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One class of ionic liquids is fused salt compositions, which are molten at low
temperature and are useful as catalysts, solvents and electrolytes. Such
compositions are mixtures of components which are liquid at temperatures

25  below the individual melting points of the components.

lonic liquids can be defined as liquids whose make-up is entirely comprised of
ions as a combination of cations and anions. The most common ionic liquids
are those prepared from organic-based cations and inorganic or organic

30  anions. The most common organic cations are ammonium cations, but
phosphonium and sulphonium cations are also frequently used. lonic liquids
of pyridinium and imidazolium are perhaps the most commonly used cations.
Anions include, but not limited to, BF4, PFg’, haloaluminates such as Al,Cly
and AlBrz-, [(CF3SO2)N), alkyl sulphates (RSOg’), carboxylates (RCO2) and

35 many other. The most catalytically interesting ionic liquids are those derived
from ammonium halides and Lewis acids (such as AlCl3, TiCls, SnCly,
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noseusshigraiymiawinscaialysts in Friedel-Crafts reactions. In one embodiment,
the liquid clathrate composition is formed from constituents comprising (i) at

25 least one aluminum trihalide, (ii) at least one salt selected from alkali metal

halide, alkaline earth metal halide, alkali metal pseudohalide, quaternary
ammonium salt, quaternary phosphonium salt, or ternary sulfonium salt, or a
mixture of any two or more of the foregoing, and (iii) at least one aromatic

hydrocarbon compound.

30
Aluminum-containing catalysts are among the most common Lewis acid
catalysts employed in Friedel-Craft reactions. Friedel-Craft reactions are
reactions which fall within the broader category of electrophylic substitution
reactions including alkylations.
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catal ysts enployed in Friedel-Craft reactions.
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SUMMARY OF THE INVENTION
25
Among other things the present invention provides a process. for regenerating
a used acidic catalyst which has been deactivated by conjunct polymers by
removing the conjunct polymers so as to increase the activity of the catalyst.
Methods for removing the conjunct polymers include, but are not limited to,
30 hydrogenation, addition of a basic reagent and alkylation. The methods are
applicable to all acidic catalysts and are described with reference to certain

ionic liquid catalysts.
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al umi num chl oride, which is a strongLewis acid in a
combination with a snmall concentrati on of a Broensted
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quid systems, which are amine-based cationic species mixed with aluminum

chloride. In such systems, to obtain the appropriate acidity suitable for the
alkylation chemistry, the ionic liquid catalyst is generally prepared to full
acidity strength by mixing one molar part of the appropriate ammonium
chloride with two molar parts of aluminum chloride. The catalyst exemplified
for the alkylation process is a 1-alkyl-pyridinium chloroaluminate, such as 1-
butyl-pyridinium heptachloroaluminate.

3
| © ©

1-Butyl-pyridinium heptachloroaluminate

In general, a strongly acidic ionic liquid is necessary for paraffin alkylation,

e.g. isoparaffin alkylation. In that case, aluminum chloride, which is a strong
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operation, the present invention is based in part on
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weakening the acid strength of the catalyst through the formation of
complexes of conjunct polymers and AICI; possibly by means of electron-
donor/electron-acceptor interactions. The conjunct polymers with their double
bonds are the donors and the Lewis acid (AICl3) is the acceptor. Using their
double bonds, the conjunct polymers coordinate to the Lewis acid (AICIz) in
the ionic liquid and rendering the coordinated AICl; for catalysis. Thus, the
acidity of the catalyst becomes weaker and the overali catalytic activity
becomes compromised and no longer effective for the intended purpose.
Thus, the catalyst performance will become a function of the concentration of
conjunct polymers in the ionic liquid phase. As more conjunct polymers
accumulate in the ionic liquid phase the catalyst becomes less active. So,

removal of all or a suitable portion of the conjunct polymers from the ionic
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conjunct polymers in the ionic |iquid phase. As nore
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25 available to act as a catalyst since it is tied-up in the AICI3-conjunct polymers
complexes. It also appears that the presence (or accumulation) of conjunct
polymer molecules in the catalyst phase is not by virtue of being miscible in
the ionic liquid phase. While conjunct polymers may be somewhat miscible in
the ionic liquids, their accumulation in the catalyst phase is more likely to

30  being bound by strong acid-base interactions (complexation) rather than being

soluble in the ionic liquid phase.

Conjunct polymers isolated from the catalyst phase by means of hydrolysis
are highly soluble in hydrocarbons. However, attempts to remove them from
35 the catalyst phase prior to hydrolysis by simple extraction methods with
hydrocarbon solvents such as hexane, decane and toluene were
unsuccessful. Other more polar solvents such as CHCly or chloroform may
-6-
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25  accomplished by saturation of the double bonds of the conjunct polymers to
eliminate their ability to coordinate to the Lewis acid (AICI3). By hydrogenation,
the double bonds of the conjunct polymers will be saturated and no longer be
able to be coordinated or complexed to AICI3. AICI3 no longer bound by

conjunct polymers is then released to take part in catalytic reactions.

30
Among other things the present invention provides a process for the removal
of the conjunct polymers from a used ionic liquid catalyst by saturating the
double bonds of the conjunct polymers by means of hydrogenation thereby
increasing the activity of the ionic liquid catalyst.

35

Hydrogenation is a well-established procéss both in the chemical and
petroleum refining industries. Hydrogenation is conventionally carried out in
-7 -
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25 compounds. The hydrogenation cbmponent may also be supported on a
refractory inorganic base, for example, alumina, silica, and composites of
aluminé-silica, alumina-boria, silica-alumina-magnesia, and silica-alumina-
titania and materials obtained by adding zeolites and other complex oxides
thereto. The refractory inorganic oxide is a material that has adequate
30  mechanical strength and chemical stability at the reaction temperature of the
catalyst.

The catalyst of the present invention can be manufactured by supporting
catalytically active components on a catalyst carrier. The active components
35  may be deposited on the surface of the catalyst carrier after the carrier has

been formed, or they may be incorporated into the catalyst by being added to
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Thi s, hydrogenati on catal yst may be any one of the

15y aptitaRly ¥éde catal ysts which have hydrogenating
ability. The preferred catalyst is selected from G oup
VI-B and VI1I. Specific exanples of the netallic

call he ysetglsanam hein tbe, folh of Rae pRiticlddg grehriule@aspdﬁges@auzes
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& déﬁ%édgﬁet\%ﬁﬁl&ﬁ i ncludes wires, foils, fi ne
partl cles, sponges, gauzes, granules, etc.; and (2)

m cr.oscopi ¢, which includes powders, srmkes col | oi dal
Su%%h@qw@atﬁgpey—type—metal catalysts are prepared from alloys

containing one or more catalytically 25 active metals (e.g., Ni, Co, Fe, Cu, Pd,

25  efc.) and one or more catalytically inactive, easily dissolvable metals (e.g., Al,
Si, Mg, Zn). The catalytically active metal component of the alloy is present in
a so-called "dissolved" state, i.e. in a finely divided form. The inactive
component is removed from the alloy by leaching the same with a solvent
which does not attack the active metal. As solvents, generally aqueous

30 alkaline solutions are used. During this procedure the active metal remains in
the form of finely divided catalyst. The activity of the thus-obtained catalysts is
higher than that of catalysts prepared, e.g., by reducing the appropriate metal
oxides. This high activity explains the importance and the widespread use of
such catalysts.
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condensed netal filnms. It is known that

Raney-type-netal catalysts are prepared from all oys
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(e.g., Ni, Co, Fe, Cu, Pd, etc.) and one or rmre
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d| sclosed in U S._ Patent No. 5, 334, 791 which is
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F.‘m ned with CF hi ne |i . Exanpl es of such
Srpeeasaus bIATPRSRe R EBRR 0 ) A Csborn. F. H

Jardl ne, J. F. Young and G W I kinson, J. Chem Soc.

(A) (1966) 171 1. Other exanples are soluble
20 ( hdhed2shnms pt sk papesdesaibesdhe hydrgepationiof\hyyogenatable

tr%F% %Qﬂﬁﬁ éﬁ%g%%ﬁ%@ﬁﬁmeﬁ%rmula [RhCl(triphenylphosphine)s]

N %a@pmlm@wfmbam@én@éof dAdatimarphiand. ¢J.8ePattent No.

corrpl ex ganomet allic conpounds of Ti, Ru
5,384, 794 dosatibes bygmgenatioe PrRssssIfohRPRIgEBaliE Unsaturated

hy%&%%ﬂ?ﬁdn%ms‘fr?g} Bht4f5Bprecursors based on a group VIIIB transition
25 metal and a phosphine ligand.

