A PROCESS FOR IONIC LIQUID CATALYST REGENERATION FIELD OF ART 5The present

disclosure relg‘gg(-‘i_'t,z(;&?9 ;ﬁgﬁﬁleratmg lonic I!qu!d (_:atglysts. More partlcuIgrlyf,ctngﬁg%ﬁm%sclosure
relates to regenerating chloroaluminate ionic liquid catalysts by reaction in a stirred or bed reactor,

followed by extraction in a stirred or packed column. 10 BACKGROUND lonic liquids are liquids
that are composed entirely of ions. The so-called "low temperature™ ionic liquids are generally organic
salts with melting points under 100 degrees C, or often even lower than room temperature. lonic

liquids may be suitable sfogexampledrRvsaas.enaiplyvst pad esargatent magipirtion. 150ne 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 below the individual melting points of the components. lonic liquids can be defined as
liquids whose makgyopsognilkely comprised 20 of ions as a combination of cations and anions. The
most common_ionic liquids are those prepared from organic-based cations and ingrganic or organic
anions. The nmost commgheé%rﬁﬁﬁtcﬁgﬁ SRS 5"#@%%&%%%%‘&&%"&?8%,’&% pﬁ%ﬁ%%%%eand sulphonium
cations are also fresytienitsy sechrioent disghiderofaateiiinagrardinmitiozotinmizate woirhaps the most

commonly used C%&lig{asca&ﬁga@% inclugle, hut are.23netdinited tefikda iy R8nabiiaaluminates such as
Al2C17- and AI21315-, RCF3S02)2Np, alkyl sulphates (RS03-), carboxylates (RCO2-) and many

others. The most é%&’l@ﬁé&ﬁ?“ﬁﬁé’?@gﬁﬁg ionic liquids are those derived from ammonium halides and
Lewis acids (such as AIC13, TiC14, SnC14, FeC13...etc.). = Chloroaluminate ionic liquids are

perhaps the r]gpst ﬁ%@?%%%%ﬁp ionic liquid 30catalyst systems. WO o
2009/085450PCT 008/084129 Examples of such low temperature jonic liquids or molten
fused salts are the cholokisHifite 8aHeuAHEF HEEPOMMKT SPEFHARIEN sHIfSTSAample, can be
mixed with aluminugteishberitiefAtGit 3gtadfomnghe tilisedaahlomtuitnatdisgteirthendse of the fused
o e 00 AL Gl LS. P
suitable, for example, for use as a catalyst and as a solvent in alkylation.
15 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 below the
individual melting points of the components.
lonic liguids can be defined as liquids whose make-up is entirely comprised
20  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 anions. The
most common organic cations are ammonium cations, but phosphonium and
sulphonium cations are also frequently used. Ionic liquids of pyridinium and
imidazolium are perhaps the most commonly used cations. Anions include, but are
25  pot limited to, BFs-, PF¢-, haloaluminates such as AlCl- and Al:Bry-,
[{CF180,)N1-, alky! sulphates (RSO3-), carboxylates (RCO,-) and many others.
The most.catalytically interesting ionic liquids are those derived from ammonium
halides and Lewis acids (such as AlCh, TiCl, SnCly, FeCl...etc.).

Chloroaluminate ionic liquids are perhaps the most commonly used ionic liquid

30 catalyst systems.



use of fused salts from aluminum trichloride and alkylimidazolium halides as electrolytes are U.S. Pat.

Nos. 4,463,071 ag}dﬂgﬁ)é@&O?g U.S. Pat. No. 5,104,840 describes I%afﬁ%%%%vpbm comprise at
| m halide and/o

least one aIky‘%?um Hum dihalide and at least one quaternary ammoniu r at least 10 one
guaternary ammonium phosphonium halide; and their uses as solvents in catalytic reactions. U.S.
Pat. No. 6,096,680 describes liquid clathrate compositions useful as reusable aluminum catalysts in
Friedel-Crafts reactions. In one embodiment, the liquid clathrate composition is formed from

constituents comprising l)-MJRast ang boakmpirumtialidguidaienst areisalisselasted from alkali

metal halide, alkalipe earth metal halide, alkali metal pseudphalide ternary ammonium salt,
quaternary phospﬁ%ﬂ?ﬁ%‘l’g‘é‘i@%?%Srn‘g%yggﬂ%‘éﬁ%ﬁﬁu%aﬁ){,%?’ a %‘f)r&ﬁ?’ietgé ANy _ éeb?argllg?e of the
foregoing, and (iiidr¢dastionensnum atichlvyidedddfho rodermpde fdcd iliyatat et atling catalysts are

among the most copmanLasasidirQFatalysis saplay edidn drindeldaialls inaatiansafriedel-Crafts

reactions are reactions which fall within roader c y af electrophylic substitution reactions
including aIkyPatioFf§f’tmlyﬁﬁe‘?lw&?ﬁ%ﬁy‘%’f%ﬁ?ﬁﬂqﬁi g%%%t ther é&%ﬁ%ﬁé‘é‘ﬁ%ﬁa&%n may also be
found in U.S. Pat.ddost fi5¢3 $3k0 fps, 707 B58 andiinrids, Srdrdkehiniepticamdal@srasblications

2004/0077914 and, &%ﬁ@}:ﬁ%@: Pat. A& & 83Ul phase aioe Jiquid catalysts become deactivated,
i.e. lose activity, and may eventually need to be replaced. Alk Iat'ligr}lprocessesiutilizigeq an ionic liquid

catalyst form by-productS #nBti8s B SRR HANE BRI L IE a5 ivate the ionic
liquid catalyst by femisignsianaptikerivvitd thedsnice3Phituidpatatysti@okjliscupidyriésasare highly

unsaturated miplecyles and RIRLIRShEs AIpOHIoR A {68 Iulsiaushatalyst via their
double bondgbowd’%%%ﬁé}}%%‘é%g%us o§§/084129 network system. As the aluminum trichloride

becomes complexeatriiithieafijdifct polymers the activity of the ionic liquid catalysts becomes impaired
or at least compromised )G RiNGH IIPEESS daayiiaishiqoeidaie gt oimatadbandtfoggh their chloro

groups may interagt with ajuminum trichioride. and MfRIRIGHIGE i€ embodiment, the
fiquid clathrate composition is formed from constituents comprising (i) at least one
15  aluminum trihalide, (ii) at least one salt selected from alkali metal halide, alkaline
earth metal halide, alkali metal pseudohalide, quaternary ammonium salt, guaternary
phosphonium salt, or ternary sulfonium salt, or a mixture of any two or more of the
foregcing, and (jii) at least one aromatic hydrocarbon compound.

Aluminum-containing catalysts are among the most common Lewis acid

20 catalysts employed in Friedel-Crafts reactions. Friedel-Crafts reactions are reactions
which fall within the broader category of electrophylic substitution reactions
including alkylations.

Other examples of jonic liquids and their methods of preparation may also be
found in U.S. Pat. Nos. 5,731,101; 6,797,853 and in U.S. Patent Application

25  Publications 2004/0077914 and 2004/0133036.

As a result of use, ionic liquid catalysts become deactivated, i.e. lose activity,
and may eventually need to be replaced. Alkylation processes utilizing an ionic
liquid catalyst form by-products known as conjunct polymers. These conjunct
polymers deactivate the ionic liquid catalyst by forming complexes with the ionic

30 liquid catalyst. Conjunct polymers are highly unsaturated molecules and may
complex the Lewis acid portion of the ionic liquid catalyst via their double bonds
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5overall activity of the catalyst or lessen its effectiveness as a catalyst for the intended purpose such

as alkylation. Deactivation of the ionic liquid catalyst by conjunct polymeys.| ly problematic for
the aIkyIation%ﬁezr%’lbs/ r)g%;ut also weighs in heavily on the economics o%%#@él%gg%g |c?%ids because

they are expensive catalytic systems and their frequent replacement will be costly. Therefore,
commercial 10exploitation of ionic liquid catalysts during alkylation is impossible unless they are
efficiently regenerated and recycled. Only a few methods for removing conjunct polymers from

acidic ionic liquid gatalyBis-inardes e genenmtadierataysishavagees dayisefinthese methods are
described in U.S. Patent lication Publicatian 2007/0142213 and include 1 dlLogenation, addition
of a basic reagentl,) 02%1355@%; fonY Oﬁﬁiﬁleows%?ﬁleégﬁagﬁgﬁfl Fgarékﬁa%%lrsegtﬁrﬁg%st e double bonds of

the conjunct polyrmersrsutkedh &iahiapotalesmerseas elsidrsaredidia waed srishraghipdiogenation to

