar@ efeuewla/@ &t hﬁﬂhﬂ'e@ki Rigt 5010I6§f35153562(19970e06§ﬁb81ﬂ:r ation of metal
oot 11 13 "ae R ded (iBUBE L PinleY Bbfiflonsedhartdt 25 tsPBoMB) Boga 1d8 0L o5 Of 58 ¢

per liter noles of salt 29 per
liter o# sdl®¥8)tChé&tical3nd EngimmchewaaMaech B, ct998r 32-3¢; LMatsr.are di ssol ved

or nerely spen S he for themto
functioh a?h% Z&I%Fﬁﬁﬁﬁl%)g %?&ﬁzﬁ‘ﬁﬁ@gam& her the salts
di ssol vg '%on@nt@éf&mﬂ@ﬁ@r@%r@bwhcorb&%tém refdrénée.May 2006 WO 03/ 059483
PCT/ US02/ 41739 1 I|qU| ds. For exanple, it appears that silver salts tend to

di ssolvé in the ionic 2 | I qui ds, and copper salts tend to react with the
sal'ts afe ATy PAEMIMT oAby frehRG %ﬁ.%ﬁ?’%@%%%ﬁin?‘?at fons. A 6
relatively ringgprefmahiﬁ athetaroanmatic eg oMbt amaﬂrﬂahmg sgent (looasareRiemay
G 1 ut o 18" B tioh hEE) B b eternbly ARG A bR Be R8s oo pit at o
may bei19 deshargel @ ot sahémwemﬂomms}emfca@¢em aciisoctheki ns by
A sal éaékgﬂy&?n‘éaﬁégs T OTB R G b BB L8 PEISTROROTES whi ch tao
Sosons 5 Shab R punt, bttt risaui daghcbaniataon s 1
yrrole and substituted pyrroles. These rings can be alkylated with virtually
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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15 fromthe second di-olefin and two doubl e bonds froma thiQB% d%[@é)ézefi n
forma 16 conplex with a second Ag” ion. 17 18 | ONIC LI QU'DS? O lonic
|l iquids are a category of conpounds which are nade up entirely of ions 21
and are t or below process tenperatures. Usual| such conpounds
22 prodﬁ‘}d&@gﬂsgs wi th high rreltl ng points, for exan‘;ﬂcéryus%ﬂ\ﬁé’ 450 C. These
23 solids are commonly known as' nolten salts . An exanple of a common 24

- mol t en {salliglids BalNausedyi fohexanifié WG tﬁ@ idatired gl MtoGemod blefihg qui ds di ffer
from 25 'molten salts', in that the have | ow maltlng poi nts, for exanple,

from - 180 @ndpgvide 2 paraffi nlqhﬁirowh@n ﬁhﬁeaﬂ@, andjuhen hestetns\ge y wi de

t enper agur nm@émng i@ 27 liquid range of up to about 500 C. lonic
l'i qui ds%’argl era % ﬂzon volatile, 28 with no effective vapor pressure.

I\/bst ard air and water stable, and are good 29 solvents for a wide variety
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anion 1 9(‘!6 % 2006 WD 03/ 059483 PCT/ S02/ 41739 1 pairin lonic |iquids
r

and t hei tap gssepimrd @atensndhe Aeidiueictheiric “i‘B‘ﬂS C@ ample, in J.
~ ChemTgch e 6 (99 3 68: 249- 263
(1996), 3 agfis @i Bamplcd By ¥ 3??’@?5@9 (su &US4B) B, olReond (1993): Cheni cal

and Enaneéﬁmé@at\lEWSOf lws:and;BronﬁwBacmczcwpouentwat er. 5 Chem,

1262742636 (1998); and Cherm Rev., 99:2071-2084 (1999), the 6 contents
of which are hereby incorporated by reference. 7 8 Many ionic liquids are
f or med 1y r eactMBEDHODS EOREHEPARATINGYDhEFINS EROMWNION;OLBFINS\g, preferably a
het ero%orratic ring, with an al kyl ating agent (for exanple, 10 an al kyl

hal i de)“to form a quaternary amonium salt, and performng ion 11 exchange
or othep swidndlisfinsSardiemizsany hixtuves lh@HéiJf'eQMVbﬁ sBfdctivel @ fenidVRUffrok? CONj ugate
bases to formionic | |qU| ds. Exanpl es of suitable heteroaromatic 13 rings

i ncl udd4py miguies inclydisg h&nlefmsw\dmnrmgf ns, gucheae paraffingbetyoenated i m dazol es,

15  and aromatics. The olefins are brought into contact with olefin-complexing

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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16 sufficient residence time to permit the complexation of the di-olefin, for
17 example from about 1 minute to about 24 hours, or preferably about 10
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

16




and aromatics. The ol efins are brought into contact with olgfin-ﬁﬂgplexing
netal salts to forma netal salt/olefin conplex. In one enb Jd n
di-olefins are selectively conpl exed over nono-ol efins and non-ol efins,

wi th ol %f)ﬂifosﬁﬁgp! exing netals salts which are di ssolﬁ(&ngﬁ%ﬁ%er sed or
é

suspended in an ionic |liquid. The nono-ol efi ns and nonh- I''s can then be
separated from the conplexed di-olefins, for exanple by decantation or

distill allt i Q'h?u?é’lt@mblotz?gﬂ hmme,mq:ke{émgjtﬂ;}: amt?g rﬁiﬁm@bfweﬂgutéﬁ”hbmle y Bt h
non- COITp exe non-olerirnNs . separate rom e Cco exe nonQ-o0Il eril ns. 0] ,
the di - @ orAer T aomBlEAI0p i peseatiahsO BRIt PR ARETARHE Erot al

salt/ol efi rh&ﬁéfEi&fﬂorE—%orﬁFfé?é@HoﬂBaoléﬂh i3 N6 vig RaratERNE0). t eenfon0-  and

di -olefins are npl exed, an the non-olefins are renoved. Then, the

- mono- ol & i ribe dhalefie/metal st complex anddonic bauid sespsantte ageednsim from t he
conpl exgd gciiétﬁ!aﬁé]r{ quaré:thgfidt)ywhéljéﬁheﬁegfghr’?féeo%sg}béala%'i&ﬁat@ﬁ@iabe desor bed,
gher™tenpera dror T ower p

typical Iy ures “an ressures than those at
whi ch tige rdistiiatidrefdiOhsT e botttesofdmedhe Sheorfd distillefiorpapgaratus ontladingng m xt ur es

over/throu the tonjc |jqui n be, for, ex | e, co-current,

count er -78ur F%l‘ﬂn,'c Qﬂ“’i’t'ﬁﬁ%ﬁsqlﬂs@?‘f% ggﬁqegﬁpg_or%@ﬁﬁoé}lém%ﬁ"ti s preferred
as it iy t ke theaf&idtiston dbasatley 2006 WD 03/ 059483 PCT/ US02/ 41739
METHODS FOR SELECTI VELY COVPLEXI NG DI - OLEFI NS OVER MONO- OLEFI NS Accordi ng

to this% nvention, netal salts selectively conplex di-olefins over

ol i ; . | . : | o | Vel
rone O] e TSR e oSBT R B BB ke A S e
Si nce 1dot mommroletin/di-diedin arixiuck is@debd hs acogtibexsuspthsibher digpalsigal ts, where

di - olefjins are to be conpl exed w.th a.hi. selectivity, it w be

o t 3 105 2 BN Bs el d B iohip Baidinas st gvicelohb i ot 1

conpl eq3onlandida il pasebe throagh Msekiss esmpb@pd BOMMD7el d@igf Whkh Rtk ,
nono- ol efi ns ca& e,contacted wth a_solution, spensi on or dispersion of

an ol eflén- depi-eeimis prsguifeddg complex with thenetal ﬁ’t‘ﬂsuu erfi exanpl e by direct

addi ti qg, i6f ' S | I ntai ni ng
the ol 2 i n%ﬁjﬂ%@gg? LQ%%%P g::gfyac&nfkﬁet? h?r"el‘kéﬂmﬁ%l %ﬁeg(é?ghg%ﬁﬁﬁgﬁtnh%ﬂs uspensi on
or di sdér siryKingvs stepped,dndrbe noagompiexed, menrg-olefufs isclatatt viaesi dence tine to

PO IS SSRABI R, B A BaP A AL Rt Pout 1 m nute

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 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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t he ar
15  After any non-olefins are separated, the complexed mono-olefins can be
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.

