WD 03/ 059483 PCT/ US02/ 41739 1 SEPARATI ON OF DI ENES FROM OLEFI NS USI NG
IONFC LIQUDS 2 3 FIELD OF THE INVENTION 4 5 The present invention is in
t he fi el dwofososgani ¢ separations, in particular 6 separatipan/uso2/di73ol ef i ns
from nmono-ol efins, and ol efins fromnon-olefins, using 7 ol efin-conplexing
metal salts dissolved, dispersed or suspended in ionic 8 |iquid 9 10
BACKGROND OF TRIERARATIOMOF DIENE STRBAM OIS USRGIANIEHEIDS 1 the
field of petroleumchem stry which 13 include both nono-ol efins and

di -ol efins, for exanple resulting from 14 hydrocracking, olefin

ol i goneriZation and paraffin ddigdDIQEMdHE INVERIHON 15 vari ety of reasons
It is desirable to separate nono-olefins fromdi-olefins. For 16 exanple,
nor mal al‘pha nono-ol efi ns such as 1-butene, 1-hexene and 1 17 octene are
val uabl e proguet s« i fi |l ' ibB g Uin" | atively
| ow | evelﬂg o? Hgiﬁgfgﬁﬂﬂgér?gilﬁg% lrﬁmélggﬁg:r%@g?Eb%éggﬁghlpaﬁrﬁﬁgégre 19
dehydr ogehat edpamatiborahdi-olefingromm shandelefjoenand olgiad fiom apkyalefins nsig

chem stry, di:qlefin -products. fromthe dehydragenati . produce 21
undesi red’ pr 8 '&%WR'%W@ f ?Fﬁlﬁ 8%?38'5’8‘@. g'ﬁpg%egﬁr%gsggﬁdgﬁg irg'OE‘hcomn to

poi son 2@ sqg®ideat al ysts and need to be rempved before certain reactions
can be 23 perforned. Di-olefins thensel ves are often val uabl e products, but
must be @4 separated from unwanted nono-ol efins. For exanple, di-olefins
are ofte 25 used as crosshipld ' ' gAl der reactions. 26
27 Met hom for selectively éA&lﬂCﬂgOij:% NV ﬂéNo-ol efins have been
28 devel pped. For exanple, one commercially |icensed process enploys a 29

sel ective, supported hydrogenation catalyst to selectively renove
di-ol efi B by hemparamAY rAgUGtIsEIeRMS IRdhBTieldef PRirolpReshsmisinydvichy o

several {3 i BokndlolilhelaRedicRhoBE BxatldTeuthBtiofi o L i (NAO

may be isonerize I nt ernal efirns e esence e catal yst.
Hydr ogent4 i ohydeotradisng, caefireoligomerization and paraffin dehydrogenation. For a

15  variety of reasons it is desirable to separate mono-olefins from di-olefins. For
16  example, normal alpha mono-olefins such as 1-butene, 1-hexene and 1-

17  octene are valuable products; and product specifications often require

18 relatively 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 (NAO) 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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16  Therefore, while the olefins are extremely commercially valuable, the

17  commercially available 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. It is a difficult separation to achieve economically by

21 distillation. Itis also difficult to control the side reactions and the migration of
22  double bonds which occur in catalytic hydrogenation.

23

24 It would 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 present invention provides such methods.
30

31 lonic liquids 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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16  solution to be recovered and recycled. Mono-olefins may also be complexed,
17  allowing facile separation of non-olefins followed by selective desorption of
18  mono- and di-olefins.
19
20
21 SUMMARY OF THE INVENTION
22
23  Methods for separating di-olefins from mono-olefins and, optionally, non-

24  olefins such as paraffins, oxygenates and aromatics, are provided. 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 selectivity. The metal salts are dissolved, dispersed or

28 suspended in ionic liquids. Preferred salts are Group 1B 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.



29 preferably silver salts. A preferred silver salt is silver
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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  The present invention contemplates that the mono- and di-olefin-containing
28 mixture can be in the gas phase or in the liquid phase. In the liquid phase,
29  conventional liquid/liquid extraction equipment, such as mixer-settlers, can be
30 used. The flow of the mono- and di-olefin-containing mixture over/through the
31 ionic liquid can be, for example, co-current, counter-current, or staged in
32 stirred tanks, with countercurrent being preferred.
33
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17  In another embodiment, a mixture comprising di-olefins and mono-olefins is
18  contacted with an olefin-complexing metal salt dissolved, dispersed, or

19  suspended in an ionic liquid. The mixture is maintained in contact with the
20 olefin-complexing metal salt for sufficient time to complex the mono-olefins
21 and di-olefins with the olefin-complexing metal salt to form a metal salt/olefin
22 complex. The mono-olefins are then selectively desorbed from the metal
23  salt/olefin complex. The di-olefin may then be desorbed from the metal

24  salt/olefin complex.

25

26  In another embodiment, this invention involves a method for separating

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 and 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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19 BRIEF DESCRIPTION OF THE DRAWINGS
20

21  Figure 1 is a graph showing the complexation of three di-olefins with two Ag*

22 ions.

23

24  Figure 2 is a schematic illustration of an extractive distillation process using
25 the separation method described herein.

26

27  Figure 3 is a schematic illustration of an liquid-liquid extraction process using
28 the separation method described herein.

29

30 DETAILED DESCRIPTION OF THE INVENTION

31

32 The present invention is directed to methods for separating di-olefins from

33 mono-olefins, and olefins from non-olefins. The compositions include ionic
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the bottdm of a 20 vessel duri ng a fractionating process. The term "G oup

I B metal {31 s Ad§RdHerein, the terms “adsorption” and “complexation” are used to

14  describe the complexation of metal salts with olefinic species such as mono-

15 and di-olefins. The term “desorption” is used to describe the decomplexation
16  of the olefin from the olefin/metal salt complex. The term “adsorbents” is
17  used to describe the olefin-complexing metal salts, alone or dissolved,

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

19  describe the portion of a process stream which collects in the bottom of a
20 vessel during a fractionating process. The term “Group IB metal” is used to
21 describe elements from Group IB (IUPAC Notation) of the periodic table of
22 elements.

23

24

25 MONO-OLEFINS

26
27  The mono-olefins to be separated are preferably C,.5o mono-olefins, more

28  preferably C,.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 to 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, vinyl chloride



21 describe elenments fromGoup IB (I UPAC Notation) of the periodic table
of 22 elenments. 23 24 25 MONO CLEFINS 26 27 The nono-ol efins to be
separ at edwearog/opr4es er abl y C2_50 nono-ol efins, nore 28 prefreraishy41229 20
nono- ol efins. They may include other functional groups, 29 such as hydr oxy

roups rboxylic acid h t
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nono-ol efins can be used comrercially to forma w de variety of 33
products.3For exanple, the nono-ol efins can be used to form pol yet hyl ene,
34 pol yprz?pyl enes, polyisobutyl ene and ot her polyners, alcohols, vinyl
chloride 77 WD 03/059483 PCT/ US02/ 41739 1 nononer, acrylonitrile, nethyl
tertiary Hutyl ether and other petrochemcals, 2 and a variety of rubbers
such as butyl rubber. 3 4 5 6 SOURCES OF IVD\IO AND DI - OLEFINS 7 8 Mbono-
and di-ol®fin mxtures ca@HREES QEMONGY ANLDIOLE-|NSS our ces. One 9
source of,nono-ol efin/di-olefin mixtures is fromthe dehydr ogenati on of 10
paraffins over a suitable dehydrogenation catalyst. Qher commercial 11
sources 0§ nuviono-adtd di-okfin ehigfures danddeiderivek fropda earietylofrsgurazishyOrae and

12 propyl ene derived from ethane, ethane/ pr ane P nd flexi rackers;
fluid 139 caﬁﬁ‘l‘@‘PﬁQf rﬁ?%‘@?q{@/qw@ﬁ” EW’QH!?&@? %Hﬂ“hg %Y%@Q@P%‘Orb? henol ysi s
of heavi 1 0 efins m

al so be g(?od ce @%rf%ﬁ%t@%ﬁgﬁ?ﬁrpggs L&gregfcyys% @ﬁélz@émg%m@ysts and d

condi ti oh® fsoumesforﬁmntg ariddorhdiroldfirspiacludsywahbydroceacking; 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 H; 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 to
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 bars), 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 C4 to Cypot+ 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



18 well known to those of skill in the art, and are described, for exanple,
in EP O 19 921 184 Al, the contents of which are hereby incorporated by
ref erencew0D3/02@83 heir entirety. In the Fischer-Tropsch syaThmse?/$17py ocess,
liquid and gaseous 21 hydrocarbons are formed by contacting a synthesis
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an upstream synt hesi s &as gener.at or . ver, the 10 light olefins tend to

coke thel4at al yst Jyrisaly. @bout ¥ 8%pef %rr%amﬁr%eperféomrtfésqtterr@@yeﬂé gas is
sent to jge §V%Q§r§'%egﬁ>§m Qﬁoﬁgt&éﬁnsT{WAésﬂ%gﬁar% i6nlof orNtAL ggmoved

via cryogeni ¢’ separat| e currént tnven renmoval
of the ol@fi ascamphstedanding eopesrticmatdistitation. ildowevdan @sircded abotrq,rthead ly,
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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 inexpensive 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 yields 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 to Li et al. and U.S. Patent No.