occur, hydrogen rgteihepdadedigdneasisiainnis iauidcatalysieenueipgiyger complexes or
hydrogen must be produced.in situ. This may,be done by 20 treating the catalyst containing the
conjunct ponr%erfWﬁ‘fiﬁ%‘gfﬁP%Hﬁga r?é%teo SR rfgcr\éé‘ée eqséﬁic’ \?a?/%aéﬁgsiﬁ{grél&%%%% ween the
metal and the acicwrosuses thelkdetiod Psattogten Fheieinpieuideatdysg gaminoeh metal with

hydrochloric acid yyill BrOdGENyEYOReRCARE AT HYy thicdH RudlRisT e BliNGsthReame M catalyst
containing conjunct polymers with' Al metal in the ,presegce of enchu h HC1 will 25 &{ogcuce the
hydrogen needed HerEh R tBe RSB @ BB HEL BF T ESH TR St RHEF R oG anation, the
hydrogenated conjunenpeidrieisfampicampledinnsaiidutcestimctiviesrdcoamativd and the

regenerated jonic Igyid catAlMShIR FREANRLERYs oRgLMethesnasidition:0éa Basisagent (e.g.
amines or ammonium chloride), similar%breaks up the acidic ionic liquid catalyst/conjunct polymer 30
complexes as the BasiEdy&rEErsrars Aadveditexes with the catalyst. The basic agent must be

carefully chosen so that @B paeohtie dafalysheyisieenniingepghimgrs from acidic ionic liquid
catalysts in order to regenerate the catalysts have been devised. These methods are
described in U.S. Patent Application Publication 2007/0142213 and include
15 hydrogenation, addition of a basic reagent, and atkylation.

The first method, hydrogenation, saturates the double bonds of the conjunct
polymers such that they release the acidic ionic liquid catalysts. For hydrogenation
to occur, hydrogen must either be fed to the acidic ionic liguid catalyst/conjunct
polymer complexes or hydrogen must be produced in situ. This may be done by

20 treating the catalyst containing the conjunct polymers with a metal in the presence of
a Bronsted acid where interaction between the metal and the acid produces the
needed hydrogen. For example, reacting aluminum metal with hydrochloric acid
will produce hydrogen and aluminum trichloride. Treating the spent catalyst
containing conjunct polymers with Al metal in the presence of enough HCl will

25  produce the hydrogen needed to saturate the double bonds of the conjunct polymgrs.
After hydrogenation, the hydrogenated conjunct polymers are removed by solvent
extraction or decantation and the regenerated ionic liquid catalyst is recovered.

The second method, addition of a basic agent (e.g. amines or ammonium
chioride), similarly breaks up the acidic ionic liquid catalyst/conjunct polymer

30 complexes as the basic agent forms new complexes with the catalyst. The basic
agent must be carefully chesen so that it is part of the catalyst system undergoing
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WO 2009/085450PCTTUS2008/084129 regeneration. Otherwise, the basic agent will simply
deactivate the catalyst in_ the same manner as the conjunct polymers. Aﬂg}ﬂ?ﬁﬁﬂ@’ 8'%%basic agent will
e

react not ohly%?tﬁﬂ? & 38 ic ionic liquid catalyst/conjunct polymer compléxes 13/conjunet

polymer complexes) but also with any unbound cation (e.g. AIC13). 5Therefore, the basic agent must
correspond to the basic parent species of cation from which the ionic liquid to be regenerated was
originally produced and the basic agent must be added in an amount sufficient to react with both

cations bound in the Aeidisdoritliskid/caniasetRely marsaapipliRyesaRthbalysd cadons. Then the
free conjunct polymers are remqved and the remairélmig, few Pomg{)ex}es are ¢ p'%éaézcttelg thWith
additional unbountFe&HRATEEAY R P EORIIT PR SHETATE e CAtalySt RS an exampie, a used
chloroaluminate iamiy hgihichersidisecoontigoie dateltistvonpytieiivioes ehpligestts-grovide butylpyridinium
te”aCh'Ofoa'Umi”%ﬁ:%%%rgﬁ%ﬂﬁaﬁﬁ’é‘rjH&ﬁbﬁ?&j’%ﬁfﬁlmim@ﬁytb&&wlwédi(&lgm@tgﬁchIoroaluminate

may be contacted with AIC13 to fully restore the catalyst' %ctiyitg. 15{HOW.eve{, v%/igile?gffective, each of
these method? suffBrs B ThEerE SRY RETANGEPHHLE, 15 FARE BYTANTAGS 0T He Botential of ionic
liquids as catalystsihhavtieutasylimidkylbticgaeastidnes traindygtrodoortimieba dasisagstifor an effective

and efficient ionic liquid cafalys! IGIENLIAUR RLACESS.A% RHMMARYS boRRtaKidRddaIR process for

regenerating an ionic liquid catalyst which has been deactivated by conjéggct ﬁ)%%/mers. The process
comprises the stefsf{EHrevIMRRGPaR TR mRReE AR e owitrin: IE%& 835 ion of the ionic liquid
catalyst is bound tesRBAiY pelypRIYMeieB)eteadtihg rtheinicrkguidngetabtrastintatahinum 25metal to

free the conjynct Ralmers Tam.ins ienicliguid salgiistineasUusslasadiranadixed hed reactor; and

(c) separating the free conjunct polymers from'the catalyst phase, such that the freed conjunct

polymers cannot rexanns. thesebehlgsepmpisanionirliarisonm dF fRRshe Wﬁia‘r@/&\?ﬁﬁfg{llgﬂh perhaps

deactivate it or acgglgratadts-eaastivationdnhanentttraationin adimetiecdnaston column or a 30

packed column. polymers and then the butylpyridinium tetrachloroaluminate may be contacted with

AICls to fully restore the catalyst's activity.

15 However, while effective, each of these methods suffers from certain
shortcomings.. Thus, to take advantage of the potential of ionic liquids as catalysts,
particularly in alkylation reactions, the industry continues to search for an effective

and efficient ionic liquid catalyst regeneration process.

20 SUMMARY
Provided is a process for regenerating an ionic liquid catalyst which has been

deactivated by conjunct polymers. The process comprises the steps of (a) providing
an ionic liquid catalyst, wherein at least a portion of the ionic hquid catalyst is
bound to conjunct polymers; (b) reacting the ionic liquid catalyst with aluminum

25 metal to free the conjunct polymers from the ionic liquid catalyst in a stirred reactor
or a fixed bed reactor; and (¢) separating the freed conjunct polymers from the
catalyst phase, such that the freed conjunct polymers cannot re-enter the catalyst
phase and interact with the ionic liquid catalyst and perhaps deactivate it or
accelerate its deactivation, by solvent extraction in a stirred extraction column or a

30  packed column.



In an aspect, there is provided a process for regenerating an ionic liquid catalyst which has been
deactivated by conjunct polymers comprising: (a) providing an ionic liquid catalyst, wherein at least
a portion of the ionic liquid catalyst is bound to conjunct polymers; (b)reacting the ionic liquid
catalyst with aluminum metal to free the conjunct polymers from the ionic liquid catalyst in a stirred
reactor or a fixed bed reactor; and (c) separating the conjunct polymers from the ionic liquid
catalyst by SO'V%%&%@E@&%% ipre i Q5 PARKRL SHHFARALUNI L ionicARARGRISS factors, the
present process is based on the disCovery that dissociation of the conjunct polymers from the ionic
liquid catalyshishhpebeasilgathied dincarstindPobaeess epramiedabed reactor, which allows the
conjunct polymers fo-he. thereafter,3urgaRp emaed:mamibe rrsHlingrernigRLtiRphymer- Sionic
liquid catalyst mixture by solvent extraction in a stirred extraction or packed column. Previous attempts
to remove coHpiRtipbREnie fronisé REERSphase by only simple extraction methods without

reaction with alupuen meiah Uishi iRy dinsastoRISALENB SRR RIRNARE Jafiage and toluene

were unsuccessful. It has since been realized that accumulation of conjunct polymers in the catalyst
phase is 1omb@@¢me&9mabq@mmwéiﬁ@taémﬁﬁ@%gﬁ@%ﬁ@ﬁ%@mwr%ﬁﬁé%ﬂaﬁ #6m being simply
soluble in the catg Q@ﬁgé{%ﬁﬁﬂ’&%ﬂ%HI%%@%%%H}S%W@@E?QM%{S are first freed
(i.e. de-bonded) from the catalyst phase. Thé current process provides an effective and efficient
means of regjefsiEthip ipAETRguIE ReslidestsEsnseBIeaction step efficiently de-bonds the conjunct
polymers from 15the ionic liquid catalyst, and allows for effective extraction of the conjunct polymers
using hydrocarbon solvents by means of a stirred extraction column or a packed column. BRIEF
DESCRIPTION OF THE DRAWING 20The Figure depicts a counter-current extraction using a packed
column for separation of conjunct polymers from the regenerated ionic liquid catalyst phase.
DETAILED DESCRIPTION The present process is for the regeneration of spent or deactivated ionic
25liquid catalysts, including acidic ionic liquid catalysts. A catalyst that is spent or deactivated means a
catalyst which has lost all or some of its catalytic activity. More particularly, the regeneration process
regenerates or reactivates ionic liquid catalysts deactivated by conjunct polymers.

