REMOVAL OF EXCESS METAL HALIDES FROM REGENERATED IONIC LIQUID CATALYSTS
FIELD OF THE II\%}}{)IQENTION 5The present invention relates to methods for the regeneration of
catalysts and hatefE: sgé%ul?f’cally to the regeneration of ionic liquid catalystC.W RESUND OF THE

INVENTION In general, conversi gé%g%g%%rgfl S an M %Jl% e cuts 10is very
lucrative to the refinir@q%g#zﬂiéggﬁrﬁ ‘Qéé%%’?‘ IS ée %@I%%ﬁ% paraifins with olefins,
and by polymerization of olefins. One ol R EbERWIBBATREABEesses in this field is the alkylation of
isobutane with C3 to C5 olefins to make gasoline cuts with high octane number using sulfuric and
hydrofluoric acids. This process has been used by refining industries since the 1940's. The process
was driven 15 by the increasing demandrieLbigiF quEginéeBd tiedn burning high-octane gasoline.
‘Alkylate gasoline is a high quality and efficient burning gasoline that constitutes about 14% of the

gasoline pools Alicylate Hasotiseatnngniéalseloresdo ceatbbysdiryhstragenstiven e ssubitasrd with low-end

olefins (mainly butenes). Currently, alkylates are produced by using HF and H2SO4 as catalysts.
Although these Céfg{g,gggciﬁcally to the regeneration of ionic liquid Catalysts.

BACKGROUND OF THE INVENTION
In general, conversion of light paraffins and light olefins to more valuable cuts
w0 is very lucrative to the refining industries. This has been accomplished by alkylation
of paraffins with olefins, and by polymerization of olefins. One of the most widely
used processes in this field is the alkylation of isobutane with C; te Cs olefins to make
gasoline cuts with high octane number using sulfuric and hydrofluoric acids. This
process has been used by refining industries since the 1940's. The process was driven
5 by the increasing demand for high quality and clean burning high-octane gasoline.
Alkylate gasoline is a high quality and efficient burning gasoline that
constitutes about 14% of the gasoline pool. Alkylate gasoline is typically produced
by alkylating refineries isobutane with low-end olefins (mainly butenes). Currently,
alkylates are produced by using HF and H,S0; as catalysts. Although these catalysts
o5 have been successfully used to economically produce the best quality alkylates, the
need for safer and environmentally friendlier catalysts systems has become an issue to
the industries involved.
The quest for an aliernative catalytic system to replace the current
environmentally unfriendly catalysts has been the subject of varying research groups

»5  in both academic and industrial institutions. Unfortunately, thus far, no viable



20have been successfully used to economically produce the best quality alkylates, the need for safer

and environm%al%lg ]‘5173 lier catalysts systems has become an issue t% éh(; 'éndu tries involved.
) . CPCEITS2 m?ﬁmsa
The quest for an altérnative catalytic system to replace the current envirohmenta

y unf7riendly catalysts
nas been the Su e ShYaIYING: 'SSLal G AloUDR.2 BILDAID: AGAdERIC Andigsfal insttutions.
Unfortunately, thUS T, No viable replatement to the current processes has been put into practice at
commercial refingrigs ;.. - lonic liquids are liquids that are composed entirely of ions. The so-called
"low temperature" lonic liquids are generally organic salts with melting points under 5100 degrees C,

often even lower than romm igipenatlkeidonia liguisspsay deislitabiefoTaxasnpifor use as a
catalyst and as a solvent in alkylation and polymerization reactions as well as in dimerization,
oligomerization atylationpemetathesssiouds sspashermtis rationcreds faRsTENRE RIS BRdshic liquids is
fused salt compositions, which are molten at low 10temperature and are useful as catalysts, solvents
and electrolytes. B0cks@6th bosfirmrmaariowmdbre LoPdEHRTERIEG S O ITHAS TauiRe At beratures

below the 'nd'V'dlfngeTa%ll% egf r%'sr.g%g gg{g}gs @n%%g%@%%em in alkylation and polymerization

reactions as well as in dimerization, oligomerization acylation, metatheses, and
copolymerization reactions.
One class of ionic liquids is fused salt compositions, which are molten at low
w0 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.
Tonic liquids can be defined as liquids whose make-up is entirely comprised of
jons as a combination of cations and anions. The most common ionic liquids are
15  those prepared from organic-based cations and inorganic or organic anions. The most
COMMmOon 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 not limited to, BFa.,
PFy, haloaluminates such as Al,Cly and ALBr7, [(CF3802):N)T, alkyi sulphates
20 (RSO3, carboxylates (RCOy) and many other. The most catalytically interesting
jonic liquids for acid catalysis are those derived from ammonium halides and Lewis
acids (such as AICl, TiCls, SnCly, FeCls...ete). Chloroaluminate ionic liquids are
perhaps the most commonly used ionic liquid catalyst systems for acid-catalyzed

reactions.



lonic liquids can be defined as liquids whose make-up is entirely comprised of ions as a combination of

cations and a%%nﬁn;&ﬁu%%t common ionic liquids are 15 those preparggﬁ{%%(g;(%&i -based cations
and inorganic or organic anions. The most common organic cations are ammonium cations, but

phosphonium and sulphonium cations are,alsa feauenily sedJopisiakids oheydiium and

e : t t the
imidazolium are perhapsx?hm mostsggm%Noﬁf?puse%gccatlons. Anions include, but not limited to, BF4-,

PF6", haloahuningies, stehirag S Wiiandidl28iim KidyAanR Niioaed, sulphaipt 2(RS03%),

carboxylates (RCO2) and many other. The most catalytically interesting ionic liquids for acid catalysis

are those derived-framsarsmonimmminalicesaiid (adis acidsnsuchsad AlGbnTiGdd s$eC14,

FeC13...etc). Chloroaluminate ionic liquids are perhaps the most commonly used ionic liquid catalyst

systems for acid-Eataisezeithefstbeats of 1-Hkaimpidnomstiipridtdid mMpeaith & YredReids or molten

fused salts arc the chloroaluminate salts. Alkyl imidazolium or pyridinium chﬁg’?ss, for example, can
a

be mixed with al ARIREREHIETGBRSSONRCY S) 18U BHA e et cHBRO AR ARG Fhe use of the
fused salts of 1-alkylpyridini hlarid d alumi trichloride.. is.di din U.S.
used salt of -2 lpYICIU Slore. s ST ISP 55 Aol scussed

Patent No. 4,122 er paternts which discuss the use of fuse uminum trichloride and

alkylimidazolium paligasas.elesypyles RES. Y SaRatentNags 47463,071 and 4,463,072.