34 5,326,465 to Yongging et al., the contents of which are hereby incorporated



16 acconplished using conventional distillation. However, as noted above,
there 17 is only a small difference in relative volatility between an

ol ef i n an&oioB®3983 correspondi ng di -ol efin and correspondi mgTEEAATBN W t h
t he sane nunber of 19 carbons. Therefore, distillation requires a |arge
nunber of stages and/or high_ 20 reflux ratios, and, as a result, L@hvery
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to Hallee et al., US 729 Patent No. 3, 820,955 to Webcke, U S. Patent No.
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al., US _Patent No.. 31 4 828 679%.t0o. Cormer ) . Pat ent No.
3,647,682 to pﬁg{88h%'{“°5ff“,a”§§a‘§fr§- “BiF tsrsRis '?f‘éééf"%?ﬂ%%‘%@s‘%%‘k‘% et al.,
U S. Pategt WYas oﬂ,mﬁh@wiewee&figmgtrﬁgwﬁ Idglof bylpréduétatseieh d¥o. 4, 980, 053
to Li et al. and U S. Patent No. 34 5,326,465 to Yongqing et al., the

contents 9f WaPBthaarthe@osbgommalt fpedstase ethang. betans £8w maphtheoSteensg 1
by refergnce, af _tF | efi | 5 kNS Which
2 can be%]advgﬁ%@gyeqo'gsqaw%gggféﬁgﬁe ?%ﬂrdn?ﬁépﬂggg- oﬁ e6p ?n?ﬂ’gac@o?@é%%g?%st his 3
i nventioft  4lightstabsovecatadsphgrics a petrochem cal process sonetines used in
refineries to 6 produce olefinic raw materials (e.g. ethylene) form

various 1@edstock for 7 petrochem cal manufacture. The feedstock range from
et hane tpyva Lkt~ AN ' Fl | i of

by- pr odul(f:)% S g’ﬁﬁ? %rgcgﬁﬁégﬁ%tf?a%%eﬁﬁg?ﬁ%gmgg?%ﬁsﬁggghg?ﬁg%,Uﬁttgt% gne,

and naphtéha. p&troleam refihecieac ihgdracartar faeeldtamktmay beargialyticallyesonvertéd 500 -

1,600 I:1 5 an?ntgta \Parriee?ys 8{ pe>rsodu%:fls golrin%%tnlly kr?ol%)ﬁ/ gs %}quysgihef{eia(\:/y c%/ée oil, light
16  cycle oil, naphtha, and various components lighter than naphtha, including
17  paraffins and olefins. Of course, the particular products from any particular
18 cat cracker unit depend on a variety of factors including the design and needs
19  of the petroleum refinery. The products that include naphtha and lighter
20 components are separated into various product streams. The products from
21 the gas plant véry depending on the particular refinery design but commonly
22 include naphtha, C4s (butylenes and butanes), propane, propylene, and a
23  stream (commonly referred to as "fuel gas") that contains ethane and lighter
24 components (C; and lighter), including light olefinic components such as
25 ethylene and propylene.
26
27  The product yields from a conventional FCC unit vary depending on a wide
28 range of design and operating parameters, such as feedstock quality, the
29 amount of regenerated catalyst supplied to the riser reactor per volume or
30 mass unit of feed, the temperature at which the cracking reaction takes place,
31 the residence time of the feed in the riser reactor, and the like. The
32 conventional fluid catalytic cracking unit'may process one or more feedstocks.

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

10



13 In the cracking reaction of conventional fluid catalytic cracking (FCC
units of 14 petroleumrefineries, a hydrocarbon feedstock may be

catal yti cablog/osasyverted 15 into a variety of products comeonisg2/kiemwn as
slurry oil, heavy cycle oil, light 16 cycle oil, naphtha, and various
conponents lighter than naphtha, jncludin 17 paraffi nﬁ and olefins. O

course, the qurﬁlﬂi%ﬁafﬁ?% nits.<end Freang fiom ethasumits sugh @8CkeEeker uni t
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29 armountS of CHOGRBPAPEAS-CATHPH BioXide AcRbASHES Sl EDg Miaded SN ANINg of yrre
or 30 masy Uphpuritfes’ fefla wike vhsalyITdtvéremateridd @hichiRag bagiresentrifaeichon
takes place, 31 the residence tinme of the feed in the riser reactor, and

t he |ikel0 Thenigeresonventional fluid catalytic cracking unit may process one
or rmreL edstocks. 33 Typical feedstocks may include atnospheric gas
oils, heavier feedstocks from 10 WD 03/059483 PCT/ US02/ 41739 1 vacuum

di still at2 onNehLdlefin@Bdcts bs paraing ant Arb@atiod ates ofies desiralsiekroducts,
vi sbreakers, hydrotreaters, and hydrocrackers. 3 4 NONNQOLEFINS 5 6

Non- ol ef s paBisalarlyifar use imdistlaie deelposmrosiiions. dripwekendtis ©8eBf ¢ hi s
e ogent A BB BEREES Mo MR Sl RS B SATE o
and ni t rtgenmoovo- andiorgli-oddefinsareidasired pnddacteitdemsgalvest y of ot her naterial s
whi ch ma%/6 be present in such 10 m xtures.
17  Sulfur impurities are preferably removed from the feedstocks before they are
18 added to the ionic liquid/metal salt solution, suspension or dispersion. This
19  can be accomplished by hydrotreatment or other means well known to those
20  of skill in the art.
21
22  Acetylene impurities 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 VIl metal hydrogenation catalysts are
28 the most commonly used and are preferred. Group VIII 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 VIl metal in an amount ranging from about 0.01 to about 1 percent

11



11 12 Non-olefins such as paraffins and aromatics are often desirable
products, 13 particularly for use in distillate fuel conpositions.
However, WO B®5%B83ien 14 desirable to separate them from npawAUSandi76y
di -ol efins, particul arly if the 15 nono- and/or di-olefins are desired

products t hemsel vVes. npurities are f er abl rermved from
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hydrotre means wel ski In the art.
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Lo Li i o18 a1 DlETPREIGhRTBAR CaotBRI SivernEsats BEhde deparale Ser /

referencg nitrate, silver fluoride, silver tetrafluoroborate, and mixtures thereof. Sllver
17  tetrafluoroborate 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, hydroxypropionitrile,
21  diethylene 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 (I1) 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



8 9 METAL SALTS 10 11 The netal salts useful according to this invention
are selected fromheavy 12 netal ions which formchem cal conplexes with

ol ef i ns, wog@3/0s@spper (1), 13 silver([), gold(l), nickel (IPCI/Usbasizaun(l1)

and palladium(Il). Silver (1) salts are 14 particularly preferred,

al t hough Pd salts may be eferred f t] 5 ol efin; i gh th
oL nOuSh PO TS P eameBle it ey B9 a e BnadS G e e "o
silver flyorjj ds,SéAdléépéeﬁI%q?tg'rtFHa@&%a%ftmhétﬂg é@hié{giatéo%%,bhefb%p{tenﬁitb?/er 17

tetrafl uoroborate 1s partic y preterred. pper salts include
copper hadi deomplexstheatasiredrol®findhuf fered with a soluble 20 organic
nitrogen ‘Li gand, such as pyridine, piperidine, hydroxypropionitrile, 21
di et hyl ene triam ne, acetonitrile, formam de and acetam de, derivatives 22

thereof amd mhxtdatgars REIERS corfylekdhd Bletind/A1a Vatibt sy BoRcEmAitibhs | Atare 23
particularly preferred. 24 25 Salts such as iron (I11), cobalt (1) and
ni ckel (16) elatieely hightanseptratigrsi the efiyvetal saltoesiplax eay prespitate at

conpl exi the ol efj.ns. T rati on. in the ionic
l'i quid igﬂ ty Pgb%ﬁ‘ﬁy{@f?- f%é@ﬁ%@ﬁ?ﬁ@% ﬁ&éé’%%ggé'ser’rg@&éaqﬁ@%er liter of
sol vent, @ndsgiabas/al¥persibns epstidazouded Howesethisrécip@stigremalyiteer  of
solvent. 30 31 It does not matter whether the salts are dissol ved or

merely sudpefgsiile angalgvspee teaeparateans Qlefing by deesipitatigRe?nd o f uncti on

as i nt enged. i tends not to natter whether the salts dissol ve
in, or af‘E r%b;!c’:l%ée‘gﬂvrm"ttﬂmat@ eionic 12 WD 03/059483 PCT/US02/ 41739 1

liquids.1for exanple, it appears that silver salts tend to dissolve in the
and bot 14 enlets saBcuieRl dsehgnenltiaie lieputs fum Bompias will YEoshE bi e ¢ o
conpl ex jde @hidH % @bubsle BN iRbME FENGi8REihAHCASIngf double bond from a

14  second di-olefin complex with a single Ag” ion, and the second double bond

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

16  complex with a second Ag® ion. This type of complex is shown in Figure 1.

17

18 IONIC 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



6 relatively high concentrations, the olefin/nmetal salt conplex may
precipitate 7 fromsolution. If this precipitation is not desirable, nore
di l ute 8 woloawswss/ di spersions shoul d be used. However, tRCI/UsoB¢i7pd tati on
may be 9 desirable and allow one to separate various ol efi ns by
precipitation and 10 subsequent filtration. 11 12 Metal 'l%ﬁ uch as Ag+
salts arel bePaEingd lopiciigHidscanthiheircommercizliarplications are dqsg:r a ﬁ’

doubl e bond 14
second diZ of SKEIE I b Ehefl Tl Bio BB - S e Mol & bond
15 from the 68:2449@2@[3 (‘tﬂQﬂ)Jm Fémd; Omddnsndadi Maitends: (Supm84BL:BO8-B 16 ol ef i n

forma 16c X ex ,,S, shown in
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conpounds; Wwhtgnfr e2gpAeedR (egés)r %'nM @rﬁerhprrsev 2d49-2091 31084! (1990¥ thé or bel ow
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known as ., nolten salts'. An exanple of a commobn 24 'nolten salt is Nad ,
with a m37t|ng point of 800 C. lonic liquids differ from 25 'nolten

salts', ig t WnytibBRY IRAKR dreoréd bTed&tinY & nitfderce@itainthg heterocyti® C 26
to 2000 C. They'tend to be liquid over a very wide tenperature ran wth

a 27 |i qi dringngrefermblypa hetesperemasisoing, Wltﬁhfma|“i¥lﬁ§'ﬂ§@%"é(f@éﬁé?'é‘lp?%/
Lomer o *1d*ap ol baNa8Ro3bih  dietRRY brfhERBH Sat MRl péifdinding igihd et o

stabl e, e varle I'norgani c, organic,

and pol yier i extfvdreye ot stheBBuildisy reédictions avitrhearous IIeaNldlamiﬁ (vrahes'uspend or
di sperse the ol efin-conplexing. 31 metal Efal ts. g 33 The Pert . es of
Rig$ O su

i oni ¢ |itdi dsoridgatrbassy @erHnb?/”'QélﬂWdﬁg iable ActéRaromatin
031 955458 PCTAUSIRIA i sape a0 ot Tl g o RO
68: 351- 366 ( H9PAdE, arﬁhetmbstitmtéd pyrr@l% PHSse26i3gg 49 B, alklylatedyweith Odudiynsed
Matter, 155 ( suRe S?l"all ht branc%ec?or cyclic C1.20 alkyl group, but preferably the alky!

16  groups are Ci.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 salts

19 have also been used.