da



The term "conjunct polymer" as used herein refers to a polymeric compound 30 that might complex to
a cationic species of the ionic liquid catalyst by pi bonding or sigma bondin% or other means, which
results in the B\(’)?yzr%ﬂé’ﬁcs:bé%ﬁmpound binding to the catalyst, so that it is ndt Temovanie 1{5239/ simple
hydrocarbon extraction. The term conjunct polymer was first used by Pines and Ipatieff to
distinguish these polymeric molecules from the usual polymers. Unlike typical polymers, 5conjunct
polymers are polyunsaturated cyclic, polycyclic and acyclic molecules formed by concurrent

acid-catalyzed reactionsxpeiciits aeRJRiheionPpiyesariz ahien. «llndatirevayalization, and hydride
transfer reactions. Conymnct é)g) mers cons'lst of in un&aturat?d in(frict%ge network of molecules that
may include one SPEOCEHBIRAHI P HRCROEMETS P HRT T HA GEUNY B B binatic entities 10in
their skeletons. Serheexdampitsof Haetlikely fotdrbeticapaciesdete weperedibycMiron et al. (Journal
of Chemical and Epginernyig.Rmia. A963) a0 Rines {hamminchs i8Rk ctiase aalasyles contain

double and conjugated bonds in intricate structures containing a.combination of cyclic and acyclic

skeletons.  ° InBRECHRREY CHANT UGG IREPRISTY STEEERMER * BT Sl S R IHEFEBlor and
15"acid-soluble oitstiche trdtieirs higmpistalkeniowecoptalyptiphasciminahe sadiyagadeygrocarbons and

paraffinic product%ﬁp%ﬁ;g@%&@ﬁ%&%ﬁi@&%ds withB6: CORBIRCIRRMARSASRsMAL, ipic liquid catalysts

because they form complexes or simply interact with the ignic liquid catalysts. It Is believed that such
complexes form b@%ﬂ%@ﬁﬁﬁﬁﬁ%&%ﬁ@ﬁ%iFﬁ?@”&faﬂ%ﬁ‘?l%ﬁkiY?BBi’rﬂ*g‘iﬁﬁﬁ%fBﬁﬁs pi complexes
with the Lewis acisispéciasdalitke imnisctonidadatady stnfis@pexaanpie fieongatyst gelyaizers complex with
AIC13, a Lewis acid. [ lonig liowl Sty Rutvl-pyridiniumRentachlorpaluminate.
Complex foﬁw@tioﬁ%ﬁ%&%&&ﬂtg@%ﬁ%& M%ﬁ%{ﬁ%{ catalyst, decreases catalegt ac%gt%/?ty, and

strength of S > y
eventually render§ifﬁﬁ3&%’@é}i§}§ti‘?ﬁbﬁé%ﬁ\)’é‘é?ﬁ%fllf@ﬁ%iﬁ’&?éﬁ%ﬁ&ﬁ@%%ﬁ udeshibaeoRite 25 reaction
between isoparaffingyane: alefing eiqilesidbeatalysbaativiyitya fimstiothokthemoncentration of

conjunct polymers,in the ieniedaud-phases ctanal ety decengn s e gpipentration of conjunct
polymers increasds, fﬁoy\/ever,asma amount o conﬂunct pol)ﬁner Is found to be beneficial for the

regeneration reactidalysErhsrarsrdhermpiestpe eeidemlatdentadbesoniant UriRe E8Mjunct

polymers-Al313 the ionic liquid catalyst, and allows for effective extraction of the conjunct polymers
using hydrocarbon solvents by means of a stirred extraction column or a packed

column.

BRIEF BESCRIPTION OF THE DRAWING
20 The Figure depicts a counter-current extraction using a packed column for

separation of conjunct polymers from the regenerated ionic liquid catalyst phase.

DETAILED DESCRIPTION
The present process is for the regeneration of spent or deactivated ionic
25 liquid catalysts, including acidic ionic liquid catalysts. A catalyst that is spent or
deactivated means a catalyst which has lost all or some of its catalytic activity.
More particularly, the regeneration process regenerates or reactivates ionic liquid
catalysts deactivated by conjunct polymers.
The term "conjunct polymer" as used herein refers to a polymeric compound

30  that might complex to a cationic species of the ionic liquid catalyst by pi bonding or



30 complexes and removes the conjunct polymers from the ionic liquid phase so that they are
prevented_ fror‘g 6%6%5‘/}}%@% the catalygt phage qnq fu_rther interacting W'%Wﬁs&&@%gﬁf The o
regeneration process Iinvolves providing an ionic liquid catalyst, wherein at least a portion of the ionic
liquid catalyst contains conjunct polymers, and reacting 5 this ionic liquid catalyst with aluminum metal.
Hydrogen may be supplied to the reaction, but it is not essential to the intended removal of conjunct
polymers from the spent catalyst. This reaction frees the conjunct polymers from the ionic liquid
catalyst so that theismessReite cie ncaavachiramnithe satadyshaiasengdamaeurliag the conjunct
polymers from the re?enerated catalyst is extreg?e&imnp?rtﬁm 10 l%ecause otherwise the conjunct

e 51 (] ar’

c Torhpte & Farth

polymers will remdif ﬁt?ﬁétt%gf%itb L Eemere er }i(ﬁliae(:rt'g}&' with the catalyst and

accelerate its deactivatidfie TéTer roaBtiorpid xaorrdeas Eekt nsadshiy rinlercmatbrbehtpeigivgwiith a fixed bed,

e.g., of a'uminum-ﬂéas%i&?ﬁiége RERMERORIRSRUTRa Al e umiruTprRa@itherefore, sufficient
mixing is necessary to c]15 hdagce éﬁ’ th%lgé%fninum surface and

acilitate mass trans’é%ort glgm tpe Iigr%iéj ni
back to the bulk liGOTBNPHASYTHBAS BPRBBHIRTEHE tHE Subradf TEALI5Y L LoRinToue stirred tank
reactor (CSTR). Thedixdblhedcreascteridffers eadecaftopenatiohins anmglodsrhot need an agitator.

There is therefore 'ﬁgﬁng{%{?&ﬁi%ﬁﬁ@@&@ g&q%@g} andicatalysheae-he.addedisepiaced with ease. It
W

also provides plugp inside the reactor, thus reducing the pe ?T??i“?‘gé 20 residencef gme for a given

conversion. Scale A TEeaISENESEM AESABRSHSHFHE FEGORE R PSR EE Carried out at a
temperature of fropaé t:208Bathndid-afohendMbedibendtrifiprane GamcR0Gatic erfiiesreaction is

coupled with & remoyalie RN OLIDE SARKIGE RYNIE BRI RRAS Seassadaigd with the

1 ;
catalyst. In orie embodiment of the present 25 process, conjunct lymers are removed

through solvent exienshalTiawHerEherisrABh Hreeesif Hear IRR RS MRS the conjunct

polymers from the jepiciigid Taialystviik acsniedbubieluahtextumttivoigise inkian and often

practiced in the art. As nt1he conétlji{]]r%p %%r}%nrg%%%g@gg Cmﬁ%aaglig%%igg@@ome catalyst phase and re-react

with the ionic quuic?tEué:taf?Ssﬁoﬁtljs I rtant to remove 30 the conjunct polymers from the catalyst phase
as soon as possible afteftireastemronmshremereeARR S kAd B AN GHT IREET PR Blraction of the

conjunct polyfers W28/ 085450 RGINSRER8HI841R hebaulgstprasfeverinmmedtiaitely follow the

reacion feeng the conliic polmers, oSt RelereR e fen and rescion seps occur amost

The conjunct polymers deactivate ionic liquid catalysts because they form
complexes or simply interact with the ionic liquid catalysts. It is believed that such
complexes form because conjunct polymers by virtue of their double bonds will

20  form pi complexes with the Lewis acid species in the ionic liquid catalyst. Asan
example, conjunct polymers complex with AlCl3, a Lewis acid, present in the ionic
liquid catalyst 1-butyl-pyridinium heptachloroaluminate. Complex formation
weakens the acid strength of the catalyst, decreases catalyst activity, and eventually
renders the catalyst ineffective for influencing reactions such as an alkylation

25  reaction between isoparaffins and olefins. As a result, catalyst activity is a function
of the concentration of conjunct polymers in the ionic liquid phase; catalyst activity
decreases as the concentration of conjunct polymers increases. (However, a small
amount of conjunct polymer is found to be beneficial for the regeneration reaction.)
Therefore, the present regeneration process breaks up the conjunct polymers-AiCls

