WO 2007/073440PCT/US2006/041063 SREGENERATION OF IONIC
LIQUID CATALYST BY HYDROGENATION USING METAL AND ACID

FIELD OF THE INVENTION 10 The present invention relates to methods
B TEGE L ration of catalysts and more specifically to the rBGEfERLAE 1063
of ionic liquid catalysts. BACKGROUND OF THE INVENTION 15lonic _
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temperature” lonic liquids aiggRREfAE RIIARIE $atgwith melting points

under 100 degrees C, often even lower than room temperature. lonic
liquids may be suitable for example for use as a catalyst and as a solvent

in alkylation and polymerizatipniregptipne agweallasig dimerization,
oligomerization 20 acetylation, metatheses, and copolymerization

reactions. One class of ionic liquids is fused salt compositions, which are
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components. lonic liquids can be deflned as liquids whose make-up is

entirely comprised of| H)‘g ﬂ\fgﬁﬁ@ﬁk‘amons The

most common ionic I|qU|ds are those prepa rom organic-based cations
and inorganic or organic 30 anions. The most common organic cations are
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20 acelylation, metatheses, and copolymerization reactions.

One class of ionic liquids is fused sali compositions, which are molten at low
temperature and are useful as catalysts, solvents and electrolytes. Such
compaéitions are mikiures of components which are iiquid at temperatures
25  below the individual melting points of the components.

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

30 anions. The most common organic cations are ammonium cations, but
phosphonium and sulphonium cations are also frequently used. lonic liquids
of pyridinium and imidazolium are perhaps the most commonly used cations.
Anions includs, but not limited fo, BF 4, PFg", haloaluminates such as AlLCly
and AlLBry-, [(CFsSO2):N)T, alkyi sulphates (RSO57), carboxylates (RCOy’) and
35 many other. The most catalytically interesting ionic liquids are those derived
from ammonium halides and Lewis acids (such as AlCls, TiCls, SnCly,
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5 Fed.. .etc). Chloroaluminate ionic liquids are perhaps the most

commonly used ionic liquid catalyst systems. Examples of such low
temperature ionic liquids or molten fused salts are the chloroaluminate

SHts 20Ky T3Mdazolium or pyridinium salts, for example, can 1OCHEUSHsd 41063
with aluminum trichloride (AIC13) to form the fused chloroaluminate salts.
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trichloride_as electrolytes is discussed in U.S. Patent No. 4,122,245. Other

patehtednin trkid, satalesti st Mised salts from aluminum trichloride and

alkylimidazolium halides as electrolytes are U.S. Patent Nos. 4,463,071

d 15 4,463,072. U.S. Patent Nq. 5,104 840 tq describes ionic liquij
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comprising (i) at 25least one aluminum trihalide, (ii) at least one salt
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t one aromatic hydrocarbon compound. 30
Aluminum-containing catalysts are among the most common Lewis acid
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liquids, and 1RelL Meods AERSHAURTABHTAY ARRARIUAHBIHES  Ratealr

Nos. 5,731,101; 6,797,853 and in U.S. Patent Application Publications
280041685 75 ERHPRED BoestA Bl AtigBFegenation in chloroaluminate ionic

liquids in the presence of an electropositive metal and NCI was reported
by KURS'.%eacggr?tnN%t. %Ibréé:gggw decsg%@lsj ﬂdujz'g gc?étgpaig_égrﬁgbsiﬁons useful as
reusable aluminum cafalysts in Friedel-Crafts reactions. In one embodiment,
the liquid clathrate composition is formed from constituents comprising (i) at
25  least one afuminum 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.
30
Aluminum-conta'ining catalysts are among the most common Lewis acid
catalysts employed in Friedel-Craft reactions. Friedel-Craft reactions are
reactions which fall within the broader category of electrophylic substitution
reactions including 1aiky[ations.



As a result of use, ionic liquid catalysts become deactivated, i.e. lose
activity, and may eventually need to be replaced. However, ionic liquid
catalysts are expensive and replacement adds significantly to operating
expenses by in some cases requiring shut down of an industrial process.
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invention provides methods to regenerate

publicatiofSiip gioroaluminatedonio ki Eatalysts overcoming this obstacle and
paving the way for the practical, commercial use of these environmentally
friendly catalysts. SUMMARY OF THE INVENTION The present
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algi .
a Broenste which acts as a source of hydrogen in a
Commun.[e@siort @é®d tdvtler hydrogenation conditions for a time sufficient to

increase the activity of the ionic liquid catalyst. In a first aspect, there is
provided a process for regenerating g used acidic ionic liguid. gatalyst
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way foft}{:% enﬁggp SHREMLAFIE ignicdiquisherialiséreanypirsing the steps of

ng the used ionic liquid catalyst, a metal and a Broensted acid in a
catalystsreaction zone under hydrogenation conditions for a time sufficient to

increase the activity of the ionic liquid catalyst. In a third aspect, there is
provided a process for regenerati 6| idic ionic liquid catalyst
which has be2HHEEEA d@%mgﬁgo }&rcners through use,
cornprising: a. removing the used acidic ionic liquid catalyst from a

reaction zone in which said-catalystnygsuaastobegofobining at least a
The presgif 5797 e Rise éol%':’i Ic iorngiac6 liquid cielﬂéleyst, a metal and a Broensted
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catalyst, ?egﬁ% a&%&ﬁ:{ ?g%&%eéggggelr}?eﬁt?oﬁn zone; d. mixing the removed
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increasegﬁg gﬁ%{fs: ASi ﬁ%“fBlﬂc%an@%% ke mixture from step (d) to separate into

sﬁE s, a lighter phase which contains the conjunct polymers and a
heavier phase which contains a . regenerated ionic liquid catalyst; and

In a first aspect, there is provided a process for regenerating a used acidic ionic liquid catalyst which has
heen deactivated by conjunct polymers comprising the steps of

combining the used ionic liquid catalyst, a metal and a Broensted acid

which acts as a source of hydrogen in a reaction zone under

hydrogenation conditions for a fime sufficient to hydrogenate at least a

portion of the conjunct polymer; removing reaction product from the
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f. recovering at least a portion of the heavier phase that is a regenerated
acidic ionic liquid catalyst. In a fourth aspect, there is provided a process
for regenerating a used acidic ionic liquid catalyst, comprising: removing
the used acidic ioni I:&uid catalyst f,ﬁr.om ar acEio. zone |(51 which said
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of the used acidic ionic liquid catalyst; and returning a regenerated acidic

In 1QRIE Y Sataly sl IR, tRe plivdaton SRACIoL. 41} pagRERAMENt WS cidic ionic
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removing reaction product from the reaction zone; mixing the removed
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liayRaSBER i gH AT hESe R PERHARE ey By ehBE ¥aRfndprough use,
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catalyst; and recovering at least a portion of the heavier phase. 10 BRIEF
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b RETAM-E R RESCRIRTIONL L hepresantinvention Lelates to apracess for

the regeneration of spent or deactivated acidic ionic liquid-based catalysts
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cert im cific ionic liguid catalysts and processes catalyzed '_[hereby, but
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thagepersensihgring ordinary skill based on the
e. allowing the mixiure from step (d) o separate info two phases, a lighter phase
which contains the conjunct polymers and a heavier phase which contains a .
regenerated ionic liquid catalyst; and
f. recovering at least a portion of the heavier phase that is a regenerated acidic ionic figuid

catatyst.

