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of Al to Bhnftitetiaser than 2.0 is effective for catalyzing the reaction. There
is also provided a process for al kylation, conprising: contacting an ionic
liquid catalyst with an olefin and an isoparaffin; wherein the olefin and
the isoparaffin are alkylatquL EetE 40O ENG DS | 1 qui d catal yst conprises
a quat ernary anmoni um i onic ein the ionic liquid
catalyst has a nolar ratio of Al to N greater than 2.0 when held at a
tenperature at or below 25C for at |east two hours.In a separate

enbodi nent, t héhis ingemiasvisdigctedhriowasds adraesss @ make a liquid catalyst, a

process for isoparaffin/olefin alkylation, a method to make an ionic liquid
catalyst, and a process for hydrocarbon conversion.

DETAILED DESCRIPTION OF THE INVENTION

A process to make a liquid catalyst having a molar ratio of Al to N
greater than 2.0 is provided. The process comprises:

a. using an ammonium-based ionic liquid catalyst to
catalyze a reaction, wherein the ammonium-based ionic liquid catalyst
builds up an impurity during the reaction; and

b. mixing the ammonium-based ionic liquid catalyst, having
an impurity, with aluminum to make a liquid catalyst having a molar
ratio of Al to N greater than 2.0, wherein the liquid catalyst having a
molar ratio of Al to N greater than 2.0 is effective for catalyzing the
reaction.

There is also provided a process for alkylation, comprising: contacting
an ionic liquid catalyst with an olefin and an isoparaffin; wherein the olefin and
the isoparaffin are alkylated; wherein the ionic liquid catalyst comprises a
quaternary ammonium ionic liquid salt; and wherein the ionic liquid catalyst
has a molar ratio of Al to N greater than 2.0 when held at a temperature at or

below 25°C for at least two hours.
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ionic liquid catalyst in a range such that the ionic liquid catalyst
may be used for an extended period.

In different embodiments the impurity comprises, consists of, or

consists essentially of conjunct polymers.

Definitions:

The term “comprising” means including the elements or steps that are
identified following that term, but any such elements or steps are not
exhaustive, and an embodiment may include other elements or steps.

“lonic liquids” are liquids whose make-up is comprised of ions as a
combination of cations and anions. The most common ionic liquids are those
prepared from organic-based cations and inorganic or organic anions. lonic
liquid catalysts are used in a wide variety of reactions, including Friedel-Crafts
reactions.

“‘Alkyl” means a linear saturated hydrocarbon of one to nine carbon
atoms or a branched saturated hydrocarbon of three to twelve carbon atoms.
In one embodiment, the alkyl groups are methyl. Examples of alkyl groups
include, but are not limited to, groups such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, n-pentyl, and the like.

“Effective hydrocarbon conversion” means that a commercially
sufficient amount of the hydrocarbon is converted. For example, in an

isoparaffin/olefin alkylation this could be greater than 75 wt% conversion of an
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the first component for preparing the ionic liquid catalyst.

The second component making up the ionic liquid catalyst is an organic
salt or mixture of salts. These salts may be characterized by the general
formula Q*A™, wherein Q" is an ammonium, phosphonium, or sulfonium cation
and A" is a negatively charged ion such as Cl, Br, ClO4, NO3s ™, BF4, BCl,,
PFe, SbFe™, AICI4™, AlLCl7, AlsClyo’, AlFs™, TaFes, CuCly™, FeCls™, SO3CF3-,
and 3-sulfurtrioxyphenyl. In one embodiment the second component is
selected from those having quaternary ammonium halides containing one or
more alkyl moieties having from about 1 to about 9 carbon atoms, such as, for
example, trimethylammonium hydrochloride, methyltributylammonium, 1-
butylpyridinium, or alkyl substituted imidazolium halides, such as for example,
1-ethyl-3-methyl-imidazolium chloride.

In one embodiment the Al is in the form of AICI; and the N is in the form
of RsN*X or R3NH*X", where R is an alkyl group and X is a halide. Examples
of halides that can be used are chloride, bromide and iodide.