U.S, Patent No. 5,104,840 describes ionic liquids which comprise at least one

alkylaluminum dihalide and at least one quaternary ammonium halide and/or at least
10 one quatémary ammonium phosphonium halide; and their uses as solvents in catalytic
reactions.

U.S. Patent No. 6,096,680 describes liquid clathrate compositions useful as
reusable alurninum catalysts in Friedel-Crafis reactions. In one embodiment, the
liquid clathrate compaosition is formed from constituents comprising (1) at least one

;5 aluminum trihalide, (i) 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.

Other examples of ionic liquids and their methods of preparation may also be

s6  found in U.S, Patent Nos. 5,731,101; 6,797,853 and in U.S. Patent Application
Publications 2004/0077914 and 2004/0133056.

In the last decade or so, the emergence of chloroaluminate ionic liquids
sparked some interest in AlCl3catalyzed alkylation in ionic liquids as a possible
alternative. For example, the alkylation of isobutane with butenes and ethylene in

05 ionic liguids has been described in U.S. Patent Nos. 5,750,455; 6,028,024; and



U.S. Patent No. 5,104,840 describes ionic liquids which comprise at least one alkylaluminum dihalide
and at least o t ry ammonium halide and/or at least io one quaternary ammaonium
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reactions. In one Iment, qui rate composition 1S orme constituents comprising

(i) at least one 15glymipum rhalidedi)-ableaskeng.salbselecipdrmualahmelaialide, alkaline

earth metal halide, alkali metal pseudohalide, quaternary ammonium salt, quaternary phosphonium
salt, or ternary sulfgsdm@altpppesmixture of any two or more of the foregoing, and (iii) at least one
aromatic hydrocarbon compound. Other examples of ionic liquids and their methods of
preparation may also be:Refoundciiotds-cRaitend NibglaBon3ndioly8erosies Santignin lWigiPatent
Application Publications 2004/0077914 and 2004/0133056. In the last decade or so, the
emergence of chiétBidR MmN BRIV ORI RMRS SiRta D Recriterdt e Avtnieaiadys &y Bikylation in ionic

qugids as alpossibl alterna‘}ive. Forfe>r<a plg,,ltpes alggéatiqn of is (put 8 vtvithaskgrllt%nes and ethylene in
25ionic liquids ha@%‘é%a BSEAB&ES §} Bateht Rios. %?‘?g&?&% ; g‘%ﬁﬁf and

produced from alkylation of isobutane and isopentane with light olefins, to diesel fuel

and lubricating oil produced by alkylation and polymerization reactions.

As a result of use, ionic liquid catalysts become deactivated, i.e. lose activity,

10 and may eventually need to be replaced. However, ionic liquid catalysts are expensive
and replacement adds significantly to operating expenses by in some cases requiting
shut down of an industrial process. One of the heretofore unsolved problems
impeding the commercial use of chloroaluminate ionic liquid catalysts has been the
inability to regenerate and recycle them. The present invention provides methods to

15 facilitate the regeneration of acidic chloroaluminate ionic Hquid catalysts.

For example, during the regeneration of spent chloroaluminate ionic liquid
catalyst and removing conjunct polymers using aluminum metal, aluminum
trichloride is produced, While some of the produced aluminum trichloride can be
recycled back into the catalyst to compensate for the aluminum trichloride lost during

20 the alkylation reaction, most of the produced aluminum trichloride precipitates as
superfluous solids. This could cause gumming and plugging problems in a catalyst

regeneration unit and other parts of a catalyst recycling system,



6,235,959 and open literature (Journal of Molecular Catalysis, 92 (1994), 155-165; "lonic Liquids in

Synthesis", P. Wasserscheid and T. Welton (eds.), Wiley-VCH Verlag, 2003, pp 275). Aluminum

chloride-catalyzed alkylation and polymerizadioiVitdaqiwns in ionic liquids may prove to be

commercially wible processes f?h r the. reflnl c?dustr for rﬁakln%a wide rangs ci<])f %odﬁjcts These
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has beenv’f e |na regenerate rec ce hem e presen |nv |on provides met%ods to

15faC|I|tamxﬂnenﬁge{basaﬂanenﬁiaim&irdaeclammht;muinatelwnmdttgngwmgamranozfmaenaﬂ@gle during

the regener n of spent chloroalum c i u\% catal and removi t o mers using
aluminum mté)fléiurrglﬁju tlrlghfgﬁ{cfe iS pr‘o nflered hilé someao Oénbl% f; %%}&fgrzur% trichloride
can be resyctepondokeimtixtiveselitabyst to compensatdibdehe aﬂwmlrimhdttﬂctﬂémdetlosbﬂﬁmng 20 the
alkylatlon1 rea,&ltlon} 5nost of the produced aluminum trichloride precipitates as superfluous solids. This
could cause gumming and plugging problems in a catalyst regeneration unit and other parts of a

catalyst recycliny sy stemedStgpMARY e is provided a process as defined above, wherein the
metal is a Group IT1-A, II-B or I-B metal.

In a third aspect, there is provided a process for removing metal halides from
ionic liquid catalyst, comprising; interacting an ammonium-based metal-halide ionic
Hquid catalyst with either a metal ammonium halide salt or a mixed salt having an
ammonium halide to metal halide molar ratio of 0 to less than 2.0.

The present disclosure relates to a process for removing metal halides from
regenerated ionic liquid catalyst comprising interacting a regenerated ammonium-based

" metal-halide ionic liquid catalyst or -an ammonium-based metal-halide ionic liquid
catalyst undergoing regeneration with either the parent ammonium halide salt from which
the ionic liguid catalyst was made or a corresponding mixed salt having an ammonium

halide to metal halide molar ratio of 0 to less than 2.0.



In a first aspect, there is provided a process for removing a metal halide from regenerated ionic liquid
catalyst, comprising: interacting a regenerated ammonium-based metal-halide ionic liquid catalyst or
an ammonium-based metal-halide ioBETiguid: CatafystRITIEKGDBIng regeneration with either (a) a parent
ammonium halide salt from which the regenerated ammonium-based metal-halide.ionic liquid catalyst
or the am moniuf%gﬁlars?éﬁ RIS liicl)(ﬂll%: Iﬁqag?'gy %tastg]ffgfrﬁ%g}éar(é%%ﬁ%ézb%nlg rsgtlager[f%%é a%q;de, or (b) a
correspongingavinedidalnestereibdhepavedt diendeaativiatideasalysr ¢me bornespanidimg anixed salt
have an ammonium. halide to metal halide molay, rati ]ﬁo less than.2.0 In a se aspect,
there is &8{}%&8‘}% 1?808“3%%%%%%23%%%%? V\{heel’églll”let e%g%alalscg %ﬂtp E?IIKHWB%?Q% metal.