19
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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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di ol efips. Afiter 19 the nono-ol efins have desorbed fromthe netal salts,
t he ten{fé’r‘gof?r“gs can be 20 raised and/or the pressur fdEEPEHIEY, and the
di -ol efins desorbed. 21 22 In one enbodi nent, a m xture includes

di - ol efyns, nono-ol efins and non- 23 ol efins such as paraffins and
aromatics. _The di-al efins can he selectively 24 conplexed and separated

from t hés mihgsaele cdiheeanarationg imsembinataiahchemigtry spreferabioindd® ns can be
conpl exad t P ' | | 14 manner .

Fi nal | y,g b%ﬁ?%gmdatﬁ%@@%?pﬁé&%' g“"ﬁee@gff%gﬁ %ﬁ#d’m%7 recovered as
descri béd abbaugh the scale cadteEmalified aPiedicdTiephgding@n3he Ehepwent e nmany

comrer ci.al | icatians..f.of, th epar,at i,on hnal og 3 scri bed herein.
For exa Ié‘?g@hzﬁ(?seecﬁﬁiq"déy"ec@ﬁC%répel?g@ﬁd%ﬁ"éﬁﬁﬁ?ﬁ,mpg%? %et%%gﬁe/ pr opane and
f1 exi - ceackedctioh®and prictide condivami to geneaatk dipydwineate Bk ibrafespfopane, and
then to_separate propyl ene from propadi ene. 19 9 May 2006 WO 03/ 059483

PCT/ US03/ 41&¢st Commercially, this is typically done using expensive
distillgtion facilities. 2 Such facilities are expensive because the

boi l'ing point difference between 3 propyl ene and propadiene is small, and

t he sep8r aflheionitquidsecardbeelaid outdn ¢ logicdl aehiaanip eneti-thssareayd/o0br at very high

P et iy BRI B B SPLRRIo6Rg. PROBRBIRHIREREL, oo, o o
cost i 41duéquids alhhaw & ventral g stiieturd, aardehavé vaeioys nedifizatibnsertdeld. 8 9
s 2 PR Rlac e B S e B B o e
di - ol ef{gns derAflineobtiMiint BorApSthdsgbEa E)Qrti'bﬂ!fa‘{ uske THRITRAE! Stsmr af f i [‘S- The
current technology for 12 renoving the di-olefins fromthe nono-ol efins
i nvol vd4 sepmbingljensitberapfi camyalsabiedaid ovhin plogisehfeshiephieoexasaplerdrer el y
I nvol veg capmlEXhPhrefsired émbodiment, 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

21




14 olefins with the netal ions in the ionic liquid. A preferﬁgg Y&y to do
this 15 invol ves bubbling the ol efin-containing stream in Y6rm of a
gas rather 16 than a liquid, through the ionic liquid. 17 18 Yet another
comer ci_al e s in olefin oligomnerization, for exanp | e ethyl ene 19 and
propy1eﬁ@)%ﬁgﬁ%ﬁerlzatlon Such ol i gonerization reactﬁgﬂ§jﬁpésconnnnly 20
performed in normal al pha-olefin synthesis, and the separati on nmethods can

21 be used deired phyittal bhe cﬁémiéup;sropéme@mrttm foREINRid]wheh @bédias a22 A
potential advantage of the nethods described herein are that the di-olefins

23 are Mot S@B’WW&‘B%PQTS“G@HBDUP@ padiculaneretah salbang fpf $9RAIRAE used in 24

conmer ci e nple in
bi ol 5. 3o A BIOIRE mGies il ne R G ed i SRR RPN Sy

APPROACHES withghe strasetural shangestwithing n@rtlaqdpr aiapol subyaredy.t hi s i nvention to a
broad variety of 30 separations, a conbinatorial approach can be used to
identify optimumionic 31 |i qui ds and/or netal salts for separating the

di - ol ef ins Thedomiotiqaids bef typisakyfdrm&@lbyfnst fmlrmidgmadedkreda(dydmbagm-t o the
combi nat.ori al Br oach is that th CB?I ce of honi (f [ gw d, netal salt
and the 7| i ©¥clicaguglsrmaty Pmnw*qras@i@@ hen %%BP*PE‘& Baeltwihad \ny 2006 WO

03/059483  BGhddeae/ éHi&?’BreEurs%r @tﬁcaﬂl?%' rﬁe@i séth@mlmr@mmm&om natori al
chem stry is preferab range of about nmg to 200 g, nore

preferaly Z!i@tqhéfliﬁeomf;/ i @ﬁaﬂm@osnh%tetmgn tfﬂl’@“@fﬂi’lo@t%an be nodified as
desi req Ode‘?ﬁﬂghdlﬁloﬂ{bsﬁ)n&lce 4 RGE: orc?voéé%gld HYARE 1iRS), Bfdd brobilictt Ne art can

readily determne a opri aese reac I'onsS and reaction conditions
t 0 gendriat ealiscarobe eamd)wmt, &)rtelxemblebbpﬁftranomf In %sestwﬂee&lhe apion9 The |on| c

l'i quids,can be laid out i.n ShIO It| t ube arrays or

't 1 W T PRt Wa Anaed. Pt SiBnrpdicss Ot EE RIS RR Y ani'y, L he
ionic %3 | 'e&#é&fim&ir'by;g%‘ﬁﬁy ﬁeé{ﬁigtthélonftqrq@mﬁﬁﬁd#ﬂvﬂé@m and have various

nodi fications wh 2 permit the identification of structure-activity

rel ati ddships with which to
15 The separations using the ionic liquids/metal salts in the libraries generally

16  involve contacting appropriate mixtures of mono- and di-olefins to the tubes
17 orwells 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
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13 determ ne opti mum conpounds for a particular use. The netgl s?@#é or 14
conbi nations thereof can also be laid out in a |ogical fashi ay exanpl e
in 15 arrays. In a preferred enbodinent, an A x B array is prepared, with
various__ 16 conbi nations of ionic liquids and netal salts. However, it is
al so pod B 17 evaluate a single ionic liquid iCHUSYH B ality of
netal salts, optionally at 18 different concentrations, and then repeat the

process {as Rt @im¥iahé riiti-pPePlelidls 4r¥ cBinntlinly 83N ddanipprdgriatd ds. 20 21
The ability of the particular combination of ionic liquid and nmetal salt at

22 per f @& mimeggents ixsiheeppmppaieiubenircanltiebertagsarasavelind Bultireelhat ed to
speci 1 G ﬁat&Q."W}Heb@itég%gcaodi/agé;?hé‘&ﬁémtslﬁgﬁ?fpﬁ%%ﬁg{n%’d i'nfk{rﬁg&#.? a fashion as to

expedit € synt eval ua maxi m ze I nf or mat i onal
cont ent 4obtaimospher@5 The tubestvanteash ibegoaered tvaithf anibbiet septurniie aveigi d
eval uation of . that, data. Methods faor  26.arganizing libraries of conpounds
are wel I° krﬁﬁmﬁm'ﬂatﬂ%%dm&"saﬁgFrI‘tsiaﬁd?(i’}g'aéW?, 07 and are described, for
exampleg in U S. Patent No. 5,712,171 to 28 Zanbias et al. Such nethods can
readi |y _be adapted for use with the ionic, 29 liquids and netal salts
descri bdd Hepapgmbadiment, the separaliohsarerariedoul via eampiitercapiiel-at i ons of a
“core nolgec : t i~ [13di | ' ES,nore a

functi or? o?ﬁlﬁ{g&ﬁg g‘e%:ﬁlldg?ﬁ %ﬁ'cr@t W%%%{jﬁg‘%br%tsteﬁgﬂe%@ghﬁ?" basis for
sel ecti Bg aouyeterlin admemory maplioneticomeans for codelatingithe dada 9 May 2006 WO