In one embodiment the ionic liquid catalyst is a quaternary ammonium
chloroaluminate ionic liquid having the general formula RR’ R” N H* AlL,Cl7,
wherein RR’ and R” are alkyl groups containing 1 to 12 carbons. Examples of

quaternary ammonium chloroaluminate ionic liquid salts are N-alkyl-pyridinium
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For the case of the above reaction, and for typical quaternary
ammonium chloroaluminate salts, the molar ratio of Al to N cannot exceed 2.0
at room temperature for extended periods. This is because any additional
AICI; precipitates out and would not stay in the ionic liquid.

The molar ratio of Al to N in the ionic liquid catalyst is higher than what
is possible in a freshly prepared quaternary ammonium chloroaluminate salt
or alkyl pyridinium haloaluminate ionic liquid, which have a maximum molar
ratio of Al to N of 2.0. In some embodiments the molar ratio of Al to N is
greater than 2.1, greater than 2.5, or even greater than 2.8. In some
embodiments the molar ratio of Al to N is less than 9, less than 8, less than 5,
or less than 4. In one embodiment the molar ratio of Al to N is from 2.1 to 8;
such as, for example, from 2.5 to 5.1 or from 2.5 to 4.

In some embodiments the molar ratio, or the level of the impurity, are
controlled to remain in a suitable range for effective hydrocarbon conversion.
The molar ratio, or the level of the impurity, can be maintained for example by
adjusting the rate of addition of aluminum, maintaining a level of conjunct
polymer in the ionic liquid catalyst, or by adjusting the level of a halide or a

Broensted acid, performing partial ionic liquid catalyst regeneration on a slip-
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distinguish these polymeric molecules from typical polymers. Unlike typical
polymers which are compounds formed from repeating units of smaller
molecules by controlled or semi-controlled polymerizations, “conjunct
polymers” are “pseudo-polymeric” compounds formed asymmetrically from
two or more reacting units by concurrent acid-catalyzed transformations
including polymerization, alkylation, cyclization, additions, eliminations and
hydride transfer reactions. Consequently, the produced “pseudo-polymeric”
may include a large number of compounds with varying structures and
substitution patterns. The skeletal structures of “conjunct polymers”,
therefore, range from the very simple linear molecules to very complex multi-

feature molecules.

Some examples of the likely polymeric species in conjunct polymers
were reported by Miron et al. (Journal of Chemical and Engineering Data,
1963), and Pines (Chem. Tech, 1982). Conjunct polymers are also commonly
known to those in the refining industry as "red oils" due to their reddish-amber
color or "acid-soluble oils" due to their high uptake in the catalyst phase where
paraffinic products and hydrocarbons with low olefinicity and low functional
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containing the conjunct polymers are concentrated on a rotary evaporator

under vacuum and moderate temperature to remove the extractant, leaving

behind the high boiling residual oils (conjunct polymers) which are collected

and analyzed. The low boiling extractants can be also removed by distillation

methods.

In one embodiment the ionic liquid catalyst comprises greater than 1
wt% conjunct polymer. In one embodiment, the higher the level of conjunct
polymer in the ionic liquid catalyst or catalyst system the higher is the molar
ratio of Al to N. This is because the catalyst’s capacity for uptake of AICl3
increases at higher conjunct polymer concentration in the catalyst phase.

In one embodiment, the solubility of incremental AlCl; above the 2.0
Al/N molar ratio in the ionic liquid catalyst or catalyst system is 3 wt% or
higher at 50°C or below. In other embodiments the solubility of incremental
AICl; above the 2.0 AI/N molar ratio in the ionic liquid catalyst or catalyst
system is from 3 wt% to 20 wt%, or from 4 wt% to 15 wt% at 50°C or below.