In a third asppletsdherel isyproviced e phecesstdr Aéfo\iperinetal thaligas frddCibriodidlid batalyst,
comprisin%%; interaﬁ' an amm noi%ngj- asc%(rjl .lmn%ttaIBQali%(rasignii% |ichi{ o%%%al¥s%hWith é%hgcri %metal
ammoniutR AT Salt o a med alt having an ammoniunm hafide to metal halide molar ratio of 0 to
less thant2k@.part ihetplesentadisciosce, felatasitpla, frdtedshihmhifatengApplalhalid@&from
regenera?%' o)l E%I id catal m f ing interacting a regenerat mmaonium-based metal-halide
ionic liqui cg(t)%s %éjréa%cla%né?nlum- ?sﬁe% r%tgﬂ.?ﬁé]i?&é%n.8?86?§%§1%f%1§f6%&%r§6%.ﬁ“g regeneration
with either the parentamrthodiofhrdpahdesait, kaedvivicie thpridnigtliguidoatatisst vegsneratleror a

corresponding mixed salt havi n onium halide to metal halide molar ratio of 0 to less than 2.0.
DETAILEB g}é PIRSREC oﬁgdegrﬂr@ﬁ ﬁ?f& %}9 1901%. i

SE Tesut ot a’se, iorr%%eﬁqﬂﬁ%gsé%ﬁea fsstesdbne}%r%% deactivated, i.e. lose
activity, alevnay eyenigiaivlnesd ypibdlse flavehobihd deactatdmsatalystrathdrenethivédfn a -
nondestructive manner by freeing,up the AIC13 fro conjunct pelymer- deﬁ o rré%Ie ep and by

: . 1
convertm@eﬁ%eﬁaétb 1r'ﬁellaA}Lfé{iﬁ %%nelg(la}‘éﬁ%lodtﬁ%taa\tf?ﬁ%oﬂ%ﬁ%aarn&?&Ff g |1S,I|51eecelle§]f.l E:i%snoc%nger bound
by conjunsidedliyizegar. free chlorides is then released to take part in catalytic reactions. See, for
example, U.S. Pyplished Pateat Apnlcalions Now, 20070249485, 710, 3007-§249486.Al, which are
incorporated by réterence hérein. FY'one method 0 regeneration, a used ionic liquid catalyst
contacts &yegénerationienetftie thetgresehcisafraddiedihytkoye T iHYur égbCpresguss Ased may vary
from quite.low to very hi I—Eivalue typically from abouf 100.10.2.500 psig. %Q;alpother method of
regeneraffc{)lr? S %\Iﬁ%tgg i‘gfﬁé fﬁlﬁ?g(f:% a yvs %%rﬁt%%}tgeélge%oéﬁ%%ﬁgﬁ r%retal%o he a(gsence of added
hydrogen. The metal used for regeneration is selected from Groups IlI-A, 11-B or I-B. Specific
examples of the metal catalysts are B, Al, Ga, In, Tl, Zn, Cd, Cu, Ag and Au. These metals may be
used in any form, alone, in combination or as alloys. For example, the regeneration metal may be
used with other substances such as an inorganic oxide catalyst supports.

Sa



The metals may be in the form of fine particles, granules, sponges, gauzes, etc. Each metal may be
used in any number of forms: (1) macroscopic, which includes 5wires, foils fineggarticles, sponges,

gauzes, granu‘Fe%?()é’ é".?ggﬁgd (2) microscopic, which includes powders, srﬁSE@&ﬂéowg%gﬂ suspensions,

and condensed metal films. Anta%pro%'iatel eﬁegti\{%l%rtqc%us%ggn ngg,t?'(!ﬁ em loyed for
regeneration. ThEERRSaACIFRRRTE LA 4 M TR US4dEd iR THe Fegeneration scheme is determined by
_the_de_grge of de%%trl%/g?}tgggxiggga{msgmgﬁg;{s‘(_concentratlon) of thg conjunct polymers toin the spent
ionic liquid catalyst, which is a very good indicator of catalyst activity. For example, the amount of

metal used for the regepgration af-3 siviemspem satab/sirnscles gt nddeadigeexensssteithe
concentration of conjunct polymers present in the spent catalyst. In one embodiment,the metal

selection for the Bagenetationy ibehastth enytherscofipuositio h roddtvecioniie Wijgldiededbyst. The metal
should be selected carefully to prevent the contamination of the catalést with unwanted metal
complexes os intafrnadide Sth aemitss sPATENS EAIRS RIS f3hi NG (AUTRISTaRePIsnERIE For example in

this embodiment, aluminum metal will be the metal of choice, for the regeneration when the catalyst
system is chlorodTiMRsPE\ERT ﬁﬁ'ﬁ%—sb‘é%li;dd@ i5ipgpsons: &5 Sondensed et A

An appropriately effective amount of metal is employed for regeneration. The

amount of metal, say aluminum, added in the regeneration scheme is determined by
the degree of deactivation, and the amount {concentration) of the conjunct polymers

to  inthe spent ionic liquid catalyst, which is a very good indicator of catalyst activity.
For example, the amount of metal used for the regeneration of a given spent catalyst is
usually added in excess to the concentration of conjunct polymers present in the spent
catalyst.

In one embodiment,the metal selection for the regeneration is based on the

;s composition of the fonic liquid catalyst. The metal should be selected carefully to
prevent the contmniﬁation of the catalyst with unwanted metal complexes or
intermediates that may form and remain in the ionic liquid catalyst phase. For
example in this embodiment, aluminum metal will be the metal of cﬁoice fér the
regeneration whén the catalyst system isﬂ chloroaluminate ionic liguid-based catalyst.

20 The use of any other metal may change the overall composition of the catalyst.

As noted previously, ionic liquid catalysts may become deactivated during
use. For example, 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, this catalyst is a chloroaluminate ionic liquid. The reactor, which

25  may be a stirred tank or other type of contactor (e.g., riser reactor), produces a



