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| DAYIcRRs T forlit NGEids & fueed 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
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 aniens. The most common ionic liquids
are those prepared from organic-based cations and inorganic or organic
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, PFs, haloaluminates such as Al.Cly
and AlBrs-, [(CF3SO2)2N)], alkyl sulphates (RSOg3’), carboxylates (RCO5’) and
many other. The most catalytically interesting ionic liquids are those derived
from ammonium halides and Lewis acids (such as AICls, TiCls, SnCly,
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from anmoni um hal i des and Lewis acids (such as AICl 3,
TiCl4, SnCU, FeCl 3...etc). Chloroalum nate ionic

wo d@uaiods4@r e per haps the nost comonly used | OPET/US2006/041063

5

10

15

20

25

30

liquid catal yst systens. Exanples of such | ow

t er at ionic liaqui,ds, ten fused, salts r

FRlen st Dl 68ic ap i &rF eaiaas trenast &
ddibRiUBuRRESSIvsE SVstep@ml e, can be m xed with

PSR AR path oL YSRIS) 1o form the fused

chl or oal um nate salts. The use of the fused salts of

éq—:g{u%‘m%{%ﬁf'gﬂbﬁ HERbRk8 IGRE BLIYE it flb8'EAE oS the
%rﬂ@%aﬁﬂﬁma@ E'ﬁfs P&ty Hhidaybliueh ofipyadiatin belwa‘er e%ample, can

fused salts fromalum numtrichl ori de and

abeynixed with @lurnimupsirichlesidgdAlGlelderfarmy e fuged ghlegoaluminate
B e R ARl o e
| giehlorideeasadlytralitesiindivcdsse ||noLde Samhtet Neakt 22),245 Other

t hal t Al
CBREEIAPPN RRRP U5 i o R R dicra aloraiy T Hshlorideand

a

o IR R e Ty Bl R PRIGS WeRenf RbE 100,071 and
u$dB0l072s reusabl e al um num catal ysts in

Friedel -Crafts reactions. In one enbodi nent, the

l'iquid clathrate conmposition is formed from
Cgr§tPé’t@ﬁﬂN§ 5@%”84@' B Helstrib@d idnfARdui@whRIhwBrpviBe at least
trihalide, (ii | east one salt selected fromal kal.i
nenalalhywlummurraMalldehend@«tiqasﬁ@ﬂmqunéﬁrna@/ agmegiym halide

gﬁ@?g; ﬁg%;éggﬁ@é gﬁ%ﬁfﬁ#ﬁsm lﬂsﬁ pﬂgﬂﬁ%ﬁl@ﬂﬁa’hde and their

saéés a9solenishwatalgtic reaytibng or nore of the
foregoing, and (iii) at |east one aronatic hydrocarbon
compound. Al um num cont ai ni ng catal ysts are anong the

L "
Fri edls : Eg NP t 6}(‘5‘8?&6?:@0&;9%&?%)45&@ g ké%éi?:ggﬁ Isglr(])gs;rsgful as
r eactabinaluminuh dataiystain RriedelHerafisoadetionsalregoe grmifodiment,

%heecﬁc{wg o altl%r%tes ggr%cl)ély on 18 Yormed from constituents comprising (i) at
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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.

Aluminum-containing catalysts are among the most common Lewis acid
catalysts employed in Friedel-Craft reactions. Friedel-Cratft reactions are
reactions which fall within the broader category of electrophylic substitution

reactions including alkylations.
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reacti ons including al kylations. O her exanpl es of
ionic liquids and their nethods of preparation may

wabk®a/omsa4d ound in U S. Patent Nos. 5,731 , 101 PCT/US2006/041063
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SUMMARY OF THE INVENTION

The present invention provides, among other things, a process for
regenerating a used acidic ionic liquid catalyst comprising combining the used
catalyst, a metal and a Broensted acid which acts as a source of hydrogen in
a reaction zone under hydrogenation conditions for a time sufficient to
increase the activity of the ionic liquid catalyst.

In one embodiment, the present invention provides a process for regenerating

a used acidic ionic liquid catalyst which has been deactivated by conjunct

polymers comprising the steps of combining the used ionic liquid catalyst, a

metal and HCI in a reaction zone under hydrogenation conditions for a time

sufficient to hydrogenate at least a portion of the conjunct polymer; removing

reaction product from the reaction zone; mixing the removed reaction product
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metal and HCl in a reaction zone under hydrogenation
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teachings, descriptions and examples included herein.

The specific examples used herein refer to alkylation processes using ionic
liquid 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 chioride. The catalyst exemplified
for the alkylation process is a1-alkyl-pyridinium chloroaluminate, such as 1-

butyl-pyridinium heptachloroaluminate.



for the al kylation process is al-al kyl-pyridinium
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skeletons. Some examples of the likely polymeric species were reported by

Miron et al. (Journal of chemical and Engineering Data, 1963) and Pines
(Chem. Tech, 1982).These molecules contain double and conjugated double
bonds in intricate structures containing a combination of cyclic and acyclic

skeletons.