In one embodiment, the solubility of incremental AlCl; above the 2.0
Al/N molar ratio in the ionic liquid catalyst or catalyst system is significantly
higher at 100°C than at 50°C. For example the solubility of incremental AlCI;
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catalysts are taught in U.S. Patent Publications US20070142215A1,
US20070142213A1, US20070142676A1, US20070142214A1,
US20070142216A1, US20070142211A1, US20070142217A1,
US20070142218A1, US20070249485 A1, and in U.S. Patent Applications
11/960319, filed December 19, 2007; 12/003577, filed December 28, 2007;
12/003578, filed December 28, 2007; 12/099486, filed April 8, 2008; and
61/118215, filed November 26, 2008.

The mixing of aluminum with the ammonium-based ionic liquid catalyst
can be done in a continuous reactor process, for example by taking a portion
or the entire volume of the effluent from an alkylation reactor and mixing it
with aluminum before it is recycled back to the alkylation reactor. The
ammonium-based ionic liquid catalyst can be used continuously without
having to be removed from the continuous reactor process for more than 7
days, more than 25 days, or more than 50 days.

In some embodiments the ionic liquid catalyst is useful for catalyzing a
hydrocarbon conversion reaction. One example of a hydrocarbon conversion
reaction is a Friedel-Crafts reaction. Other examples are alkylation,
isomerization, hydrocracking, polymerization, dimerization, oligomerization,

acylation, acetylation, metathesis, copolymerization, hydroformylation,
-7-
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anmoni um bagedi0ahe 7143400 crLes 98, i LS. PaRAt ARRlitatipUsLnbet t hout
having to be removed from the continuous reactor process for nore than 7

days, nor 82t184R695fadyly 3t mse Prhigh saliaasoline blansing BenPABeRts t he
Ont < on gt ket ARG [haB A M IO REapRAR ROV = o

Fri edel - CsarfnteSemb@dntnemts tHe éiayla@(ﬁtmml tee isoearafficydlefin arkyldtidarrers zat i on,
hydrocracking, polynerjzation, dinerization, ol 8omer| zatign, acyl ation,

acetyl ati &@Seﬁ@hamﬁ&qu%té(}%@vmﬁﬁﬁiggf‘&rp 8@%@9 ?Wrﬂﬁﬁﬁzﬁﬁﬁg%@enat i on,
dehydr at f; o | e,
Some of t BeiF o R e D A A 2800 g7k ASUB AL e REFL ™

al kyl at i obe calcaigied $RON (©G)]drdm gas dhcarnatogsashyabdiling eamgeaudistrfoution

I sopar aff é?gl efin alkylation are taught, for exanple, in U S. Patent
Nunmber s 408 and 7, 432,409, 7,285,698, and U. S. Patent Application

Nurrber 12/ 1 84%@@m5'ér@90d1h'1|e)ﬁts3véry 1RRO8r n&sbhcﬁ‘pﬁéﬁdlﬂafté/o%épthb%n@' endi ng

conponent, a mddle distillate, of a mxture thereof can be nmade fromthese
pr ocessesliquigl catatystenendit ieheld atleeteanpeyture af oohebm%%fmm‘ fin/olefin

al kylat i op %ﬁgﬁglll Sealrhehtlrrqgtth Oga%(fys??sehgla B%te %%}patu?e a?gr BelohI gher, or

even 92 ofX
25°C can be fairly lengthy. In general, the time is for greater than a minute,

but it can be much longer, such as for greater than 5 minutes, for at least two
hours, three hours or longer, up to two weeks, more than 50 days, several
months, or even a year.

In some embodiments, the mixing with aluminum is done in the
presence of a Broensted acid, such as a hydrogen halide; for example,
hydrogen chloride. In other embodiments, the mixing with aluminum is done
in the absence of a Broensted acid. In some embodiments, the ionic liquid
catalyst additionally comprises a Broensted acid. In one embodiment, the
hydrogen halide is at least partially produced from an alkyl halide. In one
embodiment, the hydrogen halide increases the acidity, and thus the activity
of the ionic liquid catalyst. In one embodiment, the hydrogen halide, in
combination with aluminum, assists in the conversion of the inactive anion,
e.g., AICl4 to form the more acidic and effective chloroaluminate species for
alkylation, such as AlCls, Al.Cl7", or even AlsClig”.  In some embodiments, the
alkyl halide is derived from the isoparaffin or olefin used in a given reaction.
For example, with the alkylation of isobutene with butane in chloroaluminate
ionic liquids, the alkyl halide could be 1-butyl chloride, 2-butyl chloride, t-butyl