Also of note is the use of chiral bis tertiary diphosphines in asymmetric
hydrogenation with rhodium(l) catalyst precursors. There are a number of
patents related to synthesis and application of several rhodium-chiral

30 diphosphine catalyst precursors: See for example, U.S. Patent Nos.
3,419,907, 3,849,490; 3,878,101; 4,166,824, 4,119,652; 4,397,787;.
4,440,936.

Other homogeneous hydrogenation catalysts and their method of preparation
35 are described in F. Albert Cotton and Geoffrey Wilkinson, "Advanced
Inorganic Chemistry”, Interscience Publishers, New York, 3rd Edition, 1972,
pp 787 to 790.
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The Osborn et al. paper describes the hydrogenation of
hydr ogenat abl e products using a catal yst precursor of
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25

30

35

PR R LSt BaRE Al Toni c Vi qui d catalyst

cont ai ni ng sonme conjunct polyners. The dense catal yst/

copj unct pol ymer phase may be separated fromthe
hym%pg@,@gm?m of the present invention using hydrogenation, a used ionic

liquid catalyst/ conjunct polymer mixture is introduced continuously into a
regeneration reactor, which contains a fixed bed of a supported hydrogenation
catalyst. Hydrogen gas and inert hydrocarbons in which hydrogenated
conjunct polymers are soluble are fed into the reactor at the desired rate. The
solvent may be a normal hydrocarbon ranging from Cs - C+s, preferably Cs-Cs.
The residence time, temperature and pressure of the reactor will be selected
to allow adequate hydrogenation of the conjunct polymers. The reaction
product is withdrawn and sent to a separator. This mixture is then separated
into three streams, one comprising hydrogen and light hydrocarbons, a
second comprising inert hydrocarbons and saturated conjunct polymer and a
third comprising regenerated ionic liquid catalyst. The denser and more
viscous regenerated catalyst phase settles to the bottom and can be

recovered by means of a gravity decanter. The reactivated ionic liquid catalyst

-11 -
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gravity decanter. This catalyst will be partially
deactivated by the conjunct polyners binding to Al Cl 3.

wabh@7neaever ed catal yst can be reactivated i n BCT/US2006/041064
reacti on system hydrogenati on with a supported
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i nert hydrocarbons In I C ydr ogenat'e nyunc

polopAiinst pelymess,the diydragehditherated cahda esed tar sattirdtb¢he

e BPfcl B4l BB S, EBYeBSroER b 5% e i
r eprotiuned, Whith istteeBEidadom SorM iPfHRSEH6®aRimiB: ionic liquid.
reactor wll be selected to all ow adequate

15hy dihbyeanstituias ertwioHangliny) weenerasioprashemerios bogmbydrogenating

r i i p tor, This.

i eenliaethAE NG RS cbipfalSRCE: i plBing fresh
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po@H@Q H3 peatioR %e E‘M&I&QP@?@Q GoByHI PatvEaeTs Bighdbe removed by
i gyj . r T
e oomEnE SR o HeRanRRER and 1o TRGehStaREH e iy safalvst

20 c areasyerest by $liteadioby One exgerohents diaarei shpwaethaih thig scl‘rfetme is
reacti,vated .jonic |liquid catalystis returned to, the
o1 e 5 ahang bl SRRt Admp GRS kT Betier
i's rfaf g1é Alkyldticn of balicpe With <8 {
meta gtlamg’rfg a B?o%n;?edfgc?’gh gr elg]ursseggy%:neh%?%%ggS’whofrq&hly
i nPEaRAB@ cataitsddi nent of the present invention, which
i s described using al um num and HCl. Al umi num et al
reacts with HCl to give hydrogen gas and Al Cl 3. By

25  As seen from the prior description, an embodiment of a process according to

the present invention utilizes hydrogenation to saturate the double bonds of
conjunct polymers using aluminum metal and hydrochloric acid. Using
aluminum metal and HCI will produce the needed hydrogen gas for the
hydrogenation and will also produce fresh AICI; that increases the acidity and
30 the activity of the recycled catalyst by increasing the concentration of AICI; in
the ionic liquid to its upper limits. In some cases, the regenerated catalyst will
be more active than the freshly prepared catalyst prior to being deactivated.
The metal used in the regeneration process in accordance with the present
invention is not limited to aluminum. Other eléctropositive metals will react
35  with HCI to produce H, and the corresponding metal chloride can also be
used. This includes sodium, lithium, zinc, iron, copper, magnesium, titanium,
gallium and many others. Aluminum metal will be the metal of choice when
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i ntroduci ng alum num netal and HCl into ionic liquid

catal ysts deactivated by conjunct polyners, the
whgarogam | i berated can be used to saturate theCT/US2006/041064
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alliquidst hydrodialidesyHeCwHBN, HEppihathe 2@dp f slaoige: Among

freshl r d tal yst.. As . i.OL:
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saturate the doubl e bonds of conjunct polynmers using

15 al umi num netal and hydrochloric acid. Using alum num
B LR S S e b
t hfdrogerisRivpasindalupdheintandamdirogen eldbtidet Addingtaieminum and
A iEidzogen Ghendoi bSHd Iahciiaad caeingen s o B Bhge
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20 depresbwretied to meovadiodi>90%edf the doniuncepelysressiashydrogenated
process
n

i n accordance with th t ] [ ' N
R cabae R B Sel Rl BOFPloh DNFRbRI g oni
b Ikciuié Eﬁé&e)‘%érﬁ rbifrloved By ishpReettractioll rhdtods with other
correspondi'ng netal chl oride can al so be used. This
i neydrdearbeos! %&uqh as hexangs) r by meansrof desgptation. The
8 %%%E}Ja d h)'ntlé:’l fi]c']lﬂg]catalyst was removed from the remaining mixture

25  (freshly made AICl; and aluminum metal) by filtration.

The recovered regenerated ionic liquid catalyst was tested for activity by

alkylating ethylene with isopentane and the regenerated catalyst showed

better activity than both the deactivated catalyst and the fresh catalyst from
30  which the deactivated catalyst was made. The selectivity of the regenerated

catalyst was identical to the selectivity of the freshly-made catalyst.

In an alkylate production unit, light (C2—Cs) olefins and isoparaffin feeds are
contacted in the presence of a catalyst that promotes the alkylation reaction.
35 In one embodiment of a process in accordance with the present invention, this
catalyst is a chloroaluminate fonic liquid. The reactor, which may be a stirred
tank or other type of contactor (e.g., riser reactor), produces a biphaéic
-13 -



gallium and many others. Alum numnetal wll be the

metal of choi ce whenchl oroalum nate ionic liquids are
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decantation. The regenerated ionic |liquid catalyst was
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25  adequate hydrogenation of the conjunct polymers. The reaction product is
withdrawn and mixed with a hydrocarbon solvent (e.g., hexane) in which the
hydrogenated conjunct polymers are soluble. The solvent may be a normal
hydrocarbon ranging from Cs - C+s; preferably Cs-Cs. This mixture is then
separated in a gravity decanter, from which the dense ionic liquid bhase is

30 withdrawn. Unreacted aluminum in the ionic liquid phase is removed by
filtration. The reactivated ionic liquid catalyst is returned to the alkylation
reactor. The solvent/ conjunct polymer mix is separated by distillation to

recover the solvent.