In a fourth aspect, there is provided a process for regenerating a used acidic ionic
liquid catalyst, comprising:

removing the used acidic ionic liquid catalyst from a reaction zone in which said
catalyst was used; combining at isast a portion of the used acidic ionic liquid

catalyst, a metal and a Brosnsted acid in a regeneration zone under conditions

and for a time sufficient to increase the activity of the used acidic ionic liquid

catalyst,
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25 teachings, descriptions and examples included herein. The specific
examples used herein refer to alkylation processes using ionic liquid
systems, which are amine-based cationic species mixed with aluminum
chloride. In such systems, to obtain the appropriate acidity suitable for the
alkylation chemistry, the ionic liquid catalyst is generally, prepayed: Lo fis
In a ﬁgmi%%%p hgfﬁrgylsn%??r\l{é 8‘&%6%%%%26 gf t%ée apprqpé;iia_te ammonium
liquiccbetaigst with pwe na cher Yaps dfcambit0en BRI oRee 2Fikicdanif/iguid catalyst
that igﬁe@%ggﬁ%ﬁz%Q%W%H)QEW@%ﬁ%é%%@'&W@éﬁﬂ'@ﬁw%roensted acid in

loroaluminate, such as 1- butyl-pyridinium he _tachloroaluminattﬁ. 35ctivit
a reamqu@nﬁ,us@se&&eb%a%%%é&&éﬁ%é T T TR i
of thSiiengycasidisrania liguigtisysecessar fompasatireatptatoacieig jonic liquid

isoparaffin alf%/Iation. In that case, aluminum chloride, which is a strong
Catal[%vtﬁst%%i@‘% '3BH§iHSton with a small concentration of a Broensted

acid, is 10a preferred catalyst component in the ionic liquid catalyst

sch
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€ present invention i1s based in part on our discovery that one of the

a userhErdistys HaddinainbeiweiraRrn e R REIGHMARSHPY B S ucts
pol R A3 SN L REnessTiG a8 aesinstipokymeutaly firsh used
y Pines and Ipatieff to distinguish these polymeric mplecules from the
rootokarl BHRGHSTBRING 9P ATGl HEFRICBRRR OB LTS Gieh T
suffRRIMERSRirBtashevslis. Ipalyeysliciandatyehonotetylely fuemestiying

concurrent acid-catalyzed reactions includjing, among oth
oo R AT RIARBH ) AR A o e S e e Rendeely
Conjunct polymers consist of unsaturated intricate network of molecules
that may include one or a combination of 4-, 5-, 6- and 7-membered rings
in their skeletons. Some examples of the likely polymeric species were
reported by Miron et al. (Journal of chemical and Engineering Data, 1963)
and Pines (Chem. Tech, 1982).These molecules contain double and

conjugated double
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25bonds in intricate structures containing a combination of cyclic and

acyclic skeletons. The conjunct polymers deactivate the chloroaluminate
ionic liquid catalysts by weakening the acid strength of the catalyst _

Wi egttzsformation of 30 complexes of conjunct polymers &Ad/E$SNE/041063
possibly by means of electrondonor/electron-acceptor interactions. The

§°_nWi[?r?%ﬁ%ﬁﬁ%ﬁ@%ﬁ%qﬁ%mﬂgﬁ?@dﬁ%@w&ﬁ}ﬂtﬁdb@d%ﬁﬂé‘ﬁs are
acid (AIC13) is the acceptor. Using their double bonds, the%ﬁ%ﬁ%ha%

polyaRkideclenvagths BLERR SRAGTEFCRS) MURDRRGE:|
rendg@rieg tartener dinateskAy&aier eatRiysts divershend adidiseoptisse
catalyst becomes weaker ang#;ie Qv?.rall Eﬁatagﬁjtic activit]y beCé)rpesé t loast a
confBhéiiseRtaia AdaBRRIPErEeM 1Y thedktRh e BlRssLE S, e
catglystipedptindnesiisiphaseme a function of the concentration of
1d:onjunct polymers in the ionic liquid phase. As more conjunct polymers
accumulate in the ionic liquid phase the catalyst becomes less active. So,
10 removal of all or BEIRESIEBEREN HPhEEohiRERONHYES from the
ionic liquid phase is a significant aspect of the present process for ionic
liquids catalyst regeneration. The term "conjunct polymer" as used herein
alsofine|Digskaincdpreessetingtas ARBIeRRPHITERLM 28 AMkI3 By pi
bonding Ri-sleenaBanRdingieiher means, which results in those species
binding to the ionic liquid, so they are not removable by simple
1"—hydrocarbon extraction. It is believed that deactivation of the catalyst by
the presence of conjunct 20 paiyMeEDISHERIFRTIBaSt, caused by
coordination and complex formation between the Lewis acid AIC13
(electron pair acceptor) and the conjunct polymers (electron donors). In
suclT cemEssxesinenide 1ddkn ddengecasaifabtbecegt aeratioatafistent or

cprore NEr Rt o Ry B%%% g o A

20molbasilell or gnenesehheiinaialytic adhdly Vit bEBRI PIARSSHIE FRiRe

lonig igrighhase- WRIRRIIVRET RAEIRIS EeahespeBIRMbRAldTIAD eaiBlysts
the ionic liquids, their accumulation in the catalyst phase is mfre |Ik§%/% O it

beirR) BRRASP StEAE MeR B ALICHS YESRRERISAPHHE
beingsealie T the invietisnidinhazeh 36sClrjuist alyy ers applate dofther
the catalyst phase by means of hydrolysis arg highly spluble i
AR E KRR S D R TRLNHpiR T SRl based o the
25 teachings, descriptions and examples included herein.

The specific examples used herein refer to alkylation processes using ionic
liquid systems, which are amine-based cationic species mixed with aluminum
chioride. Inl such systems, to obtain the appropriate acidity suitable for the

30 alkylation chemistry, the ionic liquid catalyst is generally prepared to full
acidity strength by mixing one molar part of the appropriate ammonium
chloride with two molar parts of aluminum chloride. The catalyst exempilified
for the alkylation process is ai-alkyl-pyridinium chioroaluminate, such as 1-
butyl-pyridinium heptachloroaluminate.

35



the catalyst phase prior to hydrolysis by simple extraction methods with

hydrocarbon solvents such as hexane, decane and toluene were 35

unsuccessful. Other more polar solvents such as CH2C12 or chloroform

M/ 289548R#0% chloroaluminate ionic liquid and therefore are B&FFAS2006/041063

selective solvent for dissolving and removing the conjunct polymers.