20

21 Counterions which have been used include chloroaluminate, bromoaluminate,

22  gallium chloride, tetrafluoroborate, tetrachloroborate, hexafluorophosphate,

23 nitrate, trifluoromethane sulfonate, methylsulfonate, p-toluenesulfonate,

24  hexafluoroantimonate, hexafluoroarsenate, tetrachloroaluminate,

25 tetrabromoaluminate, perchlorate, hydroxide anion, copper dichloride anion,

26 iron trichloride anion, antimony hexafluoride, copper dichloride 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. If it 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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4 (1993); Chem cal and Engi neering News, March 30, 1998, 32-37; J. Mater.
5 Chem, *:2627-2636 (1998); and Cherm Rev., 99:2071-2084 (1999), the 6
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liquids are formed by reacting a nitrogen-containing heterocyclic 9 ri ng,

preferably a heteroaromatic ring, with an al kyl atin ent (for
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11 exchange V, [ or their
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I m dazol e, substituted im dazoles, 14 pyrrole and substituted pyrroles.
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cyclic Cl&”lr%ﬁé”enﬂfd&'rﬁenp‘étllﬁ?éﬁsfcﬁrnéﬁhmqhhﬂ |§|p‘fé’ﬂ>arla@ fr @ gyCl_12
groups, since groups larger than'this tend to produce low 1 tln

sol i ds r af heprepgaaimgi vanious|alkyl idesvativesiaf ike quateénaa/r@mmmmpnmtlgm am;:i/or

ds, thioeth d | t | t
16 have o sovpaald fecasa3eted Snichsn e SHa it e HHELRLRE R BB el e
chl or oal ugn naa%stézr FoPakaipleabg vargdg B mbldnefiivaiémts, types aatll uor obor at e,

tetrach lo ro rate, hexafl uorophosphate, 23 nitrate, trifluoronethane
sul fonat €9 neempinationsilewipang| r@’h@@dl%&dﬂ@@@mpoﬂﬁnﬁexafl uor oant i nonat e,
hexaf | uojearsenate, tet rachl oroal um nate, 25 tetrabronoal um nate,

perchl orate, hydroxide anion, copper dichloride anion, 26 iron trichloride
ani on, antinony HaEa"HCDIDSIRER SEPARATINGNDDEFINS &ROM, NONOLEEINSr i chl ori de
anion, as_well as various |anthanum potassium |lithium nickel, 28

cobal t, ﬁ%\nganese and other netal ions. 29 30 The ionic |iquids can be
neut ral . 49aS oy offhdl dalb¥itd S iRt hbrbréanosbiervbly Rimdassiirbhn L he
desi red nono- ol efins are not e 1sonerized. |If 1t does 32 not
mat t er whét harixtuhes mbhfdung;trmr@eflmand noeebl(:ﬁmd siut:htd&separafﬁnsl exygenatese not

33 i d- t th i di b d.
o ar i BB by g B e Peltor wiedppidiabto SMpE e bletR-GEtgEREr o
exanpl e, 1ghemdthesHR2b 8 fn Akt %a%léfﬁr%fﬁplﬁk?flh Bhe 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 salt/olefin complex by desorption.
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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2 and provide a paraffinic hydrocarbon stream and when the olefins are 3
unlikely to isonerize. 4 5 In one enbodinent, a library of ionic Iiquids
i s preparwo,03fosrdsexanpl e by 6 preparing various al kyl deripcatisemsi7ed t he
quat ernary anmoni um cation, and/or 7 varying the associated anions. The
acidity of the ionic liqui ds can be 8 adj usted, for exanple, by varying the
nol ar equ? val ents, types and 9 conbinations of Lew s and Bronsted acidic
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from 14 & xtures including the ol ef i BLEHANS0n- 0l efins, such as paraffins,
oxygenat e 15 and aromatics. The olefins are brought into contact with
ol efin-cofrpl exing 16 netal salts to forma netal salt/olefin conplex. In

one enbods ”‘3choﬂ'jmg?lc?fﬂlé‘ﬁweila?oﬁrrﬁe%%gffé seIBLVP BBPISHdioeingTBver of ef i ns
and non-ol efins olefin 18 conplexing netals salts which are

di ssol ved§ dimgra-slefiner Thisspelactivg ¢camplexation cambe axpipited. toTasdeatvaly- ol ef i ns

For oxanpl o 69 85e Aol s Tos SR Biac b R RTMOCERais ToFickl Lan

be conpl egedphosnehohbeolBfirs SRGTI-BIEFiRs TOMMEEHitA3h@ InetaPsdlR!, therés dm t he
conpl exed nono-ol efins. Both, the di-olefins and nono- 23 olefins, nay be

recover eddf r Glafinsarade be complexedmith abighiseledtyitydbwildee paportant tos | n
Shother 50 dkRRlne AAIRAR ofd Abrtbal losealp inibay i P 20,
desor bed11 semﬁfmtsl mglxtdreabbntmmhgeh-ommb@mldfndneﬂdleﬁnsrmn b¢ rahiagted he 28
S . ] e AT e
Seor et ar e Y G TR R o A"
st aged it st seleeﬂvelwmbmpla&cfbwmamtahnmgaﬁte olefipnaikire éulcastact witk théhe nost
effici en%s |105nic liquid solution, suspension or dispersion, with or without agitation, for
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
29 via an extractive distillation process, as shown in Figure 2. A mono-olefin/di-
30 olefin containing mixture is added to a solution, suspension or dispersion of
31 an olefin-complexing metal salt in an ionic liquid in a first distillation apparatus
32 (10), and the di-olefin is maintained in contact with the ionic liquid for

33 sufficient time to complex with the metal salt, for example from about 1

16
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di - ol efi rgrrebabk&aiﬁe frenak Blatiopnsspdratuge ei ther 19 dissol ved or suspended
in the ionic liquid, or precipitate out. Wien the 20 conplex forns a

pr eci p|taﬁe it can be renoved, for exanple by filtration. 21 Wen the
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17 V|a decantatlon Then, the di-olefin/metal salt complex and ionic liquid are

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, preferably in a
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

17
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16

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

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

19  ionic liquid solution can be removed from the olefin stripper for reclaiming and
20 recycling (regeneration). The reclaimer typically operates at a higher

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

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

23 120°C to about 140°C. The pressure ranges from about 5 psig to about 50
24  psig, preferably from about 10 psig to about 30 psig. The heating duty may
25  be supplied by steam or any other means known to those skilled in the art. At
26  these higher temperatures, di-olefins are dissociated from the metal salt

27 complexes.

28

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

31

32 According to this invention, the complexed mono-olefins selectively desorb

33 over complexed di-olefins. This selective desorption can be exploited to

18
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16  selectively desorbed from the metal salts. Mono-olefins are not as tightly

17  bound as di-olefins, 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-olefins, mono-olefins and non-

23  olefins such as paraffins and aromatics. The di-olefins can be selectively

24  complexed and separated from this mixture as described above. Then, the

25 mono-olefins can be complexed and separated from the non-olefins in a

26  similar manner. Finally, both the mono- and di-olefins may be desorbed and

27 recovered as described above.

28

29 COMMERCIAL APPLICATIONS

30
31  There are many commercial applications for the separation technology

32 described herein. For example, the technology can be used in ethane,
33 ethane/propane and flexi-crackers to separate propadiene and propylene
34  from propane, and then to separate propylene from propadiene.
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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 oligomerization 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 A potential 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 similar 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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27 recovered as descri bed above. 28 29 COMMERCI AL APPLI CATIONS 30 31
There are many conmerci al applications for the separation technology 32
descri bedwbasmsnss For exanpl e, the technol ogy can be usedpch/iesobyarrgg 33
et hane/ propane and fl exi-crackers to separate propadi ene and propyl ene 34
from propane, and then to separate propyl ene from propadi ene. 19 WO

03/ 059483"' PCT/ US02/ 41739 1 Comrercially, this is typically done using

expenst v di Thilecald BftnbAdparaticis m%o?%%ﬁat%ﬁﬁl EhdrhREryas Brétepals inhebecause

t he boiling point feren t ween ropyl ene and’propadiene is small,
and the s&paraideoof about mgdorRO0ag, mereypreﬂenabw hetweenneg g @miﬂ@g, at very

hi gh pres ure resent s aratlo net hod, can er.fornmed room
tenperat ﬁh %Qkhrﬂ'gepﬁ%aﬁ?é’a @ng'e qfss“r g %?Qﬁﬂcﬁn% R egHP naj or
cost is dye USed herhéséwskinqmrmeahlc@h rBa8ily defeP®itid afpdpHateestedf 8 9
Anot her commercial use is in the alkylation of aromatics, particularly

where 106 pareddtions andereactignicondiians tp genereterandior evakialg the Imiarlgmf

di - ol efi ns, ﬁﬁgf }1 whi ch al so tend to include unreacted paraffins. The
current tech (?5 for 12 renoving the di-olefins fromthe nono-ol efins
i nvol ves gel ective 13 hydrogenation. The present methodol ogy nerely

I nvol ves comg_lexm the di- 14 olefins with the netal ions in the ionic

I : q;u d. A9 pr dhererig ligdidst canibe 1aid oulin 3 lagital éashian Bl Muifi-{uke arrays or
d,
o' ef1n- c?gt a'nﬂ]lﬂ%ﬁ?ltpﬂﬁll%g]_m ﬁe ?61}51 %%ﬁ%%?ﬁogﬁl g16|b,. f&r% e);“i‘ﬁe frid qui

t hr ough e ionic her co rC|a In olefin
ol i goneritat n|qmdsfadrhavmaarpéletratdmjda stractutd amtﬂhzwe)pam@.rmmhlf@ahms whidhon.