chloride, or a mixture thereof. Other examples of alkyl halides that can be
-8 -



The RON i s determ ned using ASTM D 2699-07a. Additionally, the RON nmay be
calculated [RON (GC)] from gas chromat ography boiling range distribution

data. | n wormioamisssdi nents very little or no solids precipprttst@ostcoof the
ionic liquid catalyst when it is held at a tenperature at or beI ow 25C for

1 ded The th | at 1 t
Dol o Socled afReinyi SloiE soRe Tl Shitjare e thaie d Ty eI er t han a

m nute, by ohé eRBbdRReAL Ghe bRIAE ofﬁé%k@%hﬁ&fd&ér%ﬁ}l@betﬁé%ﬂaﬁlow nutes, for
at least two hours, thrée hours or longer, up to two weeks, nore than 50

days, seveomen’tm’mphs andrnad\exgead ﬁ@molarrcomeetreh@mdf thentawistasid m xi ng with

al um num i.s _don e of ens aci d u as hydr ogen
nal | de 1 BPrERA NG oo AR BpiRRb et ribe Mt REMEIThe i xi'ng
wi th al uncRigRde useangay ﬂartdeefr@hsseos encﬂf%ao Booensit Bbiase dewlusnaaams

enbodi nents, the ionic liquid cat a@éﬂt addi tional | nprises a Broensted

acid. In @ﬁ@loérﬁféhe RTHE |lqlﬂlﬁé>al’h@JM$to shihe é@qt@th%/hee&'gY' guenideasay produced

From an aplod Ak 9ol A0S RPBF Bh 1oy BASHAPEF AL flfal ner eases e

acidity, e 1 oni'c cat’hl I n one

enbodi mentatatyse sps(céhogtetrrnerwdguréd perra)rmmzjocamaoutgn IM/IahbthiirledeﬂneaSSI sts in
the conversion of the inactive anion Cl4 to formthe nore acidic

and effecih%@“@HPb?HQ?mﬁ%%&h@@ﬁé%|pé%0qr89n%iltwﬂ1%f>l%'ﬁ aggEresdioh c1 3, Al2a 7
, O eveng g#%@nﬂ‘]% moaff' Bﬂe@nt?ﬁhﬂ%ﬁﬁeto?eﬂd nenali é%c@arB@Héi@nrﬂ sikgefibyed from

the i sopar or o |n used 1n a given reactl or exanple, with the
al kyl ati orean‘tlonsobut ene with butane in chloroalumnate ionic liquids, the

| kyl halid butyl. chl hli t- | hi i de,
o e SRy et dantevibliof e SheSand et ieinatl s dcpfaed %%hé&%ﬁedoél e
ethyl chl gyd &Qj,lndr?]%’@éﬁlb{é us8d %?'adﬁerseﬁ)é‘khle@hh &he dR.atWe BRREItKE chloride. In

one enbodi nent e anmount of the alkyl chloride should be kept at | ow
concent r agpplicatiends filed. eKuesingules formmia, tandeand dhedinaide plrdlewi s aci d

portion Ofefgpe%c%gtu%llé' SS exp'lbf‘lescslly:/)’and un qu.v%”BfP?l.r’ﬁ‘?Q& to Bhg |ﬁsngct s of the alkyl

All of the publications, patents and patent applications cited in this
application are herein incorporated by reference in their entirety to the same
extent as if the disclosure of each individual publication, patent application or
patent was specifically and individually indicated to be incorporated by
reference in its entirety.

This written description uses examples to disclose the invention,
including the best mode, and also to enable any person skilled in the art to
make and use the invention. Many modifications of the exemplary
embodiments of the invention disclosed above will readily occur to those
skilled in the art. Accordingly, the invention is to be construed as including all
structure and methods that fall within the scope of the appended claims.