Conjunct polymers 5 may be | e is. However, these

methods of isolating the conjginct mers are degfﬁﬁctive, and result in

an actual loss of a catalytic ¢ nt §44€%3). The hydrolysis methods

hydrolyze the catalytic componernt (A1C13) and transform it into inactive

f@luminum hydroxide and althvilharidaskinidemitidodisritets that the conjunct

polymers are tightly held in the ionic liquid 10 phase by fairly strong type

of bonding system. Therefqre, any successful attempt o reactivate and,

regeN Qe He - AERPIMAGL HORIGd I B REGEPEPeOIgUIRRIPER AlkyEtipn.

releasy Riopairinn ikpiatisie frouthadsCAdmeoniohlaasnenichriesesng

withput destrqying, co ing, qr.irreversibly tying up the AIC13. 151n .. .
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1(polyaesevitdathielysdsiorspevied ithttesioniyiidisipl actathst sohanes. without

destroying the catalyst or by suppressing the ability of conjunct polymers

to form complexes with Lewis acids (aluminum chloride). 20 The

deadiBrcipt riNg Peanbio ibisveEny Dihendesaiycal enatmrion: Bieffsens)!
up theéfid i easeani pSRAEnE IREyd 3 GABIRIRY. SPRERRRIS dBigigan

be accomplished by saturation of the double bonds of the conjunct

pom@@iv@féﬁmﬁﬁ@mﬁéﬁﬁp%oeaﬁtéﬂm‘é%me%kﬁé%émaaeq@ymt
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can Yarsegatysatizatiom elkstaijonceydizationdanbibysbisgsiransfer reactions.
26 ONEUHRALY pERFAALEAINIR SHIRLRISBECHMES e RIS DSt ules that

component in the chloroaluminate ionic liquid. This constitutesa =~ .
two-‘i"‘ﬁ%&tﬂﬁ‘#%@ﬂ@@Ei%ﬁ%@@ﬁﬁ%%&hﬁyér@%&m@ﬁ@q{@6&%&%@““
pilyw@r&fchseh@m@.A%bieamt h'%ﬁ@b&l@%@ﬂ@ﬁfd@ﬁ@tggeeﬁ&elfé&ﬁed by
which.repleni at has been consumed or los er ns

bl Pl AR LY

by (Chem. Tech, 1982).These molecules contain double and conjugated double

- 25 bonds in intricate structures cbntaining a combination of cyclic and acyalic
skeletons.

The conjunct polymers deactivate the chloroaluminate ionic liquid catalysts by
weakening the acid strength of the catalyst through the formation of

30 complexes of conjunct polymers and AICI; possibly by means of electron-
donor/electron-acceptor interactions. The conjunct polymers with their double
bonds.are the donors and the Lewis acid (AICl;) is the acceptor. Using their
double bonds, the conjunct polymers coordinate to the Lewis acid (AICI3) in

the ionic liquid and rendering the coordinated AICI; for catalysis. Thus, the
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-7- WO 2007/073440PCT/US2006/041063 5solvent extraction or
decantation and the regenerated ionic liquid catalyst recovered by

filtration. Our experiments have shown that this scheme is feasible and

thed Bte7rgetderated catalyst demonstrated equal or better actrgitytfsrotiam41063
alkylation of ethylene with isopentane compared with freshly prepared

lyst. 10 her thi h i i i
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reactor. An embodiment of a process according 1o the present invention

thiizd8Pe R HREPRB SHitBRaRPHRRE e IRBIveFRObBeH dFR the fonic
polymigtsd sirg e ikraipigtiaiebspechye e pesieatislodsiRad wniowduids
metal a q HCI will %ri%duce the needed hydrogen gas for the

hydro?;ae?ﬁé’ﬁ%egﬁa Ji‘%ﬁ'so produce fresh AIC13 that increases the acidity

and the activity of the recycled catalyst by increasing the concentration of

AICI3in the ioric liquid to. it imits,.In 25 spme cases, the .
rogome U bRl [P SRARERTER 405 other species
pior whigtingidelenivaiey (T A indwpubendingher igeaehatioingrocetisinmeans,

accorganseuitdng MESSRIRED INHIR R Hﬁ@%ﬁﬂi&qiammietﬁghe%}%rmt

electropositive metals will react with-HCIto produce H2 and
corre EpBAVARIERYBINePIR fuEresArBMLasEREEAN- This includes sodium,
30lithium, zinc, iron, copper, magnesium, titanium, gallium and many

thers. Aluminum metal will be the metal of choice when chloroaluminate
onic Tﬁdaﬁéné%ﬁé@@h eévﬁ"&'\e%ffawé%% ) BVIRP CIRERRR bAoA

26genestadroisicitiguid mtitha%tetﬁ@@@&ﬁa@tﬂ&fﬁﬁlﬂﬁn ME E;Bn"lbﬂb'brt:formaﬁon
some.me orides.may. wprk, as co-catalyst, others may inhibit the
o B e e ) Ay et
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- 2007RPrREse 1Y ele 6oeR™M S daaf the presence (or accumulation) of conjunct

25 polymer molecules in the catalyst phase is not by virtue of being miscible in
the ionic liquid phase. While conjunct polymers may be somewhat miscible in
the ionic liquids, their accumulation in the catalyst phase is more likely o
being bound by strong acid-base interactions (complexation) rather than being
soluble in the ionic liquid phase.

30
Conjunct polymers isolated from the catalyst phase by means of hydrolysis
are highly soluble in hydrocarbons. However, attempts to remove them from
the catalyst phase prior to hydrolysis by simple extraction methods with
hydrocarbon solvents such as hexane, decane and foluene were

35  unsuccessful. Other more polar solvents such as CH,Cl or chloroform may
dissolve a chloroaluminate ionic liquid and therefore are not a selective
solvent for dissolving and removing the conjunct polymers. Conjunct polymers

.



5In the case of chloroaluminate ionic liquids, hydro halides (HI, HCI, HBr,
HF) will be the acids of choice. Among the hydro halides hydrochloric acid
is preferred to avoid introduction of conjugate bases other than halides

aM8 PiERRMA other than chlorides. 10 As shown in the Exanfiff&&iRasie 41063
follow, the conjunct polymers are removed by hydrogenation using

minum.and hydrogen chlaride. Adding alyminum and hydrogen.
C ﬂor%ﬁé%eu]ssggai{(?ﬁ?c iggfg'@g?éﬁy O%%%Eirﬁheglg ?ﬂ@? 3n/(@c }ﬁ%%ﬁfég (ﬁﬂe
autoSNg) el polymessareraestaioliv, 300 rmstibia o gehinldoassoiie Exddiytic
% i dl .
oo eI SRR RON B, MURREIEIRS Sletiggomponent
ionic{ffdtile) an§§@nﬁ‘g}mémé@ﬂ§% RipraisxtrakydmNideradt alithiotmeoxide.
hydragaehamns4euoh AN ¥ ARIPpOYVMEENS CligRFARENDINTHE ionic liquid

1Efgenﬁrate% iQnic Ii%uid catalyst was removed from the remaining mixtu
;

esRRARRO RIS RRE HomA benrisesy sipmkrahsrelomT Ry susvesst!
ionicditpriehtatabesittydibratienjenarate tRISamRARHVIM AMAIKNEYRE removal of
ethylggeuvxié is&pentaye a{wd the E%%fnerzte at%lg/%t showed better
activity tharn Both Tha deactvated CATRVER SAeHREGFSLATR ARy ¥tk foniunct
whichahsdeactivieesuitivsitwestmygide, diveseatzesivityiokieesibly tying up the
regepgrated 25catalyst was identical to the selectivity of the freshly-made

catalystﬂn an alkylate production unit, light (C2-05) olefins and isoparaffin
feeds are contacted in the presence of a catalyst that promotes the

alkylgfi ian. ; | f i ith .
e poaa o e B A e et

reacRIISENY VA PihebamiretPesiks Shet R PRy displasetthiedqlymenighout

reactiudirosaty ies cahinRasicHPRipiRREMKIRCBYHQSEBRRH BIRARSS to
|sop%aﬁ|ns and ionic liquid catal_ééte(c ntalnlngé%ome conjunct polymers.