35 Hydrogenation conditions for all types of hydrogenation described herein will
generally include temperatures of -20°C -200°C, preferably 50°-150°C,
pressures of atmospheric-5000 psig, preferably 50-500 psig, and a contact
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In an al kyl ate production unit, light (C2-Cs) olefins

and isoparaffin feeds are contacted in the presence of
wa2@anal4yst that pronotes the al kyl ati on reactPONUSIN6/041064

one enbodi mnent of a process in accordance with the
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produces a bi phasicm xture of al kyl ate hydrocar bons,
unreacted isoparaffns, and ionic liquid catal yst
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t heéegsnaratear hoaddibg arimmsraageat whiohi bmakisaupmléfg-co'ﬁﬁur&t

ca will be partially deactivated by the conjunct
10poI @W‘%C@%? to Al Cl 3. The recovered catal yst can

be reactivated in a reaction system enploying al um num
metal and HCl. The products of this step will be

. eJ@ﬁre/ateéuumamsw@agam thgidiasges used ta brgalkn the AlCl-conjunct

sol vent was
RO Aol aFe R A BRE s ¥ Pt bt ation i
r egtﬂt@mq:tcﬂ thése badic specibangaidforeahidst fikely! ifreversible complexes
I NSt onlyaportlon or slipstream of the catalyst

15 chif ﬁl@@l@h@rt&ﬁeﬂ%rwnﬂm @Olyﬁiﬁrme&ﬁ%ﬁ WMergoweis fihere is
N St ST o PR o

to maintain esire
t hwopdsgcaafs/s*eagemmmmeyé)ei useddolbraak dpitse Wéeld-canjuneepolymer
t Inoeerrb dj e of the present . invention
6 2 bRmbExes ol ey SR Glties 2lurHBunbApecies i ihg catalyst phase
ca t
cavabttro, fOEhuNElneoiERite Bredug of e BSTARIEE By g reagent,
20 3| swifigiemt regggant puwed be added do eendiwithegll AfClamsieailed inpthe

kept under inert gas (nitrogen
orggﬁq%@r;ggﬁ]o%mgﬁ&eé? ‘ion. HG gas is fed in at
the desired rate to produce H2 gas and AIClI 3. The

resi dence tine of the reactor will be selected to
al PHkeaYGeasenhipdhesechinitba removakpresass atconjenstpelyners

ny P bEREERRL oA extf LR G Rbtdud
25 complexes) thereby destroying active catalytic components, there will be no
gain from this procedure unless the reagent to be used is part of the catalyst
system undergoing regeneration. Consequently, a process according to this
invention, embloys basic species that can displace the conjunct polymers and
be part of the regeneration or recycling process of the catalyst. For example,
30 inthe butyl-pyridinium chloroaluminate ionic liquid catalyst system,
butylpyridinium chloride, where the chioride is the basic specie, would be

used to break up the AlCls-conjunct polymer complexes in the spent catalyst.

Where, for example, the ionic liquid is formed by mixing either an amine
35 hydrochloride or an alkyl ammonium halide with a Lewis acid, in accordance
with the present invention, a process whereby aluminum chloride is released
from the AlCls-conjunct polymer complex is conducted by using either amines
-15-
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ionic liguid

Using this process, a stream of the catalyst is reactivated and the regenerated
20 catalyst is recycled back into the reactor. By employing a method according to

the invention, the concentration of the conjunct polymers can be minimized

while the catalyst strength is maintained by reintroducing the regenerated

catalyst into the reaction cycle.
25  The principle used for selecting a suitable reagent is not only limited to using

butylpyridinium in butylpyridinium chloroaluminate or butylpyridinium

chloroaluminate-like ionic liquids. It is applicable to ionic liquids in general.
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vvr gidr‘rymbrss greasmoved mndrammnlta?n Eﬁttﬁfélky 06\]#6?'@%*3@ ig|PiRel HRae-

eased, from t t pol yner
o ACERA R 5 RRomgndb aheior RN, P2 ont um
chl ori de dependi ng on the ionic liquid that is being
regenerated. More specifically, for ridi
15 hdptmmammrmmw chlﬁéd@rhﬁseﬁd@mﬁaﬂwﬁé%é b, S dEadiated

LA EL S HASL B MbadRdit DL HBERY BY KRN S ub e ALCH,

1 -fasth)donfurict ﬂbllymem AlgipcomielexnThe acocessi arplojie the parent amine

nonconpl exed and compl ex ecies.in th
S BribS Basay 3t e ben ca AVl e B Tiogh BTG hifiochiorides
poeﬁ(d@{uﬁuﬂu@'ﬂathﬁgs %r@rﬁpl%gﬁg%l‘é}l aRRhYABM EAEEsX¥RSN the ionic
The T el'eased conj unct rs ‘are then renoved, for

20 exkuid eatatyst &dermedrfmm\alkyh amsaponigin haliges anaraluminan.
The remai ning solid residues, presumably
but yl pyri di nium tetrachl oroal um nate, are converted

baﬁr&dﬁrﬁn 'o@ﬁ'b“asld r‘éﬁ?gnt( i8whpWpysy therfolsving example. ln an alkylate
hept achl or oal um na addi ng nore AIClI 3 as se

f optodubtiorounit, U@hh(ﬁz—lﬂsés o|@ﬂa§@§r Jisepayatiadapds areheontacted in the
o2 Akike bEeSRI ST B AEE ptofop et
25 MephpedmestidliaNfrot@ss in accordance with the present rnventron this
catalyst is a chloroaluminate ionic liquid. The reactor, which may be a stirred
tank or other type of contactor (e.g., riser reactor), produces a biphasic
mixture of alkylate hydrocarbons, unreacted isoparaffins, and ionic liquid
catalyst containing some conjunct polymers. The catalyst/ conjunct polymer
30 phase, which is denser than other components, may be separated from the
hydrocarbons by means of a gravity decanter. This catalyst will be partially
deactivated by the conjunct polymers binding to AICIs. The recovered catalyst
can be reactivated by first contacting the recovered catalyst with
butylpyridinium chloride in a first regeneration reactor to give butylpyridinium
35 tetrachloroaluminate and "free" conjunct polymer. The free conjunct polymer
is removed. The remaining butylpyridinium tetrachloroaluminate is then sent
to a second regeneration reactor where it is contacted with AICls to fully
-17 -



the invention, the concentration of the conjunct
pol yners can be mnimzed while the catal yst strength

WO g00maisai ned by reintroduci ng the regener at ePICT/US2006/041064
catalyst into the reaction cycle. The princi pI e used

el ectin suj tab [ ent i s not . onl
5 toreéfqrﬁéh%ap YIW}%@ {ﬁﬁﬁf E%aeﬁsereﬁ ﬁ?mﬁq'qu'd Tehdifst
I
CHHBOBR T30 el ATy 480 i el progctin it

to ionlc I|qU|ds in general.The reagent is one which

o RGBSR T (LRI 5 o < A
or r*e%ag@ﬁ’t |a)’u§§dﬁ@l=lféﬂfé1wd¢§atély&# fcbhﬁinc?ﬁ@l?ﬁ{é? neiktur iSSmtroduced
principl'e, consider ionic wer e produced

10 f rmﬁtmmualyumﬁowmwﬁgrat@ageaﬁ@r alang Wltihb@h’l'm’ﬂdﬂb'ém ghioride

R R0t Bl R TObe st cHRfct Pl Rt afPsotvle

C Ot 8 I3 tted gatle0 The tnertmydrouarboye rrﬁéiyﬁbe daendredaﬂ hydrocarbons
Conj unct pol yners are renoved and anmon

t efanging Bemabamt maPeelerabhy G@r&‘@@d‘d thew.mlmew atthgugiyother
is t Re
¢ oVEBEattBns B bhipyRd ACcdriict polterhydrBpabBithikture is
15 de@phowetl feomdhe akstssegemanahm remgtoreThe memaining butylpyridinium
nondestructi ve b eeln u the AICI3 fr
b 8 ¥fien ot

cotgias r%”% g)§e r%ge(;@ég rbr;ﬁgpg:g;gNhere it is
th@orﬁ@&t%ﬂt m\recg #J‘fui PestGRehalachility Sf‘!h‘é édtélyéthhe

catal yst deriv anmoni um hydrochl ori des and
al regenerathdiionie quidicataiyst iy revgovaddyomethemsecand readtaeand can
when the |on|| I |qU| d catalyst is derived from al kyl
RiksTacyPle and al um num Addition of a basic
20 reagent is shovvn by the follow ng exanple. In an
al kyl ate production unit, light (C2-C5) olefins an
i sbpether meﬁh%@Bseg@nérai@staaw%acldlqcreéalyste@m@rtiﬁm@ with the

Cﬁél%égﬁew:vgﬁ‘éor%g P@éc‘?ﬁn%ﬁ‘] A i@()&)ngﬁW i ﬁ%ﬁﬁljegé‘ncel 8 §ne

rocess | h accordance réesent
| NBEsYristst atiblj 6.9CHIGA Witilel ﬁiotébeh’(g bowad wmmwtr@omM@ believe

l I ha 9@ Tlg%d;f I%%ﬂﬁwﬂh the goublfs?@gpgﬁlgg{; ggrijgr?éi polymers

25 pr RAUE ¢S aapaﬁ‘hé]r@%o%plete “capping” (alkylating) of the conjunct polymers
double bonds disrupting their ability to complex to, e.g., aluminum trichloride.
This is supported by our discovery that olefin oligomers can be terminated '
and saturated by carrying out the chloroaluminate ionic liquid catalyzed
oligomerization reaction in the presence of isobutane.