The conjunct polymers deactivate the chloroaluminate ionic liquid catalysts by
weakening the acid strength of the catalyst through the formation of
complexes of conjunct polymers and AlCl; 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 (AlCl3) in
the ionic liquid and rendering the coordinated AICIs for catalysis. Thus, the
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caused by coordination formation between
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a catalyst since it is tied-up in the AlC 3-conjunct
pol ynmer s ngﬁl exes. It al so appears that the presence
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complexes. It also appears that the presence (or accumulation) of conjunct
25 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
being bound by strong acid-base interactions (complexation) rather than being
soluble in the ionic liquid phase.
30
Conjunct polymers isolated from the catalyst phase by means of hydrolysis
are highly soluble in hydrocarbons. However, attempts to remove them from
the catalyst phase prior to hydrolysis by simple extraction methods with
hydrocarbon solvents such as hexane, decane and toluene were
35 unsuccessful. Other more polar solvents such as CH,Cl, or chloroform may
dissolve a chloroaluminate ionic liquid and therefore are not a selective
solvent for dissolving and removing the conjunct polymers. Conjunct polymers
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catal yst can be revived in a nondestructive manner by
freeing up the AICI3 from conjunct polyner- AlCl3

c Jitel dvactivategrdatalystl can Bevivealnn ken@eduwifvictisd athriér by freeing
satu at|8n of the doubl e bonds of the conjunct

AICkEram canivackPelyarr- Albld sangpley. eduinginias this ean be
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conj unct pol yners w be sat’u
nelimimage thdieability to coordinate to the Lewis acid (AICl3). By hydrogenation,
the double bonds of the conjunct polymers will be saturated and no longer be
able to be coordinated or complexed to AICI3 AlCI3 no longer bound by

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

Aluminum metal reacts with HCl to give hydrogen gas and AICls. By
introducing aluminum metal and HCl into ionic liquid catalysts deactivated by
conjunct polymers, the hydrogen liberated can be used to saturate the
conjunct polymer double bonds. Concurrently, fresh aluminum chloride is
produced, which is the acid component in the chloroaluminate ionic liquid.
This constitutes a two-function regeneration scheme for both hydrogenating
the conjunct polymers to release the complexed AlCl; and producing fresh
AICI3 which replenishes AlCI3 that has been consumed or lost by other means
during the reaction. The hydrogenated conjunct polymers can be removed by
-7 -
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reacts with HCl to give hydrogen gas and Al Cl 3. By
i ntroducing alum num metal and HCl into ionic |iquid :
c stchtend extreetiont ondecamtationcant ihecegpoerated ipnig quid catalyst

hyd I d . .
o AaRER Al P BRHBEE bRy O soppme
al fegsiBlearsd iR tterdgenBradd eathlystideftonstratdte@edl br better
conponent in the chloroalum nate ionic |iquid.

Thi s
c adivity fardke allasionri@thndene wibieanantane semeated with freshly
b r ing the conjunct polyners to rel ease
tﬂi;@g%ﬁ#,gilé;agglggfp\l Cl 3 and producing fresh ALC WJCh
repl eni shes AICI 3 that has been consuned or |ost by
ot her means during the reaction. The hydrogenated . . .
o haRE Sl gs e oBu T GYRSIEH R UdPe &HTOGRss meisiain an
or ' istihe oni H.GH :
cERERIEIRTNBACINRI PRBNS! ARy aIgIA fodugtion,
s ranesshby redutivatinghenedenefatingithe eatalybt iusitg albminum metal

L ctingd A Ak Enecon 50 roeds Als fotT o e} Boiiihers and
| SeRROFBARY PRIVBETFESH AICIS TRELYCIVEEBA RSc&R! ARY B employed

Anmong ot her things, the present invention provides a
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i qui t - Vi L. an al kyl ate production
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usi ng al um num netal conmbined with HCl injection to
rel ease Al ClI3 from conjunct polynmers and concurren_hlg
gcs
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parti I'pstream of the catalyst rom t
al dydriim metabandhydrachlenb adidrklsingélumipumaastal and HCI will

e OhR St BiFS0S ok Bl bicsefeR ancoui lppuproduce

Bs Oﬂrﬁé}@éﬁ)&%ﬁiﬁgmﬁéﬁgsﬁgg‘g&ﬂ%ﬁﬁﬁe ediiaE bF Pl recf@bd catalyst
by i%creasing the concentration of AICl; 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 electropositive metals will react 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 chloroaluminate ionic liquids
are used in the catalytic process to avoid contamination of the regenerated
ionic liquid with metal chlorides other than AICl3. While some metal chlorides
may work as co-catalyst, others may inhibit the alkylation mechanism and
promote unwanted reaction pathway. The process is not limited to using HCI
as the source of hydrogen. Other Broensted acids may also be used as a
source of hydrogen including, but not limited to, HI, HBr, HF, H,SO4, H3PO,.
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al um num ectropo I'tive net react
V\/lpmfemblyothemrtMChioHQesand t he correspondi ng net al
chloride can al so be used. This includes sodium
lithium zinc, iron, copper, magnesium titanium
gals| éH@Wrﬁiﬁ%é@éénﬁﬂé@Wﬁlch%m AR doRfuHct ‘ﬁblyjmé?ﬁ atrQ femoved

nmetal of choice when chloroalumnnate ionic’liquids are
ud¥dydrogenatioatusing alominuwn ésd hydregasi chlotde.ahddiag .admmnum

oeREPSERSRTHIBATE 5, P bl S lnf B st Mgl elBPwng

asnigtore fihauysdlave)talesemitamperdtuly ér 4tB0°a dthatdu enlc
mechani sm and pronpte unwanted reacti on pat hwa

pp&%yge le tagemMaval pezeQ% i ou§h@1§omctaplyrn@r85@@%m@oaenated

UagaRgatofd T IERSRELAG: St oy ang A onic
HBquldI-ﬂFhasbl}ifB@ne réﬂﬁ@@u by sinfyee extractidn rridﬂwdzahllﬂmbthﬁre

o Ve R SR Geanesi Ry TREhgtesaindadbe fogenerated

| hYdif@ﬁcﬁmQrc'at?al v fermSviaFdRdnd ?erﬁéfﬂ'irfb ribltd RO}

of conjugate bases other than halides and preferagﬁﬂmade
o¥fels andzaiuminuse medal) bydiltediionn i n t he Exanpl es which
follow, the conjunct polyners are renpved by

hydr ogenati on usi ng al um num and hydrogen chl ori de.