30  complexes and removes the conjunct polymers from the jonic liquid phase so that



Hydrocarbon solvents successfully dissolve the conjunct polymers to remove them from the catalyst
phase. Useful tgdrocarbon solvents for the extraction 5include, but are pg}lu,gli{;[%qqggﬁgexane,
, ‘ 0

heptane, octaly 26%9#{3556%0, decane and many other hydrocarboneous solvents. Solvents to be used

can be low boiling solvents for ease of recovery and non-branched hydrocarbons to limit side reactions
with the regenerated catalyst. Other examples of useful hydrocarbon solvents are n-butane, and
isobutane. 101t has been discovered that solvent extraction is effective to remove the freed conjunct

polymers only aftgr{hgdopicelicuid satalysiraante vithyhepdsaiammetakiacteevhe conjunct
polymers. Conjunct polymers are generally highly soluble in hydrocarbons. However, previous
attempts to remo¥& Eﬁﬁﬂﬁ’ct polymers from the catalyst phase prior to de-bonding, for example, by
simple extraction methotts withng Syt et duvsbkasesdirmhandoniodiiid Rt dNEF®luene were

unsuccessful. It appears faatJNSRESERCE /08 aasHRIULIAN Qisaiiunsipalymar-aaiagules in the
catalyst phase is not simply by virtue ofa%%ré%miscible f“;EP% ioréinc%i%q% uhaﬁgd }Nmée conjunct
polymers may be Rrdemidifitheaigiit ¥ AR BREUIMUIGTIST 1 the catalyst phase is most likely
caused by being badnichiiboiigh stresenitHoredtiontsrRedann ewhi esmuish relat i being soluble in

the ionic liquid phase, This. £XIr46H0R.i%:00kEHanU Ve theyarniunsh RRlwHRSGIE "unattached"
from the ionic liquid ¢ taiyst. It has been discovereoﬁlfmats ch eéi)[a;[cqloni ucce sfully
accomplished whewasHg hedranbe el drrest ﬁog'r%e SEEREGR 5

pa Cotgmn on the reaction 25
product obtained §ire tag;fixeghdiadcos Soinrde: regotontad divdyr seekatyosks iFpgHadEparation efficiency is

achieved, wifh coyntercurrent flove thighalhthe Gallimms widng e shatite packeds eolumn is simple,

and with a sulé‘lmentc How Tate gog% enough contact is realized to permit efficient and effective solvent

extraction of the comaltstassifies miserehiRctisHsleri AR A BE SRS Sailable packings,
30e.g., structural metal pagkingssRasshig:rngs onikedeBulz er paskingsitThéysdirdse of the packing

s o Increase surface area for ConaGt AN NELEARS 1R SUIREDG Al iRl meta,

therefore, sufficient mixing is necessary to facilitate mass transport from the liquid
15  phase to the aluminum surface and back to the bulk liquid phase. Inonc
embodiment, the stirred reactor is a continuous stirred tank reactor (CSTR). The
fixed bed reactor offers ease of operation as one does not need an agitator. There is
therefore less unif maintenance required, and catalyst can be added or replaced with
case. It also provides plug flow inside the reactor, thus reducing the necessary
70  residence time for a given conversion. Scale-up is also easily accomplished. The
regeneration can generally be carried out at a temperature of from 20 to 200°C, and
" in another embodiment, from 60 to 120°C.
The reaction is coupled with a removal/extraction of the conjunct polymer
before it can be re-associated with the catalyst. In one embodiment of the present
25  process, the de-bonded conjunct polymers are removed through solvent extraction.
Thus, the regeneration process further includes extracting the conjunct polymers
from the ionic liquid catalyst with a solvent. Solvent extraction is well known and
often practiced in the.art. As the conjunct polymers have the ability to go into the
catalyst phase and re-react with the ionic liquid catalyst, it is important to remove
30 the conjunct polymers from the catalyst phase as soon as possible after the reaction
between the catalyst and aluminum metal. The extraction of the conjunct polymers
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mixing. The stirred extraction column offers even improved contact between the two phases, and takes
less solvent. Conjunct polymer recovery rates of at least 80%, 90%, 95% en 99% are possible
when using th"g%%)%%{}%%ﬁ%n of the reactor and solvent extraction columh-t éUs%é/ﬁ 8('g)(ﬁ?“g?Nhile the
catalyst regeneration process can be employed to regenerate an ionic liquid catalyst that is used to
catalyze any Friedel-Crafts reaction, in one embodiment the spent ionic liquid catalyst was used to
catalyze an alkylation reaction between isoparaffins and olefins. As used herein, the term "isoparaffin”
means any branchedighsinsaiuralediRvesasRan-Germpaunekihetha bigashedichain 10 alkane with a
chemical formula o CHZ?‘"%{ E)lglam tlest.of isgpara}tffing tQ:arseoicsc(l)hba ane e}rr}lqﬂ'{zs‘gg)egtane. The term
"olefin” means any CHEAt Al W&ro@grﬁ%ﬁn C()rfcﬁ"f)é%nné ﬁavmg AtTeast one carboti-to-carbon double
bond, i.e. an alkene withizdshawbioasdyeris et SOHRAisEkenths censiaAgIsc] ldsrethylene,
propylene, butengg,ang SRt ENeAL MG KpeiRkean Bertmtbe-forgeabpasger (20-75
micrometer), pellets (1-3 mm) or eguminumm%;eads(}lS-%S mm Alte%ﬂ?a%\éecl%bége agjrrxrginum metal can be
in the form of YrantiBEe P8 AT PRSI0 A PSSP 4B OF ARG AGIM Metal may be in (1)
macroscopic formgtaityiincitaesomiradyduils Shhemaitibegsedsongelnwyheikias sghentsl&s, etc. or (2)
microscopic form whigh loglurles,pRvistRROsMakesteaieldahs YrkensieRs wadkondensed metal
films. While the ionicﬁtleiiauid catalyst is liberated fr%%?e cog{

gnct <:Rolxmers ft%the reaction and
extraction steps, ARgRTIART GANFHAPBErRREhi SRR TSRS et

8 ase mtglglrﬁgn it necéssary to filter the
aluminum metal frashitheucakalyst phase in order to recover regenerated ionic liquid catalyst that can
be recycled tp,the procegs, 23WhiChEXRIAIH RS SRSk lishalsgrianisablera ilias thadonic liquid
catalyst- aluminum metal mixture to recover the aluminum metal for re-u%s‘e lln the re eg?ration
process. Thus, a SRETERREBARSERRISATTTIRdopielant SRR IR BSABTRBEYRERNG the ionic
liquid catalyst befesgrtierexisaationsiapds. separatepalyminume gretadliporpihesibsits iguid catalyst. It is
preferred to filter before the 30extraction step sa.that only.onefiltration isneedeshrather than filtering
catalyst and solve%rﬁ(%%%aét%g?é]yg( \ﬁg/vtr’pger o?%tratigﬁ)tt unit '?hat éollé%ts pg%rt?cula e matI%r can be 9 WO
2009/085450PC T ratglysiadmg priogto de-bonding, for exampie, by simple extraction methods wit

15 hydrocarbon solvents such as hexane, decane and toluene were wnsuccessful. It

appears that the presence (or accumulation) of conjunct polymer molecules in the
catalyst phase is not simply by virtue of being miscible in the ionic liquid phase.
While conjunct polymers may be miscible in the ionic liquids, their accumulation in
the catalyst phase is most likely caused by being bound through strong interactions
20  and complexation rather than being soluble in the ionic liguid phase. Thus,
extraction is not effective until the conjunct polymers are “unattached” from the
ionic liquid catalyst.
It has been discovered that such extraction is successfully accomplished
when using a stirred stage, extraction column or a packed column on the reaction
25  product obtained from the fixed bed or stirred reactor as discussed above. High
separation efficiency is achieved, with countercurrent flow through the columns
working best. The packed column is simple, and with a sufficient flow rate good
enough contact is realized to permit efficient and effective solvent extraction of the
conjunct polymer. The extraction packings can be commonly available packings,
30  e.g., structural metal packings, Raschig rings or Koch-Sufzer packings. The purposc
of the packing is to increase surface area for contact and increase the efficiency of
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employed such as a cartridge filter. The ionic liquid catalyst is then conveyed to an alkylation unit for
re-use in an alkylation process. It should be noted that the regenerated ior%j/%éi%usj%saatalyst may be
recycled to an‘?// FOBEEEN which it is exploited to catalyze a reaction. 5The' gl ﬁlonallz?iltering steps
are important because the aluminum metal carried over from the reaction can foul process units
downstream, for example, the alkylation unit. After the reaction and extraction steps, an appreciable
amount of ionic liquid catalyst may also be present in the solvent-conjunct polymer phase. If so,

solvent- 10conjungfaelyret Rhase-isrhasicalian amulsien pipeiverbreRnpsctaalsmers, and a

smaller amount of ionic liquid g;ltg%/jt. In order re-use the soIv{t}-:-them tar%g roef%ﬂ%%g{aﬁ@p process of the
present invention BRPPERSEICHEKTUES P ENer BN EARYP A BEELHIETHE Femaming catalyst can be

separated from thgosgl98ntecorsuriétpaly mesigh aden Sueh the perdiciiaadf B saetasished through

coalescence 15(i.g, (eyerse.amusifigatian.afihe solvent-conjunct polymer-catalyst mixture.
Thereatfter, the conjunct polymers and solvent can be separated by si Ple strig itn methods using
distillation. Then the sol\}%‘ﬂfécfgﬁ W?@Efffﬁ%‘&f@‘ﬂ?@?ﬁfﬁ?f@?%eg%%é{?gﬁrg P process.