Al pha ol &1 nPEUAL IR IdeTfretam el SRR g P ARG iah WD BER Seed ¢ o
A5 4 S SAR i A kPR T ST
convert et t o coobinatiogbitherecdicdncdso be Igidiout ireal legical fashionnfor example in
15 arrays. In a preferred embodiment, an A x B array is prepared, with various
16  combinations of ionic liquids and metal salts. However, it is also possible to
17  evaluate a single ionic liquid with a plurality of metal salts, optionally at
18 different concentrations, and then repeat the process as desired with a
19  plurality of different ionic liquids.
20
21 The ability of the particular combination of ionic liquid and metal salt at
22 performing a desired separation can be measured and correlated to specific
23 combinations. The array can be ordered in such a fashion as to expedite
24  synthesis and/or evaluation, to maximize the informational content obtained
25 from the testing and to facilitate the rapid evaluation of that data. Methods for
26  organizing libraries of compounds are well known to those of skill in the art,
27 and are described, for example, in U.S. Patent No. 5,712,171 to
28 Zambias et al. Such methods can readily be adapted for use with the ionic
29 liquids and metal salts described herein.
30
31 By screening multiple synthetic variations of a core molecule, the selection of
32 the optimal candidate is more a function of the data collection method than
33 the "rational" basis for selecting a useful ionic liquid and/or metal salt. The
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24 commercial applications where di-olefins are required, for exanple
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Lonic |1 qul The ability of the particul ar
of ionic I|qU|d and rretal salt at

The separations using the ionic liquids/metal salts in the libraries generally
involve contacting appropriate mixtures of mono- and di-olefins to the tubes
or wells in the multi-tube rack or multi-well plate, and allowing the olefin-
complexation reactions to take place. Where a stoichiometric amount of
metal complexing agent is used to selectively complex the di-olefins, the
olefin layer can be analyzed, for example by gas chromatography (GC), for di-
olefin concentration. Alternatively, where both mono-olefins and di-olefins are
complexed, the complexed mixture can be subjected to conditions of
relatively high temperature and low pressure, and as the olefins become
desorbed from the metal salts, the products can be monitored as they are
desorbed and the appearance of di-olefins monitored. |deal results would be
those in which mono-olefins are desorbed first, and where little or no mono-
olefins are still being desorbed under conditions where the di-olefins begin
desorbing. Here the desired separation involves selectively separating di-
olefins, mono-olefins and non-olefins, the presence or absence of these
components can be evaluated, for example using GC, to determine the
success of the particular combination of ionic liquid and olefin-complexing

metal salt.
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22 performng a desired separation can be neasured and correlated to
specific 23 conbinations. The array can be ordered in such a fashion as to
expedi t e wBdh3gynBhesi s and/ or eval uation, to nmaxi m ze the PCrficsozrat7sonal
content obtained 25 fromthe testing and to facilitate the rapid

eval uation of_that data. Methods for . 26 organi zi rarégs of co ounds

are wel | kno/Phobiciamseanst mylti-pipet deyiges aFq ¢ omgﬁp%ﬁa% {0 gdd @pprpyiat
exanpl e, bn llJeaQq rﬁé‘?@fﬁe Qﬁprﬁﬁrlégez%%& if ?ntﬁt%ﬁﬁ-ﬂ’d(ﬁ% é’rtwé mSHE'?l \NEI‘I hOdS can

readily be ad use e 1onic ur ds neta salts
descri bed3herpmtes YtherBap@ppsiates ¢hé chemisttyi cpﬂrebeyberfnaned ivaniiseftons of a

core nolecule, the selection of e 0 andi dat e re a.
function Bf EHEBOSERECCA) ee"t':‘lbieﬁr‘?aﬁe‘?ar?g‘gbq ﬁ‘gwrggév'ﬁh rulﬁ;ﬁ ii'mﬁggpkd f or
sel ectingsa usatdthinh§oh Carld el r@ageﬁfs%dd&rf\ﬂb ifjéétion. The 21 WO 03/ 059483
PCT/ U802/41739 1 desired physical and chem cal properties for the ionic

li qui d, when used as a 2 solvent or dispersing agent for a particular

ap;dl S0 AP BobLRATREAL R sRo BBk Lol OREA B ME e B 22, e
within a gar mh@uu@ﬁtlt?rdf@ncnrofsh@rowd wquldéan@ nidtal sty md bauststedarn @
typically fornmed b irst formng a desired ( égllc or_non- 7 cyclic)

quat er nar$§ 2 SABTUR 9 tmemegy ma@n%@ﬁhﬁrﬁm@wq comelatinortesiata appr opr i at e
! |
o ort e 0 S DA SR TR LB o BT MAARS e o 1 e

hexaf | out ophesyltiavellplaieisd, tet rafl uoroboric acid and the like). Side

pr oduct 1 salts can be renoved, for exanple, by filtration. In cases
wher e th&2anion 12 precursor was an acid, the acid side product such as HCl

can be 1§30V orhobiatikf, M ERGHIRN. Oin ¥ p ERBFrh%eﬁf‘ag'LdlarlQ blefelBY i il d

under vacuum he sepa ons u I ng t c’1iquids/netal salts in
the |ibradi e$utg£rmzkaldrynulﬁ@velhpietaseaodrilnamfomrgatsmpstoped doeexampleresaof

nono- angl -olefins to the tubes 17 or wells in the nmulti-tube rack or
mul ti -wel P pI COMPUtelng al | owing the ol efin 18 conpl exation reactions to take
pl ace. V\Iﬁgre a stoichionetric anount of 19 netal conpl exing agent is used

to selectively conplex the di-olefins, the
17  Any type of multi-well plate or multi-tube array commonly used in

18 combinatorial chemistry can be used. Preferably, the number of wells or

19 tubes is in excess of 30, and there is a tube in at least 60 percent of the

20 positions in each multi-tube array. The shape of the rack is not important, but
21  preferably, the rack is square or rectangular. The tubes can be made, for

22 example, from plastic, polymers, glass or metal, such as stainless steel,

23 depending on the type of anions 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 robotic 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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20 ol efin layer can be anal yzed, for exanple by gas chromatography (GC),
for di- 21 olefin concentration. Alternatively, where both nono-ol efins and
di - ol ef i /wOawB®59482 conpl exed, the conpl exed m xture can b@CIuspret7ed to
conditions of 23 rel atively hi gh tenperature and | ow pressure and as t he

| ef b 24 th t al th duct
Toni tor ed as PEHRIME o SHEREIPBLA RIS 1 WIGUET SRR ToPIets P BTN
moni toredy | gdaal, ﬁ@ﬁmh ‘dﬁ%a(ti‘?cgﬁ 8h’a’§e LSk id ﬁ'mW@cﬂﬂe RihOthel ishit igurll €

desorbed first, no nono- 27 olefins are still being
desor bed &nder condltlons where the di-olefins begin 28 desorbing. Here

the d I | ect. t] di - TN
mono- of ef s AR Ak, Bibp el npredn s E RRUBIaphp ol g le:
conponents c@C laec@MMdJaﬁ@%atbgfaphwmsédJmélaeﬁ@e hia® tHetadility fteidehefy 31
success of the particular conbrnation of ionic |liquid and ol efin-conpl exing

32 netal 8al whes3dhe zompaaefntsesidyeluting/from dte colrpmbtV arieuspeans

appr opri e oMy ERERY Hand:q v el ARRE Ao ini e ge Rl ° "¢

Wien appr@®pr frahea colignghiegiuging/uleanidlet (eVY, aifreeced oRa)\rthlrnleyéM at nosphere.
The tubes_can each be covered with a rubber septumto avoid

cont ani na? | oﬁhr%ogrﬁmye%&)t ga%lea@anaiparamp/ere@%ﬁpe@ronﬂew (@ﬁieMS)

enbodi ne t | 5%;% The
I dent i ty?%f E,\%%Hﬁ%?él{oﬁedl c [? (?a?% mg%éar ssa ts 2 ?)lc?Faé[ ina 9
conputeriin aghtrmmﬂ]e;nngmtecaor diLtﬁalD) méteogenf detectiom ahdtth\eﬂgke hAng af thels@

di ng_the ch t th c | | £i-tub
ks or 1211 AT, ARIhGRdOUn tpahoss SRR 98 A PRYSERCAPERS) an be

per for.megs ”E‘EHHb'métuoW qin@w/é@érym@nrﬂétﬁdneur%hbmry @%ﬁngrevare.biéd Wed |
pl ates, and the information stored, for exanple on a computer. 16
Any t ype14)f product atreanmpofieredoes mot includeddV sactivg coorpovmidg. s dais itype of
15 embodiment, the analytical equipment preferably includes an ELSD detector.
16
17  The entire eluent from the chromatographic columns described above can be
18 sent through an appropriate detector and then to a mass spectrometer.
19  When sample 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 GC and 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-olefins. Software for managing the data is stored on the computer.

33
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18 conbinatorial chem stry can be used. Preferably, the nunber of wells or
19 tubes is in excess of 30, and there is a tube in at |east 60 percent of
the 20 powotsos=ss n each nmulti-tube array. The shape of tR€TAS0X41739 not
important, but 21 preferably, the rack is square or rectangul ar. The tubes
can be made, for 22 exanple, fromplastic, polyners, ﬁgl ass or F‘?ng such

as st ai nl bss Refatignal Q@t‘a@éﬁéﬁﬁfm’@%ﬁam@@ yspeldogorigiateiBe identity AT theeohigni ¢
liquid orein Y. i an add
reagents In%@@s%\?ﬁe%gg%lésntaiﬁftﬁg ar{aY)ggaf ﬂ%tg\{e%%égﬁgﬂ éreﬁ%ttéggsanian be
used. Marfs' | Nuohereus bemmercilyravadable relartienﬁlﬁiaiaﬂasmbofttﬁvarejpmgms agai t abl e
devices are well known to those of skill in the 27 art of conbinatorial
cheni st ryJ o8vaiedleny device that can take sanples from the individual

wel I's andgor tubes and 30 analyze the resulting hydrocarbon phase can be
used. Preferably, the device 31 is a chromatographic device, such as an
anal yti caﬂ) oquﬂt&gmaf databese saftware igha pafeped typea@ s,@‘twar@fpa menaging ther aphy

S i R e T S

per f or nedg Stmaﬁeas bble tb@héateld Urbmorg rrramﬁf@rh@tdnlu@uqm@@ursm@ﬂubes angr ef erabl y
2 taken fromthe hydrocarbon phase, which is inmscible with the ionic

liquid $ 4aceirelpis thatinformationwithdhe iformeation phtainadiom therdhemisdr aphi c
col um ( LC oI 51@%",, i t he
ability enc? ﬁ&gh Ceen 'ef,@%q u?lggo é|{r%13t'%r%veelslllt ,J"P)e %gg r%‘éﬂfh?h

col um. Marl thesameans 7 have commonly been used to |dent| fy Wnen conpounds
of interest are eluting 8 froma columm, including ultra-violet (W),
infra- reHZ(I R), thin layer 9 chromatography (TLC), gas chromatography-nass
spectrongiry [ %’&f f the RIBRAA
resonang?(N-l\r/&) r%@angérr‘\;a%tﬂc\?@%"f%l I g%r%ggfﬁg(ﬁ &ghgéteggHg%%ELSD) nlgtcrogen
det ecti otd andonhlmlllmgexampgesof these 12 neans, and others known to those
of skill '%n the art, can be used, alone or in 13 conbination. However,
when pet} | eum chem stry is being evaluated, the 14 product stream often

does notqg ncl ude UV-actipsmprPPuURathesi éméutpgpgn,@fuq@‘gsenbodl ment, the
anal yti c1a7l equi pent preferably i1 ncludes an ELSD detector.

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

19 follows. 1-Methylimidazole was measured into a stainless-steel autoclave
20 along with 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 chloride (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"CI') and N-hexylpyridinium chloride (hexpyr'CI), although a higher
30 reaction temperature (130°C) was required to achieve high yields.