Acrcherrec@werau ot Aadid ReedlpaqBby 6iftttibh fiwak Seste@dor Ativity by
{Ciwld catal yst and stirring the resulting mxture (in
a@

atingesth xdene Yeth isepridane an@ tiyg rege gatalyst showed
CHRASERLASNGAEER e RSBl R Gl gt o
hy\diucdgﬁbvea]wd:tmm,dLUMiyﬁod/asmraae( ThaiseldctiViey ofthehegenerated

ca{a?yst was identical to the selectivity of the freshly-made catalyst.

In an alkylate production unit, light (C;~Cs) olefins and isoparaffin feeds are
contacted in the presence of a catalyst that promotes the alkylation reaction.
In one embodiment of a process in accordance with the present invention, 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
phase may be separated from the hydrocarbons by means of a gravity
decanter. This catalyst will be partially deactivated by the conjunct polymers
binding to AICI3. The recovered catalyst can be reactivated in a reaction
system employing aluminum metal and HCI. The products of this step will be
-0-



liquid phase) were renoved by sinple extraction
nmet hods with ot her hydrocarbons (such as hexanes) or

whyooneziago of decanting. The regenerated ioni c PCTUSIH06/041063

10

15

20

25

30

35

catal yst was renoved fromthe remaining mxture
(freshly made AICI 3 and alum num netal) by filtration.

Theaotwatudecatdlyspand hidggedatedtanjuict pblyriarkt Tiédeooan be
was tested for activity gy al k Iatla et hyl ene with
|§SB%W%BY§HB’GFEW3$@5% PRt PR 3@{8 tibvwed bett er

£ it flok KoC AP R RoliBralp o aifeThafdt Bt dstaRtiin SBhe
rrm:héanc'léiseorﬂye bgmtriion by slgfstiehm ofetgemataiysidsl*@agaisyéwemmted. In
th lectivity of the freshly- .
o Sidke B3tantRs BASASITRh o Hudt cotvanis Toodnened @ss
Chbceddr) 8 nitistains® BasiRdd Ieef Srdtialpstactiony m:ir%dpﬂoeesm

presence of a catalyst that pronotées the al kyl ation

r &4ugh e ionig liginig! Iérttﬁ@dlaﬁethﬁ catalystpr ocess in accordance
with the present invention, this catalyst is a

chl oroalum nate ionic |iquid. The reactor, which nmay

bén ané iembRiimeanss the prédustt inveptioRfiBORFGEhEs td thedFigure, the
riser reactor), produces a biphasic m xture of

|'cw¢ Aguid ippta )&té?%%d nwr@%me@lrﬁéé pregucedcontindously into a
llréd ltérﬂylae% lsrfﬁs)t %@Féaélﬂ &rﬁﬁﬁ@r}gﬂ?&ﬁﬂgl‘:‘s addekc)l by way

ynErs conj unc ase
seﬁarsateam-typeafaedbe 'lmedalunmmnnském urelen inart gas (mtmgdary or

b oV AR deor H i iarery Pids the cebired e 6 Droduce H;
r @89 R ChatrAbYesideAds hﬁercﬁ@ﬁé ké’a%‘t&olumrbeaséléét% 8%llow

syst em enpl oyi ng al um num netal and Juc ts
ofadﬁﬁil@tesl't)@ipownatlobel’fémComan@cpod)anarwé'hearaactlon product is

b
oy MaBRR R AR AR BB SORRT (B0 8RB M EHEG the
nqzydm@@ﬂaw dorfjandippresetfe SBRIDAN tTHessfa@itdRaPbe a normal
cat alyst. In sone instances only a portion or

s hygracaenan wngingsiremt Gy ySts; erﬁe@@ly s€eg&hisrmabdure is then

t

SRR AR QUL B RN UL d ARl gt

| ewtatravin.datrebygted sloaminunt yh the ibhie liguikcplsssd 8 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.
Hydrogenation conditions 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 time of 0.1 minute-24 hours, and preferably from 1/2-2

hours in a normal hydrocarbon as a solvent.
The following Examples are illustrative of the present invention, but are not

intended to limit the invention in any way beyohd what is contained in the
claims which follow.
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which the ionic liquidis used as the catalyst. In one
enbodi nent of the present invention with reference to
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pol ymer mixture is introduced continuously into a
stirred tank reactor (CSTR), where al um num net al
powder is added by way of EXAMPERStype feeder. The
alum numis kept under inert gas (nitrogen or other)
to prevent oxidation. HCl gas is fed in at the desired

o Exiee B, 0 Hiafo P BEF R LB vty CShIRRRAE IS lonic
hy fHueg CagdlysirA (Freshél Agmj unct pol ynrers The reaction
product is_w thdrawn and xed with a h% rocar.b

sarb}gwtpxrgilrgum q{gqrgﬁg,)mlpﬁ alRiai9oMh gﬁ%iggauid prepared
o
R BB TSR AFRITEHS)ered e nemscha yinum
C$r1dmorldﬁ"||n9rmmettmtmaspheme Theeyatheses of buaflr@rr&ivmtlm chloride

Ol b bR e Bt

PRRRRY 1A d 2AONSRNDI édtbé!bV@ mooT@m (56{r3:mbvmaﬁhlydrons pyridine
liquid catalyst is returned to the al kyl ation rga ? 1
mol.) 1-