" Precess. [Tis not necessary
to regenerate the patiréphbegelpd datalystednosamy20instairdesCorily reagintion @rslipstream of the

catalyst charge is JSQERBIAISH, [AHASAINAARCES,GNK A RUE AN IEialalys! s egenerated as
IS necessary to maintain a

) esired level of cat;%st activity in the_prg}g::ss in, whicrhih,e ionic liquid is
used as the cataly§echnLRjEcaATOPIEAiRT e A5RNS: MaYHe HEGEN BT atS8BFHY to the process

means any branched-chain saturated hydrocarbon compound, i.e. a branched-chain

10 alkane with a chemical formula of C;Hansa. Examples of isoparaffins are isobutane
and isopentane. The term "olefin" means any unsaturated hydrocarbon compound
having at least one carbon-to-carbon double bond, i.e. an alkene with a chemical
formula of Cally,. Examples of olefins include ethylene, propylene, butenes, and s0
on.

15 The aluminurn metal can be in the form of powder (20-75 micrometer),
pellets (1-3 mm) or aluminum beads (5-15 mm). Alternatively, the aluminum metal
can be in the form of granules, sponges, gauzes, wire, rods...etc. The aluminum
metal may be in (1) macroscopic form, which includes wires, foils, fine particles,
sponges, gauzes, granules, etc. or (2) microscopic form, which includes powders,

20 smokes, colloidal suspensions, and condensed metal films.

While the ionic liquid catalyst is liberated from the conjunct polymers after
the reaction and extraction steps, aluminum metal may be present in the catalyst
phase making it necessary to filter the aluminum metal from the catalyst phase in
order to recover regenerated ionic liquid catalyst that can be recycled to the process

25 which exploits the catalyst. It is also desirable to filter the ionic liquid catalyst-
aluminum metal mixture to recover the aluminum metal for re-use in the
regeneration process. Thus, a preferred embodiment of the present invention further
comprises filtering the ionic liquid catalyst before the extraction step to separate
aluminum metal from the ionic liquid catalyst. It is preferred to filter before the

30 extraction step so that only one filtration is needed rather than filtering catalyst and
solvent separately. Any type of filtration unit that collects particulate matter can be
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250f the present invention. One example of an ionic liquid catalyst is an amine-based cationic species

mixed with aluminum chloride like 1-alkyl-pyridinium ehloroaluminate, s idini
_ Ikyl-pyridi , - -pyridinium
heptachloroal‘{})r%|2r?3%/e{>'.8?3?0eferably the ionic liquid catalyst is selected fro%g?ﬁaé?zg&rnc%%%%ﬂsisting of: a

chloroalur_ninate ionic liquid catalyst comprising a hydrocarbyl substituted 30 pyridinium halide mixed in

Wlth aluminum trichloride or a hydrocarbyl substituted imidazolium and aluminum trichloride preferably

in1 molar equivalent hydrocarbyl 10 WO 2009/085450PCT/US2008/084129 substituted pyridinium

gglr:i?a?;:rxﬁa?gsebaﬂl%ééﬁmﬁagé?yﬁf@iﬂmﬂmﬂﬁle}m Aquidlassigstvalemtsoakeyridnartrichloride of the
a , respectively. a chloroaluminate iQni¢ ligui isi

substitute_d 5pyriditiiti l%fg’rlita%rarﬁ' S%ﬁrﬁ?n%kﬂprggﬁl rrelcésséﬁ gﬁ%ﬁ%}%ﬁg{ﬁﬁt&éﬁﬁﬂ%ggﬂuﬁ SLklglride

and aluminum trickisridetptéfeialiyihcataisianay kyirstsiatiramipaerrdrr&ibide or alkyl substituted

ir?:ge(izl\i/lé:;chit;;%lg&%lqﬁg?gﬁﬁwgigﬁﬁofF?luminum trichloride of the general formulas A and B,
and Xis a ha,léaluminate%ﬁﬁdsi%?g?efé{%\rléngrr??@?)%%}ﬁrpll e%p%rl,ﬁa%rtﬁg l %ﬁ%ﬁﬂ%ﬁgﬁy (e)::hrﬁxglrc?rgglup
butyl, pentyl, or hexsiegrowp ford trbhare Rt R2LPrages yniky MO fo5qr@mple, the ’ ’
alkylation unit.
After the reaction and extraction steps, an appreciable amount of jonic liquid
catalyst may also be present in the solvent-conjunct polymer phase. If so, solvent-
10 conjunct polymer phase is basically an emulsion of solvent, conjunct polymers, and
a smaller amount of ionic liquid catalyst. In order to re-use the solvent in the
regeneration process of the present invention and recover as much regenerated
catalyst as possible, the remaining catalyst can be separated from the solvent-
conjunct polymer phase. Such separation can be accomplished through coalescence
15  (i.e. reverse emulsification) of the solvent-conjunct polymer-catalyst mixture.
Thereafter, the conjunct polymers and solvent can be separated by simple
stripping methods using distillation . Then the solvent can be recycled to the
catalyst regeneration process.
It is not necessary to regenerate the entire charge of catalyst. In some
20  instances, only a pertion or slipstream of the catalyst charge is regenerated. In those
instances, only as much ionic liquid catalyst is regenerated as is necessary to
maintain a desired level of catalyst activity in the process in which the ionic liquid is
used as the catalyst.
Any type of ionic liquid catalyst may be regenerated according to the process
25  of the present invention. One example of an ionic liquid catalyst is an amine-based
cationic species mixed with aluminum chloride like 1-alkyi-pyridinium
chloroaluminate, such as 1-butyl-pyridinium heptachloroaluminate. Preferably the
jonic liquid catalyst is selected from the group consisting oft
a chloroaluminate ionic liquid catalyst comprising a hydrocarbyl substituted
30 pyridinium halide mixed in with aluminum trichloride or a hydrocarbyl substituted

imidazolinm and aluminum trichloride preferably in 1 molar equivalent hydrocarbyl
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20The following examples are provided to further illustrate the embodiments of the present process.
They are meant only to be illustrative, and not limiting. EXAMPLES EXx Ij%slz'mﬁ%&c%)n Shake Test
WO 2009/085480PC11J82008/084129 A reaction shake test (i.e. batc reac&[ion} was conducted
where ionic liquid catalyst was contacted with aluminum metal in the presence of hydrogen to liberate
conjunct polymers from the catalyst phase. 100 grams of spent ionic liquid catalyst containing 6.4
weight % conjunct polymers (i.e. 6.4 grams) was combined with 8 5 grams of aluminum powder in a

300cc autoclave reagtadd gysriveih Wasaadgdrbhebeacterias inaalesiamchiiesaonjunct

polymer-containin if#]ic li u{d cat]aul%ls u@%g&ymﬁ%@ﬂpowder vere Eaesa&tgrgdﬁ 100C for 1.5 hours,

" ,
while being agitat ERCSH |tr"°ig"i1 proauct Was then squ%e&ga {0 the extraction shake test described in

Example 2. 10 Exsapghsi @l Extraction Shake Test The product of Example 1 was subjected to a
series of five extractions, lp&ach-ArdiaGHAR. 1L8igRmsotfrhexmaayeke sddatkaad shaken to

thoroughly mix the catalyst and solvent phases. Table 1 lists the wejght of conjunct polymers removed
15from the cafalyﬁyﬁﬁ‘gé'é’ﬁr‘?*ﬂ%% ﬁ?ﬁéﬁ)ﬁ]\%”g&tt‘?ﬁc ?gr% an ?ﬁq{e‘/ ]tcs)‘tlg% I\]llxt/‘Lé?lﬁgﬁwl{n 0 aczéiﬁ&ct polymers (CP)
removed from the dbddeifiestndhsiseinaftarichioridet rrefiordy bnlyrpRBrgrkvhsubstbisflpatPpeNmers were

present in the origigal catalyat samRlerd itz ARRR R S2%Aktbg.caniee polymers were
removed from the i1onic liquid catalyst, 20 Tabletl —
aluminum trichloride of the general formulas A and B, respectively;

10 (A)

o dh

(B)
R
1 \\% =

X N/RZ
.%/

15  and mixtures thereof,
where R=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group and X is a
haloaluminate and preferably a chloroaluminate, and R, and R,=H, methyl, ethyl,
propyl, butyl, pentyl, or hexyl group and where R;and R; may or may not be the
same.