31

32 Two different procedures were used for conducting an anion exchange

33 reaction to give a neutral ionic liquid. In one procedure, the precursor is
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16 17 The entire eluent fromthe chromat ographic col ums descri bed above
can be 18 sent through an appropriate detector and then to a mass

spect r omeweros/oifsihen sanple collection is desired, it camrcyagors4imen the
UV or mass 20 spectronetry signal indicates the presence of the eluting

conpound, and can 21 end when the UV si %nal i ndi ca]&e?rg{ hat .t he conpound
has fini sheddissaiveddn zsetansrandeeadted with thasediprgall ghthie Jesitgd 3PNty t hat
t he el ut c nd. | 23 I u i r: tii |y
when nonc: of VRaGr O NBPFEF, InARelof bl Ko e IR, oL iS HlssolRL A, 2
usi ng thed | i bndrgactadanitibihesddic foraf of thie aBimildBNBor sIRFsed Thparecwsbar | y

' - and di-ol ef | lute from, 26 the | t sim
ates. 27 2BMIGCH ke Beke Tof Jonic N SEN T B Atk By BeR BRpale o
storing 29 Qb ééﬁﬁefrégﬂfi% Rhié h&;ihQﬁmm\ik\{étérWast@*éa'tlwrifméni]gayib@_&herret al

salts and the 30 product streans obtained when conbinations of ionic
| i qui ds a&hd naitelof sghthesis3 IThe oniskquid oradspby Hieeatid soutenwas dnaisflible] ef i ns

from each,oth and opt.j onal.ly. 32.from nan- ol ef ] Sof : \nagi ng
the data T SBoedeE i EdmmioiBpid egedairB i iynIainls fusdp BN,
Rel ationag daddrayenicthtWatRINGa0 BEbOERItD & p@ﬁrwairah@org/he is denéveddythat the
ionic 2 liquids, the netal salts, and the anal ytical data from each

product s9r edhis changerin miscikibmwttwatarys dvaito s Brasense ob residealiNafakie
sof t war e; pro T8 Al 4 .avall.apl e.4.> 6 Relational database software is a
pr ef erre1dd)tyg'({a@@)@@g??%wg\{?%rsgﬁéﬁlét& ng the 7 data obtained during the
processes] descri bed herein. However, any software 8 that is able to create

a "nmenory_map" of the ionic liquids in the tubes and 9 correl ate that
i nf or mat i/%n &P?W%BFQWHFW?FQR%H?% tRgenerate ?Wé‘”@%ﬁﬁc'é’alc lﬂ“&e'&%‘f‘gons

can be Uffgg- tr}%b%?'g}‘%s% H@%Efz%raeodv%,&@Wall%iﬁ&éﬂb@é&r@&ﬁﬂﬂcha%& 11

the art. pres Irnvention w | ter understood wt
r ef er enct4 t ofrohecdmimeraiahguppliers. These reactions are summarized in Table 1.
15
16  Table 1. lonic Liquids
17
lonic Liquid Precursor Anion Source lonic Liquid
Bmim*CI HBF4 Bmim® BF,
Bmim*CI HPFg Bmim® PFg
Hmim*CI NaBF, Hmim* BF
Hmim*CI HBF4 Hmim* BF,
Hmim*CI’ NaPFg Hmim* PFg
Hmim*CI HPFg Hmim® PFg
Hexpyr'CI HBF, Hexpyr® BF4
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Bu,Me;N * BF4 (mp = 75.1
OC)

bmim = 1-butyl-3-methylimidazolium

hexpyr = N-hexylpyridinium

hmim = 1-hexyl-3-methylimidizolium

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

The present example investigated the possibility of immobilizing Ag and Cu

ions in an ionic liquid. The Ag(l) and Cu(l) compounds have been proposed

for use in the selective complexation of dienes over mono-olefins. The

immobilization of these ions can be accomplished by either dissolving Ag and

Cu salts in an existing ionic liquid or by reacting an ionic liquid precursor with

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

Several screening reactions were conducted to determine whether Ag and

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

Table 2.
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12 The acid procedure was then used to generate a variety of ionic |iquids
using 13 the precursors synthesized above, as well as additional
precur sorwopansdassed 14 from comrerci al suppliers. ThesePCEaASIY/OI139 ar e
sunmarized in Table 1. 15 16 Table 1. lonic Liquids 17 lonic Liquid
Precursor Anjion Source lonic Liquid Bm md- HBF4 Bm mt BF4 Bm mtC - HPF6
Bri m+ PF6!  HiRRIE Salibily ehAGRNBEA iondnAQ@r o884 Hri me BF4  Hi meQ "
NaPF6 Hm PF6 Hmi m+Cl - HPF6 Hmi m+ PF6 Hexpyr+C - HBF4 Hexpyr+ BF4 26
WO 03/ 059483 PCT/ US02/ 41739 Hexpyr+d " HPF6 Hexpyr+ PF6 (np = 38 7 Q)
(C8H17) 3MeN+Cl " HBF4 (C8HL7) 3MgN+ BF4 (np = 58.8C) | (C8H") 3AMeN+Cl " HPF6
(C8H, 7) 3Mel c - 4 Ne3NH +BF4- (nmp = 1§3C Pu2Me2N +Cl - HPF6

, %‘%’i%

)

N+ PFG IV&SNI?H HBH
Bu2Me2N+PFG 1@ LIquie or EFecursed g Me3N+Cl " HPF6 (G 3N+PF6 (nmp =
131. 7C) BuZiveZN+CI- HBFZ BUZVEZN + BF4 (Np = /5. L | C) 1 bmm =
1- butyl -3-get hyl i m dazol i um 2 Hexpyr = N-hexyl pyridinium3 hmm
1- hexyl - 3- mBrhighiBAi zol i um 4 |SAGBRNpl e 2: Sol ubilfj Ygsof Cu and Ag
conpl exes itAtonic Ligui-ds—6—THe—present—exarpte—tnvestigated—th

/ANCATT A 1 VCSI. :gal \ >3
possibility of inmobilizing Ag|and Cu ;
Bmim*PF¢ AgPFs No

(4%

Bmim*Cr AgCl No

Hmim*CI AgCl No

Hexpyr'CI AgCl No

Bmim'CI CuCl Yes

Hmim*CI CuCl Yes

Hexpyr'Cl CuCl Yes

As shown above, an attempt was made to dissolve the Ag salts in ionic liquids
that contained the same anions. For example, AgBF; was combined with
bmim"BF4” and AgPFs was combined with bmim*PFs. AgBF, was soluble in
the ionic liquid. Neither AgPFs nor AgCI dissolved in the ionic liquids that
were tested. Attempts were made to dissolve CuCl in a couple of different
ionic liquids and ionic liquid precursors. The CuCl dissolved in bmim*CI’,

hmim*ClI’, and hexpyr'CI". Itis believed that the CuCl participated in a

—_ O O o ~N O O b W

[ N

complexation reaction to give new ionic liquids with CuCl;" anions.
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7 ions in an ionic liquid. The Ag(l) and Cu(l) conpounds have been proposed
8 for use in the selective conplexation of dienes over nono-ol efins. The 9
i mrobi | i 2&0i0eks5@83 t hese ions can be acconplished by eithepcCaitssphvbsng Ag
and 10 Cu salts in an existing ionic liquid or by reacting an ionic |iquid
precursor wth o,Iexto create 3

Several streeni nEXaBRS SE Wb SHIUEY ol chum %ateats il

Cu conpl eées were sol uble in ioni CB'%@%%@”'"&%N esul ts are sumarized in
14 Table 2. 27 WD 03/059483 PCT/ U ble 2. Solubility of Ag and
Cu ion in3i on| c liquids 2 lonic Liquid or Precursor Salt Sol uble? Bm m+BF4

AgBF4 Y m+PF6 PF6 A
ngpyr+(ca:ls4 AJEYS %pm %ﬁ@u%gfmﬁyﬁgg%u(%m%%n&%gmwi@d cuc
Yes 3 4 4\S waun @iBQY@rthé%e?édtﬁ%ﬂ}ﬂéxéfﬁﬁﬁoftdleﬁééSmhé%dtsbﬁptm ofad-ts in

ionic liquids 5 t hat contained the sane anions. For exanple, AgBF4 was
conbi ned &i t buterengas-Byiite ipnit gyt camples waAdiMRAREWiRE ﬁmdrﬁs FWPIBANZEAGRFA was

squbIe i e t he
Conio i o adaPiks: o Nedehieidli s A leRdin S BHingRaitis SISV T, 4
coupl e Of 8 di NgBFghowkd r@mafslble @lbsdqot@ncbﬂthelbuténquasiwpnectm immsllql]'us CuCl
dissolved in bmmd -, 10 hm mtC -, and hexpyr+d ", |t is belieyed that

the cuCl 9Par croiaiingdhe @U&3'1@nt%}$ﬂé}@étshew ‘%’B’a%ﬁl?réﬁ'apl? PSAPH FERthe

o of 1 S c AT taBME PG e e Pt QPSP TR0 was SreATy ! © =

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

12  atime which would make an Ag-diene complex more thermodynamically

13 stable. Therefore, these Ag-containing ionic liquids are able to selectively
14  coordinate dienes over mono-enes.