20 The use of any other metal may change the overall composition of the catalyst. As noted

previously, iow&#%&i&?@ﬁglyﬁs may become deactivated during use. Faor exam le, in an allcylate

production unit, Ti 5) olefins and isoparaffin feeds are contacted]‘]i%Tt[Hezprse/(s'Qﬁﬁc:—fe of a catalyst

that promotes the alkylation reactign In qne embodiment, this.catalyst is a chloroaluminate ionic liquid.
The reactor, whi&%éﬁé@%&%@ﬁ%@gﬁl ors O@?’tty}nﬁgagtpgsé%ol%%t%ﬁ %’.g.l,grl%ne}?qr%gg:or), produces a
biphasic mixture &ﬁeﬁl’éﬂ%ﬁaﬁﬂé@%&b&ﬂ%gﬁ%%@&i?ﬁ@ééﬁi@@&a@@ﬁ' deRimlicptig satalyst containing
some conjunct polyniers. The dense catalyst/ conjunct polymer phase may be separated from the
hydrocarbons by gravigapetiinadica desantalydbisbatabysaibepiaratly deaniivaled by the conjunct
polymers binding to AIC13. The 5 recovered catalyst can be reactivated in a regeneration scheme in
the presence of asabtalwihe paoihlictdeottingedtentheilidniurebrtivares Wadigde dddlrethevable conjunct
polymers among others as described herein. The reactivated catalyst and the conjunct polymers can

be separatecsnovECRIFERARRIE! $p B8 Rrar @R AdRe SRS BtrS AT YRS ACE8IR one embodiment,

a used ionic liquid ¢ Z’;ést/ cqnjunct polymer mixture is introduced continuously into a regeneration
reactor, which co’ﬁ‘f%?fil § ragé‘hésrgﬁ%ﬁsr%eé‘fﬂf [m)gr’feﬁ(i}gfgb%a?%gr%{ijﬁn\%ﬁgﬁ%%?ﬁ%ﬁn urﬁ%lymers are
soluble are fed injg, e \Sacloy abibe,dasliaddipiercHhereerdAioras Lggnormal
hydrocarbons rangihg from C3 - Cis and their mixtures, preferably C5-C8 although other 15
hydrocarbons may haanployesyihe desideneextinmge temparatiyerantbprésanteiod, trel reactor will be
selected to allow the desired reactivation of the ionic liquid catalyst. The reaction product is withdrawn
and sent to a sep&itedtiion. This mixture is then separated into two streams, one comprising inert
hydrocarbons and removable conjunct polymers and a second comprising regenerated ionic liquid
catalyst. A 2@ gravity détarénodisaehta sephbiats Hesidhidire’ AOMARHRON THE BRRTidUId phase,

which is denser than other components, is withdrawn. The rqugi}\l/ate?ajonic liquid catalyst is returned

to the alkylation BRIt AR EBITEHY CEhAUSET SOty MeF thix IS separated by distiiation to recover the

solvent. metal. Inert hydrocarbons in which conjunct polymers are soluble are fed into the

reactor at the desired rate. The inert hydrocarbons may be a normal hydrocarbons
ranging from C; - Cy5 and their mixtures, preferably Cs-Cs although other

15 hydrocarbons may be employed. The residence time, temperature and pressure of the
reactor will be selected to allow the desired reactivation of the jonic liquid catalyst.
The reaction product is withdrawn and sent to a separator, This mixture is then
separated into two streams, one comprising inert hydrocarbons and removable
conjunct polymers and a second comprising regenerated ionic liquid catalyst. A

20  gravity decanter is used to separate the mixture, from which the ionic liquid phase,
which is denser than other components, is withdrawn. The reactivated ionic liquid
catalyst is returned to the alkylation reactor. The sclvent/ conjunct polymer mix is
separated by distillation to recover the solvent.

During the regeneration of, for example, a spent chloroaluminate ionic liquid

25  catalyst using aluminum metal to remove conjunct polymers and rejuvenate the



During the regeneration of, for example, a spent chloroaluminate ionic liquid 25catalyst using
aluminum met‘%l (}gﬂ{)@m@o% conjunct polymers and rejuvenate the activir?/ of the cataLyst to its original
strength, aluminum Hichidtide is produced as part of the regeneration c &ﬁ/ig%'}?%ffr‘r%um trichloride

is a solid compound which, can gccumulate in the regeneration zane and other parts of the
regeneration unilaf;&ﬂﬁi??g?kiﬁ Cﬁfﬁaétlﬁc’g%r%rfﬁ@ﬁ{ss.“ﬁ%ﬁ i i

ea comp%(él ion %?a{’{:oﬁ oroaluminate ionic
Sliqid system sugh, g sbuayideium oA AR LAt alkulatiangsually 2 molar

equivalents aluminum trichloride to 1 molar equivalent n-butyl pyridinium chloride. Any excess
aluminum trichlorigie oayamneits, slubitihedmis pray alesipdaieour didingibadoniamliquid regeneration
process. The addition of n-butyl pyridinium chloride or its chloroaluminate derivatives of AIN molar
composition of 16tesisthanphitgithepradetion Hendedurinmpoeigenefatibioresuitsniteirpsitu combination
with aluminum trichloride to form additional ionic liquid catalyst and effects the removal of the excess
aluminum trichlofidaicSiFifeRchTe tHicY BHALWDSH pRAaHRaRE ARbTIERS FERdstead ionic liquid
outside of the reaction zone %fter regeneration, resultsﬁ{'u irg!-stitu1 co%pbinatio? V\{it}j})a{upinum trichloride
to form additionali8RE 75 RIS PSR S ARG BHERIHE TSR CVal of the'excess aliminum trichloride.

eexcess a
Removal of metal halides, stehas alyminum chgrds.iAsdsee,BRISIDBISANS Ak heymetal halide

solubilizes to mal%nlomg%nqwdrcata ySt. The metal halide is not removed physically from the mixture. In

an embodiment, g:ppaesSPEEARANINGRURIRURL ishande @uing Rnaddition of n-butyl
pyridinium chloride or its chloroaluminate derivatives of A/N molar composition of
10 less than 2 to the reaction zone during regeneration results in in-situ combination with
aluminum trichloride to form additional ionic liquid catalyst and effects the removal
of the excess aluminum trichloride. Similarly, the addition of n-butyl pyridinium
chloride to regenerated ionic liquid outside of the reaction zone after regeneration
results in in-situ combination with aluminum trichloride to form additional ionic
15 liquid catalyst and effects the removal of the excess aluminum trichloride. Removal of
metal halides, such as aluminum trichloride, as used herein means that the metal
halide solubilizes to make ionic liquid catalyst. The metal halide is not removed
physically from the mixture.
In an embodiment, a process for removing aluminum trichloride during an
20 ionic liquid catalyst regeneration comprises contacting a spent ionic liquid catalyst
with a ammonium halide and a regeneration metal in a reaction zone under
regeneration conditions. The produced aluminum trichloride interacts in situ with the
ammonium halide to make additional ionic liquid catalyst and effects the removal of
aluminum trichloride. Additional catalyst generated can be left in the unit or it can be

26  withdrawn for later use.