The cﬁ&%ﬂ?&%ﬁﬁ& BRIRILR B IR GHIGHAS)- from the

2Bydrocarbons by means of a gravity 35 decanter. This catalyst will be
ecor e R T N AR e g oy Freeing
alumipdhe fikl e BTiunhepotpaiect A ishiosipxyilk eis@iple, this can be
accomplished by saturation of the double bonds of the conjunct polymers to
~ eliminate their ability to coordinate to the Lewis acid (AICl3). By hydrogenation,
25  the double bonds of the conjunct polymers will be saturated and no ionger be
able to be coordinated or complexed to AICI;, AlCl; no longer bound by |

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

Aluminum metal reacts with HCl to give hydrogen gas and AICls. By

30 introducing aluminum metal and HCl into ionic liquid catalysts deactivated by
conjunct polymers, the hydrogen liberated can be used to saturate the
conjunct polymer double bonds. Concurrently, fresh aluminum chloride is
produced, which is the acid component in the chloroaluminate ionic liquid.
This constitutes a two-function regeneration scheme for both hydrogenating

35 the conjunct polymers o release the complexed AICI; and producing fresh
AlCl; which replenishes AlClsthat has been consumed or lost by other means

- during the reaction. The hydrogenated conjunct polymers can be removed by
a7 -



5 reactivated catalyst and hydrogenated conjunct polymers. These can be
separated by solvent washing, decantation, and filtration. It is not '
necessary to regenerate the entire charge of catalyst. In some instances

Oy 803861 or slipstream of the catalyst charge is regeneralsdl/Iis1sga 1063
instances only as much ionic liquid catalyst is regenerated as is

intain a desired | p : g .
R STl e e e e R A MR MR e
preseacavesrdiop ﬁﬁmﬁ@fg@m@wnman@@eyﬂ@mmtﬁ@@ rtmiﬁzﬁah@ﬂe is
e N B ] o o

screiadijpity fes e apdatinmphaiivisre pilinigepridaNgRARRIGENGh freshly

othen)ighBreNeataydation. FICI gas is fed in at the desired rate to
produce H2 gas and AIC13. The residence time of the reactor will be
'Glected to allow adequate hydrogenation of the conjunct polymers. The

reactrckr]nq:f@dw_:érimwiﬁhéra?@mmmnww@mmmm wlrm‘rhtain an
1 r nct polymers.are s e,
T SOEPARJPE oISl e GEahE AN P e &b
prefepatate<E HCRathisiing toresgaheravep tratest alyat grsinyalievanter metal
sl A o fimers anc

Teactivareldieoniy pigeaisps AMGEUThedeadlive it Rinsaye actrbFigenployed
SOIVEsHAGRIMMIRF BODARSLINIE I8P aRAtBIe & oY Ml R LA EPYSE MBalyst

solvent. Hédrogenation conditions will generally include temperatures of
-20C™506 ?§@%3?@@5K}%@ﬂ5%@}?fressures of atmospheric-5000 psig,

preferably 50-500 psig, and a contact time of 0.1 minute-24 hours, and
iy L S
Aftendedirtgdimaitichddraasutia theadyubkyHoeyiznol wdrdgtrsctpotamert insing
claimg Wik ANEHg ARG AR UM Rp R AR Sl R R
produce the needed hydrogen gas for the hydrogenation and will also produce
fresh AICl; that increases the acidity and the activity of the recycled catalyst
by increasing the concentration of AlCl; in the ionic liquid to its upper limits. In

25  some cases, the regenerated catalyst will be more active than the freshly
prepared catalyst prior to being deactivated. The metal used in the
regeneration process in accordance with the present invention is not limited fo
aluminum. Other electropositive metals will react with HCI to produce Hj, and
the comresponding metal chloride can also be used. This includes sodium,

30 lithium, zinc, iron, copper, magnesium, titanium, gallium and many others.
Aluminum metal will be the metal of choice when chloroaluminate ionic liquids
are used in the catalytic process to avoid contamination of the regenerated
ionic liquid with metal chlorides other than AICl;. While some metal chlorides
may work as co-catalyst, others may inhibit the alkylation mechanism and

35 promote unwanted reaction pathway. The process is not limited o using HCI
as the source of hydrogen. Other Broensted acids may also be used as a
source of hydrogen including, but not limited to, Hl, HBr, HF, H:504, HiPOs.

-8.



Example 1 Preparation of Fresh 1-Butylpyridinium Chloroaluminate lonic
Liquid Catalyst A (Fresh IL A) 1-butyl-pyridinium chloroaluminate is a

room temperature ionic liquid prepared 10by mixing neat
MU EYEHRAIUM chloride (a solid) with neat solid aluminum FIERBYa6]A:1063
an inert atmosphere. The syntheses of butylpyridinium chloride and the

R B BB AR e R
(99.99 fherthp acitiasé dtinive. Alirty) tveiteydhixdelivits BHOrgohiGHimat)i s

15 9 ich), Th t

soa RS RO B R ARSI AR IR B el 4R
presSiptetidy ARt thar clalootieg.off the autoclave and venting it, the

reaction mix was diluted and dissolved in chloroform and transferred to a
three liter round bottom flask. Concentration of the reaction mixture at

edubsFpragsidhsarorismnhishdedriolthcamsna aelymarm ae removed
remayersixcegsriionideindnalangiach RN R e IR IREMISE MRMinum

lid t_Purificafion of th duct done b ,

e P SR o DD IR SRR AN Reuting
produékiime (iglachalimg: patkadditiomesdiethybethel0Filtering antbgeyirg

d orator gave 750 25 88%
ioiod) CoEHETeRE RO 000k SRR R ol s ARhieigeneteo
153cmmoﬁb%mrw&nmedd@®m§d_Ci-b@tggrhpysid'rn'rpiacﬁbibi'rdﬁwarimﬂc
g?eg%ﬁt m\léé%rv%/ mixinﬁé%(? ﬁéﬁ%%tyipyr%ﬁ%%@%%ES Her
anhyRSRS IR (FHE S rRxaRAS1 9) B BRARY ¢ drezolioginge regenerated

proceshiegiqlitrchtayEtimgddaimsipsidaH B erasetRsrARRR e 8RO Ekde
was d unrfﬂe]r vacuum at SOC.f?gr 48 hours to get rid of residual water
(1—btﬂg![;i%1/ﬂﬂ AR EHIBLEE R FB5eBt and readily absorbs water from

28xposure to air). Five hundred grams (2.91 mol.) of the dried .
KRN L T Yl e
anhyaliylatipo wilyete At B(pesene fanch thl retrneerted ddéshist shaited
PortigRgdMUUlf han both the deactivated catalyst and the fresh catalyst from
w_hich the deactivated catalyst was made. The selectivity of the regenerated
25  catalyst was identical to the selectivity of the freshly-made catalyst.