15

16  As a control experiment, the Ag-containing ionic liquids were also tested for
17  butane absorption. No appreciable absorption was detected. This again
18  suggests that the Ag is forming a complex with the olefin and that the gases

19  are not merely dissolving in the ionic liquid.
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2 Diene Coordination 3 4 This exanple evaluated the use of Ag(l) and Cu(l)
conpounds immobilized in 5 ionic liquids for the selective conpl exation of
di enes. TWeo oadswspti on of 1 6 butene gas by the ionic |iqecd/tsampl7eas was
measured and is summarized in 7 Table 3. The ionic liquid sanples
containing v i n mounts of di ssolved 8 AgBF4 showed reversi bl

absor pt i oﬁ a%’l'fegbéﬁér'%)sé’é%t'%w NI biquisls eontaining £9(ly a@@rﬁ;‘éﬂ)rﬁai@ t he

CuCl2 anign did not show any appreciable absorption. For the 10

Ag-containing_ionic liquids, the ratio of butene absorbed to Ag was
slightly 11 higher than 1. This suggests that the Ag coordgi nates nore thgn
one olefin at tin i ch woulld nake 3 i ene conpl ex re
t her modynani £ H?Q'Q}LH?'%ta%@VYg Ther ef{d?@S theWQgE%nt ai nlrdﬁpﬁgg@ym(ﬁ%i ds
are able to pelectively 14 coordinate di eneg,QgeqnNoNo-enag )15 16 As 3
control expelinent, thg Ag-containilng ionig |IC]UI ds were gl sg tested for
17 but ane abaorpti on. No appreciablle absorgtion was detectled. This again
18 suggests Ad conpl gx, wpth the ol effi nd that thg
gases 19 arg gﬁ@ fel yéZég‘q.%FE‘]\n nca1| T the [ibfPc 1iquid. 29 P@% 03/ 059483
PCT/ US02/ 41789 1 Tablg 3. Gas Abscrbq,tté,qg\ By lonic Liquidg Containing Ag(l)
and Cu(l) salts 2 loric Liquid Salt Gas W% Gas Mbls Gagd/nols  Absor bed
M) Bm mtBF4- 5% AgBR4 1 - 1.45 1.32 butgne Bm m+BF4- 10%AgBF4 1- 1. 8¢
0.87 butene| Bm.m&BE4- |20% 4 14 ,7.69 1. 30 but ene Bmi " 1.0 equiV
1- 0.03 Nc Cu%m'BhBE% ﬁ?/ Faio 9 Tequiv 1-18915 Ne BE
butene
Bmim'BF4" | 25% AgBF4 1- 7.69 1.30
butene
Bmim'Cl" | 1.0 equiv 1- 0.03 Nc
CuCl butene
Bmim*Cl | 2.0 equiv 1- 0.15 Nc
CuCl butene
Hexpyr'ClI" | 1.0 equiv 1- 0.60 Nc
CuCl butene
Bmim*BF4™ | 5% AgBF, Butane |0.13 0.10
Bmim'BF4 | 10% AgBF4 | Butane |0 0
Bmim'BF4" | 25% AgBF, | Butane |2.56 0.35

3
4  bmim = 1-butyl-3-methylimidazolium;
5  hexpyr = N-hexylpyridium;

6

nc = not calculated
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CuCl butene Hexpyr+Cl- 1.0 equiv 1- 0.60 Nc CuCl butene Bm m+tBF4- 5% AgBF4
Butane 0.13 0.10 Bm m+BF4- 10% AgBF4 Butane 0 0 Bm m+BF4" 25% AgBF4

But ane 2.0 03/03883 3 4 bmi m = 1-butyl -3-nmethylim dazol i un PCH/USeXpNB9 =

N- hexyl pyridiumy 6 nc = not cal cul ated 30 WD 03/059483 PCT/ US02/ 41739 1

Next, a m xture of hexene ,and 1,5 xadi ene was m xed . in n-decane and 2
exposed th f Ngxtidmidure atu%ixesr@l@ﬂJ]it{)she*ﬁﬁ’ée'?%Wﬁé m'fﬁgl'%nﬁﬂcépﬁcﬂf@amre

1- butyl - t u th
0o 55 42 107 T G e ™ e
results &sh@mdt@l-pn&ifaeommeteﬁraﬂumdbom @n’ﬁmdBIié}&}rmmmtbr%o@%r t he

hexene. su in.Tabl e . 8. T 4. Sel

Absor pt i o of18(fr @@ééééé%@%ﬂ@ﬁ"ng ch‘tf\’)('i‘l'n 'ZW@? .'%?er e‘ﬁ Id;lgne/ nol
Hexadi enes he)éﬁaﬁ/ed'%ggre*?ﬂ'én%@fé\g&ﬁ%rﬁyn? tﬁlé/i 4 h6Radiefe DIBFthedhdxehe\ Phe 10%
AgBF4 0.27 1.1 5% AgBF4 0.42 1 . 10 11 The ionic liquids also

show an affi mstg}foafe ﬁ@smlptTahbéf di enes over al pha 12 ol efins, and al pha
ol ef i ns er paraffins. The same ionic liquids were run in a 13 TGA (total
gas adsorption) systemto neasure the uptake of butane, butene, 14 and 1,3

but adi eneg Thabld quiSitectivevabsdiptidn 6t dienepbakemohotdlefigit ane because 15 it
cont ai ns gno doubl e bonds to interact with the Ag+. Hi gher uptakes of the

Mol Hexene/mol Mol Hexadiene/mol Hexadiene/hexene
Ag’ Ag’
0% AgBF4 N/A N/A 1.66
5% AgBF4 0 14 N/A
=
10% AgBF4 0.27 1.1 4.0
25% AgBF4 0.42 1.1 2.6

10

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

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

17 adsorbents. The results are shown below in Table 5.
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16 olefins showed the ability of netal infused ionic liquids to serve as

17 adsorbents. The results are shown below in Table 5. 31 WD 03/059483

PCT/ US02/ w0 03059483 Tabl e 5. Sel ective Absorption of di enesPorarsomentse ol efi ns
over paraffins 2 Ml butane/nmol Ml butene/ ol Ml 1, 3-but adi ene/ nol Ag+
Ag+ Ag+ 5%ABF4 .11.3 3.7 10%AgBF4 0 0.8 2.3 2 ABF4 2.1.3 1.3 3
4 Next, alni ?Q%gofsqi‘tf‘ecﬁ'éﬁeb‘béﬁ’fp@“so HERBEF aMer W&EOrﬁ? g&??YFrrPa(ﬁﬁﬁ'gﬁe and 5
exposed t® an ionic liquid solution containing a copper triflate. The ionic
6 liquid solution was 1-butyl-3-nethyl-im dazoljunm copper 7
trifluorongthanesul fopate (Bm nml CuOTf). The results |showed a preference| 8
for adsorbilng the 1,5 xad| ene over ene. Theg re t,s.arne s n
9 Table 6. {10 11 Tab &F%%U@PZ@P\ ve &E’EB }e?ﬂ e4Robt  di ﬂlsﬁhd?}g?d'ﬁﬂﬁ efins
12 Mol hexg¢ne/ nol Mol | hgxadi ene/ nol I\/pgl hexadi ene/ mylpg™Cu+ Cu+ hexene 10%
CuOrf 0.072 _0.367 5.18 13 14 Next, xture of hexene and 1,5 hexadiehe
was m xed ifn n-decane| and 15 exposed to Bm nl CuOTf |wherein the triflatg
had been sl|i ght | pose 16 Two . sanpl es were both with and
wi t hout hycl% %posﬁ)% The 17 regﬁia’[s again shovéj?a preference for
adsor bi ng tfthe I,5 hexpdi ene over the 18 hexene. Furt hernore, there was| no

decrease i diene | oadi ng or selectijpity in 19 the |hydrogen exposed
sanpl e. The 1086 WgBFsaf@ shown in Tab] €87. 32 WD 03/ (50383 PCT/ US02/ 41739

25% AgBF,4 | 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  trifluoromethanesulfonate (Bmim/CuOTf). The results showed a preference
8 for adsorbing the 1,5 hexadiene over the hexene. The results are shown in
9 Table6.
10
11 Table 6. Selective Absorption of dienes over mono-olefins
12
Mol hexene/mol 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  the hydrogen exposed sample. The results are shown in Table 7.
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1 Table 7. Selective Absorption of dienes over nono-olefins 2 Ml

hexene/ nol Mol hexadi ene/ nol Mol hexadi ene/nmol  Cu+ Cu hexene No H2
Exposur e WO%3/@s0d83 0. 073 0.284 3.91 H2 Exposure 10% CuOTPCOABIV403291 3. 80
34 Wile not wi shing to be bound to any particular theory, it is believed

t hat the eas n. diene loading.in the air osed sanpl e (conpared
with the 1hon ag &af r @J&%‘é’@(ﬁ%&ﬁﬁil%’)oﬁg@eﬁ%oi’@ ’E)‘QF‘Plcg‘F Nfeact reat i (()n (r)r}) t he

Cu due toy02 7 exposure. Notably, no decrease was observed due to H2
exposure. It is also 8 believed that the lack of appreciable uptake of
diene by the ionic liguids 9 containjing copper saltg shown in Table 3 was
due to the(|formation p new 10|oncli id  Bm mt wh nth
copper is fied up in t&@?Qﬁ?(%’?\e/HWJj &' ol e g'&&‘ﬁ’m%t '@lﬁ‘?’@&'e@eﬁ i
conpl exati¢gn. 12 13 Addirtional |y, TGBuadsorption eXpfieRBnts were
conducted @n each of the 14 jonic liquids describedq above with butane hnd
1- but ene under:%4& < o| | owi ng 15 tes conditions: sdnple size:

appr oxi mat ¢l19%IuQTY; ow rate: /mn; 16 t¢g ature: isotherngl
at -24C. The TGA recooé&#t he sanpl ¢ %é%éht unti| J;go'glipl at eau was reaghed

in the sani BBLEGE Yersus tinme pl:ll Three of the| 18 sanples displaygd

D

significant ampunts of butane and 1-putene adsorptiqgn 19 and were further
tested with 1P%8CHATRd| 8087 Additional 0284orption 204 B8&Peri ments were
conduct ed, bstrg—t—+F—ottadiere—t—octene—and—21+—3-9-decatdiene—the
C3-diol ef$n and C10- d| olefin runs were done with a new 22 batch of 10%
AgBF4 i m g aZWhl}HTh?tqmsﬁm' 't@LBedbouﬁﬂi ® Q@?éﬁlb@feﬂr%é@r‘} Hﬁqbélﬂ,fvedaﬁaﬂ%@pa“ son
with previous resu e results show that the ionic uids 24

sel ectivehy ddsmaseontdiaresloatinigdn the git expesed sample Kmorpaar@ﬂfwmh thednerr nal

25 al pha é)l efeﬂrr&pgsegsszamp%g) is due to partial deactivation of the Cu due to O,

7 exposure. Notably, no decrease was observed due to H, exposure. It is also
8 believed that the lack of appreciable uptake of diene by the ionic liquids
9 containing copper salts shown in Table 3 was due to the formation of a new
10 ionic liquid, Bmim"CuCl;, 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; C, flow rate: 50 cc/min;
16  temperature: isothermal at -24°C. The TGA recorded the sample weight until
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 C4g-diolefin runs were done with a new
22  batch of 10% AgBF, imidazolium ionic liquid, so a Ce-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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33 WD 03/059483 PCT/ US02/ 41739 1 A m xture of 1,7 octadi ene and 1-octene
(about 3.2wt % each in n-decane) 2 was evaluated. The resulting liquid
after 24 Wows®59483 m xi ng contact with the 3 ionic |iquidPconisat/mea t he
sanme amount of 1-octene, but only 1.4 wt %of the 4 1,7 octadiene. This

corresponds to an adsorption of 0.72 noles 5 C8-djene/ nole A sl i.ght |

| ower tha]dw pPevPdide %fx‘[erq gre andleectepe (ﬁb%-%?\gﬁg,ea&hdnd’g%%er)gt esy
that the -dj ' i ¢ in i fin. 8
0 A mxt s o SPGB R oA D O RS i il cERE A e e a

10 decrea3e iani®liquidtcntdined triisameramounti of lcocteaspbutasnly d .awt &l obthst i on
ratio 11, of

2 ol ClOo-diolefin /po] Ag+., 12, 13 ] Xt of a
C6- di ol ef‘}n, 1? @%tggfed"eeﬁmsgﬁgegp%q)s_{ﬂ %’?@P??\rp\%g Oé@b-{aemoiéset o0 14 the sane
condi tions. Baji€ReMab A Nsiimsy RswéethaRtdraliblis astperimedtyeswédforl 5
C8-diolefin and the Cl0-diolefin. Wiile not wishing to be bound to a

particul & Os-dierergnd demopstsates dhaldherGe-diene isipraferantially pdaadedAvESn i s
due to diffe es in. olubility. 18 19 lonic liquids can be used to

| mprove t%e g@%@?ﬁé)@%%(?%ﬁdi ol efins (al pha-onega 20 ol efins) from normnal

al pha olegins (NAGs). The ionic |iquids which have been 21 tested are

m xtures that contain an grganic amne and a transjtion netal 22 conpound.