TH9.966 pure: purchagethtrompdidyia) Wﬁﬁ@(ml@délélyhﬁé@ & 65

di st i o v

coniropBiu8 ph P B S e o EbohY HHEERABLEPE was scaled
- 2AAGhe 280 Rixtnrechifivadd 1o §ift-a1 906, C pndes autegeaic pressure over
atnDspherlc 5000 psig, prefera

0- 50 i g, d
ccmmhatcf\ ef eROIGE fi\erﬁtﬁafﬁla\@@nadéﬂgngg @‘eﬁgégfé?'g?ﬂ%a’as
(ﬁlﬁ*e]({ %nc?dg%l&éd |ﬁ‘icﬁloP6’f5FFﬁlaﬁnMFHr%?éF&be é%r@eﬂi@éﬁ’r@ﬂhd
The oW N es are illustrative of the present
I rbcﬁmm fiask. lﬁldncen‘eahm of thieanedetibrt mixture at nedyced pegrsiusm on a

oY et AR HaEeleh 1) BF G b EHPHER promctod

Cﬁglltdiﬂse?{yi Fé:%rgé%ﬂ]h@)&&%%%&dmw proguttd Purification of
the product was done by dissolving the obtained solids in hot acetone and
precipitating the pure product through cooling and addition of diethyl ether.
Filtering and drying under vacuum and heat on a rotary evaporator gave 750
gm (88% vields) of the desired product as an off-white shiny solid. "H-NMR
and '3C-NMR were consistent with the desired 1-butyl-pyridinium chloride and

no impurities were observed.

1-butylpyridinium chloroaluminate was prepared by slowly mixing dried
1-butylpyridinium chloride and anhydrous aluminum chloride (AICl3) according
to the following procedure. The 1-butylpyridinium chloride (prepared as
described above) was dried under vacuum at 80°C for 48 hours to get rid of
residual water (1-butylpyridinium chloride is hydroscopic and readily absorbs
water from exposure to air). Five hundred grams (2.91 mol.) of the dried
1-butylpyridinium chloride were transferred to a 2-Liter beaker in a nitrogen
atmosphere in a glove box. Then, 777.4 gm (5.83 mol.) of anhydrous
powdered AICI; (99.99% from Aldrich) were added in small portions (while
-11 -



1- butyl - pyridi niumchl oroalum nate is a room
tenperature ionic liquid prepared by m xi ng neat

WA 20a0y344@yri di ni um chl oride (a solid) w th neeCT/E810061041063
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alumnumtrichloride in an inert atnosphere. The
synt heses of butyl pyridiniumchloride and the

¢ Qﬁﬁrﬁézﬁq&tﬁﬁ)l %hé)tgrﬁﬂ)elﬁﬂfré &f ﬂiélﬁgﬁ@' SO ipiE m@écﬁloimr e)nce all

descr flon-1ined autocl ave,
gthe( Alcnﬁwae|adﬁednﬂw¢deeul§nwmbﬁrﬂ@ol@@@ liggidpvasleft to gently stir

Uy HE R ke B BB R Tan

Ahelrdl@é&lvedTAE:@qtr@cﬂe@umngmucﬂ@almmquowudtmlemrmmoalummate
m xture allowed to stir at der auto

piEsdised as/ibe c‘rﬁt@mt.fomhee@'kﬂaw HE'SBPPHHQH@ B’t eiyigne-
and venting it, the reaction mx was diluted and
di ssolved in chloroformand transferred to a three
liter round bottom flasiC~Concentration Qfc t he
reaction m xture at reduced pressure on a rotary
evaporator (in a hot water th) to renove excess
chl oride, un-reacted pyridine]and the chlorofoym
sol vent gaye Wd proguyct. Purification! ohl,€Che
pr oduct e by di ssolv My he, ehtvaiiogd Rds in
hot acetlone gt e ugt through
cool i ng adEF?tt]lZ%r? of d| et ether. Filtery and
dryi ng under v&eHBRZfHF"heat on a rotary evaporator
gave 750 gm (88%yields) of the desired product as an
off-white shiny solid. 1H NVMR and 13C- NMR were
consistent with the desired 1-butyl-pyridinium
I’%&[ngﬂg zanq,rg r’aﬁBh’ 'ft‘ﬂ)g?':‘ctWSfe%”qbéﬁté/}’@ﬁdlnlum Chloroaluminate
pyri di'ni um chloroal um nat e repar ed
sllomit\Lidquia iCegalgst (©dattivatest Gatalysti A). um chl ori de and
anhydrous al um num chloride (AICI3) according to the
foll ow ng procedure. The 1-butyl pyridiniumchloride
( F*D%gg@%g @Sord%%éa" PedtARRERliuNeshistobR MBI catalyst
hours to det rid of residual water (
1-vbas pﬂqwredjfrnm%meeh’f bbuddpyrigimiyoy ddemalumingte iosigiiqyid

ab b%té)mfg‘t‘la%’hgrﬁé jgmofix lﬁ(iblggpéglk?ﬂaﬂ})n rgéc\ft?om*ﬁréjwr%nuous flow

mlcrounlt under catalyst recycle with accelerated fouling conditions.