30
In a process according to the present invention an isoparaffin feedstock is used
to reactivate a used acidic ionic liquid catalyst. The simplest isoparaffin is
isobutane. Isopentanes, isohexanes, isopentanes, and other higher
isoparaffins may also be useable in the process of the present invention.

35  Mixtures of light isoparaffins can also be used in the present invention.
Mixtures such as C4-Cs isoparaffins can be used and may be advantageous
because of reduced separation costs. The isoparaffin feedstock may also
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m xture of al kyl ate hydrocarbons, unreacted
i soparaffins, and ionic |iquid catal yst containing

W@ 0ve/0T33mj unct pol ymers. The catal yst/ conj unceCpUb200€041064
phase, which is denser than other conponents, nmay be

sepaf at fromth ; f '

5 ok s Subh Bs AYEPACGRIAARS. THisTTRA{e 8lcolt SIS by
byteitiing B1Y &6t lof Beparating isopacifiing framAllde3boilliigeparaffins. Normal
recovered catal yst can he re]actigrz\:l%hed by

x
G craradins gl ond 1 beorErarIve AIAPYSH S AOBEES PRI RIEFSYm

c ' in a first regeneration reactor to give
: bnb\%dé@ﬁl di niumtetrachl oroal um nate and "free"

conj unct polymer. The free conjunct polyner is

10 { &%\éq?gir@q}r gsgqpr@?ﬁ é?slegr?%v%%ﬁ kfoa%g%qt%'rt?ew ?agbé)@o%tam, i. €. one which
reg %Uﬁ{,tﬂﬁfeﬁrbaf tﬁ?%&k}él"tﬁ'%ﬂ gréupssari® Har@rRoremdifingIhgtibgen
to fulTy re the

rest ctivity of the catalyst. The
r egreshthiesdfort is@apablei af padicipating yrs hydide trangfebreactiens.
second reactor is then recycled to the alkylate
production unit. In one enbodi nent of the present

| NYRIANSRIY ASHOBtHA ehATHIO hiy #160 Behasiddn tiesgambodiment

used 1onic l1quid catal yst/ conjunct polyner mxture

15 i sinchidingg butdotlomitedire | KiBr.Hb H3@4dn7ae-i'BAe 638¢ 6

o SRR BB ARSEL 39,31 e o e
ar gcig® bfibhsicat Atnoag des hyedhalides, hytdeodhiaria acid is preferred. Other
- hydrocarbons may be a nornal hyldroc rbo&s rangldng from
costrong acids fhatera protopslopgrsmay @izq Pe stilfably sised.
al t hough ot her hydrocarbons may be enpl oyed. A
conj unct pol yner - hydrocarbon m xture is removed from
20 t hin $rie sxampigeofethistémbodismnt,dhe iorte lig@dwatalygl/ conjunct polymer

but yl pyri di ni ymtetrachl oroal.um nate i

s cTbHENe e et R REaR Y T évgertor SCLBRY aifdietiftafe are
Al L 8int8 thalkdactsestine Aebiied skl Thé Yesifierndictimatatltys reactor will
The regenerated ionic liquid catal is renmoved from

t hbe seteetat! tocaltvordenishte alkyiation cyiéf_xg Fé(@yjélmtssbll@)O')s&'_ﬁnﬂrﬁe €

acttanesodrine MntBREal i@tk & BBtk Bivent (90-

25 anheaRaiaHich tHe feeasedesaumet pblymers are soluble. The solvent
may be normal hydrocarbons ranging from Cs - Cus; preferably Cs-Cg.This
mixture is then separated in a gravity decanter, from which the denser ionic
liquid phase is withdrawn. The reactivated ionic liquid catalyst is returned to
the alkylation reactor. The solvent/ conjunct polymer mix is separated by

30 distillation to recover the solvent.

Typical alkylation reaction conditions generally may include a temperature of
from -10°C to +150°C, a pressure of from 0 psig to 3500 psig, an isopentane

to conjunct polymer molar ratio of from 0.5 to 25 or more and a residence time

35 of 0.5 min to 1 hour or longer

-19 -



Broensted acid, e.g. HCl. Wile not being bound to any
theory, we believe that reaction of isobutane with the
waelowblogs4bonds in the conj unct polyners | eads tBCHUS2006/041064

partial or conpl ete "capping” (alkylating) of the
con unct nmer.s doubl e bo ds di.sr

ool Gt ndRearsia o e MRl Re B} frganvention to
Thl*e‘gehéra‘-’té' BROBAIRE dMargelbf @htél‘y@t/ en ¥oinkdhstaheés dnly a portlon or
oligoners can be term nated and saturated by carryi

ousllnsﬁeamwfdhe@ataﬁysi@érga)m regenefatadl. é&f@%@zléatances Only as
o PR D8R R M e BEREOSEEL 0 Al E dosied

l slepar ¢ff daitdly dteptigiprktheprosess ihavhieatid ioalcliquid fedsed as the
acidic ionic liquid catalyst. The sinplest isoparaffin

10 i scqtgBlit ane. | sopentanes, isohexanes, isopentanes,

an?'hé’”b%'k J‘é@?ﬁ{ in't tRa Fﬁé@r@flé ot %)énﬂosr‘éﬁ?ﬁ:t Hﬁ?@@os%n't [hvention

t he process ent 1 nvention Xt u
| i gy sor$ oanp@fcffireactoanMad),sthe Frégureesthovs arhimeplr ie;simcarbon

L<BoHRa e Pasto daoathen BB dus deaciial St it a4 TAgt B
S egficHdl ﬁﬂgl@@%%tloﬂ“ Q’hb foirbbm c&ﬂ@%%t l@ﬂ‘blﬂ@‘ltlrely or it could

al socont al ents suc as nor mal ara fins. Thi's
15 cabe ladded totite saparaigs tcbgllcuve@mractg)rtmd geparatgion simultaneously.

oD R AR RRE i oSS bl AR S REAR b P SRRl 8 prosent

|nmtvgﬁtlcm ocess of the present invention. A preferred
|soparaff| nis one which has a tertiary carbon atom
one which is substituted by three alkyl or aryl

'gHgl? A B35 SARAR BYIURE5SBRE A BRG] YR oS no

tra
20 r emténduasto lummmnwhtm ldSanytvl?a’y béyo Wit isepntdined brethe

used. in this enbodi nent including, but not limted to,
H ¢iaiBra wRichioke¥.  H3PO4. I1n the case of
chl oroalum nate ionic |iquids, hydrohalides (H , HC,
HBr and HF) will be the acids of choice. Anobng the
hydr ohal i des, hydrochl ori cEXAMPLESpreferred. O her
strong acids that are proton donors nay al so be
sui tably used.

25 Example 1 Preparation of Fresh 1- Butylpyndlnlum Chloroaluminate lonic
Liguid Catalyst A (Fresh IL A)

1-butyl-pyridinium chloroaluminate is a room temperature ionic liquid prepared
by mixing neat 1-butyl-pyridinium chloride (a solid) with neat solid aluminum
30 trichloride in an inert atmosphere. The syntheses of butylpyridinium chloride
and the corresponding 1-butyl-pyridinium chloroaluminate are described
below. In a 2-L Teflon-lined autoclave, 400 gm (5.05 mol.) anhydrous pyridine
(99.9% pure purchased from Aldrich) were mixed with 650 gm (7 mol.) 1-
chlorobutane (99.5% pure purchased from Aldrich). The autoclave was sealed
35 and the neat mixture allowed fo stir at 125°C under autogenic pressure over
night. After cooling off the autoclave and venting it, the reaction mix was
diluted and dissolved in chloroform and transferred to a three liter round
-20 -



In one exanple of this enbodinment, the ionic liquid

catal yst/ conjunct polyner m xture is introduced
w@owiomdausly into a reactor. HCl gas and i sobRCEHDS2086/¢11064

fed in to the reactor at t he desired rate. The

ﬁ%\?@ gélaﬁaagn%rﬁrﬁ igp Io Cet)&aretcﬁ”g gﬁ%re:’@ Fefd&%%dr;o?gssure ona

Th@té@&ﬁﬁa‘ BratBF @l ddot wate BdtHY RIvenRdd étosed cWIdrideaun reacted
hydr ocar bon solvent (e.g., hexane) in which th

r epyities aodihe nblprqf@nny ﬁ@W@nbgevesalt@rb selid mvdwbﬁwmcatlon of

pr efegﬁ OE&% %%‘); BlVind m@é%gweggs%% g&]a%cetone and

gr pﬂectmtadﬁg%ﬁé plre ;ﬁrbdﬂmt\/ﬁhrmjghtdtmlldg rseraddiiorcof dlq’dnydether
hase is wthdrawn. The reactivated ionic |i