EXAMPLES
Example 1:

An isobutane-butene alkylation catalyzed with butyl pyridinium
chloroaluminate ionic liquid, and co-catalyzed with t-butyl chloride, was
performed in a continuous liquid phase reactor. During the alkylation, the

ionic liquid catalyst was continuously regenerated by mixing it with aluminum
-9._



chloride used may range fromO0.05 nol %to 100 nol % of the Lewis acid
portion of the ionic liquid catalyst, AICl3 The anount of the al kyl

chl ori de wanotm7asdpust ed to keep the acidity of the ioniPcTiisquodesmat al yst
or ionic liquid catalyst systemat the desired performng capacity. In

anot her enb t earm nt of the Kyl | oride, is_proportional to the
oot ST ose alie: Saeh s ilokon b Ak Ater: rsacisr T BNEHIR: n ¢ e
i sopar af f mytal r%bbﬁer%lnbwt@dtmenf RtV Rd tﬁ@xcata%ﬂbgﬁ{@m&m@mo%opfhes hor t hand

not defined is Understood have the ordi nar used by a person
skilled i nomjhectamlymers hat acawnuraéecépplalkyéathmby prdduc&jm theecatalygful ar f or ns
"a," and "the, " include plu erences unl ess expressly and

unequi vocBNASE PikEv.matiS afd el kRe el TH ustepibh BRIERT Meat ent s and
pat ent appirhfibh@TexeesS£AICIE ddpepdaizpdm Ba RlcREAIcRgEiaRKiNeAneor at ed by
reference in their entirety to the sanme extent as if the disclosure of each

i ndi vi duaFaiglyst Pease em fe alkyl ciigidecusedas arcopeatalyst.was specifical Iy and
i ndi vidual |y i ﬁ‘ﬂb?@\}{f%fwwl&ﬁcf 6'&251%?&%}%‘%0@ %foeégt?ﬁgt l/\fés'rﬁﬁln%ﬁécﬁ ety.

This witten desCription uses 'ex P C1 058 I'nvention ncl udi ng

the best béﬁiﬁerﬁﬂdndlmt% denmagltlae@n@ylaiwhsqﬂesdenltémhailwé betharibnico make and
use the |nvent| on. nodi fi cati ons of the exenplary enbodi nents of the

i nvention "&H“g(ﬁhQW@G' tﬁﬁ%\h@ melar ratigygl Altodyd dngr e@%@ ﬁb%ret'rﬁﬂldlur'éa they the art.
Accor di ”gébk’yl \/1(g]vrﬁgwé’(ﬂpl'taﬁloﬁﬂooft@(c%%ﬁ@? nfed éjlﬂﬁ{ dﬂjfe“tg)rﬁ‘ihbo ructure

and net ho In the scope e appen cl al ns MPLES
Exanpl e 1gev$erat|snta1yclase Tthﬂfeeshlsapkqpaaed mnichmaudywﬁtj nmd:dnjlhmttyl pyri di ni um

chl oroal um nate jonic liquid, -cata zed 1 - byt hl or.i de, was
per {or med PP e caad Ansge il A il et AL tER Hlsifatiog. Tetmalabshta f on, "t he
ionic |iaggifll eAldh W ligRe catiNdtivtuasyd E&Qqnﬁhattﬁéh Ry2m é‘rﬁd‘ﬁhénttow' th
al um nummet al at 1000C after ‘each pass through the al kylation reactor. The
al um num 4.0 when sampled over a period of greater than 50 days. The molar ratio of

Al to N in the liquid catalyst was maintained between 2.1 and 8.0. Even with a

higher molar ratio of Al to N, the ionic liquid catalyst still remained effective for

alkylation and produced an alkylate product with a RON greater than 92. The

higher molar ratio of Al to N in the catalyst with conjunct polymer extended the

life of the ionic liquid catalyst before it required complete regeneration.
Example 2:

The solubility of incremental AlCl; above the 2.0 Al/N molar ratio in the
different samples of n-butyl pyridinium chloroaluminate ionic liquid catalyst

with different levels of conjunct-polymer impurity were tested at four different
temperatures. The solubility study results are summarized in Table 1, below.