Because i9ni & Mipduregaf @‘@dﬁP'lefmé’éﬁ&?%{ﬂ%(4-?%%‘)9’@%@'&96%@”5’@0@ are
thermal | yg st ﬁg#ﬁ#\éﬁb 77 %%e?ﬁ&@(fp?ﬁﬂéf erie B8R eshdlids ©034h B8sdptdniraidn 24

extractive di at1on or qui qui d extraction separation process. The
25 procest caf1tzheobDas-didbefinuseal Ag. purify | arge amounts of NAGs, which are
26 typi Cf | y used as chem cal precursors for the synthesis of

pol yet hyf€nes, 27 surfactants, synthetic lubricants and additives, etc. 28

Pat 1 hot 50 MEREEDK L5 AN &1 haint riheCe foBfniharugbsens o o7
m xt ur es14f #ie same-csinditions, Tdie Gh-didlefin wasgreferentiallylagisorked overdhehe
Forgoi ng; exappl £81681%nd the Co-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-liquid 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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32 intended to be illustrative and non-limting. Those skilled in the art
of 33 chem cal separations can readily determ ne the operative and opti mal
ionic 34wW003034859483 PCT/ US02/41739 1 liquids, netal saco/wnz4wenditions
for carrying out the processes and process 2 steps of this invention for
any specific s%%:r ation of nmono-qlefins, di-olefins 3 and/or, non-ol efins

usi ng thd cdifyiasameiabsaltartrandifons farsacning otaePracreses M RIOCER hni ques
known insth i : 1S 2
A A T e B s S T By s U A

m xt ur e Bonm@ndiommprtoledinefusing tveccambbiaatibrdlichemistry appraacbeetiensioamng exi ng
netal salt di 6sogg\$d di spersed,, or suspended in an 6 ionic liquid; 7 b)
mai nt ai nfng Y0eheERIAEs KWIRWRJRERRE™wi t h such ol ef i n-conpl exi ng metal 8
salt for sufficient time to selectively conplex the di-olefins over the 9
nono-olefins to forma netal salt/olefin conplex; and 10 c) separating the
non- conpl exed nono-olefins. 11 12 2. The nethod of claim1, further
conprising desorbing the di-olefins from 13 the nmetal 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 efin-conplexing netal salt. 17 18 4. The nethod of claim3, wherein the
anount of said olefin-conplexing 19 netal salt is adjusted so as to
conplex essentially only the di-olefins. 20 21 5. The method of claiml,
wherein the nmetal salt conprises a Goup IB 22 netal. 23
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24 6. The nethod of claimb5, wherein the netal salt is a copper salt. 25
26 7. The nethod of claim6, wherein the netal salt is CuOIf. 27 28 8. The
met hod ofwolmiose483 wherein the netal salt is a silver sal tCT/UX92/30039. The
met hod of claim8, wherein the netal salt is AgBF4. 31 32 10. The net hod
of claim1, wherein the nong-olefin and di-olefin-containing 33 mxture is
a gaseoul oMMHAT ISGLAIMERYSst ream WO 03/ 059483 PCT/ US02/ 41739 1 2 11.
The nethgd of claim 1, wherein said mxture is contacted with said ol efin-
3 conplexing netal salt in a distillation apparatus. 4 5 12. The method of
clai m 113 fdrtAenethodfor sepayatiepanano-olefe comprising: corrpl exed nono-ol efins

by distillati d distillat The method of
ol ai m 124 1 @)1 nePEGHpd ASTHraOEMINGD Gapits 2B aToROlsTom T 80y et o

sal t/ol e5in Com}effm -&m ;'e%ghmafd QAlIt kas%We‘é dispeiddPbr QUspORRSRInUEn 10 11

14. The nmethod of cl ai erein sald mxture is contacted with said 12
ol efi n- cOnpl exi mnicrbqut; salt in a systemof one or nore liquid mxers. 13

14 15. t hod .of . cl 14 th . iNg:. sal - 15
conpl exell milo- GHAUNAHNG PR EilFh iy Srmtacy B Shit? pREB bRy Bt pgrat "
decantatgon. 17 saﬂf%rlﬁ:fﬂéf Bft time W@@e@ctﬁél?'o@m’ﬂ;ﬂex {hy dibslefie® opeér thieng
desorbing said di-olefins from 19 said netal salt/olefin conplex in a

regener adi on apﬁmrm-gbfmatbo farm a metahsalifglefisgosplexiand 16, furt her
conpri sgﬁg 3 égﬁ?ﬁggﬁgbﬂtr%?c&ﬁw?)fgxe%%ngﬁb%léfﬁ%ener ation apparatus to said

system

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 essentially only the di-olefins.
20

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

23

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

25

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

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.



23 24 18. The nethod of claim1, wherein the m xture of nono- and
di-olefins is 25 derived fromwax hydrocracki ng, paraffin dehydrogenation,
or 26 cormvDrabswss thereof. 27 28 19. The nethod of cl ai mCI/USbst7BEr
conprising subjecting the mxture to 29 partial hydrogenation prior to the
contacting step. 30 31 20. A nmethod for separating nono-ol efins
conprisihg: 32 a) contacting a m xture conprising di-olefins and

nmono- ol ei ns 4w I persed,
o suspended T e g L R R s F B B e )

mai nt ai nBng sucdmpiexing metai satinn adtistiliation sypparatbef i n- conpl exi ng nmetal 3
salt for sufficient tinme to conplex the nono-olefins and di-olefins with 4

the ol ef fn- conplexing nmetal salt to forma netal salt/olefin conplex; and

5 c) selgct I1\2€|Yhé?§éthadrwctahﬂ 1r‘10'ﬁ9‘tﬁé|ﬁfdrﬁ;§rlé‘uﬁ%§bbéh%tlﬁ'gts@id fehi/ol efin 6
complex. 7 8 21. The nethod of claim?20, further conprising desorbing the
di - ol efi fis f r opemolexed fﬁ@ﬂ@-IO'Qf@IStUYCﬂiléﬂ“laﬁloadﬁﬁﬁ@xd'St;llbatlol‘laPP@ra';NSrret hod for
separatlzg nono-ol efins and/or di-olefins conprising: 12 a) contacting a
m xture conprising di-olefins, nono-olefins and non-olefins 13 with an
ol ef i n- cgnpl4ex«i mgemﬁétﬁbd%ﬁlctalrﬁiﬁwum cotprising eesormirgsaidrdietefink4from an
lonic liquid; 15 b) maintaining such mxture in contact wth su qf}

ol ef i n- c8npl exsaig rﬁ@taésalileleélmqom@iexwfmt&'a&iﬂ@ i paig 8"@39{3@&93{' us.

nono- ol bl ns and di-olefins with the 17 olefin-conplexing netal salt to
forma rret al salt/olefin conplex; 18 c) separating the non-conpl exed

non- ol efiiins; 14aniﬂhé9n@thode:lfehatmn\/ewheiemmd mjxtune isToordacledf witls séidom t he

nmetal salt/olefj 20 conpl ex. . P
12 olefin- comple%g 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-olefins 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 16, 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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21 22 23. The method of claim22, further conprising desorbing the
di-olefins from 23 the netal salt/olefin conplex. 24 25 24. The net hod of
cl ai m 23, watvaned4s3 said ionic liquid is capable of form ngPaT/ud62/¢00BUti on,
suspensi on or dispersion with said ol efin-conplexing netal salt. 27 28 25.
The nethod of claim 22, wherein the metal salt conprises a Goup IB 29
metal . 3b 31 2d0niglguidet hod of claim 25, wherein the metal salt is a

copper salt., 32 : ; WREB | It i
colhe" %8s B 53 mnining MpRiRRe #,conBlWaR subAletiriodplcXH 25

wher ei n Bhe net saltfat suffisieat Sinkevercosaplex theamonpplefiteang dhotefios withai m 28,

wh [ h t |t i BF4. 6 1N hod ' [
the. non- Bl of | ns 1B AFINESmPSREgdet 8alto fenba otel sbbisfy Fomfiy e <! "
aromat | s, Qz M Xl @ReRUEsORITRG MR hiho-bleBRs fom tHe Meldl salthutefiret hod of
claim 30, whérein the paraffins conprise cycloparaffins. 10 11 32. The

met hod 06 cl ai m@mplekerei n the nono-ol efins conprise at |east one 12 of
et hyl ene,, propyl ene, or mxtures and combinations thereof. 13 14 33. The
met hod of claim 32, wherein the ethylene is produced in an ethylene 15

cracker, gan HP Thaeksthod df BRIAIN fertierampriding deborbiig thesditdiefieofromls 17
34. The nethod of claim 22, wherein the olefins are produced in an 18

appar at uf sel ectheameta saitioefiy earpPlesnsi sti ng of an FCC unit, naphtha
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 metal

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 claim 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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19 hydrotreater, catalytic refornmer, distillate hydrotreter, hydrocracker,
coker, 20 RFCC unit, RDS unit and conbinations thereof. 21 22 35. The
met hod ofwoloaiom422, wherein the olefins are derived from parafSb2/sm7393
dehydr ogenati on, ethylene oligonerization, wax hydrocracking, or 24

conbi nati ons thereof. 25 26 36. The nethod of claim 22, wherein the
olefins &re produced in a Fischer- 27 Tropsch synthesis. 28 29 37. The
met hod of cli ' - ' riedylcgfa 30 ol efins
dor ved fr ot nLemahel 8t Bt 2o Wt ahthe petdl Pl A BvSBle 20 8. “rhe
met hod o8 claim 22, wherein the olefins are separated froma recycle 33
streamin a Fischer-Tropsch synthesis tq reduce the nt of olefins 39 WD
03/ 05948% P&P) u‘é@%ﬂﬂ%@g0?f'af'é%@cM@W?'Pgﬁ?é“éﬁgﬁﬂgﬁ%r%%%ch unit to an
upstreangnet hane refornmer. 2 3 39. The method of claim 22, wherein the

ol efin-containing mxture is a 4 gaseous ol efin-containing stream 5 6
40. The et 130d Bhe ohathad 28 claithéX2ewheseindheinoneelefing compriae Léteast oReShi d 7

ol ef i n- cgnpl exi n tal salt in adstillation ap t Us. The

met hod o? cl ai npg'@,%arf%Pf(ﬁ%‘?naéﬁ?rpe}rpg]arsﬁ'ﬁss%rp@f’glfﬁeggé?@&ﬁﬁlgﬁﬁ%ggﬁe}r%wéxed

non-ol efgns fromsaid netal salt/olefin conplex by distillation. 11 12 42.