10 caFlétrsyag ané drdnaiuRgar Yapuune aadibpeken @qrqt@a&vgporafﬂ@gave 750
ér‘ﬁe('%? Bﬂheodgs‘fr’éﬁr rBhdct a5 aﬁfeﬁﬁlf’edslﬁﬂy solid. "H-NMR

o recover t e solv
aI amﬂ é&o-mmmwm |con31s’aamdvmﬂ1dhe desined amqtylwmnmummmme and
erat ure of from OC to +1500C, a pressure of
frB HPWEYES Were3aRse an i sopentane to conj unct
pol ymer rmolar ratio of fromO 5to 25 or nore and a
residence time of 0.5 mn to 1 hour or longerlt is not
15 ned:é&@;dpwdmuamghlolfoatumnam wes préparad bdyralewly anixingdriget

| BB REREOHT R BBy ol BrRine S Bl PAR Widecoraing
Ca!oaﬂhlé%llcﬁ/ﬁﬁggﬁowdufr@gﬁ{@ﬂw?yﬂmnmmmohd@(;ﬂﬁpéﬁed as
only as much ionic |i cata i S regenerated as

i sderaribedabpvepwanidiediumndgr d@@hﬂir@@t BEVie IforA8 baurs tpget rid of
3: eé Ydl}aY a[i.]ell(g Lﬁ%@?ﬁ(ﬁ%hﬁ‘g%hég d§ ng'Jgrgn&;)'ﬁnc %hglfélg%ﬂ r%bsorbs
20 i swatﬁr fmekpmmreecserr) Hivé hengireelsgamsi (meslnmbbhomhye dried
?ﬁriqu%hg%&@?r{)@ﬁ&a B anHene de o LtsRrHer iAyirogen
i W 864G TP T 8o ORY o
enpd)wdélgedoNOld (9989% frbm Altiltied) were laddecé masraalcb pottons (while
al lst?rWnS { rgd:dtro?ﬂweatre%pse?g@rrg tojf e hlgwletx% eeormlc Yeaction. Once all
25 the AICI; was added, the resulting amber-looking liquid was left to gently stir
overnight in the glove box. The liquid was then filtered to remove any
un-dissolved AICl3. The resulting acidic 1-butyl-pyridinium chloroaluminate

was used as the catalyst for the alkylation of isopentane with ethylene.

Wﬁ H3C

N N - & ALCL
l Cl |  2Equiv. AlCl A
2 neat, 125°C = neat I -
30 & autogenic pressure



O her nodifications are possible and are included in

the scope of the present invention. The foll ow ng
we@mprast are illustrative of the present inveP€T/082006/041064

but are not intended to limt the invention in any way

5L, o S SSR L AEE B G el | o
1- Bhtorbalyimidatel leaicCidguid @dtanw@@chwﬂe@l CatalyseA).
Catalyst A (Fresh IL A) 1-but pyridi ni um

chloroalum nate is a roomtenperature ionic liquid
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m xed with 650 gm (7 nol. ) 1- chl or obut ane (99 5%pure
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auhQEREHVe REERT U Batl BfesBlu@eguiitbeh thR pﬁ'&é’éédpatrﬁfbr and a
autocl ave and venting it, the reaction mx was

15 anthirgi purop e secyslectieceppeatad donic ilﬂwdﬂeé&llvﬁobaﬁkatm’th% eeactor.

m e EEP B R a 2 80 8 1B e PhleRRy R o i bl o
a hedinte £ fedion tenPef/0RVSS ~ep0CES Toth thelfaction, lsobutane

un-r eact ed pg@dl ne and the chl orof orm sol vent gave a
ta Rutepesga were pympeddata the atoglaee BFMEQSW\%@OW ratio

& Q%Magéﬁﬁfén‘@srﬁmmetgﬁ?}g% tﬂﬁg)ﬁa?? dr%s:sé{jgﬁ@@ﬁla 96&‘&5‘91 o the

precipitating t pro
20 adthree phasé sdpetatbgi. AbtheesaméE tintes ifiesh (mmtodmmgteundlerhqwd

vacuu nd heat otary, ev t or ve 750

( 8S9IF)sE s PURPed st Palicp AbAUELe Bis-HiCUrieR g the

shygy r&Pbét@lysﬂ’fé’eU'\thlé%ﬂ avtudrieasts. C,Q@ﬁeslte%@hompt'&eeded

the desired ™1-butyl-pyridiniumchloride and
ionic liquid separated from the reactor effluent and collected in the bottom of
the three phase separator. When a sufficient level of catalyst built up in the

25 bottom of the separator, the flow of fresh ionic liquid was stopped and catalyst

recycle from the bottom of the separator was started. In this way, the initial

catalyst charge was continually used and recycled in the process.
The following process conditions were used to generate Deactivated Catalyst

30 A (1-butylpyridinium chloroaluminate ionic liquid catalyst) from Fresh
Catalyst A:
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no inpurities were observed. 1-butyl pyridinium
chl oroal um nate was prepared by slowy m xing dried
wdaz2manyd4pyri di ni um chl ori de and anhydr ous al unPEIIIS2006/041064
chloride (AIClI3) according to the follow ng procedure.
The 1-butyl pyridiniumchloride (prepared as descri bed
above) was dried under vacuum at 800C for 48 hours to
99obesE Vhriake’ dual wat er (1-butyl pyridini um chloride
is hydroscopic and readily absorbhs. w
tldsabutaneﬁugm fabedr ed grams (2.91 m#-6) of the drd/EHN
ridiniumchloride were tra erred to a
%‘L{Fé %{J '&ein a ni trogen at rmsphl%seére in a gl ov%lmm
bqﬁgéﬁgggt pUrB r4tedm (5. 83 nol .) of anBydrous powdgrea
9.99% fromAIdrlch) were ad eS in small
p?ﬁ?LﬂﬂVﬁrqtﬁTl | e stlhrrl ng) to control-®he tenperatIFEM
0 e highly exothernmic reaction. Qe all the
wa¥Cadi&d, the resulti ng anber - | ook| ng liquid vva)s%%ft

5

t Ottt 17 Overnight in the gl ovi@ box. The |i¥uid
was then filtered to remve any un-dissolved ALC

The resulting acidic 1-butyl-pyridi ni um

art@‘?r gﬁi%{ a]n g‘?atsie“so‘\é\ﬁéw?aﬁ%r ﬁ{‘{’,u tvﬁﬁ% ene. éaeéea ‘EH%at dhe catalyst

Pr gsP HECIRA BnHRIchtFcRR@IVIte@N of "Deacti vated”
1- But yl pyridi ni um Chl oroal um nate lonic Li

Ld
Calbxaryple ?( De aBetermirationAfihg &maunts o@ggyr@ﬁl’g[qu{rand Olefin
10 ¢ DR oA #om - 1 ean 1" but yl pyr i di ni um

chl oroalum nate ionic |iquid catalyst by carrying out
the i sobutane_al kyl ation,reactio

i PO URTAC! FANINGE RORTTE 1) By (4 qae T B R e it W
f Oflie ln%ﬂrbg) tﬁ)}t f a S|s-|37 nBlWRReighis STARE sPBAt éﬁtafy@?d' he example

urrps e an butenes a stirred autocl ave
r ebelbaris adtypiaakprocedsierfor nﬁa@suw@ eonjanchpelgmenaifea given spent

15 7 omenet dupaies apts ol o BT laRath A by were
COOP%PS“'?’E th -89 il of 2ARYdBLS hBk&SS t Feracvb (fidrh the spent

catalyst) any residual hydrocarbon or olefinic oligomers. The hexane rinse
was concentrated under reduced pressure to give only 0.02 gm of yellow oil
(0.13%). Then, 50 mi of anhydrous hexane was added to the rinsed catalyst

20 followed by slow addition of 15 ml of water, and the mixture was stirred at 0°C
for 15-20 minutes. The resulting mixture was diluted with additional 30 mi
hexanes and stirred well for additional 5-10 minutes. The mixture was allowed
to settle down to two layers solution and some solid residue. The organic
layer was recovered by decanting. The aqueous layer was further washed