In an alkylate production unit, light (C~Cs) olefins and isoparaffin feeds are
contacted in the presence of a cataiyét that promotes the alkylation reaction.
In one embodiment of a process in accordance with the present invention, this

30 catalystis a chloroaluminate ionic liquid. The reactor, which may be a stirred
tank or other type of contactor (e.g., riser reactor), produces a biphasic
mixture of alkylate hydrocarbons, unreacted isoparaffins, and ionic liquid
catalyst coniaining some conjunct polymers. The catalyst/conjunct polymer
pha_se may be separated from the hydrocarbons by means of a gravity

35 decanter. This catalyst will be partially deactivated by the conjunct polymers
binding to AICIs. The recovered catalyst can be reactivated in a reaction
system employing aluminum metal and HCL. The products of this step will be

-0 - '



5stirring) to control the temperature of the highly exothermic reaction.

Once all the AIC13 was added, the resulting amber-looking liquid was left

to gently stir overnight in the glove box. The liquid was then filtered to

&R T4 §4¢h-dissolved AIC13. The resulting acidic 1-butyl-pyaidiniames/641063
chloroaluminate was used as the catalyst for the alkylation of isopentane

with ethylene. 10 Example 2 Preparation of "Deactivated”

P Bul§RSHERIRE RS GRR A RE NG CORRG AU S I DER R ARy be
CatalyspapicDegeibrasadivashiieg debdntbioy!iditumstieroaluminate

ionic liquid catalyst was prepared from "fresh" 1-butylpyridinium

chlo bR R ISR IRREREIR G Uy Sy S Uiy some
alkylétrsanesctioly m poditioushstean? Ofrticeoratitlysiddracataly sepetysrigted. In
with ' Iti ierounit consists of feed pumps

for 1saatae A Butees BTl R L e TR

R guprsessanide Prlieinariasied velofuriagiwhactyitydpdeetieocess in
sepayaird BRIl GatalYskhask dasthesqagtor. 25 The reactor was

operated at 80 to 100 psig pressure and with cooling to maintain a
reaction temperature of -10C. To start the reaction, isobutane, butenes,

?ndbﬂfan&%mmkﬁnﬁ@ﬁt it pradtotiRvedRvilasiEesERelMd B8 Figure, the
Isobutan

buéen s > i.o%hthro h the back pressure regulator, and into

the 171 [RUGCRTRI L GNP HL & Qe ARt e dh R ARABSRHRHBUGHRLY into a

TguicsB0edtalybreasp(GHER)inth the shantnuat metiEpowderlRURIEeI Gy way
ive ' t t] a.volumetric basis. As the reaction
B0 R P e e o Tatast

the bthem lofpiwERosHeticadB s SokU6inal tesdesiredhate fthpsmiuce H,
Sepaé@@énWﬂﬁﬂz‘?‘W@Q@E%{iﬂfé@ﬁ%@é&w&ﬁgg%%m o gTIg)w

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

from3HEBER hY Erasenstipa atshevernitapiceomens. Wi tercimmaproduct is
2catalysthehangeanasrprinuall Mradanede QuNRRiIndRe POLERS, RS the

following process conditiogs ere used to generate Deactivated Catalyst

A (LD RBETR P MR Fb BRSSO Las-APPIFoRiP ey normal

Catalhystracarbon ranging from Cs - Cys; preferably Cs-Cs. This mixture is then
separaied in a gravity decanter, from which the dense ionic liquid phase is
withdrawn. Unreacted aluminum in the ionic liquid phase is removed by

25 filiration. The reactivated ionic liquid catalyst is returned to the alkylation

reactor. The solvent conjunct polymer mix is separated by distillation to
recover the solvent.

Hydrogenation conditions will generally include temperatures of -20°C -200°C,

30  preferably 50°-150°C, pressures of atmospheric-5000 psig, preferably 50-500
psig, and a contact time of 0.1 minute-24 hours, and preferably from 1/2-2
hours in a normal hydrocarbon as a solvent.

The following Examples are illustrative of the present invention, but are not

35 intended to limit the invention in any way beyohd what is contained in the
-~ claims which follow.

-10 -



Process Variable Isobutane pump rate4.6g/min Butene pump rate2.2g/min

IL Catalyst pump ratel.6g/min HCI flow rate3.0SCCM pressure100psig
temperaturel0C 15 The reaction was continued for 72 hours when it was
jTdy e At 4e catalyst had become sufficiently deactivated. EXAHpra0E/041063
Determination of the Amounts of Conjunct Polymer and Olefin Oligomers

in Deactivated IL A. 20 The wt% of W% ymers in the spent
?deactlvated) ionic liquid was determine ydrolysis of known weights

of the spent catalyst. The example below is a typical procedure for

meag e OSSNSO SILSRARL AR BTG e 1nic

entionic cata yst In a flas 5 rinsed first with 30-50

ml OLW@@@Q/&WH@@ iridve (from the spent catalyst) any residual

hydragat ({;{FP'&}Q{@EH@HH'EH?HH%WM%&@%@P&% {iRB M CORPRAIQIRAprepared
under reduced pressure to give only 0.02 gm of yellow il (0.13%
iﬁé‘#wmum

180 niOIRARY d1els! Hehe RS Ry e IR FiRaleY) aﬁtaugefﬁfo‘%

ilgvzv%ﬁ@kﬁi&%qt ﬁTJ?]'Ea rnbﬁfamt@pm@ tmﬁmgtlmm&uggﬁ@wmmfomonde
inutes ere ture. yas di t 130 ml, -

Ao s A et Mg SRl

allowtesdag. dattiedovafito-tine deyesckoleidHlaga ﬁsm@ wolid sesidioushyridine

org layer was recovere

e b IR i SSRGS SR RF IO

16omiginlorbantioke 80 irmhyrehesnd Som Aldieh) ahbiecaviesitiaapipsealed

give Zry 98 HE WA atlowed to stir at 125°C under autogenic pressure over

night. After cooling off the autoclave and venting it, the reaction mix was
diluted and dissolved in chioroform and transferred to a thres liter round
bottorn flask. Concentration of the reaction mixture at reduced pressure on a

20 rotary evaporator {in a hot water bath) to remove excess chloride, un-reacted
pyridine and the chloroform solvent gave a tan solid product. Purification of
the product was done by dissolving the obtained solids in hot acetone and
precipitating the pure product through cooling and addition of diethyl ether.
Filtering and drying under vacuum and heat on a rotary evaporator gave 750

25 gm (88% vields) of the desired product as an off-white shiny solid. TH-NMR
and "*C-NMR were consistent with the desired 1-butyl-pyridinium chloride and

no impurities were observed.