20 The following examples are provided to further illustrate the embodiments of

the present process. They are meant only to be illustrative, and not limiting.

EXAMPLES
Example 1; Reaction Shake Test

11



Extraction number Weight CP extracted (grams) 1 4.1 2 0.67 3 0.16 4 0.06 5 0.03 Total weight CP

extracted (grams;— 5.0 The average partition coefficient of conju ionic liquid
catalyst 25and’ Ryarocar‘bon solvent was calculated based on the extra: %%IF]R&%’%%%% s% resultsqand
found to be approximately 14.

A reaction shake test (i.e. batch reaction) was conducted where ionic liquid
catalyst was contacted with aluminum metal in the presence of hydrogen to liberate
conjunct polymers from the catalyst phase. 100 grams of spent ionic liquid catalyst
containing 6.4 weight % conjunct polymers (i.e. 6.4 grams) was combined with 8

5 grams of aluminum powder in a 300cc autoclave reactor. No solvent was added.
The reactor was sealed and the conjunct polymer-containing ionic liquid catalyst and
aluminum powder were reacted at 100°C for 1.5 hours, while being agitated The
resulting product was then éubj ected to the extraction shake test deseribed in
Example 2.

10
Example 2; Extraction Shake Test

The product of Example 1 was subjected to a series of five extractions. In
each extraction, 18 grams of n-hexane were added and shaken to thoroughly mix the
catalyst and solvent phases. Table 1 lists the weight of conjunct polymers removed

15  from the catalyst phase in each of the five extractions and the total weight of
conjunct polymers (CP) removed from the catalyst phase. After the extractions,
only 1.3 grams of conjunct polymers were present in the original catalyst sample.

Thus, approximately 82% of the conjunct polymers were removed from the ionic

liquid catalyst.
20
Table 1
Extraction number Weight CP extracted (grams)
1 4.1
2 0.67
3 .16
4 0.06
5 (.03
Total weight CP extracted (grams) = 5.0

The average pariition coefficient of conjunct polymers in jonic liquid catalyst
25  and hydrocarbon solvent was calculated based on the extraction shake test results

and found to be approximately 14.
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WO 2009/085450PCT/US2008/084129 Example 3: Extraction Column Design A counter-current,

stirred stage, extraction column was designed. In the column, the reacted, jonic ligui i
_ » Sxtraction colun . , I atalyst is fed
into the top of the Coltimn while a hydrocarbon solvent is fed into the bo%%%%otlh%gc% Umn. The

post-extraction ionic 5liquid catalyst is withdrawn from the bottom of the column and the
solvent-conjunct polymer phase is withdrawn from the top of the column. The number of theoretical
stages reql_Jired for extraction was calculated based upon a partition coefficient of 14 which was
measured in Exampplanpidar theer sifferabiaabeait to ionic liquid (IL) catalyst feed ratios and three

different extraction percentages of liberated conjunct 10polymers. Tabl iSts t sults on the
number theoretical stagé%‘? STy Sakah ef%sfﬁ E’a?’éﬁg’,“gﬁ ?é‘y 5| %rﬁ]o‘ga éﬁgegclz{gé'serﬂr)zt%{eg 90% 95% 99%

051.11.42.2 column, the reacted ionic liquid catalyst is fed into the top of the column while a
hydrocarbon solvent is fed into the bottom of the column. The post-extraction ionic
5 liquid catalyst is withdrawn from the bottom of the column and the solvent-conjunct
polymer phase is withdrawn from the top of the column. The number of theoretical
stages required for extraction was calculated based upon a panition coefficient of 14
which was measured in Example 2, for three different solvent to ionic liquid (IL)
catalyst feed ratios and three different extraction percentages of liberated conjunct

10 polymers. Table 2 lists the resuits on the number theoretical stages.

Table 2

Solvent to IL catalyst CP recovery rate

feed ratios 90% 95% 99%
0.5 1.1 1.4 2.2

1 0.8 1.1 1.7
2 0.7 0.9 1.4

The results indicate that 1 to 1.5 theoretical stages with a reasonable solvent to ionic
15  liquid catalyst feed ratio (~1:1) will achieve a conjunct polymer recovery rate
between 90% and 95%.

Example 4:
A regeneration of used jonic liquid was performed using the continuous

20  stirred tank reactor (CSTR) mode. The reactor is a 300 mL autoclave with dip tubes
to introduce gaseous and liquid reactants. The dip tubes open at about the level of
the stirring impeller near the bottom of the reactor. The reactor outlet is at the top of
the autoclave and is equipped with an "in-line” screen. From the reactor the effluent
flows to a back pressure regulator and then into a three phase separator. This

25  separator allows a) gas to be separated and to flow to a vent and b) hydrocarbon
liguid to be separated from icnic liquid catalyst, The two separated lHquid phases

flow into individual tared collection bottles under nitrogen.
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0.8 1.720.70.91.4 The results indicate that Ito 1.5 theoretical stages with a reasonable solvent to
ionic 15liquid catalyst feed ratio (-1:1) will achieve a conjunct polymer recov % between 90% and
95%. Examplgg:zﬁé?'gfésé‘ﬁ%ration of used ionic liquid was performed usi%ﬁ%f%ygé% ?rdia%us 20 stirred
tank reactor (CSTR) mode. The reactor is a 300 mL autoclave with dip tubes to introduce gaseous and
liquid reactants. The dip tubes open at about the level of the stirring impeller near the bottom of the
reactor. The reactor outlet is at the top of the autoclave and is equipped with an "in-line screen. From

the reactor the effluent flowhdeegchackrasswiertaguiatas anestidariingo o thiee(phate separator. This
25 separator allows as to he separated and to flow to a vent.an %) ré)w liquid to be
V\#}fi‘lf uang; Q 1 E) m r{tetrﬁ rods cthG daﬁaqolijzlnglaﬁ]hzam%t a*ﬁ)éqé%t% 10 rg

separated from ionic liqui éfys . The two separate Id phases flow into’individual tared
collection bottles omaidiwittseriare was hor thesedarshrpad viimiveecrozrstBYRgiEharged with 80.9

grams (50 mL bulk volumgyat alura)ysedstaiipas Gul i a-nemvng diemetesanstdiength of-3 mm.

The autoclave was then closed ir):% urged with r&itrog%g g%%aoiv?rni ht. To start Epce run, used ionic
0

liquid catalyst(coRPARAG &%t s pumped int nict avequal gravimets

rates. Initial rates were high so that the autoclave could be filled in a short time.
Stirring was set at 1500 rpm. Then feed rates were reduced to a flow rate of 11
grams/hour for both materials. Pressure was set at 300 psig. Hydrogen was allowed
to trickle through the gas inlet into the reactor at 3 sccm. Then, the reactor was
J0  heated to 100°C. In a short time, both hexane and ionic liquid appeared in the
separator. Levels built up and a clean separation of hexane and ionic liquid was
achieved.
At this point, new hexane and jonic liquid product bottles were connected to
the unit and the first vield period was stéﬁed. After 24 hours, and once each 24
15 hours after that, new product bottles were added to begin a new yield period. In
total, products from five full yield periods were collected, representing a continuous
run of 120 hours. The run was terminated after 120 hours of operation.
The products from each yield period were worked up as follows:
The hexane product which contains separated conjunct polymer was rotary
20  evaporated under vacuum to recover the hexane-soluble separated conjunct polymer.
The ionic liquid product was extracted with hexane to recover separated
conjunct polymer which remained in the jonic liquid.
The residual, un-extracted conjunct polymer in the ionic liquid was
recovered by hydrolysis, followed by extraction with hexane. The hexane extract
25  was rotary evaporated to recover the actual weight of conjunct polymer. Results

below show that most of the conjunct polymer was removed from the ionic liquid.
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5polymer) and dry hexane were pumped into the liquid inlet at equal gravimetric rates. Initial rates
were high so that the autoclave could be filled in"a short time. Stirring w al %Qggrpm. Then feed
rates were redUcad 16 a How rate of 11 grams/hour for both materials. ngfs]%érze \?\J/%slset at 300 psig.
Hydrogen was allowed to trickle through the gas inlet into the reactor at 3 sccm. Then, the reactor was
10heated to 100C. In a short time, both hexane and ionic liquid appeared in the separator. Levels built
up and a clean separation of hexane and ionic liquid was achieved. At this point, new hexane and ionic

liquid product bottiggiwere connected to

hours, and once

the unit and the first yield period was started. After 24

period. In total, f

aarch-24.1Ehatire—aftar-that -nervar-aF i rmt | | (] .
W\Piftgudi}\&:r‘jul ILI‘I.JI S :J.Ill.lCI -LI.I(.JL’ ”C_VVIPIWLCUQ ﬁ‘b‘ﬁ&" &%@J& ) g new yleld
prIayCISTromivesiun YrE1apertous WeETE COIECIET, TEDIESETIINgG a continuous run of

120 hours. The

bﬁenwe;%dulmated after-126-hoursjof operation. Thg groducts from each yield period

were worked up

a5 HPWS 2 T e hexane progiuct which contaipg separated conjunct polymer

was rotary 20 eV

apRIaRf finpier vacuum to recover|theé heéxane-soluble separated conjyinct polymer.