20ionic liquid catalyst regeneration comprises contacting a spent ionic liquid catalyst with a ammonium
halide and a r%Q%g%igu%metal in a reaction zone under regeneration c}gnditions. Thefroduced
aluminum trichloride INferacts in situ with the ammonium halide to make AddrSAEI4EAS liquid catalyst

and effects the removal of aluminu dtrichloride. Adgitional catalyst glenetgatkeﬁd c&am Eer left in the unit or
it can be 25withdrawn fOF 138K LER MR- FSRTEH S BB EIERE & process Tor femoving aluminum
trichloride after a ﬁ%’lhcﬂéll

%@Qa‘fﬁh&?ﬂé’@%ﬁﬂ%ﬂ%ﬁm&%@% Adding.ana0ungRigm halide to the
regenerated catalyst whic

contains excess aluminum trichloride which interact to make additional

ionic liquid catalygland.eflectdle wamevehalalumisiiicbiptidsioride Miagolhenerabodiment, a
process for removing aluminum trichloride during an ionic liquid catalyst regeneration comprises
contacting a spentdbniddiguic daal yeidithtdykiutydpyfidinigmeroblel of hmminete safilhadéng a
Nitrogen/Aluminum molar ratio less than 2 0 (C4H9C5H5NAIL,C13,(.1" where Xis in the range of O to
<2.0) and a regeneratids Pretriembedimanbrt PerTEsSE RSP ROy B S ubN EOHEMRA: 48D roduced io

aluminum trichloride interacts in situ with ammonium_halide to make an jonic "%lflciiq;a%%tasltySt and effects

the removal of alﬂﬂfﬁfﬂﬁ{iﬂ‘f&‘fﬁﬁa’g re%enf@%%fﬁg’lpgfﬁ%%o_ RER ,%1_5 POCSLE rgmo_v?[ng aluminum
rchloride after aq igTCATIR SAIRNSLIRICGIANAD GATRARes Rcid. bR idl

I |
chloroaluminate Saft w 1 Nitrogen/Aluminum molar ratio less than 2.0 15(C4H9C5I-15NAI,C13,(+1,
where Xis in the range.qfidhio 2 OHR thenrgeneratestcatalysi whishcentainsrxcagsaaluminum

trichloride which interact to make additional ionic liquid catalyst and effect the removal of aluminum
trichloridc. regeneration metal in a reaction zone under regeneration conditions. The produced
;o aluminum trichloride interacts in situ with ammonium halide to make an ionic liquid
catalyst and-effects the removal of aluminum trichloride.
In another embodiment, a process for removing aluminum trichloride afier an
jonic liquid catalyst regeneration comprises adding N-butylpyridinium
chloroaluminate salt with Nitrogen/Aluminum molar ratio less than 2.0
15 (CqHoCsHsNALChy, where X is in the range of 0 to <2.0) to the regenerated catalyst
which contains excess aluminum trichioride which interact to make additional ionic
liquid catatyst and effect the removal of aluminum trichloride.
Regeneration of spent chloroaluminate ionic liquids with aluminum metal 1s
not believed to be a catalytic process. Rather, it is believed that aluminum is
s consumed and aluminum trichloride is produced during the regeneration. The
additional AICls is removed at some point from the catalyst system. In one
embodiment, the aluminum chloride produced during regeneration can be removed
from the catalyst phase by adding the parent ammonium chloride salt from which the

catalyst was made. In the case of butyl-pyridinium chioroaluminate ionic liquid

25  system, for example, a small amount of butyl pyridinium chioride salt can be added to



Regeneration of spent chloroaluminate ionic liquids with aluminum metal is not believed to be a
catalytic Process. 530%}97%5# Is believed that aluminum is 20 consumed and aluminum trichloride is
produced during the regeneration. The additional AIC13 is removed at sg%réug%%gf%%srﬁ the catalyst
system. In one embodiment, the alumipum chioride prodused during fegengratien, an pe removed
from the catalyst pﬁé%&‘ﬁé%fﬁ%%ﬁg paren? Ammonium chiofide salt from which the catalyst was

made. In the casg, g bundRyfiglinjusmchiokaal winatedenis.liguish 25 Austemafasexample, a smal

amount of butyl pyridinium chloride salt can be added to the regeneration reactor where the salt
reacts with excesgaiuminiun chtodtdeio nakemdisienialbedido matheniwinds Hetproduced
aluminum trichloride can be consumed in a reaction with butyl-pyridinium chloride to make ionic liquid
in situ during the degmnbratigeneBifiae. amount of aluminum chloride produced during regeneration is
dependent on how much aluminum metal is consumed in a given regeneration cycle ﬁ%/ measuring

the aluminuns consumplieiarPREhAframEvER shlgEe SFrSuesT CUREAE8IT RURR R AERFPEAMride formation

rate. Then the amOlﬁnt of ammonijum hal{' eor amm(%nium metal halidgz neeg%dT%the corresponding

. uch alum meial 15 consumed i 4 g1ven regeneraiion © -
equivalent moles of Saltto malke THR IR ChIoHdE Tit5 the ionic |qU|d.y e specific examples

used herein refer fo allylafion processes dsingdonic iawd srEioRphichAeARIngbased cationic
species mixed with aluminum chloride. The catalyst exemplified for the alkylation process is a
1-alkyl-pyridiniumychigraakiming gorsaebasd - hui-pyadisinmvheptachier aalidanspate. 15
ammonium metal halide needed is the corresponding equivalent moles of salt to make
10‘ aluminum chloride into the ionic liquid.
The specific examples used herein refer to alkylation processes using ionic .
liquid systems, which are amine-based cationic species mixed with aluminum

chloride. The catalyst exemplified for the alkylation process is a I-alkyl-pyridinium

chloroaluminate, such as 1-butyl-pyridinium heptachloroaluminate.

18

1-Buty[-pyridinium heptachloroaluminate

As noted above, the acidic ionic liquid may be any acidic ionic liquid. In one
embodiment, the acidic ionic liquid is a chloroaluminate ionic liquid prepared by
20  mixing aluminum trichloride (AICl5) and a hydrocarbyl substituted pyridinium halide,
a hydrocarby! substituted imidazolium halide, trialkylammonium hydrohalide or

tetraalkylammonium halide of the general formulas A , B, C and D, respectively,

10



1-Butyl-pyridmium heptachloroaluminate As noted above, the acidic ionic liquid may be any acidic
lonic liquid. In_.one embodiment, the acidic ionic liquid is a chloroaluminate ionic liquid prepared by 20
mixing alumintin Hichloride (AIC13) and a hydrocarbyl substituted pyridrnqaﬁ%sﬁ%oﬁ%é?s 7hydrocarbyl
substituted imidazolium halide, trialkylammonium hydrohal%e or tetraalkylammonium halide of the

general formulas A, B, £ and™, reﬁp@gm\NVl@azooglo 9079 Ff“ x-
@ ® N @
] N
N/ \."'____"""—_/ X- Rg,/ \\R5 R3/ \\RS
| X H Rs
R
A B C D

where R=H, methyl, ethy!, propyl, butyl, pentyl or hexyl group and X is a
haloaluminate and preferably a chloride, and R, and Ry=H, methyl, ethyl, propyl,

5  butyl, pentyl or hexyl group and where R, and Ry may or may not be the same, and
Rs, R4, and Rs and R¢=methyl, ethyl, propyl, butyl, pentyl or hexyl group and where
Rs, Rs, Rs and Rg may or may not be the same.