Vonic 110 reeergiRaihe deisal EEeiondp BRBnE RowBE ey elRE o " 1"

parti cudar matialellpiliés. and for separating a 3 particul ar product mxture,
~can be rapidly optimzed, and directly correlated 4 with the structural
change§2V\Athi n a particular array or sub-array. 5 6 The ionic liquids are

typi cal{gy fmeﬁ?éﬁy% the %ﬁémfsﬁgrqaﬂ%eape‘?ﬁnﬁhé@ﬁ]a%ﬁﬂy, igga[ftQFavt\JAWSﬁmJti-Cyd i c)

quat ernary amoni umsalt, a en ‘conbi ni ng t an 8 appropriate
ani on grecdubmracks opinuliitwsll platest and thelinforuationstored,ior examplalonrd de, 9 zinc
chl ori q«§ ﬁ* FE hexaf | uor ophosphat e, sodiumtetrafl uoroborate, 10
hexafl o ro%ﬁ ?E‘ Sric aci d, tetrafluoroboric acid and the like). Side
productié 11 salts can be renoved, for exanple, by filtration. In cases
Where_tge e}\ni aon . , i
1 ny 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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12 precursor was an acid, the acid side product such as HCl Cﬁe 2 ermved
by 13 extraction or by gently heating the ionic liquid undérVigg
15 The separations using the ionic liquids/nmetal salts in the |i brarl es

gener al I‘% 16 involve contacting appropriate mxtures of npbno- and
- ol ef IMM8IYB*Phe tubes 17 or wells in the multi-tudEYEERYEE mul'ti-wel |
pI ate, and allowing the olefin 18 conpl exation reactions to take pl ace.

Were a ﬁt%é‘rfairma@t sirﬁ:ealﬁ@wmc mfuad .&.Q.oﬁlvbaltnecmaw@@& m@aém%s used to
selectively conple di-olefins, the 20 olefin | ayer can be anal yzed,
for exardl etab@ngqa t%hﬁfﬁ@@fgpaﬁh%q @hjch is Wmﬁcml%wlt%¥®'PH‘Cé‘GWQent ration.

Al ter natq vely, where both nono-olefins and di-olefins are 22 conpl exed,
the co exed m xture can be subjected to conditions of 23 relatively hi gh
t enper at4Jr ePrafegatlpyvin mczsssamlmdll"aQMSa’sWhhb adthedratogtepbisneslurad (fdRISGr bed from

Lhe nopahr sae o spufii landfbrail s Jeel At HELRE naS i PRI HeRIT 56 Thosa i n
whi ch mtmo whef the Lofipoune ebinteestlid &lating oW thé esiemni Vatisusomeass nono- 27
ol efins are still belx_&‘desorbed under conditions where the ?I -olefins

begin 28 JHRYSCBMMPENBeen ¥sad tgddgntifawhas eanmpeundsioh itereelare Slutivg; vel y
“separ atigg ma%%llﬁlur?flﬁcrlﬁjlnd@ﬂﬁ‘\ﬁﬁl&f(uw ﬂréirébo('iRP'trﬁﬁ \djer the presence or

absence of these nponents can be eval uated, for éxanple using GC, to

det er i §e tQﬁléomamg@DbEéHstﬁas plyomatagraniyanasssasiciramiety (6C-W8hi ¢ i qui d and
ol efin- I 0]

PCT/ US L/e%éh%oﬁot P%} Qilprg%g%lgaﬁﬁpg&qt% %%%/ %ggm@g)a%gg%ﬁnl y used to
add ap p1r10pr[ngat statt@ringedeteotos (ELSD)hritrapen detectidreandibedike n Anybof theselbe racks,

or wellg in nulti- | 3 plate Whe ppropriate, the chem stry can be
per for i 1meats. padBies ularguGibess orpkl o HbCar ZaR beRobAoRe Gbbd it b a
rubber 1539ptdé?ﬂﬁr%tléﬁo%we%ﬁthﬁrﬁbﬂéféu&rbheﬁf%irfIQ%eTnQ@rﬁrﬂiafecﬁM‘;ed via
injection. 6 7 In one enbodi ment, the separations are carried out via

conput éé ¢ dedust streagn pfien dges npkipclude Ucactive compounsts. dnthig tipefand net al
ol ) S R, o e S b TPEL 80 g e
liquidsléin the multi-tube racks or
~ 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




11 multi-well plates. 12 13 Alternatively, the chemstry c &%rforrred
manual |y, preferably in nulti- 14 tube racks or nulti-well % and t he
i nformati on stored, for exanple on a 15 conputer. 16 17 Any type of

mul ti - ALe or mul ti-tube array commonly used in 18 conbi natori al
chem SW%}@R © used. Preferably, the nunber of wel | RETG024% ypes is in
excess of 30, and there is a tube in at |east 60 percent of the 20

positi ons iReIfRMmEI dBhbdset s0UVaPs EAY be LES RIRPRIE tﬁdﬂﬂeﬁmrlsf ihg ivé i nportant,
but 21 preferably, the rack is square or rectangul ar he tubes can be

nmade, f@r iiﬂu'éﬁdhﬁ metalisalsn gidtbeiapalytieal gatarfeom Qﬁ@!% prosluctidteam. such as
t |
S0 5 oun BRI ARyl AR AR P 100

reagent 4 t @vaitable.enove reagents from 25 the wells and/or tubes can be
used. N%ny I nvol ve the use of robotic arns 26 and robotic devices. Suitable
devices“are well known to those of skill in the 27 art of conbinatorial

chemi st gy. Fefatioas dknabat@wmat&ata ;ﬂ'éfbrﬁeﬂkﬁ)@@ﬂ’ﬁdﬂe&ré formdnagingrbe vi dual
wel I s and/ or tubes and . 30 anal yze the res#ﬁtl ng, .hydr ocar bon, phase can be

used. Pfef &aipRiaingd dutig hegrroegsses daserinee natelyr HpWeveraaW A% ch as an
“analytigal f hr omat ogr aphy

(LY . Socthi AT Skalira MhaBy Indt of o Al 'W”‘gﬂ%”‘é?“ée‘r“ﬂﬁté?%es can be
envi si ofled cotrelatenibahipfoomatierewdh e lgfqrmaticm @tm IoosthacheRicab o483

PCT/ USQg/ 4 ile, th

sanpl o 105 ranaps B SEOUPER TiTe AR ke S sk Bbpid st ot i o

i mm sciibl efivé &t the ionic liquid. 3 4 Preferably, in those enbodi ments in
whi ch a,} chr omat ogr aphi ¢ col um (HPLC, 5 GC or columm chromatography) is
used, Re device has the ability to identify 6 when the conmpound of

i ntereqy | ThelpiddeRBinlEMBNVAR bE PettBFundéitbéd ' witiRetBentée feiR fsmimngﬂ y been
used to identify when conpounds of interest are eluting froma col um,

i ncl uditfAg oppqigitigexempiasy), infra-red (IR), thin layer 9 chr omat ogr aphy
(TLO), 4gas chr omat ogr aphy- mass spectronetry (GC- M),

16 Example 1: Synthesis of Neutral fonic Liquids
47 .
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

25




10 free induction decay (FID), nuclear magnetic resonance ( I\@1 006
evaporative 11 light scattering detector (ELSD), nitrogen e% ion and
the |ike. Any of these 12 nmeans, and others known to those of skill in the
art, cap 0¥ gd alone or in 13 conbination. HomengFng\gnen et rol eum
chem st 'féo%‘ ng eval uated, the 14 product stream not i ncl ude
UV-active conpounds. I'n this type of 15 enbodi nent, the anal yti cal

equi PITERt  RRbREAIN HodtHd HtPRaRRIEHBRNER0ERIPSalt of ihe 4gsitEarion i e el uent
fromthe chromatographi c col ums descri bed above can_be 18 sent through an

appr opr Rat éNG@Fe@ft NaPEahd Int the othes proceslyee, hrprerdiset sdissplyedp Wateinp| e

col | ect hon rrafﬁg ctronmetry
- si gnal ?ndldggtrgga%ﬁmh Fﬁe%aeﬁ@febr@?&ttﬁ%%?ﬂt(ﬁﬁﬁ bM-IPF?} ﬁ%@%ﬁ 21 end when
the. UVv4si dumam’ Chdnasas%malhalth& halcdlqm:id'unm HEs bmhmtfsh@de@l!rasl Hibe 22 fromthe

e conBounasapiy et aiciepiid Priclouleyi finch Was e RTBSAB s, o "°24

oxygenages r@ﬂd ob ayrithédig) STl bnmmhwah@de b thegadihuté hraanmmm.bm@nbl nati on of
25 GC and M is used, artlc arly since nono-,  and di - !g?yngy elute