The ionic liquid

DFEETICEMag £xtracted with hexane

to recover separdatéd conjunct polymer which

remained in the

ongdipetidd Fhe residual, un-extracted conjunct poly#rer in the ionic liguid was

recovered by hydrolysis, followed by extraction with hexane. The hexane extract 25 was rotary

evaporated to re
conjunct polyme

5
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ver the ight ' a(ggﬁr;ﬂﬁg@gﬁmga@gy that most of the
%ﬁgé’gﬁgﬁéﬁ%ﬁ%ﬁggrﬁﬁgﬁm O 20091085450PC11US20081084129

Continuous regeneration of used jonic liquid catalyst was carried out ina
microunit containing 2 fixed bed of aluminum under hydrogen pressure. The "Used"
lonic Liquid Catalyst used in this experiment contained 16.4 wt% conjunct polymer
by hydrolysis.

Six grams of aluminum metal powder (palletized in a hydraulic press and
sieved to 20/40 mesh) were charged to a 3/8" OD tubular reactor. The reactor was
conniected to the unit such that the aluminum metal charge was in the jsothermal
zone of the three-zone electrically heated furnace. A flow of dry n-heptane at 5
mL/hour was started. Next a flow of hydrogen at 300 scem was begun. The pressure
in the unit was built up to 500 psig by means of a back pressure regulator. The
reactor was then heated gradually to a set point of 100°C. A flow ~90 g/hour of used
ionic liquid catalyst was started (start-of-run time). At 4.5 hours run time, ionic
liquid began to flow through the back pressure regulator. At 6.6 hrs run time, the IL
catalyst flow rate was reduced to 19.5 g/hour. At 8.5 hours run time, the IL catalyst
flow rate was lowered to 10.7 grams per hour. At 32.8 hours the 1L pump was
stopped overnight. The product bottle was replaced with a fresh clean bottle. In the
morning, the L pump was started again. The IL pump was stopped at 60.2 run hours
and restarted in the morning. At 63.2 run hours, the product bottle containing ionic
liquid catalyst and hydrocarbon was replaced with a fresh, clean bottle. The run was

continued for a total of 7.3 hours run time.
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Table 3 Productl Wt% Conjunct Polymer in IL Catalyst Feed 6.4 Yield Period 1 1.5 Yield Period 2 0.4

Yield Period 3. 0.3 Yield Period 4 0.6 Yield Period 5 0.5 Example 5: Re | f a Used loni
ield : : ic
Liquid Under EORRIBEE Process conditions 5 98?%&5&%&1%

10

15

20

25

30

During run hours 32.8 to 60.2, the average ionic liquid catalyst flow was 7.9
g/hr and the average n-heptane flow was 7.1 g/hour. The temperature was 100°C and
the pressure was 500 psig.

The collected product from the yield period of 32.8 to 60.2 hours was
separated by decantation into the upper hydrocarbon phase, yelowish in color, and
the heavier, more dense lower ionic liquid phase.

The ionic liquid was dark yellow brown in color. Hydrolysis showed that the
recovered ionic liquid which had passed through the microunit contained 1.9 wt%
conjunct polymer. Thus 88% of the conjunct polymer originally present in the used
ionic liquid catalyst was removed by passing the jonic Hquid continuously over
aluminum metal powder in the presence of n-heptane and hydrogen gas at 100°C

and 500 psig.

Example 6: Separation of extractable conjunct polymers from the regenerated ioni¢

liquid catalyst phase using a counter-current packed column

A counter-cusrent, packed, extraction column is used to separate conjunct
polymers from the regenerated jonic Hiquid catalyst ;ihase. Such a counter-current
packed column is depicted in the Figure of the Drawing.

The regenerated ionic liquid catalyst phase is fed into the top portion of the
extraction column while a hydrocarbon solvent is fed into the bottom portion of the
extraction column. The column is packed with a packing material such as Raschig
rings to facilitate the extraction. Typically, solvent to ionic liquid catalyst volumetric
feed ratio of 1:1 is used. The solvent to ionic liquid catalyst feed ratio is varied to
achieve optimum separation, if needed. The column is operated at 150°F and 200
psig to achieve 90-95% conjunct polymer extraction efficiency. After the extraction,
the separated ionic liquid catalyst is withdrawn from the bottom of the column for
recycle back to the reactor. The solvent containing recovered conjunct polymer
phase is withdrawn from the top of the column for further separation of conjunct

polymer from the solvent phase.
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Continuous regeneration of used ionic liquid catalyst was carried out in a microunit containing a fixed
bed of aluminum under hydrogen pressure. The "Used" lonic Liquid Ca in.this experiment
contained 16.?%%%9@3%ﬁ%¥nct polymer by hydrolysis. 10Six grams of aluﬁﬁnééﬁr%&%‘llpgowder
(palletized in a hydraulic press and sieved to 20/40 mesh) were charged to a 3/8" OD tubular reactor.
The reactor was connected to the unit such that the aluminum metal charge was in the isothermal
zone of the three-zone electrically heated furnace. A flow of dry n-heptane at5  mL/hour was
started. Next a flow of hygregamat@o-aecn) wasdegun) tacbprasiytesiinéd fhesuffitiveas built up to

500 psig by means of a back. pressure, regulator. The reactor was nheaiedgradyally to a set point
of 100C. A flow -9@%‘7‘% rb’?lu%gdwli&ﬁﬁ:‘ﬁ%q%? Slcl:léetgﬁ}gﬁrvnag started star’g-of-r%qr’mgtime). At 4.5 hours run

time, ionic liquid bégaretoctioed tarangiren@pasYidssure regulator. At 6.6 hrs run time, the IL
catalyst flow rate was regyggd#artSR O AueribSradeusiesitaen tiankotatalat 20 flow rate was

lowered to 10.7 grams per hour, At 32,8 hours the. IL pump was stoppeg.overn Tihg product bottle
was replaced WithP5efFg&A o BSRR RS e“rﬁ“grﬁ]".%a,%ﬁ%? ?Itf%ﬁ %(%vgass%sl?%régg again. The IL pump

was stopped at 6Q:@itionhcalstiond medtficatidnn the sistiwtignaed spesifrehy descihed Htuct bottle

containing ionic  liquid catalystandiRy deacatb e vas replrRcadhwitvenfiesis, difan bottle. The run
was 25continued for a total of 87.3 hours run time. WO 2009/085450PCT/US2008/084129 During

run hours 32.8 to @EEPRW%?&B% ionic liquid catalyst flow was 7.9 g/hr and the average n-heptane
flow was 7.1 g/hour. The temperature was I00C and the pressure was 500 psig.
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The collected product from the yield period of 32.8 to 602 hours was 5 separated by decantation into
the upper hydrocarbon phase, yellowish in color, and the heavier, more dense lower ionic liquid phase.
The ionic liquid was dark yellow brown in color. Hydrolysis showed that the recovered ionic liquid
which had passed through the microunit contained 1.9 wt% conjunct polymer. Thus 88% of the
conjunct polymer originally present in the used 10 ionic liquid catalyst was removed by passing the
ionic liquid continuously over aluminum metal powder in the presence of n-heptane and hydrogen gas
at 100C &3@&5@@_@@@3&9 Example 6: Separation of extractable conjunct polymers from the
regenerated ionic 15liquid catalyst phase using a counter-current packed column A
counter-gurrent, packed,.extracti % ' t e SONLBEL POt mBIadiay the
regenereﬁed ior‘ﬁcp ﬁ?ﬁscf ”cf%"’té‘%gé% %ﬁma% g@l?é{tﬁcaqﬁc%%dn%%fﬁrgﬁ packgd column is dec:fi%ted in the
Figure ofodrguDearitign 26 FREIPESEHerated ionic liquid catalyst phase is fed into the top portion of the
extraction colurpy) whilRiadwidiesebsetitntisdeddntotivesbeortiqporfire giisdigsadaction column.
The column if}é)ac ed itth a gau%lg{;?oi?%}gfgal such as Raschig rings to facilitate the extraction.
Typically,‘?@f h168R ?chl?ldl catalyst volumetric feed ratio of 1?:}1 is.used. The so%vent to ionic liquid
catalyst feed rafio) isagting heo RECAgHE B EHFIR SEFRIRTB AR dE8 A RBIln is operated at
150F an%%mmi%&%a%a@@ygumq sohwhemextractidixedfisié neyctoiterdhe extraction, the
separated ionic Jiquid catalyst is withdrawn fr tom: of: e back to the
reactor. The sol&gﬁ%ﬁqﬁ%?ﬂ%%%gl\}grgo }gggﬁr%%o ér%&%fﬁ%ﬁgg%%d%ﬁﬁ%gm the top of the
column foefurrtiemsepastition f puhjeher BT-heRAEHHBM the solvent phase. The column diameter
(D) and length (L) can be easily designed for sufficient superficial velocity which will ensure optimum
extraction of conjunct polymer from the regenerated catalyst containing polymer. Although the present