The microunit consists of feed pumps for isobutane and butenes, a stirred
autoclave reactor, a back pressure regulator, a three phase separator, and a
third pump to recycle the separated ionic liquid catalyst back to the reactor.
The reactor was operated at 80 to 100 psig pressure and with cooling to
maintain a reaction temperature of ~10°C. To start the reaction, isobutane,
butenes, and HCl were pumped into the autoclave at the desired molar ratio
(isobutane/butenes > 1.0), through the back pressure regulator, and into the
three phase separator. At the same time, fresh chloroaluminate ionic liquid
catalyst was pumped into the reactor at a rate pre-calculated to give the
desired catalyst/feed ratio on a volumetric basis. As the reaction proceeded,

ionic liquid separated from the reactor effluent and collected in the bottom of

-12-



1- butyl pyridiniumchloride were transferred to a
2-Liter beaker in a nitrogen atnosphere in a glove

Wheoo7/0Thaen, 777.4 gm (5.83 nol.) of anhydrous ponis20e6041063

10

15

20

25

30

AICI3 (99.99% from Al drich) were added in small

portions (whilestirring) to control the tenperature of

t hge ithraB! 8af W IsOfficidat VSt
addeéd thﬁgafgég? tléﬁ%lc ﬁééfsrz%lsooi(cll ng%e\{egbr 8&{\%&/3{*5}1{[& he
gdwtiop et the separatpy e flawtaf &regh denic tignid W&@siqpqad@ndaaatalyst

- A&t FEFLER ol BE: P Mol sEenE s v i e

waatalgstehasgd as eahthyaly dsed dritereal/égtan 'tﬁél?ﬁfcess
| sopentane with ethylene. Exanple Preparation of

"Deactivated" 1-Butyl pyridinium Chloroalum nate |onic
Li I t :

Y PRl eyl Deactveted Catayt
c 71\ (jlr-baiylmn'ridaﬁwnlohmroalimqmtd iorit difyistt catalyst) frepaFeskh

ég 1- butyl pyridinium chl oroal um nate ionic
CgﬁTlé{ talyst by carrying out the isobutane

aI kyl ation reaction in a continuous flow m crounit

“under catalyst recvcle with accelerated fouling

céirdcesovarialiiae mi crounit consists of feed punps for

i ' ctor a
big"%lﬁ?'é%%?@ B&jul ator, a three phdse separ at or 9/epiry

agﬁ?@g{) ﬁ?%aié’ recycle the separated,ionic I|qU| m%n

cata kK to the reactor. The reactor was op ed
atL Satalysti@Ompsatg pressure and with1oling to  g/min
reaction tenperature of C. To start
%@tfo%r Psobut ane, butenes, and Hér wer e punpecﬁé&@b
#&diirecl ave at the desired nolar uapi o
(i sobut ane/butenes > 1.0), through the back Dresgu

r égupatature and into the three phaseifeparator. At’Qthe

was punped into the reactor at a rate pre-cal cul at ed

t |
THe P8 clidiewas %bhﬁﬁué‘cﬁﬁz 7?2&%{“@ gﬂ‘e@?% Vé’g% gﬂiég%d that the catalyst

volunetrlc basi s

| ihadibcopeasfficidntly deadtivataceact or ef f | uent and
collected in the bottomofthe three phase separator.
Wien a sufficient level of catalyst built up in the

b@ExepipioB t MRte@MAARIPS6F theManblity P iCnj @i Bolhér and Olefin
|IC] uid was stopped and cat al yst
Oligomers in Deac ivated IL A.

The wt% of conjunct polymers in the spent (deactivated) ionic liquid was
determined by hydrolysis of known weights of the spént catalyst. The example
below is a typical procedure for measuring conjunct polymers in a given spent
catalyst. In a glove bbx, 15 gm of a spent ionic liquid catalyst in a flask were
rinsed first with 30-50 m! of anhydrous hexane to remove (from 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 ml of anhydrous hexane was added to the rinsed catalyst
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 m!
-13 -



recycle fromthe bottom of the separator was started.
In this way, the initial catalyst charge was

w@oowiom4ad |y used and recycled in the process.PamnEs2006/041063
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foll owi ng process conditions were used to generate
Deactivated Catalyst A (1-butylpyridinium

chbﬁéf%ﬁ S Btred WeNifér Addiibrhl ‘5&FCﬂhﬁ(ﬁiItészt%T]~rﬁEt@?é‘was allowed
Cat al A. Process Variable | sobutane punp rate 4.6

gtars lglgiometoﬁwnﬂay@rﬁ@omt@nganﬁ $pme Sahid sesjdue. pieorganis

¢ ftsB e TeEberet &Y dedeRu. T A R RuAR Ry B pshed
hw]lcltpsaddlt&{n}dl BOMS"{dxadteggT ﬁdésééxetrimé Ig?égglv}é?ﬁ] dgx?tl)dgé@ aRE dried
¢ Reernivede MoBey fikereciaaaqriceairated raive 813 Gondpywiv of

t F]he spenlt \éfé(!gﬁ%‘lf’h/'ﬁ?"e“g@ onl{%&? I qui déi‘\[]/\g gw?é %E%@dn%d
hirdreloys ithatdhis_lpad\mlmp@mlt safafyst genmp}m(b 8% allgmhersTdrr&i
b ) ur measur
c o e eonBoey hevwere, Regrsfly SRR e e rsconpisast using

gb@waﬁ; eMeotS HI &f basi® Pﬁ{‘deob@%ébﬁ%?&gﬁ ogatal yst in a

l ask were rinsed first wth 30-50 anhydr ous
hexane to renove (fromthe spent catal yst) any

 Exeltifed "t GhabRicRAugh of oo Peaet iRty ey 45 ve.
oDleyciivdldd gimpef yel low oil (0.13% . Then, 50 m of

anhydr ous hexane was added to the rinsed catal yst
foll owed by slow addition of 15 m of water, and the

MKk YeEoWiSd ThhhECh&ymER according to the procedure described in

Example 3 were characterized by elemental analysis and by infrared, NMR,
GC-Mass and UV and spectroscopy methods. The recovered conjunct
polymers have hydrogen/carbon ratio of 1.76 and chlorine content of 0.8%.
"H-NMR and "*C-NMR showed the presence of olefinic protons and olefinic
carbons. Infra Red indicated the presence of olefinic regions and the
presence of cyclic systems and substituted double bonds. GCMS showed the
conjunct polymers to have molecular weights ranging from 150-mid 600s. The
recovered conjunct polymers have boiling ranges of 350-1100°F as indicated
by high boiling simulated distillation analysis. UV spectroscopy showed a UV
Amax at 250 nm pointing highly conjugated double bonds systems.