25  with additional 50 ml hexanes. The hexanes |ayérs were combined and dried
over anhydrous MgSOy, filtered and concentrated to give 2.5 gm (16.7wt% of
the spent catalyst) of viscous dark orange-reddish oil. It was determined
therefore that this particular spent catalyst contains 0.13% oligomers and
16.7% conjunct polymers. The hydrolysis can also be accomplished using

30 acidic (aqueous HCI) or basic (aqueous NéOH) solutions.
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mai ntain a reaction tenperature of ~10C. To start the
reaction, isobutane, butenes, and HCI were punped into

W b@7amdec] ave at the desired nolar ratio PCT/US2006/041064
(i sobut ane/ butenes > 1.0), through the back pressure

57 CRUAAE ¢ 2N b ACHDBIG BRGNS PR Prtyrflr bR

sane tinme, fres oroa umnaelonlc
vvaqu;am‘pei@dHhtﬁo the reactor at a rate pre-cal cul ated
to give the desired catalyst/feed ratio on a _
vol unetric basis. As the reaction proceeded, ionic

i W&&@%é%é}t@ yRfers @é&érﬂmg%fthﬁg%ce?ﬁﬁe described in

collected in th mof the t se separ at or.
V%&ixamrﬁaﬁfwmmmra(ﬁenmmby ewlmmmtarlalrysls ang bynnt'ramd NMR,

1077 e en AU GRH Sheosbafy inetiofs, e TR Payetoniunct

botpolymers Have Hya YRR N SirbvA atis 8f 1.96 anHrlecBHr?e &@Yzenf bF0.8%.
ar g

initial cata S e was conti nual ?/ used and
r ech cNMB and t%eNMl%@b@wedmpreﬂencmﬁg eﬁn@cmgbns and olefinic

o TR I S T ) 48
caipaéaestc)a dfmyﬂio‘-'sy@ﬁém@@hd'swbtstltﬁtéﬂ OGS SH5S byats a@bMS showed the

Isobut ane rate 4. m n Butene punp rate 2.2
g/ FPRUNEE vfglgy%io fpﬁwpmp%calar veeightsirangiey fronpbP-mig 600s. The

oo oS PSRN iR S BT RS of o8 PRk e
cabalh}@t boiking bmdahedsdjéﬁlladma @inblysibe it $pedtedcopyxshpved a UV
ter at i on the Amounts, o n' nct Pol ynmer and
& drpeat e guhapisting nhik ey Rodted douklt bagds evstems
c_onJ unct poI ymsr s in the spent (deactivated) ionic
20 . ggr%p\péag Hydrogenation of Deactivated IL A Usihg Al metal and HCI and
Determination of the Amount of Residual Conjunct Polymers.
Saturation of the double bonds of the conjunct polymers using aluminum
metal and HCl was achieved according to the procedure shown below. To 40
gm of spent ionic liquid containing 15.5 wt% (6.2 gm) of conjunct polymers in
25 300 cc autoclave, 100 ml of anhydrous n-hexane and 9 gm of aluminum were
added. The autoclave was séaled (all done in glove box), and 10 gm of
anhydrous HCI were introduced via an inlet. The reaction was stirred at >1200
rpm and with intent of heating to 75°C. The reaction was very exothermic and
after few minutes the temperature rose to 81°C and the pressure to 290 psi.
30  Then, the pressure and the temperature began to drop. At the end of the run
(1.5hrs) the temperature was at 75°C and the pressure was at 99 psi. The
reactor was cooled to room temperature and the organic phase was decanted
off. The ionic liquid phase was rinsed twice with 50 ml anhydrous hexane. The
hexane layers were combined and concentrated under reduced pressure and
35  heat to remove the solvent (hexane) giving 5.8 gm (93.5% of the weight of
conjunct polymer originally present in the deactivated ionic liquid.). Hydrolysis
of 10 gm of the treated ionic liquid gave 0.06 gm of conjunct polymers
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determ ned by hydrolysis of known wei ghts of the spent

catal yst. The exanple belowis a typical procedure for
wWOore@3naridmy conj unct polymers in a given spent PEL/EE2086/041064

In a glove box, 15 gmof a spent ionic |iquid catalyst

in a.flask re.ri i it h. 30- of.

5 anpiEE TR 0 Franbbl bl BB effps€ing trpoenated
anyrodestSisbwdty H69eaHICTratbs aheNIRE IR bhg U ssectidetopy all
hexane ri nse was concentrated under reduced pressure

t oinglicaéedihie digappeajanes of /b dayblg bonds.13% . Then, 50

m of anhydrous hexane was added to the rinsed

catal yst followed by slow addition of 15 m of water,

angxaimglad xt uDetevasinatiorr ofelctivity O Oekotivatbd 20 AU sing d3atch

The resul ting m xture, iluted with additional 30
10 m Aliyladieaof dsaPasttang w&\ﬁ%hﬂeﬁ%f addi tional 5-10

m nutes. The m xture was allowed to settle down to two
| ayers solution and sonme solid residue. The organic

| a¥he regeneratoalventalystoyasibighiy actlye. The astjuboofstheaggenerated
el SR R e ey B i i e
(Ngg‘ﬂ?%e\}ttiﬁh |of @R RNt opRAtdIR ©dnhKRe %&eraﬂ)l(g 1%Bmpares the

/W % of the spent catalyst) of viscous dark
15 or aeifjdtyraf diae segasiarated calalgstadtheine frashly propered and e spent

ol PERAR s e MRt iRYe iR REng Tk Bdegion of
capopkAtaneavitt 6PNRINesheslduse Becading t© thapresstuiréidesciitie

basi ¢ (aqueous NaCOH) sol utions. Exa

le 4
Chhbelawt &y BOQee @thsfavraé%%h%rae@dﬂ}%gw ipRieriapicheatalyst,

Deact | _ .
02365 Ay isoBUB S U SEE SRS BHA BSerys O
20 ch@hactactioneslad thesl stimeat a1 200nPpiny ahd heatbdly 507Cr atraadogenic

NVR, GC- Ma and UV and spectrosc t hods._.The .
¢ cBIRRSHIRP. d DR, SHILNG PATSAHED WasHRUANY 4RO RSy T reastiop was

of uéuNeKl/& G;Eﬂﬂe\lgg \?Eéﬁ‘ thepralsside %g?e@%ﬁﬂb%léﬂﬁbits. In the

13C e presence o efinic protons "and
ol eésendtslowrdning redatibn athRadactinn was atlowhe tp gesurioe 16f. At the
ol gltl(ij %'f ﬁwer re icggr?, tﬁg Orleécqgr was vented out and a gas sample was
25 checked by GC for ethylene concentration. The liquid reaction mixture was
allowed to settle into 2 phases. The organic phase was decanted and
analyzed for product distribution by GC analysis. The following Table 1 draws
a comparison among the freshly made, the spent and the regenerated

catalysts.
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doiohicdiduichisspyridinium hydrochloride chloride, with H- instead of butyl-.

Deactivated Catalyst A (10.022 g) containing 24.6% conjunct polymers was

weighed into a bottle and treated with 2.24 g of pyridine. After stirring for 45

minutes at ambient temperature, the contents of the bottle were extracted

three times with 6.8 g of hexane. The hexane extracts were combined and

evaporated under a stream of nitrogen. The net weight of residue was 1.84

grams or 18.4 wt%. The starting spent ionic liquid contained 24.6% conjunuct

polymers.

Example 8

1-Butyl-Pyridinium Chloride
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Exanpl e 6 Determ nation of Activity of Deactivated IL
A Using Batch Al kyl ation of isoPentane with Ethyl ene.

wah®70egener at ed catal yst was highly active. TPEI/US2006/041064
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pressure dro L. th f
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vented out and a gas sanple was checked by GC for

et diyl e heitydpyrisimiumachloride @ine the miktdrer wag stiad feict 1620 minutes.

e Berapa NS Byl Wa BRI aReBbRE bR B
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anong t he freshl¥ made, the spent and the reaenerat ed

ca@quy@@t@o’qmré hehexpne layerupsdacaptedef pnddhe remaining
Pol‘.é/lgﬁ ér%ﬁﬁs@ﬁ?fﬁ{r{ é{@rﬁlﬁgnél:%% élglrwns bﬁfarééjdﬁﬁé Qe

a process I's exanple
V\olalydrsrwenel cambihed adi ctormrantnétebll(dn enrmianty Slaparatar he glve
ration reacto thec

of SAOR 5 PRI CPIETE pRlimes dinaGRBE R Ber i 67 retbvered
Chir8il tHE fird¥ddditldn dMRiPBFidhiuREMbride). Thus, a total of 3.15 gm or

98.4% of the conjunct polymers present in the spent catalyst were removed.
The above procedure was repeated with similar results using other spent

catalysts with varying conjunct polymers contents.