from 26 tH‘ﬂ} caten MWile, 'lﬁIOB'F Q @dﬁ‘éﬁngwsoﬂWWﬁ@tW@%ﬂ'&%” rably
'ncludeg Ay Wi n%YﬁIsﬁmggarB@%ﬁngio §tpgﬁ|cn&rtr?e%ry rtf.@b@ﬁéueamhategardl ng the
identity of Ionic ul and product_streans

obt ai nefl withis changs rnamrs@babty@wthwmtewsuuq@8@maﬁmdﬁes@walé\la%m are used to
separa fromeach other and optionally 32 from
non- ol gﬁl n@%lwwgggq*%r dﬂgg the data is stored on the conputer. 33
24 9 M4y 2006 WO 03/059483 PCT/ US02/ 41739 1 Rel ati onal dat abase software

can be e to correlate the identity of the ioni t he net al
ot o 155 G Tk ackiArpoadiis wan hen kb Babrraln Sumaty Of DG ROKsREIng oo

commer qiaal khe ﬁeéeuﬂsakél §nttelsBbd aBale, %%tvé’éﬂaa%eao%ﬂfoh%réc@'s@&rp%ﬁ%a%éé 4
avai l ab Rel ational database software is a preferred type of
sof t wafé f&pnnmrgercgelsu@phevs dﬁl&ﬁedﬁadloﬂé@I’Qjﬁumw@”z%mp'lf&ﬂfé%ses descri bed
her ei ng-However, any software 8 that is able to create a "nmenory map" of
the ionfc quuids in the tubes and

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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9 correlate that information with the information obtained f9r
10 reactions can be used. This type of software is
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chl ori de [A€slbMBN'GDr ) and |MRFexy! pyri di ni JiCath)evMeNePEaexpyrt |
“al though ja—h-gher—30—+eactiron—tenperattore (1366 f
hi gh yiellds. 31 32 Two difflerent proceduresg were used for conduct
ani on exg hﬂé;ﬁﬂ—l*dﬁ reaction|t4BRyi ve a neutr 3l TBH, (i €.188PCONS
pr ocedur the precursor is{25.9 My 2006 WD Q3/059483 PCT/USQ2/ 4.
di ssolved in acetone and reacted with the s¢odiumsalt of the desi
2 (NaBF4 P53k 1IN the ¢ procedure, [ sor. Ls di ss
water 3 g%ﬁhﬁﬁgc?gd witht %ng%id f or m of tﬁggg% on 6 4 or HPF
precursor| 4 hm mCf was used nake the ionic|[1564/H°Q) hm m-PFs by bot
pr ocedur gs—Fre—b—m-seibiHtyr—of—the—+rest-t-rg—or-e—teut-a—wth
greatly ijnfl uenced by the route of synthg¢sis. The ionic liquid
t he aci d |r(GuHe)MaN'GImmi sci bljéiPFswi t h wat er, |\{@iHg)Masd AFgrimp =l i qui
using thg sodiumsalt was miscible with 131.7°C)
BuzMe;N *CI HBF, BusMeaN * BFy (mp =75.1
oC)
1 bmim = 1-butyl-3-methylimidazolium
2 hexpyr = N-hexylpyridinium
3 hmim = 1-hexyl-3-methylimidizolium
4 .
5 Example 2: Solubility of Cu and Ag complexes in lonic Liquids
- 6 The present example investigated the possibility of immobilizing Ag and Cu
- 7 ions in an ionic liquid. The Ag(l) and Cu(l) compounds have been proposed
8 for use in the selective complexation of dienes over mono-olefins. The
9 immobilization of these ions can be accomplished by either dissolving Ag and
10  Cu salts in an existing ionic liquid or by reacting an ionic liquid precursor with
11 a Agor Cu complex to create a new ionic liquid.
12  Several screening reactions were conducted to determine whether Ag and
13  Cu complexes were soluble in ionic liquids. The results are summarized in
14 T_able 2.




8 water. Wiile not wshing to be bound to a particul ar theol?y 5%5
believed that 9 this change in mscibility with water is d eMP ¥4Pe
presence of residual Nad in 10 the liquid nade via the salt route. 11 12
The acid rocedure was then used to generate a variet i oni c |iquids

usi ng Bt ecursors synt hesi zed above, as wel | a‘é%@ﬂ%"fl%nal
precursors purchased 14 fromcomrercial suppliers. These reactions are
summari zed TaB[eT?thﬁJﬁlity &PAg %ﬁdt‘i‘ﬁbﬁ:rﬁonb%&bﬁs'—' quids 17 lonic Liquid
Precur sor Ani on Sourcelonic” Liquid Bm n Cl ' HBF4Bm m+ BF4 Bm m+Cl - HPF6Bm m
PF6 Hmi awd ' NaBF4Hm mt BF4 Hm m+Cf HBF4HM m+ BF4 Hmi m+Cf NaPF6HM m+ PF6

Hri m+Cl ' HF *G‘f'HBFA‘HEX‘pm‘-IFBPLF—Z'B—Q“MIy—ZﬁﬁW)S/ 059483
PCT/ US02/ 41739 Hexpyr +Q " HPH 6Hexpyr + PF6 inp ={38.7 C)
(C8HL7) 3NH 58 8(¢)Soluble?
(C8H17) 3 R4V 3NH—+BF4——(+p—=- 1830C)
Bu2Me2N +Cf HPF68u2I\/E2N+PF6- (nmp = 154 5C)
(C16H33) l\"q%hliyglg'—l-PFG( C16H33) l\kq?ﬁ- PFs (nmp = 131,)%&Gs Bu2Me2N +Cl - HBF4Bu2Me2N
+ BF4 inmg.= 1 C bmm= J-butyl-3-pethylimdazolium hexpyr =
N- hexyl pyr| di ni um
Bmim'PFg AgPFg No
Bmim*CI AgCl No
Hmim"Cl" AgCl No
Hexpyr'Cr AgCl No
Bmim'CI CuC! Yes
Hmim*CI" CuCl Yes
Hexpyr'cl CucCl Yes
3
4  As shown above, an attempt was made to dissolve the Ag salts in ionic liquids
5 that contained the same anions. For example, AgBF, was combined with
6 bmim'BF4" and AgPF¢ was combined with bmim*PFes. AgBF, was soluble in
7 theionic liquid. Neither AgPFg nor AgCl dissclved in the ionic liquids that
8 were tested. Attempts were made to dissolve CuCl in a couple of different
9 ionic liquids and ionic liquid precursors. The CuCl dissoived in bmim’CF,

10 hmim*CI, and hexpyr*'C!'. It is believed that the CuCl participated in a

11 complexation reaction to give new ionic liquids with CuClz" anions.
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hm m = 1- hexyl -3-nmethylimdizolium5 Exanple 2: Solubility gf Cu 616161 An
conplexes in lonic Liquids 6 The present exanple investigat oMf‘)ﬁ%
possibility of inmmobilizing Ag and Cu 7 ions in an ionic liquid. The Ag(l)
and Cu(l) conpounds have been proposed 8 for use in the selective

conpl exY? BWSYE3 di enes over nono-ol efins. The 9 i mMoAGY W of these

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

exi sting ioni cphifidles:Qsef 16MEEIGuRS GohtaiRM Ad() BHd Sull Sakg er With 11 a
Ag or Cu conplex To create a new ronic I 1quid. everal Screening

reacti o@s were conducted to detleienteootieationr Ag and 13 Cu conpl exes were
solublejn ionic liquids. The results are summarized in 14 Table 2. 27 9
May 2006 WO 03/059483 | Table 2. Solubility of Ag and Cu ion in ionic

| i qui ds 4PCTTHISOAMfIZ 2Raluateidthd use bHAg(l) dPdeCu(l)smnpainds Inbbkilized in