The method of claim4l, further conprising desorbing said npno-ol efins 13

from sai 8 m&tal Thaimetbpeof clairpas. shesgindhe arafiins eamniiseLyglamasaifingat i on 14

appar at Lf@l 15 16 43. The nethod of claim42, further conprising desorbing
-0l ef

sai d di ins from
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
29 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 stream in a Fischer-Tropsch synthesis to reduce the amount of olefins
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17 said netal salt/olefin conplex by distillation in said distillation
apparatus. 18 19 44. The nethod of claim 22, wherein said mxture is
cont act edwwioslos®ss d 20 ol efi n-conpl exing nmetal salt in aPsydaiSerms1089 one or
nmore liquid mxers. 21 22 45. The nethod of claim44, further conprising
separating said non 23 conpl exed_non-olefins fromsaid tal salt/olefin
conpl ex by dectasyaleddrom aisomeraEropsal upEita Sl Wstigas; m%ﬁ?n?(ﬁpﬁeﬁf-
conpri si yg desorbing said nono-olefins 26 fromsaid metal salt/olefin
conplex I'n a regeneration apparatus. 27 28 47. The nethod of clai m 46,
furt her 8oma9.sTheg niethod lof oipimd2] wdiereindhe rdefin-comtaitdng mixturasisaa
salt/olefin conplex i ai d regeneration apparatus. 30 31 48. The net hod
of clainft47, f9PseRYS ¥8 -PPE{‘W@"% §PAY the bottons from 32 said
regener agi on apparatus to said systemof liquid mxers. 33 40 WD 03/059483
PCT/ US02/ 41739 1 49. The nethod of claim 22, further conprising purifying
t he ol ef Bn- céht Zheimmethod oficlaimr2?, ivdfaseia said misre s ¢arjactedpvitosaidnove
sul fur, gcetylini.cs, 3 oxygenates,,.and other ons. 4 5 50. A nethod
f or sepa?atingo 'Hbd-oéﬁ‘@f’f('ﬁg "é%@f%?ltmggfsiﬁsﬁ%mgéﬁ%&ﬁssrng: 6 a) contacting
a mxturg conprising di-olefins, nono-olefins and non- 7 olefins with an
olefin-conplexi$g nmetal salt dissolved, dispersed or A 8 suspended in an

¥

i oni c |i §ui dt1.9Thg methad odiclamA furhen cRMaPiising §Pa@tingisaid 8aeh

ol efin- | ex] I . i Gl j Lk conpl ex
t he di - gﬁgpi nsE@@\g[@{eﬁenor%@eﬁn@%tgphfé?llﬁ#ééftagkglglﬂﬁffg’%rﬁ@{&@ fdgfﬁ"\égﬁ"/ ol (r;Pi n
conpl ex;1112 c) separating the non-conpl exed nono-ol efi ns and non-ol efins;

13 d) d bi the di-olefjn the first netal |t/ ol efi | ex; 14
) cont 4211 M7 L Fbe TopthedEIARd haHehe] P IadeaRre A 87 ECOP e T Re

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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15 ol efin-conplexing nmetal salt; 16 f) maintai ning such non-conpl exed
nono-ol efins and non-olefins in 17 contact with such ol efin-conpl exi ng
nmet al salwofoonsses ficient tinme to 18 conpl ex the nono- ol efPCAAISKDA4764 M a
second netal salt/olefin conplex; 19 and 20 @) separartati ng the

non- conpl exed non-ol efi ns 21 22 51. The nethod Q fur

conprisi hg d&sof e methag Oﬁﬁﬁﬁna%mrﬁﬁer CONPIYRY PHE y%?c ?&P”@”'?Qol efin
conpl ex. 524 2 eh@éiq 8'Biflr et mént of said

ol efin- corrpl exﬁ’n)gar%%&%r sa tQ&'@ &gp"&gﬂ'grg\@go as {o coy?r'pl ex essentially
only the3di -ol eiygmates?‘anﬂa)tﬁer hdteeoatetrtsod of claim 1, wherein said ionic
liquid ii conprised of anions 29 and cati ons, mherein; 30 said anions are
sel ected™fromthe group consisting of halide salts, 31 netal anions,

chl oroal gm ngy ep rﬁéfﬁ%%#’%ﬁlﬁhﬁng %r{d YIRS At eii- ole?%stcﬁirﬁﬁrfélti@r obor at e,
tetrachl oroborate, hexafl uorophosphate, nitrate, 33 trifluoronethane

sul fonat 6, et hylcsutdaingtamiiutentampesing idbelafis, mpnalefin®god gon-

Lot rachl 6r oal um mitis Wi BT RRplsfnd e AR GE Feparsad e ani on,

copper dgchl ori desusgeadéd®ih an iohic ligui@h! ori de ani on, antinony hexafl uori de,
copper dichloride 4 anion, zinc trichloride anion, |anthanum anion,

pot assi ufh arton, mainkiaing SUShARKBHE M CORIACt withwchQefin-compiaxing H&%@anese
201 ont 367, Somol A i8R SurfBieAP i I SeiERE G AbEx M o gRANS ofBF HRDS 2 e
sel ected fromthe group consistin I C an non- cyclic quat ernary
anmmoni urmcat i ons mﬁhck—)blamnmfuma fpstrnrﬂtmlsult&ﬂefm sarbpleixt ut ed pyri di ni uns,
N al kyl pérl di ni uns, imdazoliuns, substituted .10 im dazo

N, N - di dPkyIG)ni dSeperating, theyanssemplexed 'E%%Plecf'lﬁlﬁ’éﬂ‘dﬂO’b?H'BPl ni uns,

phosphoRhru al ky
but yl - 3”'%?3’ lim azgtﬂﬁg*ﬂﬁé‘ﬁfﬁ%ﬁn E@Wﬁ%g}m%@%&@d?ﬁ@complex

14 e) contacting the non- complexed mono-olefins and non-olefins with the

15 olefin-complexing metal salt;

16 f) 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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13 nmethylimdizolium (C8HL7)3MeN, Bu2Me2N, and m xtures and 14

conbi nations thereof. 15 16 54. The nethod of claim 22, wherein said ionic
i quid i swoonpsdi48ed of anions 17 and cations, wherein; 1@CIdiSd2/axTBoONs are
selected fromthe group consisting of halide salts, 19 netal anions,

chl oroal um nate, bronmoal um nate, gallium chloride 20 t?t raf | uoroborat e,

t et r achl dr obor athexafesreantinengks Hexafluoroarsanate, tetraghlprqalyminalget hane

| f t th f
nexaf | uofoar sendFaeo PRhamare et EEEyte: ART0Rce Aol Aartcidaonal &

perchl orate, hydnion,denanclloride apjger, aalntumdnyrhekafluaﬂdea,mamendmimonde chlori de
ani on, antinony hexafl uorj ide 25 Zi ncwinri chl ori de

ani on, | 4nt hanu@Men.&ne 'Gg%'gﬁqtﬁpﬁp‘ghllﬁ'ﬁt aPPFh?rl‘JHP E%taﬁﬁ'fJHhan'ﬁinc Ui on,
cobal t ~agi on, W%&eﬁ‘grect ggsgngﬁnsw RAidrigahese 2hicGnd corbbiRatibher eof ;

and 28 said cations are s romthe group consisting of cyclic and
non- 29 6Byclic canal mixbaneyg theneofiiand cat i ons, al kyl amoni ums, pyridini uns,

30 sub d
30 st o P B o L B Ao R R o o o
pyrrolinguns, pfw&w@aﬂat@%%@rﬂﬁvsbﬁm@awymy|%Mmm§hW|Mmsl 33

butyl - 3- et hyl i m"dazol i um yridinium 1-hexyl-3 42 WD 03/059483
PCT/ US02841739 sybﬁt;tur&;d pwﬁldjnwms,mﬁ»alkymmwlmmmlmgw syRatittsd ur es and

2 combi pat t.h 5
ol o m 110conpr i daETums N ey, paPbiberdubstiyEl; 1o o
plural iy of COyiridHhiupms pthbsph@mlurﬂs QUdyﬁﬂ\osﬁhannimw erfrylphoqﬂmmtxmag1-rret al

salts, and evaluating the library for its ahi]| eparate di-ol efins
froma fexture dW¥yr maﬁ@ylmﬁéijl%m N&\%@vaﬂmy%i %‘Z‘r‘“’ﬁ‘élf 9 10 56. A net hod

for optiyizing theRiRAShIRm (3 AMeNCBINILSN ShPFRRaFdShd

14 combinations thereof.

15

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

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

19 metal anions, chloroaluminate, bromoaluminate, gallium chloride,

20 tetrafluoroborate, tetrachloroborate, hexafluorophosphate, nitrate,

21 trifluoromethane sulfonate, methylsulfonate, p-toluenesulfonate,

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 anion, 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-

42



11 a conbinatorial library including a plurality of conbinations of ionic
12 liquids and ol efin-conplexing netal salts, and evaluating the library
for 13 iweoalosd48ty to separate olefins froma m xture comemitsongi7ed ef i ns
and non- 14 olefins. 43

1 methylimidizolium, (CgH17)sMeN, BuzMe:zN, and mixtures and
2 combinations thereof. '
3
4 55. A method for optimizing the method of claim 1, comprising preparing a
5 combinatorial library including a plurality of combinations of ionic liquids
6 and olefin-complexing metal salts, and evaluating the library for its ability
7 to separate di-olefins from a mixture comprising mono-olefins and di-
8 olefins.
9
10 56. A method for optimizing the method of claim 20, comprising 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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