The recovered conjunct polymers removed by the procedure described above
exhibited all the physical and spectroscopic characteristics of conjunct

polymers isolated by hydrolysis methods.

The recovered solid were stripped off the solvent (not to dryness) on a rotary
evaporator at 14 torr and 60°C. To the obtained brown solids, in an
Erlenmeyer flask in a glove box, 6.5 gm of AICl; were slowly added while
stirring. After al the AICI; was added, the resulting liquid was allowed to stir for
additional 30 minutes. The liquid was then filtered and used for alkylation of
ethylene with isopentane as a test for the activity of this partially regenerated
ionic liquid catalyst. '
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Deacti vated Catal yst A ( 10.022 g) containing 24.6%

conjunct polyners was wei ghed into a bottle and
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25
Table 2 below shows the ethylene/isopentane alkylation results of this
regenerated catalyst compared with the alkylation results of the fresh and the
spent catalyst.
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Hydrogenation with Palladium on Carbon Catalyst

In a drybox, 3.0 grams of 10 % palladium on carbon (Pd/C) catalyst was

charged to a 100 mL stirred autoclave. Next, ~30 mL (31.33 g) of Deactivated

Catalyst A was added. The autoclave was taken out of the drybox and

charged with 900 psig hydrogen at ambient temperature. The reactor was

heated to 100 °C for 14.75 hours and then cooled. A portion of the recovered

catalyst (22.48 g) was extracted three times with 7 g of dry hexane. The

hexane extracts were combined and evaporated under a stream of nitrogen to

yield 0.408 g of clear, colorless oil. This corresponds to a recovery of 9.9 wt%

of the conjunct polymer originally present in the Deactivated Catalyst A.

An 11.26 g sample of hexane-extracted, hydrogenated Deactivated Catalyst A

was weighed into a bottle and hydrolyzed as described in Example‘3. After
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lhr. At the end of the reaction, the reactor was

vented out and a gas sanple was checked by GC for
werdwylogzagl concentrati on. The two phase reacti oPCTUS1006/@1064

was allowed to settle into catal yst phase (I ower

phase). and the hyd bon .ph ,
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Hydr ogenation with Pall adium on Carbon Catalyst In a
drybox, 3.0 grams of 10 % pal | adi um on carbon (Pd/ C)

Caﬁ)@érﬁﬁ%o’f“ﬁs ﬁ?g{f@%goftg ?orgyﬁ%gzd]}/meﬁrbh'f Bdadlilihed @utalyst B by

NeXt _ ivated Catal yst A was
15 adldﬁd*ogéhgtiem%bll%aﬂadimsoﬂQesbom)@tataif/stt he drybox and

charged with 900 psig hydrogen at anbi ent tenperature.

The reactor was heated to 100 OC for 14.75 hours and

hee pRURIAre 6 BRAMPRM Pivab hepéfea veirraDeattaysd Catalyst B
(22 g vv{ies extragted ﬁre?turesvﬁ%? agf aays

nefédrs g)rﬁéuermau@t iV retaly R vas $da caisxane, 30 mL, was
glg 8 g§ |agcf %térggﬁ & @mpﬁcfl gPésIsru?@ &ha gséﬂt?érﬂpgra‘l% Was 900

correspon

20 r epsly eAﬁetOfﬁeeﬂlrﬂg 18 B((Dlsnfs dtHeocananthcooling, yimepressiigs was 1600 psig.
present in the Deactivated Catal

s affiprexraiionaifexane apt eyaperAlp @éhéb%orﬁe%?ﬁ%g? 4g g of

Ca(t,lglay,%toldbl’less, oil was recovered. This corresponds to a recovery (as
hydrogenated conjunct polymer) of 5.92 wt% of the original conjunct polymer
present in Deactivated Catalyst B.

25
A sample of 15.009 g of Deactivated Catalyst B after hydrogenation and
hexane extraction was placed in a bottle and hydrolyzed as described in
Example 3. After hexane extraction and evaporation of the volatiles from the
combined hexane extracts, a residue of 1.56 g of conjunct polymer was

30 obtained. This corresponds to conjunct polymers content after hydrogenation
of 10.4 wt%. Alternatively, 61.6 wt% of the conjunct polymer originally present

in Deactivated Catalyst B was removed by hydrogenation.

Example 12 Removal of Conjunct Polymer from Deactivated Catalyst C by

35 Hydrogenation with Palladium on Alumina Catalyst.
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was wei ghed into a bottle and hydrol yzed as descri bed

in Exanple 3. Afterconbining the hexane extracts and
weraporasi on under a stream of nitrogen, 0.87 BCDUSH06/041064

non-vol atile residue was recovered. This corresponds
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Hydr ogenation with Palladi umon Carbon Catalyst. The
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mﬁ@f&in%eﬂfﬁ%%ﬁ Y pliced s PR AN Eod e serined i
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hexane extraction was placed in a bottle and
hydrol yzed as described in Exanple 3. After hexane

20 exExampleot8 anReenva@pboBConjunof Polgmey float DieastiVatedhGdtalyst C by
combi ned hexane extracts, a residue of 1.56 g of

coRyargenatien with SHRPosieoTAtRLM R AluB¥na Eallidls t o
P i A R i
or (2§1.7é&ab). y herrmimgematlommalwtamm1 @8tabf/e15 Bi%dd on Al,Os. In
s ggpe?’?{ngr%dﬁg %letxé Wais added to aid stirring. The initial pressure at
25 100 °C was ~1250 psig and after heating 4.5 hours at 100 °C, the pressure
was ~1190 psig. After extraction of hexane and evaporation of light

components, no oil was recovered.

A sample of 17.55 g of Deactivated Catalyst C after hydrogenation and
30 hexane extraction was placed in a bottle and hydrolyzed as described in
Example 3. After hexane extraction and evaporation of the volatiles from the
combined hexane extracts, a residue of 2.18 g of conjunct polymeﬁwas\
obtained. This corresponds to a conjunct polymer cohfeht after hydrogenation
of 12.4 wt%. Alternatively, 9.7 wt% of the conjunct polymer origin"élly p';resent
35 in Deactivated Catalyst C was removed by hydrogenation.
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Exanpl e 12 Renoval of Conjunct Pol yner from

Deactivated Catal yst C by Hydrogenation with Pall adi um
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C ehtaiedny BissHEREPPRMS KhePHe @'M%%}@@H@fgﬁﬁgr tion of
in bA | : nel i ' ;
| B RIS BL0 SR, Ay E36T bl ReFRIPR, Precent
f rDeattivated Catalyst C was removed by hydrogenation.

25 [Example 15 Removal of Conjunct Polymer from Deactivated Catalyst A by
Hydrogenation over Ni-Al Alloy

As a way for regenerating deactivated chloroaluminate ionic liquids, 35 gm of
spent ionic liquids containing 22.3wt% (7.8 gm) conjunct polymers in a 300 cc
30 autoclave, 2 gm of Ni-Al alloy and 70 ml of anhydrous hexane were added.
The autoclave was sealed and pressurized with hydrogen to 500 psi and
heated to 100 °C while stirring at >1200 rpm for ~1.5hrs. The starting pressure
was 500 psig at room temperature. As the autoclave heated up, the pressure
rose to 620 psig. As the reaction continued, pressure dropped to 560 psig and
35 remained at that pressure for the remainder of the reaction time. The reactor
was cooled down and to the contents allowed to settle. The resultant reaction
mixture contained the hexane layer (the top layer), the ionic liquid layer (the
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conbi ned hexane extracts, a residue of 2.18 g of

conjunct polynmer was obtained. This corresponds to a
w@emwjyaratl pol yner content after hydrogenati on PET/L2046/041064

W% Alternatively, 9.7 wt% of the conjunct polyner
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Af tQver at 0@ RC andrkOOpai Heruressipovag 94k of | i ght

conponents, no oil was recovered. A sanple of 15.76 ¢
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conj unct yner content a Fogen:
wt %olwmersr\ml reeloyed Hiond thwt Spenft cht&ysimased@n ¢b1bh‘imrsaturated

| | esent ctiyated taI
P bR A e e R G roR Fom A erdasinek 30 @ Bprtion of the
20 CO'ﬂt}elé'ﬂ@d iR PR cétb%)é’l %r‘én’(ﬁﬁ@gf @Hé't%??ed“iom’c liquid catalyst
Hydr ogenati on over N -Al
r eg@@aa/@dr@@f@awlfoaaemyltymmwnbad maeleannphﬂ t2.
I [ qui ds, 35 gm of spent ionic |liquids containing