Example 5 Hydrogenation of Deactivated IL A Using 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 HCI 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
300 cc autoclave, 100 m! of anhydrous n-hexane and 9 gm of aluminum were’
added. The autoclave was sealed (all done in glove box), and 10 gm of
anhydrous HCI were introduced via an inlet. The reaction was stirred at >1200
-14 -



for 15-20 mnutes. The resulting m xture was dil uted
with additional 30 nl hexanes and stirred well for

wa@odw7oniamal 5-10 minutes. The m xture was al | or&dUSZH06/041063
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settle down to two | ayers solution and sone solid
resi due. The organic |ayer was recovered by decanti ng.

Th@nﬂﬁh@m’cﬁ ih@YEH NEtingUbTBeC. YRS W@é’cﬂ@nﬁﬁa@qgl‘yté)@ﬂ?érmlc and
hexanes. The hexanes | ayers were conbi néd

draf@d few enindiesyite terepatgboe, rose te 81 %@ aaddhe @mmm m 290 psi.
U et 2 Ll BB 458 Y51l Bl o e rr

t Hérstroy thettbmpetdting was bt Z81Gand tisnprezatipd Wab a@getp%lu Mehe
0.13% ol |agoners and 16. 7% conj unct pol yners

hyBREICY ¥e8 cogledioggoRtiemRasaire @ﬁedheerwl@@haﬁ;ewas decanted

(Qﬁﬁqf%ﬁaﬁig]guﬂrpﬁé%%' éﬁﬁé’&f’n‘/ﬁ WSC? &ghh‘ﬂ(ﬂ@ys hexane. The

arrpl e racteri za I on ecovere _
Pd16]<HBe layanammeacbmmmamd_c@ncemmteceunderr reduced prewsure and

el Fostir e St (e BB & e b S¥a Y e of
b)bdnﬂfﬁc@b@@'méﬁlﬂﬁ irfelly rﬂWtHé\/dé’élﬁlvéfé%clbﬁf&qm&V) Hydrolysis

The recovered CO;H unct pol yners have
r1@gliﬁ/0<f ﬂ?&)’iﬁﬂa‘redﬂ@mmhﬂw garedh a6 ginh of cmmunctmcéymem‘

of ﬁ{%ﬁ‘%%@? Ak s TS torb ol eBeaT fe fvdrogenated

| ntbe@ite dhbiwed poadaNELC edtiod! ffd RMR, M Rgarm]evaé&ctrbgcopy all
presence of cycllc systens and substituted doub

bdngisateddng disaprearance of dhg daek egsinggers to have

nol ecul ar wei ghts rangi ng from 150-m d 600s. The
recovered conjunct polyners have boiling ranges of
351‘)eamnlé(60F Deteinnidatien efiAblyvityiaf IDdzeitivated |15iAUkmigeBatch

[ ). t h d W nmax
Wit o BBl VR ugat o' doubl e bonds

systems Exanpl e 5 Hydrogenati on of Deactivated IL A
Using Al netal and HClI and Determ nation of the Anmpunt
ofThRasganarat@baatatyst waslhjghly ectimtTLheaa(tﬁyity of thehegenerated

d?&% ‘ﬁqgigrb%?al%t r%Qt%h‘éEi ﬂkéj Qgﬁwt@ of){ﬁre fresHlSyi pnrgpgrlelénéar’ggl?st in the
alkylation of ethylene with isopentane to make Css. Table 1 compares the
activity of the regenerated catalyst with the freshly prepared and the spent
catalysts in the alkylation of ethylene with isopentane. The alkylation of
isopentane with ethylene was done according to the procedure describe
below. A 300 cc autoclave was charged with 20 gm of ionic liquid catalyst,
100 gm anhydrous isopentane, 10 gm ethylene and 0.3 gm anhydrous HCI.
The reaction was then stirred ~1200 rpm and heated to 50°C at autogenic
pressures. The starting pressure was usually 280-320 psi. The reaction was
usually complete when the pressure dropped down to single digits. In the
case of slow going reaction, the reaction was allowed to go on for 1hr. At the
end of the reaction, the reactor was vented out and a gas sample was
checked by GC for ethylene concentration. The liquid reaction mixture was
allowed to settle into 2 phases. The organic phase was decanted and
analyzeq for product distribution by GC analysis. The following Table 1 draws
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metal and HClI was achi eved according to the procedure
shown bel ow. To 40 gm of spent ionic liquid containing

wa3005/0n4% (6. 2 gm) of conjunct polyners in 300PCT/US2006/041063
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aut ocl ave, 100 m of anhydrous n-hexane and 9 gm of
al um num wer e added. The autocl ave was seal ed (all

- daNgomhPafd i EmbARY the ﬁfBQhIWnﬁiB %he 3pEMHRIheiehehifed

introduced via an inlet. The reaction was stifrred at
>200y$m and with intent of heating to 750C. The
reacti on was very exothermc and after few m nutes the
tenperature rose to 8 10C and the pressure to 290 psi.

lhen, the pr essmﬁegnd:dt%stenméﬁmat n| RegdnePated.
At the end of the run (1 .5hrs)) the tenperatire was at