-10 -



nmetal regeneration treatnent reactivated the catal yst by renoving nost of
the conjunct polyners that accunul ated as al kyl ati on by-products in the

cat al yst wbasw/mamsscby maki ng and re-naking Al Cl 3. The regenscabioessos esul t ed
in the formati on of excess Al Cl 3, depending on how nuch chloride sank into
the catal yst phase fromthe al kyl chl oride used as a co-catal yst. The | evel
of conjunct polyner in the ionic Iii@E&—gat al yst was nmi nt ai ned between 2
and 23 wt % during the al kylation. Elenental analysis of the ionic liquid
showed that the nolar ratio of Al to N increased over tine during the

al kylation with no precipitation of excess|Allgc@EmentabtdlClybohgpilithe
conti nuous generation cycles. The freshly prepared io%g liquid, wth no
conjunct polyner, had a nolar ratio of Al fo N of 2.0. tD/Euri ng al kyl ati on,
the nolar ratio of Al to Nin the |iquid catgdysT garey €aged To1gh°E | and
then to 2.5 and then to 4.0 when sanpled over a period|of greater than 50
days. The nolFaesh eatalysifwith Omd%dNConjunise | i quildd cat aRyst wa3 mai B8ai ned
between 2.1 and 8.0. Eyen with a higher nollar ratio of |[Al to|N, the|ionic
liquid chtalyst still ré&fed effective for alkylation and produced an
al kyl ate F@e@@HéFat%Ubt@%/BQNtPQFQ%t% CopplhPZ. 4he[hi gher nof ar ragiojof Al
to Nin the catalyst wth conjunct polyner |extended the [ife|of the]ionic
liquid catal yst beforeRdaymequired conpl et¢ regenerati on. Exanple 2|: The

sol ubi | i tpef—necretrental—A-CL3—aboyrethe 2 G AHNgotar Fpatio+gthe
di fferent Rgg%p@e@ﬁaﬁgl%t[\%th 6%"?@(?9%%”&% 0:804;; um hate iOnic¢ | ?gui d

catal yst |with differentpdyavet s of conjunctipolynmer inmpurity were tested at
four difterent tenperatures. The solubility study results are sumrafized in
Tabl e 1, | bel Spentdbatalyst with 6f wi%adCanivmttes of Bat al yt comddri $i ng3conj unct
pol ynmer had a sol ubil :Nﬁ:y 'ﬁf‘ Iincr enmental AICI3 inithe ionic |iquid catal yst
that was|at |east 10 0 Sher at 1000C than at |[50C. The safmples, wth
vari ous amounts of solubilized incremental AICI3, were noved to room

t enperature and observed over time for Al CI3 precipitation. Room

t enper at ure wadll g e samates gf casatyst comprising conjunct polymer had a

solubility of incremental AlCIs in the ionic liquid catalyst that was at least 10

wt% higher at 100°C than at 50°C. The samples, with various amounts of
solubilized incremental AICls, were moved to room temperature and observed
over time for AICI3 precipitation. Room temperature was approximately 25°C
or below.

All of the incremental AICI3 that was initially soluble in the fresh catalyst
precipitated out within two hours of standing at room temperature.
Approximately 75% of the incremental AICI; that was originally soluble in the
regenerated catalyst with ~2 wt% conjunct polymer precipitated out within 72
hours of standing at room temperature.

A slight amount of incremental AlCIs precipitated out of the regenerated
catalyst with 11 wt% conjunct polymer when it was held at room temperature
overnight. No substantial additional amount precipitated out over a two week
period of standing at room temperature.