L TR R U N —
he)Fé\ﬂ@ IM@lHQ)ﬁtﬁ%ﬂover Nickel Metal

25
As in Example 15 above, 25 gm of spent chloroaluminate ionic liquid catalyst
containing 15.5 wt% (3.87 gm) conjunct polymers in 60 ml anhydrous hexane
(in 300 cc autoclave) was hydrogenated at 100°C and 500 psi hydrogen
pressure over Nickel metal (3 gm) for 1.5 hours. Once the heating started, the

30  pressure steadily started rising until it reached 946 psi at 100°C. The pressure
dropped slightly to 910 psi at the end of the run. The reaction was stopped
-and the organic phase containing the hydrogenated polymers was decanted
off. The ionic liquid-Ni residue was rinsed with 2x50 ml anhydrous hexane. All
the organic layers were combined and dried over MgSO4. Filtration and

35  concentration to remove hexane gave 1.58 gm (41%) of the hydrogenated
polymers as colorless oil. The ionic liquid catalyst was separated from Nickel
metal by filtration. The ionic liquid catalyst was entirely hydrolyzed giving 1.62

gm conjunct polymers (the total amount of CPs remaining in the catalyst).
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The autocl ave was seal ed and pressurized w th hydrogen
to 500 psi and heated to 100 OC while stirring at
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and analyzed for product distribution by GC analysis. The following Table 3
draws a comparison among the freshly made, the spent and the regenerated

catalysts.
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The alkylation

i sopentane with ethyl ene was done according to ihe

foll ow

wi tHP28

RSP OREANE 1 ) PG RS Aed R

| SRESEHWIth dbamaret hyl ene and 0.3 gm anhydrous HCl .
The reaction was then stirred -1200 rpm and heated to

10 50 C at autogenic pressures. The starting pressure was
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charged to a nitrogen-filled 100 mL autoclave. Ten milliliters of HCI gas

measured at ambient temperature and pressure were added to the autoclave.

The autoclave was then filled with liquid isobutane (81.6 gm) at ambient

temperature.

The autoclave was heated to 100 C with stirring for 5 hours, then cooled to

ambient temperature. In a drybox, the ionic liquid was removed and extracted

with hexane to remove saturated conjunct polymer.

To measure the removal of conjunct polymer, 7.56 grams of the recovered

ionic liquid were hydrolyzed. The resulting agueous mixture was extracted

with hexane. After evaporation of hexane, 0.60 grams remained, indicating
that after reaction with isobutane and HCI, the ionic liquid contained 7.9 wt%

conjunct polymer. This means that the treatment with isobutane and HCI
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single digits. In the case of slow going reaction, the
reaction was allowed to go on for 1lhr. At the end of

wWo b@7/088:dt i on, the reactor was vented out and BCTES2006/041064
sanpl e was checked by GC for ethylene concentration
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Tabl e 3 draws a conpari son anong the freshly nade, the
spent and the regenerated catal ysts. Table 3 Exanple 19
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teﬁﬁ@ﬂahfmdeherehe aut ocl ave was heated to 100 C with

stirring for 5 hours, then cooled to anbient

tenperature. In a drybox, the ionic Iiquid was renoved

and extracted with hexane to renpve saturated conjunct

pol yner. To measure the renoval of conjunct pol yner,

7.56 grans of the recovered ionic liquid were

hydrol yzed. The resulti ng aqueous m xture was

extracted with hexane. After evaporation of hexane,

0.60 grans renai ned, indicating that after reaction

Wi th isobutane and HCl, the ionic liquid contained 7.9

wt % conj unct pol yner. This nmeans that the treatnment

wi th i sobutane and HCl renoved -57% of the conjunct

polymer originally present in the used ionic liquid

catal yst. There are nunerous variations on the present

i nvention which are possible in |light of the teachings
and supporting exanpl es described herein. It is
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therefore understood that within the scope of the

follow ng clains, the invention nay be practiced
wo@rdwenwi4ge t han as specifically described or PCT/US2006/041064

exenplified herein. WHAT IS CLAIMED IS: 1. A process

f [ .used acidic catal yst which has been
dg&me[sg@[jﬂwgﬁo%unct pol yners by renoving the

conjunct polymers so as to increase the activity of
the catal yst. rocess accordi.n

2. A .ng to claim1,
whibr ei i\ PFREESS dor r@ggaﬁsﬁémgiasus&?ﬁ %ﬁj‘gi@?ﬁ"m which hgsdpeen

catal y . jp&ﬁiﬁq | t i . Mﬁ{ i
t he iozjltec?c Y%@Pg{ cat y@?eﬁ@gérgggr{gﬁgﬁq%%ccaté ycfzngQ/mers
Fri edelsoGiefd inceaskithe actvityofghecetdysiccording to
claim3, wherein the Friedel-Craft reaction is
al kyl ation. 5. A process according to claim?2, wherein
the 1 OTA Brddeuicfl bRl SafP TPhhERN &b LSkdIaaRljsH an acidic
pyri di ni tm phosphonium or tetral kyl anmoni um
deri vatiowie liquid ¢edalysti xt ures. 6. A process according
to claim2, wherein the ionic liquid catalyst is a
chl oroalum nate ionic liquid. 7. A process according :
t 0?.0' ai AMpRocedBIcBbind R Hiamh 2, Whetdisl tifsionid/Bduid Satalyst has
chloroalum nate ionic liquid. 8 An ionic liquid
cat al yshgenmigashtoreaialyeen risgeherait erpatienaccor dance
with the process of claiml. 9. A process according to
claim1, wherein the used acidic catalyst is selected
from t hg pescuer Seebrding tadaivh 3HvhetdiS®fe Aridd&iHCiadt rekbtion is
An acidic catal yst which has been regenerated in
accor dakdalip-h” t he process of claim9.11. A process
according to claim1, wherein the conjunct polymners
are

5. A process according to claim 2, wherein the ionic liquid catalyst

comprises an imidazolium, pyridinium, phosphonium or

tetralkylammonium derivative or their mixtures.

6. A process according to claim 2, wherein the ionic liquid catalyst is a

chloroaluminate ionic liquid.

7. A process according to claim 5, wherein the ionic liquid catalyst is a

chloroaluminate ionic liquid.

8. An ionic liquid catalyst, which has been regenerated in accordance with

the process of claim 1.

9. A process according to claim 1, wherein the used acidic catalyst is

selected from the group consisting of HF, H.SO4 and AICl3,

10.  An acidic catalyst which has been regenerated in accordance with the

process of claim 9.
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renmoved by hydrogenation. 12. A process according to
claim1l, wherein the conjunct polyners are renoved by

wo b@7addit i on of a basic reagent. 13. A procesBCT/US2006/041064
according to claim1, wherein the conjunct polymners

ar @4r enpvGEceys %d&&lﬁé 't@Blalrila‘H vﬁéréiﬁetﬂérc@hﬁ,ﬁ\ct polymers are
chloroalum nate ionic liqu cat al yst . A process

for regearapvad hyghmdr@g@aaw d| c catal yst V\,hl ch has been
deacti vated by conpl exation with conjunct polynmers by
freeing the conjunct polynmers from conpl exation so as

t o12ncr pAgsBcésLacuirding ty cRimtheviaéial the tconjlict folymers are
process accordi ng" to claim13, wherein the used

cat al ystemevethby iegaddiiiohota bagigirgagental yst. 17. A
process according to claim 13, wherein the used acidic
catal yst is selected fromthe group consisting of HF,
H2$8¥ aAdrotéds3according to claim 1, wherein the conjunct polymers are

removed by alkylation.

14. A regenerated chloroaluminate ionic liquid catalyst.

15. A process for regenerating a used acidic catalyst which has been
deactivated by complexation with conjunct polymers by freeing the
conjunct polymers from complexation so as to increase the activity. of

the catalyst.

16. A process according to claim 13, wherein the used catalyst is an acidic

ionic liquid catalyst.

17. A process according to claim 13, wherein the used acidic catalyst is

selected from the group consisting of HF, H,SO4 and AICI;.
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