750C and t he pre=ssure was at 99 psi. The rea¢Gatalyst

f\
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T rgantc ph
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J|3tbrt5ﬁgn1 anhydiBoogpshexane. Thegaggane | ayel 29?‘@1’3&3
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resenygréggﬁ'gwdégl vated i o ﬁ’%‘w d.). Z

Hydr ol ysi s
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WQ indicating a total of 4%¢
Sonic li qui ¢

emained in
1ﬁhase The hyd*r%@%nat ed pro oddBt s
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péctrosco

BEEhe

al |
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I I'( dllu UV
di'sappear ance

8 the
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CEJJND“MWiﬂane =
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(4opl e 6 Detern
\_Lsi ng Batch A

L kvl ation_ of

imati on of Acti
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ypty of

soPent ane

<

leactivated y
23D 2,0DMe. TRS2 egener at ed bt al yst was hD@wl y

ctTve—The acti vty of the Tegenerated—onc+iquid
catal yst matched the activity of the freshly prepared
cat alyst in the al kyI ati on of ethylene with i sopent ane
make C S. Tabl e npares the activity of th

r §iehR AER BAMERUS ‘{/%ftakaP{S Pnithe presant urgwe;swePavm@h araipessble in
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ane W ene
wdbergfore lmmiemtdom@mtwiﬁheﬂmrsmm@mféhd&:ﬂmwnb@clalms the

invention may be practiced otherwise than as specifically described or
exemplified herein.
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bel ow. A 300 cc autoclave was charged with 20 gm of
ionic liquid catalyst, 100 gm anhydrous i sopentane, 10

w@eooghmBsene and 0.3 gm anhydrous HCI. The reaPCT/082006641063
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then stirred ~1200 rpm and heated to 500C at aut ogenic
pressures. The starting pressure was usually 280-320
pPSVHATNE ceaniEpngwas usual |y conpl ete when the
pressure dropped down to single digits. In the case of
sl ow goi ng reaction, the reaction was allowed to go on

| L sk Bee Rl A8 A e SRR i s
et hyl eleenaftzeuvatatimyconfitft Ipb@meﬁs cORfrisily MeXSEHS of

was allowed to settle into 2 phases. The organi c phase

was de@AtbiringAle yagd jondelliquid cgtaixaica mgtak andaBroanstpd acid
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among. tHEcT PSR, Sae dfhydRedh m o Ye3¢Reh FARRRbHEFc

cat al ysiydrogEmatien @padition® farustimersuffici@itso wydtd@nate atleast a
present |nvenrttbon whi ch are possible in light of th

e

t eachi PGSIAUHY 8;9&54‘{'1%80 MEpTeaROViRG; [g3aen niediestrom the

' S t herr@éé’cfcﬁr e hﬁklﬁ@‘ihé hérhovéd FEE{&:’UEH ‘i)r&&?c?‘%vlﬂ‘f a h8rocarbon

f ol Iovmng/c ains, the“invention na

ot her wisg enhEmwbt@hstbehyﬁrog@hatediﬂxwmdﬁmlwners are soluble
lified .

For T egUREMa FRGN1E A seBaié o v Phpgs. ¢ BLIET psse which

whi ch Raatdheethedfarbhdmted cBMJuﬁ@ﬂﬂ)éigﬁb@th{ B¥cavier phase

conpr|3|nqhthe steps of conb |n|n? e used ionic

|'i qui d WiHienr9Riainsa regeneraiad icpighged vatalysic pad reedvecing at

acts a a reacti on zone under
hydr ogZ%%stt%%rgg%y | on Ei“ééi b Fime sufficient to

hydr ogenate at |east a portj on of the conjunct
pQl yner,; renoving reaction product fromthe reaction
Gne: A Corinifec

" i RIOGEST RECTEIRVieERBL b WiRTel GaUBetalds selacted from the
hydr OC?F&?C&% ofé?) Clﬂhﬁ.ﬂfhe %ﬁé&%%@%ﬂﬁﬁm H{%ﬁé

pol yner’s are sol ubl e; o n Xturé separ
i nt o t wickehaies coppér, gbnegalbthmshn wahd dheir mixtures.

3. A process according to claim 1,.wherein the Broensted acid is selected
from the group consisting of HI, HBr, HF, H,SO4, HzPO4 and their
mixtures.

4, A process according to claim 1, wherein the metal is aluminum and the
Broensted acid is HCI.

5. A process according to claim 1, wherein the ionic liquid catalyst has
been used to catalyze a Friedel-Craft reaction.

6. A process according to claim 5, wherein the Friedel-Craft reaction is
alkylation.
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contai ns the hydrogenated conjunct polymers and a
heavi er phase which contains a regenerated ionic

WO p@aiodd4e@t al yst; and recovering at | east a poPCT/UR82006/041063
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t he heavi er phase. 2. A process according to claim1,
wherein the netal is selected fromthe group

ﬂ}'drébéﬁ"éfb’rﬁbondltlons
titanium nickel, zinc, copper, iron, lium tin and

their rsiude eentagting\ths deaciyatastionis lmyud eatalyst with, sufficient

cons: s RATF PEthEh P Bicbsn il eritate SIERE; M tBBen gas
m Xt ur est telﬁpemtpwescrﬁsso‘@czmﬂcn grds@urds&bﬁﬁtﬁnosphéﬁﬂmoo psig,
the nmetal,is aIu Ethe Broensted acid 1s