Bm mtBF4AgBF4Yes Bm mtPFSAgGPF6No Bm mtCl ' AgCl No Hm my-Cl " AgCl J
Hexpyr+g' A@'&Fﬁﬂwgg}%@’S V?é’é’mﬁ"gﬁ‘aﬂ‘ 0@@‘%3#%%(9569'%| Yes 3 4 As
shown algoveyytaie gdd BIPk VRS liGld Saimpled vasthyssuréEampissahirsarizediioni ¢ | i qui ds
5 that contained the same anions. For exanple, AgBF4 wa}s conbined with

bri m+BFY  akibleadpiEBe ippic kavithsaraplenremainingvarying amagpis ot fissolsd upl e in
“the i onigc 14 H J AARE é@é%&qﬁh id Pidge |1 qui ds

that 8 v%gr e‘*@&‘%&g%gﬁ\?ﬁ%@g a\'/%g?@ﬂé%égﬁ#e obqj?il ssol ve llg{}f&% II?ﬁlrlld ﬁ(}m(':(f)\supl e of
di ffere® c@ntaining tHe Gulldsaniomodid ont shaw sy appreciakle sbserptiameF @it di ssol ved
in bm md f 10 hm m+Q .. .and hexpyr+Q . |1 | | . the CudC
ar ¢ o1 0at Ap-paan R T i@ AP bitesg baoBedd ABWERSIPRMY | qui ds wi th
CuCl Z ani ortighe2&han 1. This suggests that the Ag coordinates more than one olefin at

12  a time which would make an Ag-diene complex more thermodynamically

i
6
7

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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9 May 2006 WO 03/059483 PCT/ US02/ 41739 1 Exanple 3: Use of gqﬂlc%#qu|ds
Cont ai ning Ag(l) and Cu(l) Salts for 2 D ene Coordination (S

exanpl e eval uated the use of Ag(l) and Cu(l) conpounds immobilized in 5
ionic liquids for the selective conplexation of dienes,. Th sorption of 1
6 but en& Qﬂﬁg the ionic liquid sanpl es was neasuregégﬂ%O?g%%unnarized in
7 Table 3. The ionic liquid sanples containing varying anmounts of dissol ved
8 AgBF4 1showgik 8838 Abddr |o'nt%0|bﬁfc'L .s&cbh@ﬂmq AT W)isatts.t he i onic
liquids_ 9 containing th gt anlgﬂjdld not omﬁany AggreC|able
absorpt?on For the 10 Ag-containing ionic liquids, the ratio of butene

absorbed t g~Ag WasS{T gttty It mgher—tjmamrt—Thirs sgguests that the Ag
coordi nates nore thap one olefip at 12 a time which |woul d make an {Ag-di ene
conpl ex noy éortidkiquidy Balti cal | y [L&ast abl [eWi%i@asef or e, JtMels€asdmolent gi ni ng
ionic liquids are abje to selectively {14 co‘ﬁflnate q@ﬁ es over ngno- enes.
15 16 As @ control gxperinent,|the Ag ng i or i qui ds werle al so
tested for 17 butana abSorpi1op.” NO appr ecr abl € absdrption was deflect ed.
Thi s again ggepts that the Ag isfformng a conglex with the dlefin
and t hat t18ﬂyﬁbﬁ 8%chgBmot hérely dik4%lving in tihk32onic |iquijd. 29 9
“Vay 2006 WD 03/ 059488 PCT/USOZ/4%&§R 1 (Table 3. Gas Absorption by ljonic
Li qui ds Contai ning Ag(l) and Cu altls. 2 lonic Lijgui dSalt GasW % GasMol s
Gas/ mol s AbsorbedM' 1) Bm m+BF4-5% AgBF41 -1.451. 32 byt ene
Bm m+BF4- 10%AgBE41-.1 . Bm mtBE4- 25% AgBF41- 1.
| m )émmEB&4_ ?802A%E|-sz eE\_e m n 1859 5% Ag 3037 691. 30 butjene
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  bmim = 1-butyi-3-methylimidazolium;
5 hexpyr = N-hexylpyridium;
6

nc = not calculated
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Bmi m+Cr 1. 0 equi v1-0. 03Nc CuCl butene Bm mtCl "2.0 equi v1-0. 15%%11%%utene
Hexpyr+Cr 1. 0 equi v1-0. 60Nc CuCl but ane Bm m+BF4' 5% AgBF4But ane0. .10

Bm m+BF4' 10% AgBF4But ane00 Bm m+BF4' 25% AgBF4But ane2.560.35 3 4 bmm =

1- butyl - 3- hyl i mdazolium 5 hexpyr = N hexyl pyridiu ne = not

cal cul a 3,00’3@%?4 May 2006 WO 03/ 059483 PCT/ u502/417391’ET’@§93?4,”3§ m xture of
hexene and 1,5 hexadi ene was m xed in n-decane and 2 exposed to four ionic
- liquid gol wexprsmixtiie of Retkehel dridui, 8 heLddiéricoRas WRed id nkddche add

3-nmet hyl -i mi dazolium tetrafluoroborate (Bmi m BF4-) m xed wi w g% 5% 4
10% and 2%%%%sEH2 foly ionje hgwd solationsonkhe 'ﬁP'ﬁd}'qWQrﬁ t‘PP%]H’P%?‘ e results 5
showed o] oY 1 : ' tpuadi WK, tfe hexene. The 6
resul tsgar g%@ﬁ{ggﬁﬁﬁ%é@g%@géﬁé%%ﬁ}%@@ﬂ Se| e%t%&ve AbSorption of dienes
over nodo- D%, iand 26%\bYyBFctodomm sibler hontaidingddnie liguidsl Thesestitene/ hexene

Ag+Ag* 8% RERENS TN rerend8 1o Ade8Tt the A8 Retldierfe dvet thehei@re AFRE

6 results are shown in Table 4.

7
'8 Table 4. Selective Absorption of dienes over mono-olefins
9
Mol Hexene/mol | Mol Hexadiene/mol Hexadiene/hexene
Ag’ Ag’
0% AgBF, N/A N/A 1.66
5% AgBF, 0 1.4 N/A
B
1 10% AgBF, 0.27 1.1 | 4.0
25% AgBF, 0.42 1.4 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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25% AgBF40.421.12.6 10 11 The ionic liquids also show an a
adsorption of dienes over alpha 12 ol efins,

and al pha ol efi

f.i.ni f or
i s

paraffins. The same ionic liquids were run in a 13 TGA (total gas
adsorption) systemto nmeasure the uptake of butane, hutene 14 and 1,3
but adi eWé).():“‘PF%S% I qui ds show very little uptake of thé’cﬁﬁ{s%4é733ecause 15 it

contai ns no double bonds to interact with the Ag+.

ol ef i ns {showpk $.heerbid AbsofitiofRif Alened ovetmoh@Bicting buer pisaffins serve as
The results are shown below in Table 5. 31 9 May 2006 WO

adsor bent

S.

Hi gher

upt akes of the 16

17

03/ 059483 PCT/ US02/ 41739 1 Table 5. Sel ective Absorption of di enes over

2

—butamne? ot

—butenes/ mol

the hydrogen exposed sample. The results are shown in Table 7.
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1

= -
= o1

nono- ol effrmms—over garaf s 1Y 1Y,0]
1, 3- but adi ene/ nol Hg+Ag+Ag+ 5%AgBF40. 11. 33. 7 10%AgBF400. 82. 3 25%
AgBF40. 211. 31. 3 3 4 Miebdutare/moixt Yol butdnedreole apiflol § 3-thaadienafmel was ni xed
In n-decane and 5 %ngsed to anlignic liquid sakution cont ai ni ng
triflate.| The ionig i qui d solldtd on was g
1- butyl - 3=methyl -1 i dazol'Tunm copper 7 trifluorofrethanesul f onate
(Bninicucm%%. The rlesul ts showed aufreference B _for adsorbing the
hexadi end PAgBFae |Hekene. The redubts are shown3i’/n 9 Table 6. 10
“Tabl e 6. [SetecttvejAbsorptiton—of Tdremes—over nono-ot ef Ts— 12— vot
hexene/ ngl Ml hexddi ene/ nol Mbl |hexadi ene/ nol
10% AgBF4 | 0 0.8 2.3
25% AgBF4 | 0.2 1.3 1.3
3
4  Next, a mixture of hexene and 1,5 hexadiene was mixed in n-decane and
5 exposed to an ionic liquid solution containing a copper triflate. The ionic
6 liquid solution was 1-butyl-3-methyl-imidazolium/copper
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% CuOTf | 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