1-butylpyridiniurm chloroaluminate was prepared by slowly mixing dried

30  1-butylpyridinium chloride and anhydrous aluminum chioride (AIClz) according
to the following procedure. The 1-butylpyridinium chloride (prepared as
described above) was dried under vacuum at 80°C for 48 hours to get rid of
residual water (1-butylpyridinium chloride is hydroscopic and readily absorbs
water from exposure to air). Five hundred grams (2.81 mol.) of the dried

35  1-butylpyridinium chioride were transferred fo a 2-Liter beaker in a nitrogen
atmosphere in a glove box. Then, 777.4 gm (5.83 mol.) of anhydrous
powdered AlCI; (99.99% from Aldrich) were added in small portions (while

11 -



10 the spent catalyst) of viscous dark orange-reddish oil. It was

determined therefore that this particular spent catalyst contains 0.13%
oligomers and 16.7% conjunct polymers. The hydrolysis can also be
decomplistie¢t using acidic (aqueous HD) or basic (aqueous NBCIA)S2006/641063
solutions. 15 Example 4 Characterization of Recovered Conjunct Polymer
from Deactivated IL A. The recovered conjunct polymers according to the

procetiuieaiés cobdelifhe kempseBipabitndriatieainsyraiemastian. Cnce all
analygis Qrq, by ared, MM %Bagi@%msié&%é\ﬁ&ﬂg RRRGHASE YAty stir

methods. The recovered conjunct polymers have %\gro en/carbon ratio of
L

1.76 QfRITiaidrind eostem 6 Bbg. loHidivas en R SHeRYEFIRe
IOres@ﬂ%é%d?{@?%@ﬁ@%réﬂgﬂﬂgfwﬁi@afhﬂﬁ?l«bif?@iﬁ@ﬂxiﬁﬁli@ﬁiﬁﬂrﬁhﬂate
presence of olefinjc regjons and. the presence pf cyclic systems an
bR B0 B R S SANBI b S BHTALE B reErdege
1bave molecular weights ranging from 150-mid 600s. The recovered
conjunct polymers have boiling rapges of 350-1100F as indicated by high.
boiling simulated distillation analysis. YV spectroscopy Sifowed a UV
Arriax at 250 nm pointing highly conjugated double bonds systems. 30
Example 5 Hydrogenation of Deactivated IL A Using Al meta
Determination g§ the Amqunt of ResidualyConjunct Polymers. Satwatpn of
the double bgnds f the corjunct Polyriets tising efurmimm
was achieved according tosthe procedlire shown balgw. To 40 gm of spent
ionic liquid containing dag it Y62 gm) of conjunct polymersir35 300
cc autoclave, 100 ml of anhydrous n-hexane and 9 gm of aluminum were
added. The autoclave was sealed (all done in glove box), and 10 gm of
anhydrous HG) were introduced via an inlet. The reaction was stirred at

> 1208400 20T H0RGILIRANGION 19000 /R B B MRt

of heating C.Th [ nd after few

1g 0 7! reaction was very exoth
TRinutesierndauis Sertalivré (IBeacilyated Gatetr fressure to 290 psi. Then,

the pressure and the temperature began to drop. At the end of the run .
(1.5hrs) the temperature was at 75C and the pressure was at 99 psi. The
reactorrSa @BtePlo YoRn TR EIB AL He SRIUREA-0a R dauid catalyst
decantedpi8reifed e inritsknuitiphaperwasiuinssdonvEemitaie Gomic liquid
anhydrous hexane. The hexane layers we mbined and.concentrated
ndr Il S AR PR e R Sl R e PR R S5 R IS0 ow
26.8 gmi¢8R16wiofidrecalelgsitrobyda)wittt auiprarsted jhndihg oasiitions.the
deactivated ionic liquid.). Hydrolysis of 10 gm of the treated ionic liquid

gave 0.06 gm of conjunct polymers 15 indicating a total of 4% remained in

the iorE naigr@wHhsensise RlthodOnstes Brogobti i ARd Pisanas+p etired

ratios,apst iR e R18NG YX-RRASEQREIRY ALIBHIsHAEdhIIRARRSAABE Nd a

of the double bonds. Example 6 Determination of Activity of
DeadiNiSt &Y MPAUERE B ARG Sep ARG RSO TuisPeaRlve RRfreaiig feactor.
Zbhe regenesetotwatadysi-ies Aiguyactvesidprectvy afidheith cooling fo
regenerated ionic liquid catalyst matche tjzﬂ.e tivit Ehe freshly .
oropATE A R TG Aot e S e GGG sRgutane.
Crs. Tatdack contplaf@swbre pumped into the auloclave at the desired molar ratio
(isobutane/butenes > 1.0}, through the back pressure regulator, and into the
three phase separator. At the same time, fresh chloroaluminate ionic liquid
30 catalyst was pumped into the reactor at a rate pre-calculated to give the
desired catalysi/feed ratic on a volumetric basis. As the reaction proceeded,

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

-12 .



25 activity of the regenerated catalyst with the freshly prepared and the
spent catalysts in the alkylation of ethylene with isopentane. The alkylation
of isopentane with ethylene was done according to the procedure describe
BERHABEY cc autoclave was charged with 20 gm of ionic lid&E Ceeg/8t1063
100 gm anhydrous isopentane, 10 gm ethylene and 0.3 gm anhydrous
EICI. 0 The reaction was then stirred -1200 rpm and heated to 50C at

uto

(e BreRAGPESSRREeLR A e pra ST Rl gl Al catrivab byt Lrrinethe
reachotiowasithealbpeastipldte Whenfiesndssiteiginprad SoVHde sittititalyst .

digit f.sl i tion, th ti I d "
L e TN e
gas saiajyil olzr@swhe chetinpeipQded etity ey deddertrativocdde liquid

reaction mixture was allowed to settle into 2 phases. The organic phase

was decanted and analyzed for product distribution by GC analysis. The
RlloWiyfrianng arasessisndiiions oorovsad de grruseddsict1aed Satalyst

compaiseiApRighinm Earhbamatit e srert AN ddhaysosRataiRdy
cataég;%ﬁfé%sh _Catalyst Spent Catalyst Regenerated. Catalyst Reaction

Tim min.

Process Variable

[sobutane pump rate 4.6 g/min
Butene pump rate | 2.2 g/min
Il Catalyst pump rate 1.8 g/min
HCI flow rate 3.0 SCCM
pressure 100 psig
temperature 10 | °C

15 The reaction was continued for 72 hours when it was judged that the catalyst
had become sufficiently deactivated. -

Example 3 Determination of the Amounts of Conjunct Polymer and Olefin
Oligomers in Deactivated IL A.
20
The wt% of conjunct polymers in the spent (deactivated) ionic liquid was
determined by hydrolysis of known weights of the spént catalyst. The example
below is a typical procedure for measuring conjunct polymers in a given spent
catalyst. In a glove bbx, 15 gm of a spent jonic liquid catalyst in a flask were
25 rinsed first with 30-50 ml of anhydrous hexane to remove (from the spent
catalyst) any residual hydrocarbon or olefinic oligomers. The hexane rinse
was concentrated under reduced pressure {o give only 0.02 gm of yellow ofl
(0.13%). Then, 50 m! of anhydrous hexane was added to the rinsed catalyst
followed by slow addition of 15 mi of water, and the mixture was stirred at 0°C

30 for 15-20 minutes. The resulting mixture was diluted with additional 30 ml
-13 -



6 min. Starting Pressure 300 psi 286 psi 297 psi Ending pressure 11 302
psi 7 iIC5 72 98% 67 C7s 19 19

WO 2007/073446 PCTAISZ006/041063

5 hexanes and stirred well for additional 5-10 mihutes. The mixiure was allowed
to settle down to two layers solution and some solid residue. The organic
layer was recovered by decanting. The aqueous layer was further washed
with addit'ional 50 ml hexanes. The hexanes layers were combined and dried
over anhydrous MgSOQy, fillered and concentrated to give 2.5 gm (16.7wt% of

10 the spent catalyst) of viscous dark orange-reddish ofi. It was determined

therefore that this particular spent catalyst contains 0.13% oligomers and

16.7% conjunct polymers. The hydrolysis can also be accomplished using

acidic (aqueous HCI) or basic (agueous NaOH) solutions.