The acidic ionic liquid is preferably selected from the group consisting of
1-butyl-4-methyl-pyridinium chloroaluminate, 1-butyl-pyridinium chloroaluminate, 1-

10 butyl-3-methyi-imidazolium chiorealuminate and 1-H-pyridinium chlorcaluminate.

It is not necessary that the metal halide removal process is limited to
regenerated ionic liquid catalysts or ionic liquid catalysts undergoing regeneration. If,
for example, fresh 1-butyl-pyridinium chloroaluminate was contaminated with
aluminum trichloride, an ammonium halide could be used to effect removal of the

15  contamination in the manner as described herein for regenerated catalyst.
It is also not necessary that the ammonium halide or mixed salt used to effect removal
have the same metal as the metal halide to be removed. The ammonium halide could
contain metal selected from Groups I[I-A, II-B or [-B. Specific examples are B, Al,
Ga, In, T], Zn, Cd, Cu, Ag and Au. In an embodiment the invention is a process for

20  removing metal halides from ionic liquid catalyst comprising interacting an
ammonium-based metal-halide ionic liquid catalyst with either a metal ammonium
halide salt or a mixed salt having an ammonium halide to metal halide molar ratio of 0

to less than 2.0,

11



PCT/US2008/079567 where R=1-1, methyl, ethyl, propyl, butyl, pentyl or hexyl group and X is a

haloaluminate 9 r bly a chloride, and R.1 and R2=H, methyl, et ér [, 5 butyl, pentyl or
hexyl group an W%glr%%%and R2 may or may not be the same, and ng aﬁ}jr%%éc/?f&ggs%d 126=methyl,

ethyl, p_ropyl, butyl, pentyl or hexyl group and Wgﬁr =l Rs and R6 may or may not be the same.
The acidic ionic liquid is preferably selected from the group consisting of 1-buty1-4-methyl-pyridinium

chloroaluminate, 1-butyhRyfiglivisip chigraluroinaiadvdabiy dramatyhimtidaackispachloroaluminate
and 1-11-pyridinium chloroaluminate. It is not necessary that the metal halide removal process is

limited to regeneiateddona;licitk catalyistsinaignayispyichd ataly stsemased oinlge dgjeneration. If, for
example, fresh 1-butyl-pyridinium chloroaluminate was contaminated with aluminum trichloride, an
ammonium halidevbgbl®bevwused to effect removal of the

5
EXAMPLE 1
A 300 cc autoclave equipped with an overhead stirrer was charged with 100

gm of spent ionic liquid containing 24 wt% conjunct polymers, 8 gm of aluminum
powder and 60 gm of n-hexane. The autoclave was sealed and heated to 100 deg C

10  and was allowed to stir at maximum speed {(~1600 rpm} for 90 minutes. Then, the
reaction was cooled down to room temperature. The reaction mixture was let to settle
and the hydrocarbon layer (top layer) was decanted off. The ionic liquid layer with
the aluminum powder was rinsed twice with anhydrous n-hexane and all the hexane
rinses decanted layer were combined and then concentrated to remove the solvent

15  hexane and recover the polymers. The ionic liquid layer (phase) containing the
aluminum powder was filtered in glove box (inert atmosphere) to separate the
regenerated ionic Jiquid catalyst from aluminum. The obtained ionic liquid catalyst,
65 gm, appeared as a transparent amber solution. This ionic liguid catalyst was let to
stand at room temperéture for few hours where it turned from transparent to opague.

op  After standing at room temperature overnight, the ionic liquid became transparent
with aluminum trichloride precipitate at the bottom. To this solution, 1 gm of butyl-
pyridinium chloride, which is to react with the precipitated aluminum chloride, was ;
added and stirred for few minutes at room temperature. The precipitate disappeared

and standing at room temperature over the weekend did not result in any precipitation

i2



15contamination in the manner as described herein for regenerated catalyst. It is also not necessary

that the ammqg&;mogﬂljzﬂ% or mixed salt used to effect removal have thep%@f%gz{r)p}g
. r

B% 5%§ the metal
halide to be remove € ammonium halide could contain metal selected from

roups llI-A, 1I-B or
I-B. Specific exampl re B, Al, Ga, In, T1,Zn, Cd 1AY; Iy he invention is
a process for ZOr%(frn%%iﬁé% Pﬁé%%l{iﬁ%ﬁ%gg ??brﬁ%%‘%eld gulf'l&/ iﬁeﬁﬁ ﬁﬁ%ﬁ[&é&?&g&@&jw&ﬁ%é

iqui yst comprising interacting an

ammonium-baseg, metal;halide inniflidrid srigyatnithisihenigurgtal ammonium halide salt or a
mixed salt having an ammonium halide to metal halide molar ratio of O to less than 2.0. EXAMPLES

The following Examples are illustrative of the present invention, but are not intended to limit the
invention in any way beyond what is contained in the claims which follow. EXAMPLE 1 A 300 cc
autoclave equipped with an overhead stirrer was*eéddFd&d?with 100 gm of spent ionic liquid containing
24 wt% conjunct polymers, 8 gm of aluminum powder and 60 gm of n-hexane, T,heéa}ﬁtoclave was

. gn
sealed and heated to 166 YR €0 AYFFaBRPEh SR a8 vSTheAt MmN L8t B Y rpm) for 90
minutes. Then, the reaction was.cooled down to, rogm temper The iR Mixture was let to
otas ent mcsh i c[on angm ?;4 avtgn coga:%?e%ﬁ%ﬁ?&rs,% gl{lg Slf: Bﬁlx HH%S

settle and the hyélr%car on layer (top layer ecant e lonic’liquid layer with the aluminum

powder was rinsed pyice .wiéﬁl APbyIgusiNhsxneandall hiehemnrlinsendaramegiayer were

combined and then concentrated to remove the solvent
1, the autoclave was sealed and heated to 100 deg C and was allowed to stir at

maximum speed (~1600 rpm) for 90 minutes. Then, the reaction was cooled down to

40 room temperature. Again, as in Example 1, the reaction mixture was let to settle and

| the hydrocarbon layer (top layer) was separated from the ionic liquid and aluminum

by decanting off the top layer. The ionic liquid layer with the aluminum powder was
rinsed twice with anhydrous n-hexane and all the hexane rinses decanted layer were
combined and then concentrated to remove the solvent hexane and recover the

15  polymers. The ionic liquid layer (phase) containing the aluminum powder was
filtered in glove box (inert atmosphere) to separate the regenerated ionic liquid
catalyst from aluminum. The obtained ionic liquid catalyst, 68 gm, appeared as a
transparent amber solution. Unlike the regenerated catalyst obtained in Example 1,
the catalyst did not became opagque on standing at room temperature for several days

o¢  and no aluminum trichloride precipitate was observed after standing at room
temperature for two weeks. The inclusion of butyl-pyridinium chloride from the start
during the regeneration appeared to interact in situ-with the produced aluminum

trichloride to make ionic liquid catalyst.