et

Cu+Cu' hexene 10% CuOTf 0. 0720. 3675.13 13 14 Next, a m xtur e and
1,5 hexadi ene was m xed in n-decane and 15 exposed to Bm erein
‘the triflate had been slightly air exposed. 16 Two sanples were run, both
with and without hydrogen exposure. The 17 results again _showed a
prefereﬁ@ﬁ”@g%&%dsorbing the 1,5 hexadi ene over the q%%“ﬁg%gﬁ’.
Furthernore, there was no decrease in diene |oading or selectivity in 19

t he hydgogqrRpRxposEdch@AdsRrptibh ®f GRAEE bvedmensbifiisi n Table 7. 32 9 My
2006 WD 03/059483 1 Table 7. Sel ective Absorption of dienes over

mono- ol éfi ns PCT/ US02/ 41739 Mol hexene/ nol Mol hexadi ene/ nol Mol

hexadi engrmot—Cu+Cg+itTexene No F2TEXpostre 109% CpOTf 0. 0730, 2843. 9T H2
Exposur e {10% CuOTf Q. 0770. 2913. 804 Wil e not wi shing to be bound §o any
particul gr theory, {iMolirexémd/ineled Mdhbexadiepe/mdl debobbexadienednene | padi ng in
the air dxposed sanpla (conpared|wfh the non- 6 _air exposed sanple) is due
to partidl deact i vatibn of the C§ due to 02 7 eKBg’éeL'}Pe. Not abl y, mo

decr ease [was.@bser ed due to HZ ¢xposure. Tt 1s{also 8 believed that the

| ack of apgtesioabl @ upt ake of digne by the ionif lLiquids 9 contaifing
copper sdlts shown |iG07fabl e 3 was to the fof&&lion of a new 10 ionic
“lirquird, BrmecSnei2 rwhererm-thegopper—stied pp T theanion ang, as 11
such, not Féfv%%e for conplexaffion. 12 13 Additionally, TGA adsorption
exper i nerjt @%ev@Tfc Qa7 ed on ea¢ld.261 the 14 i pBiBd |iqui ds descrilbed above
w t h but ane—and-1-hbutene-under—thefollow-ng—=b5—test—eondi-tens— sanpl e

si ze: aﬁproxi mately 20 ng; C4 flowrate: 50 cc/mn; 16 tenperature:
i sot her gal _ile-rt?cﬁ@ishT oTtSé%dLﬁﬁ%Qﬁg'phhféu@afﬁébﬂ;,w BhlevEdtndt thel7 a pl at eau

was reached in e sanple weight versus tine Three of the 18 sanples

"ot .
di spl aybd degiease sudienalpadingdn te ajmmeéﬁamm&dei@@ﬁ@reddﬁtﬁﬂbt‘ﬁr@ﬂ-

6 air exposed sample) is due fo partial deactivation of the Cu due to O;

7 exposure, Notably, no decrease was observed due to Hz exposure. Itis 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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19 and were further tested wth 1, 3-butadi ene. Additional agéggﬁi(&%n 20
experinments were conducted using 1,7 octadi ene, 1-octene, a , 9
decadi ene. The CB-diolefin and ClO-diolefin runs were done with a new 22
batch of 10% AgBF4 i m dazoliumionic liquid, so a C5-diolefin was run for
23 compd¥PEIR*Ri th previous results. The results shoWGHEIY41A® j onic
liquids 24 selectively adsorb out the al pha-onega di ene over the paraffin

and nor nal A dpcaledta, Ph&hdiBRe bhiPocterdaBoutS. 2y, d989INNUEHHRPI483
PCT/ US02/ 41739 I A mixture of 1,7 octadi ene and 1-octene (about 3.2w % each

i n n- de@aneyas evalugtedaieueswiing awid afterA4thaues inimgiing centast wila theours i n

m Xi n nt; Ll c |1 g | nt of

T oct endHafc §aly eehied Tl SE aidith b £806A0 AT byt 2R MMIT. Dic (o an
adsor pt idon QT obtadnep Tak cerEBpaidsre/amddsorgen of Di7gmdlgs | ower t han previ ous

experi ts.showed fof 6 Co-diene, and denponstrates t C8-diene is
rofer ot i FroenRTBiAn” st TSRS g ahes sROked YT, e o1

C10- di olgef i @y-dignslep@ntRnichsfateb HhatWas Caldrpelis! prefdtentidiy widomed @vdecr ease to
0.7 wt%_after 24 hours., This corresponds to an adsorption ratio 11 of 1.2

nmol C10-di dhefernonepplefiy+ 12 13 A mixture of a Co-diolefin, a CB-diolefin
“and a ChO-di ol efin was subjected to 14 the sane conditions. The
Co-diolefin was preferentially adsorbed over the 15 C3-diolefin and the
C10- di ol9ef iAmixturelof Chediolafiplin degcane (& Wlkrwas asaryseand showad a 16 theory, it

I s believed, that th A i al adsorpt.i i t | f: nces in 17
sol ubi I@t y'decﬁ?@s?go ﬁﬁ“iﬂgz 5#%%4@%%?@3%@%0@?5?%;' 8@8%&éﬁ£a§‘§ar ation of
di ol ef s (cilMphmobORgHole@P/mdidfg'ns) from normal al pha ol efins (NAGs). The
ionic |iquids which have been 21 tested are m xtures that contain an

or gani dZanmine and a transition netal 22 conpound. Because ionic |iquids

Coer 05 RGBT MM ORI I FOGAPTE st 015 2 e

| i qui d-T4i qubhelsawe caoditions. sHsCadiolsin wasqesferentinlly 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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25 process can therefore be used to purify |large anmounts of 5@&5200 ich are
26 typically used as chem cal precursors for the synthesis 8 ay

pol yet hyl enes, 27 surfactants, synthetic lubricants and additives, etc. 28
29 1t will be %Pparent to those skilled in the art of chem cal separations
that th&0%8*¥ocess of this invention can be appli edEF% U e variety of
m xtures of 31 nono-olefins, di-olefins, and/or non-olefins , and the
forgoi ng axmibel Rietd'salt afd cOmMIifiHiadr EAnfiey bitithe Pfo%bbét% #HAhrB&dks! | mi ti ng.
Those skilled in the art of 33 chem cal 'separations can readily determ ne

t he opet at$ieRrs ekbisdpranian farany spedfioseparatiaoe’ menaglelins 4glefits/ US02/ 41739 1
l'iquid | : it : LY es and
process e It plef Ut cotbnatiBhal oM plbachs nBIAF 28 -

nono- ol4ef i otber dchritpeds krowndn dreddrhr non- ol ef i ns usi ng t he conbi nati onal

chem stry approaches herein and 4 other techniques known in the art. 9 My
2006 WD 03/ 059483 PCT/ US02/ 41739 1 WHAT IS CLAIMED IS: 2 3 1. A nethod for
separating nono-ol efins conprising: 4 a) contacting a m xture conpri sing

di -ol efins and nono-olefins with an 5 ol efin-conplexing netal salt

di ssol ved, dispersed, or suspended in an 6 ionic liquid;, 7 b) maintaining

“such m xture in contact wth such ol efin-conplexing metal 8 salt for Co

sufficient time to-selectively conplex the di-olefins over the 9

nono-ol efins to forma netal salt/olefin conplex; and 10 c) separating the
non- conpl exed nono-olefins. 11 12 2. The nethod of claim11, further
conprising desorbing the di-olefins from 13 the netal salt/olefin conplex.
14 15 3. The nethod of claim2, wherein said ionic liquid is capable of
formng a 16 solution, suspension or dispersion with said

ol efi n-conpl exi ng netal salt.
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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 conpl QN%%%%t lally
only the di-olefins. 20 21 5. The nmethod of claim 1, wherein the netal
salt copprises a Goup IB 22 netal. 23 24 6. The nmethod of claimb5,