15 Example 4 Characterization of Recovered Conjunct Polymer from
Deactivated 1L A.

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

30 Example5 Hydrogenation of Deactivated {L. A Using Al metal and HCI and

Determination of the Amount o-f Residual Conjunct Polymers.

Saturation of the double bonds of the conjunct polymers using aluminum

metal and HCl was achieved according o the procedure shown below. To 40

_ gm of spent ionhic liquid containing 15.5 wt% (6.2 gm) of conjunct polymers in

35 300 cc autoclave, 100 mi of anhydrous n-hexane and @ gm of aluminum were’

added. The aufoclave was sealed (all done in giove box), and 10 gm of

anhydrous HCI were introduced via an infet. The reaction was stirred at >1200
~14 -



2,3-DM-Pentane 8.23 0.9 9 2,4-DM-Pentane 10 0.6 10 2,3DM12,4DM

0.82 1.5 0.9 10 There are numerous variations on the present invention
which are possible in light of the teachings and supporting examples
FEQZIBE Hétein. It is therefore understood that within the scdffel B HEs/041063
following claims, the invention may be practiced otherwise than as

lified_herein, 5 WHAT IS CLAIMED JS: 1.A
oo P SN ETATAGY DEBURAGE LIy BRI AT and

after few minutes the temperature rose to 81°C and the pressure to 290 psi,
Then, the pressure and the temperature began to drop. At the end of the run
(1.5hrs) the temperature was at 75°C and the pressure was at 99 psi. The
reactor was cooled 1o room temperature and the organic phase was decanted

10 off, The ionic liguid phase was rinsed twice with 50 m! anhydrous hexane. The
hexane layers were combined and concentrated under reduced pressure and
heat to remove the solvent (hexane) giving 5.8 gm (93.5% of the weight of
conjunct polymer originally present in the deactivated ionic liquid.). Hydrolysis
of 10 gm of the treated ionic liquid gave 0.06 gm of conjunct polymers

18 indicating a total of 4% remained in the ionic liquid phase. The hydrogenated
products showed normal H/C ratios and NMR, IR and UV spectroscopy all
indicated the disappearance of the double honds.

Example 6 Determination of Activity of Deactivated IL A Using Batch
20 Alkylation of isoPentane with Ethylene.

The regenerated catalyst was highly active. The activity of the regenerated
ionic liquid catalyst matched the activity of the freshly prepared catalyst in the
alkylation of ethylene with isopentane to make Css. Table 1 compares the

25  activity of the regenerated catalyst with the freshly prepared and the spent
catalysts in the alkylation of ethylene with isopentane. The alkylation of
isopentane with ethylene was done according to the procedure describe
below. A 300 cc autoclave was charged with 20 gm of ionic liquid catalyst,
100 gm anhydrous isopentane, 10 gm ethylene and 0.3 gm anhydrous HC.

30 The reaction was then stirred ~1200 rpm and heated to 56°C at autogenic
pressures, The starting pressure was usually 280-320 psi. The reaction was
usually complete when the pressure dropped down to single digits. In the
case of slow going reaction, the reaction was aliowed to go on for 1hr. At the
end of the reacfion, the reactor was vented out and a gas sample was

35  checked by GC for ethylene concentration. The liquid reaction mixture was
allowed to settle into 2 phases. The organic phase was decanted and
analyzeq for product distribution by GC analysis. The following Table 1 draws

-15-



been deactivated by conjunct polymers comprising the steps of combining
the used ionic liquid catalyst, a metal and a Broensted acid 10which acts

as a source of hydrogen in a reaction zone under hydrogenation
CORIiI I a time sufficient to hydrogenate at least a portionfitisecos/o41063
conjunct polymer; removing reaction product from the reaction zone;

mixing the removed reaction

roduct with a hydrocarbon solvent in which

tRe hfdidPRAGEen eB1nadhpdigridydnadesBnsotpenband i ragensisatae to
sepagiglia. two phases, a lighter phase which contains the
hydrogenated conjunct polymers and a heavier phase which contains a
regenerated ionic liquid catalyst; and recovering at least a portion of the

hea

selgcted from the grou

vier phase. 20 2.A

DRICESEOREINg
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EPaRn GamlyEen

i;um lithium, magne

¥
sium,

ad.

aluminum, titanium, nigkel, zinc, copper, ifon, gallium, tin and tﬁ@ﬁaiyst
mix{ukeacHoA Pimeess &:tmirding to claim ]ﬁ&vﬁmﬁein the Broemsigg.acid s
selgct 25from-the—¢ gt un.awuuld of HBr L“: H2S04, H3RPO4 and. .
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There are numerous variations on the present invention which are possible in
fight of the teachings and supporting examples described herein. It is
therefore understood that within the scope of the following claims, the

invention may be practiced otherwise than as specifically described or

exemplified herein.
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A process according to claim 1, wherein the hydrocarbon solvent is
selected from the group consisting of normal hydrocarbons ranging from

%%golﬂ%%ﬁgocess according to claim 1, wherein the ionic ”W}E@E@@éﬁhm@

comprises an imidazolium, pyridinium, phosphonium or
tetralkylammonium derivative or their mixtures. An ionic liquid catalyst,

ghicwp%srqgﬂ@gﬁé@r}%ted in accordance with the process of claim 1. A

process according to claim 1, wherein the ionic liquid catalyst is a
chloroaluminate ionic liquid. Ai process according to claim 9, wherein the

ionicqiquid £3iRlys¢dSiSt FRIRAS RN AesaN S diGiHibnfs MERAE 2 st which has
regenerating a used acidic ionic liquid catalyst comprising the steps of

combining BRehSeaGHYAteRhBYCERIRAPAVMAN SHIRT BRENG SERS@n a
reaction zogsmbsiag Bysiegenatinicontinan doranivns sutliei@bimsied acid

th tivity of the ionic liquid catalyst. A ding t
Haim 13 wHETERAHE et 1o Sa L RS Rt RBACCa o
sodium, lithwinogeaghesicondilonsihoma, tenauficieickis, o gepper airEast a

lium, i ) e . .
rnerein ool S e B RO ACEOH RGO Al e
HBr, HF, HESGipNHS PO Aréina Hedr reipayassrepalipnpperéue adoedingtecarbon
claim 13, whesein thematahls @Hmmwe%%twgwiedmﬁgl-

17. A process according to claim 13, wherein the ionic liquid catalyst has

TBeen used dvdpgjhe RikkuadpeprATEadIvhIVSRPASSHdgbiaE BbiRfRgVhich
to claim 13gavigrRimb afdissehssatmamianiMeyialal a heavier phase

which contains a regenerated ionic liquid catalyst; and recovering at
least a portion' of the heavier phase. ‘

20 2. A process according to claim 1, wherein the metal is selected from the
group consisting of sodium, lithium, magnesium, aluminum, titanium,

nickel, zinc, copper, iron, gallium, tin and their mixtures.

3. A process according to claim 1, wherein the Broensted acid is selected

25 from the grbup consisting of HI, HBr, HF, Ha804, HaPO4 and their
mixtures.
4, A process according to claim 1, wherein the metal is aluminum and the

Broensted acid is MCIL.