13



15 hexane and recover the polymers. The ionic liquid layer (phase) containing the aluminum powder
was filtered in \glove box ginert atmosphere) to separate the regenerated ionic quuid catalyst from

: Q20007079079 LCTAIS2008/070567 , ,
aluminum. The obtained ionic liquid catalyst, 65 gm, appeared as a transparent amber solution. This
ionic liquid catalyst was let to stand at room tenﬁ}%ﬁ{[ Er:‘f?r few hours where it turned from
transparent to opaque. 20 After standing at roori te % ature overnight, the ionic liquid became

transparent with aluming trichlagide precipitate at the bortom, Ta.this solulige;.L.gm of

butylpyridinium chloride, which is to react with the precipitated aluminum chloride, was added and
stirred for few minuies ALICONARMNSRAlIByThe Precinime disanper ed@RLSRNYINGIAt room
temperature over the weekend did not result in any precipitation nor did it lose its transparency. The
added butyl-pyridinilirezchiotide weacteduntitth treene eps aivgrimgeduréc Hbeideuidirpakecadditional ionic
liquids. EXAMPLE 2 A 300 cc autoclave equipped with an overhead stirrer was charged with 100
gm of spent ienic likfifcreahita iy aenmersemr Pt sk rABrEcT R oA tih vt B f56Rifder, 1.5 gm of
butyl-pyridinium chlaride, and 60 gm of n-hexane. As i%.Ex(?mgl 1, the autoc*!{ave was sealed and
heated to 100 de@@%ﬁ‘&%é@%llﬁﬁ@&%i RS RS R A BTt TP S0 Rutes. Then, the

reaction was coolglg %Qy\e/rq ar %%Ee%%?ﬂ{é%bﬁ%i@.’ %ﬁé%ﬁ%%ﬂﬁ%ﬂeﬂ&%@%ﬁion mixture was let

to settle and the hydrocarbon layer (top layer) was separated from the ionic liquid and aluminum by
decanting off the tQRdaygs InauRBieHgYidalayelk Withdh e aumipsntipavdgbypassinsed twice with
anhydrous n-hexane and all the hexane rinses decanted layer were combined and then concentrated
to remove the solwguatdrekane enthiatovwer lihe dSpbiyensalivénioniclhgwiddayeéidgphase) containing
the aluminum powder was filtered in glove box (inert atmosphere) to separate the regenerated ionic
liquid catalystofrortidaidssialyst. SRrEnopRaRatsd fomiE Aok RRAERRSEBtighikipe srestady transparent

amber solution. Unlike the regenerated catalyst obtained in Example 1, the catalyst did not became
opaque on standifffARESt BT ERZTRRE for FAS éﬁfn %E%,ﬁgpps' IDRIHE tﬁﬁ?%?éf*ﬂoride precipitate

was observed aftey, Standing ahiaom Iemeeraiite i Mg uaRkEIReleiga L auy L pyridinun
chloride from the &tan c?ur’lng the' régéneration appeared to interact in situ with the produced aluminum
trichloride to make,j@RigHoich GAIYStnake additional jonic liquid catalyst.
There are numerous variations on the present invention which are possible in
15 light of the teachings and supporting examples described herein. If is therefore

understood that within the scope of the following claims, the invention may be

practiced otherwise than as specifically described or exemplified herein.

14



EXAMPLE 3 Example 2 was repeated except 1.5 gm of butyl-pyridinium chloride was placed with
3.0 gm of N-butylpyridinium tetrachloro aluminate, N-C4H9C5H5NA1C14 and regeneration was
conducted per same operating procedure. The resulting ionic 5liquid catalyst after regeneration and
conjunct polymer separation did not generate AIC13 precipitate. Decanted layers were combined and
then cor&hrbiedtbA48MBIYelthe solvent hexane and recover the polymers. The ionic liquid layer

(phase) containing the aluminum powder was filtered in glove box (inert atmosphere) to separate the
regenerated ionic liquid ca [ i ionj iqui
g q talyst from alungllnfLrjoTn.r'el;Qe obtdalnedl.lopd% J%lgtyld catalyst. .68 grrinhappeared

as a trafspareAt SR REBTITAM MR HESG SR B St EAtIVEE obtained i Examp e inclusion of

N-butylpyridinium.tetraghlorg. aluminate.N1il-12CRdrNMG:L 4- dubingdhenregenekatioaiconsumed
the produced aluminum trichloride to make additional ionic liquid catalyst. There are numerous

variations on thenpresentisventisnevittctearepossitilein1s lgheofaecrae hidssahtiosupeiting
ivention may HE BESTEEHH RIS AT A ShEaTEA I LS Ased O SRt per, Come: (e
halide ionic liquid catalyst undergoing regeneration was made, ot (b) a corresponding mixed salt;
wherein the parent ammonium halide salt or the corresponding mixed salt bave an ammonium halide o
metal halide molar ratio of 0 to less than 2.0.

2. A process according to claim 1, wherein the metal is a Group ITI-A, II-B or [-B metal.

3. A process according to claim 1, wherein the regenerated ammonium-based metal-hatide ionic liquid
catalyst or the ammonium-based metal-halide ionic liquid catalyst undergoing regeneration is a
chloroaluminate fonic Liquid prepared by mixing aluminum halide and a hydrocarbyl substituted
pyridinium hatide or a hydrocarbyl substituted imidazolium halide.

4. - Aprocess according o claim 1, wherein the metal is a Group I-A metal, and whereby Group HI-A
metal halides produced during regeneration interact with the parent ammonium halide salt or the
corresponding mixed salt to make a regenerated ionic liquid catalyst and effect the removal of the
Group ITI-A metal halides.

5. A process according to claim 4, wherein the metal is aluminum.

8. A process according to claim 4, wherein the regenerated ammonium-based Group [1I-A metal halide
jonic liquid catalyst is a chloroaluminate ionic liquid prepared by mixing aluminum halide and &
hydrocarbyl substituted pyridinium halide or a hydrocarbyl substituted imidazolium halide.