- wherein @?ﬂﬁ%“f}%\l salt is a copper salt. 25 26 7. THETBHE P 0f ¢l ai m 6,
wherein the netal salt is CuOIf. 27 28 8. The nethod of claim5, wherein
t he meyqal \HAT IsscleaIRBY®Y: salt. 29 30 9. The nethod of claim8, wherein
the netal "'saltT s AgBFZ. 31 32 10. The nethod of claim 1, wherein the
mono-olefin and di-ol efin-containing 33 mixture is a gaseous

ol ef i nncont ajny 83 1 2 11. The nethod of
claimTI, \?'ﬁe}r"g‘:‘ér}g%‘;f‘;é%%‘taﬁ?i@?{%%gg'gFﬁ%)?@ﬁ'sW| tth said ol efin- 3 conplexing
met al dal ta)i ncentdctirig a midturecomppiaingtdirelefins abd nnoTiefinsevitivan of clai m 11,

further. conprisi.ng separating, said non-, 6. ¢ l,exe N fins by
distilBation PEIGROPREXIG PEa| ?aggn‘ﬂﬁifg‘éerdaﬁl%&%‘?-%r%ggﬁee‘ﬂhg“t”hod of claim
12, fumther comligidig desorbing said di-olefins from 9 said netal
salt/olefin conplex by distillation in said di s%i | | atk(e)(,n ?_E%tacmat us. 10 11
© 14. Thd m@dhomnagttaigingi sweh MixiHeriBicantast withsygh olefin-compiexagiede th said 12
“rolefingconpl exi | BRi-Blefif®bferdthgui d m xers. 13 -
14 15. "The netéhig%rgﬁfﬂgegflﬂ]h%g é‘?'ﬁcﬁttﬁ’%@;ﬁ(@ rrpxrﬁhsi rllg es{epar ating said non- 15
conpl efed nonmonberiéfins t6 fam & aietel seltalefipaompideand conpl ex by 16
de_cant1%t ! Ocr}' separating the non-complexed mono-olefins.

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.




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 nethod of claim 16, further conprising sending
the bottons from 22 said regeneration apparatus to said systemof liquid
ni xers. Y0088 The nethod of claim 1, wherein thd@GHEYHE%f nono- and
di-olefins is 25 derived fromwax hydrocracki ng, paraffin dehydrogenation,
or 26 gonbinations thereof. 27 28 19. The nethod of claim1, further
conprising subjecting the mxture to 29 partial hydrogenation prior to the
cont actd ngl stTée. method o claim 1 awherelnosid Bixtwepneentastgd wilhsakl defits

conpri sy ng: td )y rd sing di-olefins and

nono- ol%defi nsé@n@%x@ﬁ%@% égpg'}' ?ﬁ@é@%ﬂpﬁn:aﬁ%gﬁ?%éet al salt dissolved, dispersed,
or susp@ended in an PCT/US02/ 41739 37 9 May 2006 WD 03/059483 PCT/ US02/ 41739

lionicg liguid 2 I ntaini such m.xture in.co wi th such

ol efi n-%corﬁeﬂi"%@w CP s@l‘ ?&WSF cAMNPHYY %erﬁar{ﬁm%‘a&ﬁcgﬁ r(')'rrpl ex the

nono- olgef i nsc@mgleféd MoRbionstingiblyistilatim ialsaidi distiiation sppargtuset al salt to form
a nmetal_salt/olefin conplex; and 5 c) selectively desorbing the
nono-ol’efins fromthe netal salt/olefin 6 conplex. 7 8 21. The method of

“clairm 20, r KNP | : | ek i i e netal
salt/ o;%gf i‘{ng"lc.‘(;ﬁei;rneex. 1% ﬁi@qgﬁ'ﬁ&bﬁg‘?ﬁggﬁoﬁéi@%g@ gta?n(g 0%"23?{8@ i ns and/ or
di - ol efd ns csaig metalrgit/olsfinagompiex kycdistilgtion ini said distiliadiop @ppaiegisdi - ol ef i ns,
nono- o) efins and non-olefins 13 with an ol efin-conpl exi ng netal salt
di ssol ved, dispersed or suspended
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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14 in an ionic liquid; 15 b) maintaining such mxture in cor&t ct 'Gth such
ol efin-conplexing netal 16 salt for sufficient tine to conpl a’t'?l(iﬁ

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

non- ol eMHBOUEY 19 d) sel ectively desorbing the nmond & ¥HEf rom t he
metal salt/olefin 20 conplex. 21 22 23. The nethod of claim 22, further
conpri i ng deggibjiqiigt he di-olefins from 23 the netal salt/olefin conplex.
24 25 24. The nethod of claim 23, wherein said jonic |iquid iF capabl e of
form n@ a b)26 seaintaining sushdpsive ipreopfachviih spsh elﬁf'wCPWP?é!%E meta

ol ef i n-conpl ex| L . € W22, wherein

t he metsgl sal %h@%ﬁ}f@gﬁ?n&tg&%ﬁ%&t%m@?%l%'@@ﬁ%%h@m nmet hod of
clai m 25, wheties olefiheompteaingsadtal sait ta foropp enetalgait/olef@xopwiexy amhe et hod of

claim 26, wherein th tal. salt i f 03/ 059483
PCT. } US(?§Z/ A739 sé%céveiyéggspﬁalaniﬁ}%éﬁ%%}éﬁﬁgﬂﬂﬁglg? %élr%aﬁ%%ﬂr\ﬁg netal salt is a
silver gsalt. RBnhled®. The nethod of claim28, wherein the nmetal salt is

AgBF4. 5 6 30. The nethod of claim 22, wherein the non-olefins conprise at
| east dne of 7 paraffins, oxygenates, aromatics, or mxtures and

“conbi ngd i 55 {REeRRMod ofiaimb, fulher E%Bﬁ@n%&eé‘drﬁihg‘ﬂ?@di-msﬁdﬂnt he

paraffins conprise cycloparaffins. 10 11 32. The nethod of claim 22,
wher ei 9 t he nibeonetaksaitalefinocgmplee at | east one

10

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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12 of ethylene, propylene, or mxtures and conbi nations thereqf 14 33.
The met hod of claim 32, wherein the ethylene is produced i n a2t ene 15
cracker, an EP cracker, a naphtha cracker, or conbinations thereof. 16 17
34. The nethod of claim 22, wherein the olefins are produced in an 18
appar at YOG ed fromthe group consisting of an FEEWHP¥*1Hapht ha 19
hydrotreater, catalytic refornmer, distillate hydrotreter, hydrocracker,
coker, 4 20 RFCC unit, RDS unit and conbinations thereof. 21 22 35. The
met hod of claim 22, wherein the olefins are derived fromparaffin 23
-dehydr dyen28.i The metigd efroleiml 25 wiverdin the matal srlkisayadvercsalicki ng, or 24

conbi n?ions thereof. 25 26 36. The nethod of claim 22, wherein the

ol efins” are produced in a Fischer- 27 Tropsch synthesis. 28 29 37. The
met hod of 29 aiTAe Ahthodhefioiim 28) evhersioitel ebiahsalbisdgBbimal al pha 30 ol efins
derived fromthe ethenolysis of heavier internal olefins. 31 32 38. The
met hod ®f claim 22, wherein the olefins are separated froma recycle 33
streamg n m.Fgﬁthhﬁ SRS @é%@ﬁﬁﬁ the for-SEfisEcdnistisera st ehe of ef i ns 39 9
May 2006 WD 03/ 059483 PCT/US02/ 41739 1 recycled froma Fischer-Tropsch unit
to an upst r eapriaBinsaoxyoeettes arpmatics, or guxtuips@ngeortinations thereefo2 wherein
““the olefin-containing mxture is a 4 gaseous olefin-containing stream 5
6 40. e met hod of claim 22, wherein said mxture is contacted with said
7 ol ef iq- c®tp The imeghatkofadlaime30, whereain tesparbffing compagpeyciapasaffi®s. 9 41. The
met hod100f claim 40, further conprising separating said non

11 32. The method of claim 22, wherein the mono-olefins comprise at least one

12 of ethylene, propylene, or mixtures and combinations thereof.
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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10 conpl exed non-olefins fromsaid netal salt/olefin conple 0
distillation. 11 12 42. The nethod of claim4l, further coﬁﬂ@% ?%&
desorbing said nono-olefins 13 fromsaid nmetal salt/olefin conplex by
distillation in said distillation 14 apparatus. 15 16 43. The net hod of
clai m a¥OBEHer conprising desorbing said di-ol ef i RSTBHHR7 said netal
salt/olefin conplex by distillation in said distillation apparatus. 18 19
44. The et hod. aEd%FH?F eﬂ%b@éﬂhrﬁﬁb%nfﬂﬁﬁﬂééﬂ métnaﬁmasw with said 20
ol efin- conplex ng met In a systemof one or nore liquid mxers. 21
22 45. 2The net hod of cIa|n144 further conprising separating said non 23