invention has been described in.connection with 5 preferr j %ggégﬁ it, will be
appreciatéd by S QAR BCHPTRR SN ﬁi%@a&dﬂ%eﬁ%?éfe%%grﬁ%ﬁrg%%{i%%%ons, andtglgbstitutions not

specificalppiessrbecmtydsandele without departing from the spirit and scope of the invention as
defined in the appended claims. Listing of Claims:

3. The process according to claim 1, wherein the solvent is a hydrocarbon.

4, The process according to claim 3, wherein the sotvent is selected from the group
consisting of pentane, hexane, beptane, octane, decane, n-butane, isobutane, isopentane,

and mixtures thereof.

5. The process according to claim 1, further comprising filtering the ionic liquid
catalyst after the extracting step fo separate aluminum metal from the ionic liquid catalyst.

6. The process according to claim 1, wherein the ionic liquid catalyst has been used to

catalyze a Friedel-Crafts reaction.

7. The process according to claim 6, wherein the Friedel-Crafts reaction is alkylation.
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1. A process for regenerating an ionic liquid catalyst which has been deactivated by conjunct polymers
comprising: (@) providing an ionic liquid catalyst, wherein at least a portion of the ionic liquid
catalyst is bound to conjunct polymers;  (b)reacting the ionic liquid catalyst with aluminum metal to
free the conjunct polymers from the ionic liquid catalyst in a stirred reactor or a fixed bed reactor; and
(c) separating the conjunct polymers from the ionic liquid catalyst by solvent extraction in a stirred or
packed extraction column. 2. The process according to claim 1, wherein the separating step (c)
immediately follows the reacting step (b). 3. The process according to claim 1, wherein the solvent is
a hydrocagbon. Fhelecpsosassdieg osdingra Oitinedy diberaimdhénsabpel is setduteddfrom the group
consisting of pentane, hexane ne, decane, n-butane, isobutane, isopentane, and
mixtures eargggé%%%np%ggggﬁa%%?r%% claim 1, further comprising filtering the ionic liquid
catalyst after the extracting step to separate aluminum metal from the ionic liquid catalyst. 6. The
process ag.cordingtoceiRinchrdhereinahe ipwiostieiuicheasalydiduid daedystisetkectaitalyze a
Friedel-Crgfts reaction. 7. 'I'iggnprogess according to claim 6, wherein the Friedel-Crafts reaction is
alkylation. °g! eegibor%%éjggsaccéralﬁg to claim 1, wherein the reaction in step (b) is conducted in a
batch or continubthleweleniesieionicdionieeesst semPERRE® RIEHIMMirsHTRIEARdIquid catalyst
is selectediframmihe SralR Gopsisting &foliva Ghlosdakiminaiedenindiguichieinlysleaditiprising a
pyridinium haloe}I minate gnd %Igtp&lpum tricrélq:r{i\g(? Qr an imidazolium haloaluminate and aluminum

a

trichlorideSSP & (ERETaTTorMulas cz’a‘P{dr@Sgeow‘??fés.pectively; a chloroaluminate ionic liquid

catalyst comprisirlaroptiveimis el itrideatpysoremrrinag ayAmarbshe Bt m trichloride or a

hydrocarhysebstituiegosmidazakiumihaealiminais rad ebimipuroiehybssssofuled general foul ulas A
and B belpw, respectively; . a chloroaluminate ignic liqui I Ising anatkyl substituted
pyridiniun‘\lﬂlgl%zﬁg w%%é%n %ﬁﬁ?nﬁ?ﬁ%argufﬂghﬁ%ggp Ié{ﬁ%a Eﬁ%%%é%&%ﬂ%%%pazolitun haloaluminate
and alumibelnwrichistteelithe general formulas A and B below, respectively; and mixtures thereof,

wherein A and B, artoasafolemse (Adic liquid catalyst comprising an alkyl substituted pyridinium
haloaluminate and aluminum trichloride or an alky! substituted imidazolinm haloaluminate
and aluminum trichloride of the general formulas A and B beiow, respectively; and mixtures

thereof, wherein A and B are as follows:

(A)
"]
e
N X"
|
24
(B)
R1\ﬁ%\ s
g N
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(B) wherein R=H, hydrocarbyl, or alkyl, X is a haloaluminate, R1 and R2=H, hydrocarbyl, or alkyl,
and R1 and R2 may or may not be the same. 10. A process according to claim 9, wherein R=H,
methyl, ethyl, propyl, butyl, pentyl or hexyl group, Rl and R2=P1, methyl, ethyl, propyl, butyl, pentyl, or
hexyl group, and R1 and R2 may or may not be the same. 11. A process according to claim 9,
wherein 1 molar equivalent of the hydrocarbyl substituted pyridinium haloaluminate or the hydrocarbyl
substituted imidazolium haloaluminate is mixed with 2 molar equivalents of aluminum Dichloride. 12.

A process according to claim 9, wherein 1 molaJ equjvalent of the alkyl substjtuted pyridinium
haloalumMBgEBY R amg%éﬁlu%m}dgiéﬁﬁﬂ%imm té“fg gﬁ?@d%’l‘%ﬁoﬁm r?)l a equivalents of

aluminunyteighlgtice, &% Thepyasensyasedsdig saxakaim 1, wherein the stirred extraction column is a
stirred stage extraction column. 14. The process according to claim 1, wherein the packed extraction

column or the stirred extraction column uses a countercurrent flow, Wiiéh the !é)g%%qéﬂd Cftalyst fed into

one end &Pthe cbDFFFErERSHRESHIRI N REERORT e TRt B tuRIAPY s 822SE according
to claim J3xyiheteis toeapatkediexteastipaiod]ynop vir Hueybtireat/brirhetiphgrotprrnd Segd

counterCLﬁr%Qt 1‘I(c))r\/vmwitkrl1 {5?8 i%lé'rcsgi&léid catalyst fed into one end of the column and a solvent fed into a
second end'Bf{he column. 16. The process of claim 1, wherein the separating step recovers at least
80 wt% of the conjunct polymers. 17. The process of claim 15, wherein the separating step recovers
at least 891wt% Qhtoecsoniuortipgiynobis I 8viEnsrptoneks efuledlnl 6f thhdnsirotadbskparating step

ecovers et ok SLITE SonUATHROMAE Syl BiSGRSRe B ABherei e number

of stages lsed 0 separate the conjunct polymers in the sfirred stagﬁ}ﬁ?grgaction column is 2 or less.
20. The phatsakamsnataismixedNEfelmREL AV BRI LG I oY fid the second end is a

bottom of the column.
12. A process according to claim 9, wherein 1 molar equivalent of the alkyl substituted
pyridinium haloaluminate or the alky! substituted imidazolium haloaluminate is mixed with

2 molar equivalents of aluminum trichloride.

13.  The process according to claim 1, wherein the stirred extraction column is a

stirred stage extraction column.

14.  The process according to claim 1, wherein the packed extraction column or the
stirred extraction column uses a countercurrent flow with the ionic liquid catalyst fed into

one end of the column and a solvent fed into a second end of the column.
15. . The process according to claim 13, wherein the packed extraction colummn or the
stirred extraction column uses a countercurrent flow with the ionic liquid catalyst fed into

one end of the column and a solvent fed into a second end of the column.

16.  The process of claim 1, wherein the separating step recovers at least 80 wt% of the

conjunct polymers.
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17, The process of claim 15, wherein the separating step recovers at least 80 wt% of the

conjunct polymers.

18.  The process of claim 16, wherein the separating step recovers at least 90 wt% of the

conjunct polymers.

19.  The process of claim 13, wherein the number of stages used to separate the conjunct

polymers in the stirred stage extraction column is 2 or less.

20.  The process of claim 14, wherein the one end is a top of the column and the second

end is a bottom of the column.
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