5. A prelfl’:je%§°'af@ ”E'i“&?rﬁ‘h oY dp @.rrprm?éhvémcgrbon as
l'i qui deF@tSI@J? yist has been used to catalyze a

Fri edel t reaction. 6. A process according to

claimb5, wherein the Friedel-Craft reaction is

i by b Biskiss ASFORBTRR FSREY  WEF R i Rl arhg rdsdvent is
deact ' \é%‘le%iedj ﬂﬁhPth'e' dg’rkébﬁ c@ﬁé@’uﬂ@bf M‘br‘rﬁbﬁwm&&ér%ﬁs ranging

amounts of metal and excess acid to gene

suf f i cifeaip Gsydsogen gas at tenperatures of -200C
-2000C, pressures of atnospheric-5000 psig, and a
contact tinme of 0.1 m nute-24 hours in a normnal

hyair oc ek proteas agcsmlinetdt claith 1AvheRaedte RARAGID @aﬂa‘l’yst
claim11, wherein the hydrocar, bon solvent is selected

from t KROMRTISES andruTazalivg, eyridisiural PRaaPNeskI® Ohs
rangi ngefrélﬁ?‘ﬁﬁﬁngﬁluﬁx &vﬁﬁv@'b?ﬁ%?r;@?&ﬁr%r ding to claim

1, whereln lonl c |qU|d ca conpri ses an
i m dazolium pyridinium phosphoni um or
10.  Anionic liquid catalyst, which has been regenerated in accordance with

the process of claim 1.

11. A process according to claim 1, wherein the ionic liquid catalyst is a
chloroaluminate ionic liquid.

12. A process according to claim 9, wherein the ionic liquid catalyst is a

chloroaluminate ionic liquid.

13. A process for regenerating a used acidic ionic liquid catalyst
comprising the steps of combining the used ionic liquid catalyst, a
metal and a Broensted acid in a reaction zone under hydrogenation
conditions for a time sufficient to increase the activity of the ionic liquid
catalyst.

14. A process according to claim 13 wherein the metal is selected from the
group consisting of sodium, lithium, magnesium, aluminum, titanium,
nickel, zinc, copper, iron, gallium, tin and their mixtures.
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tetral kyl ammoni um derivative or their mxtures. 10. An
ionic liquid catal yst, which has been regenerated in

waewontamce with the process of claiml. 11. APQI/USME&041063

10

15

20

25

30

35

according to claim1, wherein the ionic liquid
catalyst is a chloroalum nate ionic liquid. 12. A

PrigLes paeess iaBgordhCloatiaihd13 VWRér%imtrfeh@rdeﬂatéa éélavs& d
catalyst is a chloroalunmnate ionic |iquid.

pr oces $elasted Bgenisedrowr cansisiing elcibiHBr, bifi, é‘*zSQz}u HaPO4 and

cataly i ng the steps of conbining the used
i onic I%E'qﬁlm(m %%al yst, a nmetal and a Broensted acid in

a reacti on zone under hydrogenation conditions for a
1& ffICI ent to increase the activity of the iagnic

i d a'iogra%ﬁccqr&!mgptopﬁﬂ%ebé% whersiihegnetal i alumingm and
wher el fhd B?o%ﬂ”ét@(ﬁ abid iSelcget ed from the group
S

consi sti ng odium [1thium magnesi um al um num
titanium nickel, zinc, copper, iron, gallium tin and

L0 N b Da ISR 2R Rt Pt GPkayst has
consi styegg %%d'ﬂ)caﬁﬁiyze &ErichBISGYhft fd3k¥n.and their

m xt ur es. A process according to claim13, wherein
t he net al |s al um num and the Broensted acid is HC .

8t a B o BOREMGRE Pt e Tatedb clan Shidon is
Fri edelaiiyiation. r eaction. 18. A process according to

claim 13, wherein the Friedel-Craft reaction is
al kyl ation. 19. A process according to claim 13,

L% oy BSEol SECBENBLERBFPIS A8 LA Spengtop opations

suf f i cirahtde contacting the deactivated ionic |lQUld catalyst with sufficient
amounts of metal and excess acid to generate sufficient hydrogen gas
at temperatures of -20°C -200°C, pressures of atmospheric-5000 psig,
and a contact time of 0.1 minute-24 hours in a normal hydrocarbon

solvent.

20. A process according to claim 13, wherein the hydrocarbon solvent is
selected from the group consisting of normal hydrocarbons ranging
from C5-Cys.

21.  Aprocess according to claim 13, wherein the ionic liquid catalyst
comprises an imidazolium, pyridinium, phosphonium or
tetralkylammonium derivative or their mixtures.

- 22. A process according to claim 13, wherein the ionic liquid catalyst is a
chloroaluminate ionic liquid.

23. A process according to claim 21, wherein the ionic liquid catalyst is a
chloroaluminate ionic liquid.
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anmounts of netal and excess acid to generate
sufficient hydrogen gas at tenperatures of -200C
WO 20000G44pr essures of atnospheri c-5000 psi g, aPdI/as2006/041063
contact tinme of 0.1 mnute-24 hours in a norma
hydr ocar bon sol vent. 20. A process according to claim
134 wh [ : r ' .
5 11 gr o o RUYAEAEE90n B3 KRR 180l B accoiince vith
f r om C3h€ipréxess of clabmptiocess according to claim 13,
wherein the ionic liquid catalyst conprises an
i m dazol i um pyridinium phosphoni um or
tetral kyl ammoni um derivative or their mxtures. 22. A
process according to claim 13, wherein the ionic
liquid catalyst is a chloroalumnate ionic liquid. 23.
A process according to claim2 1, wherein the ionic
liquid catalyst is a chloroalumnate ionic |liquid. An
ionic liquid catalyst, which has been regenerated in
accordance with the process of claim1l.
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