24 25 4o, She e FRIBRS B SeER TRt o RoTARIER Y "car e

mono- ol4ef i nsgagdu oefinenthining sfresml t/ ol ef in conpl ex in a regeneration
apparatus. 27 28 47. The nethod of claim46, further conprising desorbing
said di2olefins from 29 said metal salt/olefin conplex in said

regenergt i 4 RP Aeidéof citfim ﬁlvﬁlgrelﬂ_ Md mRkthads @bnkridWwith/said ur t her
conprising sending the bottoms from 32 said regeneration apparatus to said
system®f | i gigfie-camplexing raetakigrlign mdjstiletien smyasalins59483 PCT/ US02/ 41739 49.
"The nmethod of claim22, further conprising purifying the ol efin-containing
m xture before the contacting step to renove sul fur, acetylinics,

oxygend® es41.afle otettexd dfetaimaidy, turther Etm'npmmgase:nanatfr@rsafép@m-atl ng nono-ol efins

i oot ns, rRBRsFERReelta R bosf SRR UPRAT oiblek(Eh FAMREGrE. Dy et a

salt d11ssol ved, dispersed or suspended in an ionic i qU| d; b) maintiaing

such m xture in contact with such ol efin-co Ef' n% al
12  42. The method of claim 41, further comprising d sor ing Said mono-olefms

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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salt for sufficient time to selectively conplex the di-olefi O¥&ls t he
nono-ol efins to forma first nmetal salt/olefin conplex; sepgﬁ Yngdthe '
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
mono- ol MABYHFY non-ol efins with the ol efin-conpl eXCAESIAIEY salt: 12 c)
13 d) 14 e))15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
31 3243 h n-ol efins
T cort act B B e Cire to
c?rrpl eX t he mbdwredieidredke c@ta@mmséepsf@d@ﬁ@vaévmr aeptylingnsef i n conpl ex; and

g) sep arta n-ol efins. 51. The nethod of claim50
furtheg conp X@Hé@e@ﬁ%ﬁ%@*ﬁ@%ﬁ% olefins fromthe second netal

sal t/ oldefi n conpl ex.

5 50. A method for separating mono-olefins and/or di-clefins comprising:

6 a) contacting a mixture comprising di-olefins, mono-olefins and non-
7 olefins with an olefin-complexing metal sait dissolved, dispersed or
8 suspended in an ionic liquid;
9 b) maintiaing such mixture in contact with such olefin-complexing metal
10 salt for sufficient time to selectively complex the di-olefins over the
11 mono-olefins to form a first metal salt/olefin complex;

12 ¢) separating the non-complexed mono-olefins and non-olefins;
13 d) desorbing the di-olefins from the first metal salt/olefin complex;
14 e) contacting the non-complexed mono-olefins and 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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52. The nethod of claimb51, wherein the anbunt of said ol efi cog@ xi ng
nmetal salt is adjusted so as to conplex essentially only thng fins.

53. The nethod of claim1, wherein said ionic liquid is conprised of anions
and cations, wherein; said anions are selected fromth rou consi sting of
hal i de ¥}9305948%pt a1 " ani ons, chl oroal uni nate, bromal® &W‘%&%’ 3gal i um
chloride, tetrafluoroborate, tetrachl oroborate, hexafl uorophosphat e,

31 o vy 2006 PO ERERRDBE R AT o T Rl L e,

hexaf | ubroars etemmombemme.cpendﬂmate) dydroxiletaniona boppasalichiarisst e,

perchl q at e, dr oxi d coppe n trichloride
ani on, “anti m) '%ig?l U%P%”gg anpgp 3 g’b@ﬂ%’%&'{"g@de go%r%hldzrlfc%c trichloride
ani on, 4 ant harﬂ#ﬁrﬁﬁln@ﬁncmﬁtd@%?wdﬁﬂe&marmm hhibh] pmassﬁjralanmn lithiumkel ani on,
cobalt ani on, nanganese ani on, and conbi nati ons Eres t her eof ;

and 7 Shid catanifs nigkel %f@?rb@?'é‘i‘]t #Nighy mﬁ'égaé\eéﬁﬁn'%n@‘g?qrﬂ °Fyclic and

non- 8 gyclic éﬁdg}] ,@gmy um cations, al kyl anmoni uns, pyridiniuns, 9
substi tut ed pyridiniums, N-alky Ig_yrl di ni uns, i mdazoliunms, substituted 10
i ni dazdl i ums,  Meald cafions kiel Sekeated Bibinthe grqupraopsisting pkcyclicard neRrt ed 11

| 1. 12
but yl - Iml;m;lyl&%Ecﬁ%g%g&fa"@hexﬁ%&?ﬁg% HimofueD BAERgS!™:

Thersof f'szO'1%"%”‘%““?&"?“&?“%W'%?mmeﬁﬁm o oLt ons

conpri ¥bd of AMdERQIUMS: '\gﬁdd'elgylfrﬁi QZOEIJWr B?rﬁmwssgf%&gﬂegns are sel ected

fromtpe grOUFbyﬁGWUﬁE'ﬁ‘rﬂ)sﬁﬁorhé\‘hSC@k ghdsphonilifhs Ei/phoghonisms, 1-

chi oroal um nat e, bronpal um nat e, | um chloride, 20 tetrafl uoroborate,
t et r act or oborkuty-3-mettlimidazaiivrs h%ﬁyépyﬂﬁi“t%t%hexyﬂ trifl uor onet hane

sul fo e, “é@p gﬁgaf | uor oant i nonat e,
hexaf Pﬁ%roarseﬁ%@”‘l’ p&?rach(PgHgg’ um’'na qu\gZ]?nt%er?lr r%m)al um nat e,
perchlpf at e, hopethinatides thereof, copper dichl ori de

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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24 anion, iron trichloride anion, antinony hexafl uoride, co%ﬁgg %d%hl oride
25 anion, zinc trichloride anion, |anthanum ani on, potassiu rﬁ’on, l'ithium
26 ani on, nickel anion, cobalt anion, nanganese anion, and conbi nations 27
and m xtures thereof; and 28 said cations are selected fromthe group

consi st %036’1594&cl ic and non- 29 cyclic quaternary arhtoHSlAIEs i ons,

al kyl amoni uns, pyridiniuns, 30 substituted pyridiniuns,

N-al kylpyri di nhatAlimitiZbilag QMMM BRLMEIN Sfhd mikturés dagol i uns,

N, N -di al kyl i m dazol juns, pyrroliniunms, substituted 32 pyrroliniuns,
phosphéhi uns, c@mbjnasaes giesenfuns, aryl phosphoni ums, 1- 33

butyl - 3y met hyl i m dazol i-.um N-hexyl pyridinium 1-hexyl-3 42 9 May 2006 WO
03/ 059483 PCT/ US02/ 41739 1 nethylimdizolium (C8HL7)3MeN, Bu2Me2N, and

m xturek a5l A methuidifat opdinsizing dheemiethod of 41ai6.1, comptisiog pfapariop@i ni zi ng t he

met hod of claim 1, coopr.isin r,epari,ng,. 5 .0 dial Jlibrary

i ncl udithg a p|%Fé%’ffaﬁ?ﬁ%f'bf@l}hﬂF’ﬁﬁt"B&@“%f'&°<§ﬁPﬁ‘%ﬁghﬂﬁ%&'°@‘°£H"£fgg

ol ef i n-gonpl exdnddlsRL@mslakibg metdl daky, Andavialn@tindithe! libbargfor ifsaability s abi ity
7 to separate di-olefins froma mxture conprisin n&r%o-ol fins and di 8
ol efind. 9 1d0separateditgirfipsiom 8 mixtHe¢qmp WWBS%’ 5 apf 4i-m 20,
“conprisg ng pr nsng 11 a conbinatorial library including a plurality of
conbinations of 1onic 12 |liquids and ol efin-conplexing netal salts, and
evaluatdng the library for 13 its ability to separate olefins froma

m xt Urfo Co5" i Sﬁl %%th%ld‘?fa &ﬁinﬁﬁﬁg %enfneﬁwz(l)dotalf %{aiirﬂﬁo, éo?inprising preparing

11 a combinatorial library including a plurality of combinations of ionic

12 liquids and olefin-complexing metal salts, and evaluating the library for
13 its ability to separate olefins from a mixture comprising olefins and non-
14 olefins.
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