30
5. A process according o claim 1, wherein the ionic liquid catalyst has
~ been used fo catalyze a Friedel-Craft reaction.
B. A process according to claim 5, wherein the Friedel-Craft reaction is
35 alkylation.
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19.A process according to claim 13, wherein the hydrogenatior_\ gonditions
include contacting the deactivated ionic liquid catalyst with sufficient
20amounts of metal and excess acid to generate sufficient hydrogen gas

al RAPEIEHIES of -20C -200C, pressures of atmospheric-50RFB&§2 4§ +1063

a contact time of 0.1 minute-24 hours in a normal hydrocarbon solvent. 25

. rocegs_according to ¢laim 13..wherein the hydrocarbon solventis .
Dleca rom s s AR S Ao A e s et titons
C5-C15. 21linchidscosstactogdhrgdeacitimids jonfeliqindaiagpit Udthdufficient
catalyst 30comp!i i '%q,ﬁp' 3g' inj osphopium or
tetralkylammoniuﬁ§§§ﬂ/%?\lle or ﬁgegi%sr%ig(tﬂar{;{ﬁ@%?%%r%csggflécgggqhﬁﬁ%gt%n gfas
claim 13, wAkleirPgialsse dnae’ CatdBsGs pressorealohsimacsibridcigaat psig,

35 23.A Proggss aeReAEINEN AN AihMSLb NG IO GAANY FALRLSIAS N as

chloroaluminate ionic liquid. - 19- 24. An ionic liquid catalyst, which has
@een regenBrR¥EHh accordance with the process of claim 11. 25.A
process for regenerating a used acidic ionic liquid catalyst which has been

deacgyatedA process according to claim 1, wherein the hydrocarbon solvent is
selected from the group consisting of normal hydrocarbons ranging
from C5-Cys.
15 |
9, A process according to claim 1, wherein the ionic fiquid catalyst
comprises an imidazolium, pyridinium, phosphonium or

tetralkylammonium derivative or their mixtures.

20 10,  Anionic liquid catalyst, which has been regenerated in accordance with
the process of claim 1.

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

25 _

12, Aprocess according to claim 9, wherein the ionic liquid catalyst is a

chloroaluminate ionic liquid.

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

catalyst.

35 14. A process according to claim 13 wherein the metal is selected from the
group consisting of sodium, lithium, magnesium, aluminum, titanium,
nickel, zinc, copper, iron, gallium, tin and their mixtures.
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by conjunct polymers through use, comprising: 5a. removing the used
acidic ionic liquid catalyst from a reaction zone in which said catalyst was

ua%dz'ﬂla,”&%lﬁlaining at least a portion of the used acidic ionic ”98@1?82006/041063
catalyst, a metal and a Broensted acid in a regeneration zone under

conditions and for a time sufficient to convert the conjunct polymers into

 edcahlonhase MG RIRYEA RRGiA BIPEHIONI: acid s

regeneratlon Z0one,; mixing the remov_eql' reaction pro uct wi
hydrocarbofedefehierwhr B @it eH)Bising sl e g ik Ho1 ife04, HePO4 and

allowing theygjxtre,.fresn step (d) to separate into two phases, a lighter
phase which contains the conjunct polymers and a heavier phase which
contains a 15regenerated ionic liquid catalyst; and f. recovering at least a

portidis of thie hreavier sasgrihas isiare e nRIRies-asidiminaicdignithinum and

talyst. 26.??0« ocess for regenerating a used acidic ionic liquid catalyst,
@gmprisingft gggﬁﬂﬁﬁﬁﬁeaﬁ a Ec%ic ionic liquid catalyst from a reaction
zone in which said 20catalyst was used; combining at least a portion of

the d acidic.jonic.liqui I ensted,.acid in
oo iAo SHSCs MG CRBNCL ARSI ST IRE IR0 Kefhivet has
the activity ehci88d doaethlyisnit fidere caraly seazionprocess for

regenerating a used acidic ionic liquid catalyst comprising the steps 250f
combining the used acidic ionic liquid catalyst that is a catalyst recycled
Fom h alkfiRiRrereRg6r AN debiain Apideersiadheidripdersaafigieaction is
zone undéraﬂ@gﬁgﬁponditions for a time sufficient to increase the activity '
of the used acidic ionic liquid catalyst; and returning a regenerated acidic
ionic liquid catalyst to the alkylation
19, A process according to claim 13, wherein the hydrogenation conditions

include contacting the deactivated ionic liquid catalyst with sufficient

20 amounts of metal and excess acid o generate sufficient hydrogen gas
at temperatures of -20°C -200°C, pressures of atmospheric-5000 psig,
and a contact time of 0.1 minute-24 hours in a normat hydrocarbon
solvent. |

25 20. A process according to claim 13, wherein the hydroéarbon solvent is
- selected from the group consisting of normal hydrocarbons ranging
“from Cs-Crs.

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

- 22. A process according to claim 13, wherein the ionic liquid catalyst is a
chloroaluminate ionic fiquid.
35
23.  Aprocess according to claim 21, wherein the ionic liquid catalyst is a
chloroaluminate ionic fiquid. |
19 -
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25.

26.

27.

28,

29.

reactor. 3028.The process of claim 25, claim 26, or claim 27, wherein the
time is from 0.1 minute to 24 hours. 29.The process of claim 25, or claim
26, wherein the regenerated ionic liquid catalyst is active for paraffin

aﬂﬁ;}’ lﬁﬂ%ﬁic liquid catalyst, which has been regenerated in accordance with the process of

claim 11.

A process for regenerating a used acidic ionic liquid catatyst which has been deactivaied

by conjunct polymers through use, comprising:

a. removing the used acidic ionic liquid catalyst from a reaction zone in which said
catalyst was used;

b. combining at least a portion of the used acidic fonic liquid catalyst, a metal and a
Broensted acid ina regeneration zone under conditions and for atime sufficient to
convert the conjunct polymers into an extractable phase;

¢. removing a reaction product from the regeneration zong;

d. mixing the removed reaciion product with a hydrocarbon solvent in which the conjunct
polymers are solubie, ‘

e. allowing the mibture from step (d) to separate into two phases, a lighter phase

~which contains the conjunct polymers and a heavier phase which contains a .
regenerated ionic quuéd catalyst; and

f. recovering at least a portion of the heavier phase that s a regenerated acidic ionic iiqu'id

catalyst.

A process for regenerating a used acidic ionic liquid catalyst, comprising:
removing the used acidic ionic liquid cataiyst-from a reaction zone in which said
catalyst was used; combining at ieast. a portion of the used acidic ionic liquid
catalyst, a metal and a Broensted acid in & regeneration zone under conditions
and for a time sufficient to increase the activity of the used acidic ionic liguid

catalyst.

A process for regenerating a used acidic ionic liquid cataiyst comprising the steps
of combining the used acidic ionic liquid catalyst that is & catalyst recycied from an
alkylation reactor, a metal and a Broensted acid in a reaction zone under a set of
conditions for a time sufficient o increase the activity of the used acidic ionic liguid
catalyst; and returning a regenerated acidic ionic liguid catalyst {o the alkyiation

reactor.

The procesé of claim 25, claim 26, or claim 27, wherein the time is from 0.1 minute

io 24 hours.

The process of claim 25, or claim 26, wherein the regenerated jonic liquid catalyst

is active for paraffin alkylation.
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