7. A process for removing Group III-A metal halides during ionic liquid catalyst regeneration,
comprising: contacting a spent ammonium-based Group III-A metal-halide ionic liquid catalyst salt
with either the parent ammonium balide salt from ﬁhich the spent ammonium-based Group ITl-A
metal—halide ionic liquid catalyst salt was made or a corresponding mixed salt having an ammonium
helide to metal halide molar ratio of 0 to less than 2.0 and a regeneration meta) in a reaction zone under
regeneration conditions whereby Group IIi-A metal halides produced during regeneration interacts in
situ with the salt to make a regenerated ionic liquid catalyst and effects the removal of the Group IH-A

metal halides.

15



WHAT IS CLAIMED IS: 1. A process for removing a metal halide from regenerated ionic liquid catalyst,
comprising: interacting a regenerated ammonium-based metal-halide ionic liquid catalyst or an
ammonium-based metal-halide ionic liquid catalyst undergoing regeneration with either (a) a parent
anunonium halide salt from which the regenerated ammonium-based metal-halide ionic liquid catalyst
or the ammonium-based metal-halide ionic liquid catalyst undergoing regeneration was made, or (b) a
corresponding mixed salt; wherein the parent ammonium halide salt or the corresponding mixed salt

have an Smmoni@FCHA e riR A RAHAETRBILF PSS SFUTE18,s than 2.0. 2. A process according to

claim 1, wherein the. mefalis:d GrounH: BriofliBMpIAl aAnnRE8Ss ARG iR claim: liwherein the
regenerated ammonium-based metal-halide ionic liquid catalyst or the ammonium-based metal-halide

ionic liquid catalgstdundbrgeing 7egengration: isrec thiodoaimiiiateion eligindprédared oy mixing
aluminum halide and a hydrocarbyl substituted pyridinium halide or a hydrocarhy| substituted
imidazolium haff&og 8! SPaEate S SPain g A e Bin L HE R tHE PR B PAE 111-A metal, and
whereby Group IlI-A metal halides produced during regeneration interact with the parent ammonium
halide salt or the corresponding mixed salt to make a regenerated ionic liquid catalyst and effect the
removal of the Group H1-A metal halides. 5. A process according to claim 4, wherein the metal is
aluminum. 6. A process according to claim 4, wherein the regenerated ammonium-based Group IlI-A
metal halide ionic liquid catalyst is a chloroaluminate ionic liquid prepared by mixing aluminum halide
and a hydrocarbyl substituted pyridinium halide or a hydrocarbyl substituted imidazolium halide. 7. A
process for removing Group llI-A metal halides during ionic liquid catalyst regeneration, comprising:
contacting a spent ammonium-based Group IlI-A metal-halide ionic liquid catalyst salt with either the
parent ammonium halide salt from which the spent ammonium-based Group IlI-A metal-halide ionic
liquid catalyst salt was made or a corresponding mixed salt having an ammonium halide to metal
halide molar ratio of 0 to less than 2.0 and a regeneration metal in a reaction zone under regeneration
conditions whereby Group I1I-A metal halides produced during regeneration interacts in situ with the
salt to make a regenerated ionic liquid catalyst and effects the removal of the Group IlI-A metal
halides. 8. A process according to claim 7, wherein the metal is aluminum. 9. A process according to
claim 7, wherein the spent ammonium-based Group IlI-A metal-halide ionic liquid catalyst salt is a
chloroaluminate ionic liquid prepared by mixing aluminum halide and a hydrocarbyl substituted
pyridinium halide or a hydrocarbyl substituted imidazolium halide.

16



10. A process according to claim 7, wherein the Group IlI-A metal halide is aluminum trichlori de,
wherein the spent ammonium-based Group IlI-A metal-halide ionic liquid catalyst salt is a spent
N-butylpyridinium chloroaluminate ionic liquid catalyst, wherein the parent ammonium halide salt is an
N-butylpyridinium chloroaluminate salt having a Nitroé?en/Aluminum molar ratio’'less than 2h.0, wherein
the N-buf/IpyridimiefiscRigBs il datid e 2o BAs A P IS S B E IR e PEEL8f 0 to <2.0,
and wherein thg reqeneratedianis liguich Gaalystdsirbutovginiums thiorealumnateiienic liquid
catalyst. 11. A process according to claim 4, wherein the Group ITT-A metal halide is aluminum
trichloride, wheféirotherreyémisrigadcammoritn-baseerGroup mRlifsstaitraite aedrttid catalyst is
regenerated Noutyprdinium ehiofeaivainaie.onie gy catalysh uharel. he\eaieatammonium
halide salt is an utylflpyrl inium hloroaluminate salt having a Nitrogen/Aluminum molar ratio less
than 2.0, whereinotheuNbautyhpyi diFigshlgrpalurhinate sattigs GMHOCE 5N A E3sgckeannd X is in the
range of 0 to <2.0, and wherein the reg%nerattlald i%nic,liqujd,ciata,la/st ils N-butylpyridinium
chloroaluminaté ittt EAtAR e D TR Bt 6ERSE B FEMTBing hretihalides from ionic liquid
catalyst,;gomprising.iietaeiing anmanmenium dased netal-halide ionisiguiticatalystwitheeither a
metal ammonium halide salt or a mixed salt having an ammonium halide to metal halide molar ratio of
0 to less than 2B 3T FEmsrisEbcd CEoiiiy: tocwldmii e oNnrenrafesiataraifde'is aluminum
trichloride. 14. The pracess according e slaim e ein-the.Group.Hi:- metal halides.comprise
aluminum trichloridé. 15. The process according to claim 4, wherein the Group ITT-A metal halides
comprise aluminuptiidhioriderdBmThe sprocess: atcadingtovctairial 2tigke teinthevhaetafhitide is
aluminum trlChl‘{?L{tl)(f:f%ridinium chloroaluminate salt is CqHoCsHNALCY ., and X isin the range of 0 to <2.0, and whersin

the regenerated jonic liquid catalyst is N-butyipyridinium chioroaluminate ionic liquid catalyst.

12. A process for removing metal halides from ionic liquid catalyst, comprising: interacting an ammonium-
based metal-halide jonic liquid catalyst with either a metal ammonium halide salt or a mixed salt having an

ammonium halide to metal halide molar ratio of 0 to less than 2.0,

13. The process according to claim 1, wherein the metal hatide is aluminum trichloride.

14. The process according to claim 7, wherein the Group III-A metal halides comprise aluminum trichloride.
15, The process according to claim 4, wherein the Group III-A metal halides comprise aluminum trichloride.
16. The process according to claim 12, wherein the metal halide is aluminum trichleride.
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