No precipitation was observed in the spent catalyst samples held at

room temperature for over two weeks.
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or below. Al of the increnmental AICI3 that was initially soluble in the
fresh catal yst precipitated out wiwthin two hours of standing at room

t enper at we.20fypus3si mat el y 75% of the increnental Al Cl thatuseas/oessh@i nal |y
soluble in the regenerated catalyst with ~2 w % conjunct pol ymer

pr eci pi ta§ ﬁﬂ .?_35 ﬁ é Hi g é hours of standing at roomtenperature. A slight
anount of precipitated out of the regenerated catalyst
with 11 wt % conjunct polynmer when it was held at roomtenperature

over ni ght 1. MopratessdammaKe adiauidieatalystaming apneler Mticefd tolN geaater a t wo

week period roomtenperature. No precipitation was observed
in the spenttﬂég?aqa&g’p?@?ﬂiﬁ es held at roomtenperature for over two

weeks. WHAT 15 @bﬁgbﬁmmﬁzorﬂumﬁoaﬁe@deﬁmmu@mly@t to cmtaﬁyze%tt@a)tﬂbn having a
nolar ratio of Al to N greater than 2,

si ng
ammoni um basedWngrgia the amraor@afrab%qd P@'%'&i%‘ﬂ 9@@'3@%%‘&@% upran W@Y n the

anmoni um based c lyst builds up an inpurity during the
reaction; and 8bﬂﬁ$ @éngé%éﬁgna&nﬁ'r%m um based ionic liquid catal yst, having an

i npurity, wild.hmakingitmeemtroomiekebasdd KDDI(I“IQIM ahiabyst haanimg aa implety, r at i o of
Al to N greater n 2.0, wherein th ui d catal yst hayi ratlo
of A 10N or chitBrEmETS D MAKES Had collYRmariic Jidag RO ALEN on. 5 |
The process of nﬁf\i\ﬂqi produce
sol ubl e al um ngmﬂﬁmgépc?,@%ﬁé%lﬁ rq;}é%ggtdl%t%%oﬁ%aé erag%)(ralﬁ Tg?m xi ng

wi t h al um num Nsgreates than er()alsmfmweéormmajyangdhetreaictm d. 4 . The process
the absence of a

Br oenot ed2adl 1 P@esk Lo do e e Re Hiie R dnE B eI YOBS KB o ng
mai nt ai ni Ng Frolg¥ekol@bld #8minum chloride.

3. The process of claim 1, wherein the mixing with aluminum is done in the
presence of a Broensted acid.

4. The process of claim 1, wherein the mixing with aluminum is done in the
absence of a Broensted acid.

5. The process of claim 1, additionally comprising maintaining a level of the
impurity between 1 and 24 wt%.

6. The process of claim 1, wherein the reaction is a hydrocarbon conversion
selected from the group of alkylation, isomerization, hydrocracking,
polymerization, dimerization, oligomerization, acylation, acetylation,
metathesis, copolymerization, hydroformylation, dehalogenation,
dehydration, olefin hydrogenation, or combinations thereof.

7. The process of claim 1, wherein the impurity comprises one or more
conjunct polymers.

8. The process of claim 1, wherein the ammonium-based ionic liquid catalyst
is a quaternary ammonium chloroaluminate ionic liquid salt.

9. The process of claim 8, wherein the quaternary ammonium
chloroaluminate ionic liquid salt is selected from the group consisting of an
N-alkyl-pyridinium chloroaluminate, a N-alkyl-alkylpyridinium
chloroaluminate, a pyridinium hydrogen chloroaluminate, an

alkylpyridinium hydrogen chloroaluminate, a di-alkyl-imidazolium
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impurity between 1 and 24 w% 6 . The process of claim1l1l, wherein the
reaction is a hydrocarbon conversion selected fromthe group of al kylation,
i somehzatworepiomyassecr acki ng, pol yneri zati on, di nmehzati orCTalSe@ometsh@at i on,
acyl ation, acetyl ation, netathesis, copol ymehzation, hydrofornylation,

dehalogenat| h tion olefln h at i or,_conbi I ons thereof
e pr ocSlrogR N e A PNE BT g Siutie s SECeBTE o mor e

ConJ unct poléfﬁ%ﬁiurﬁh ydridiRnPEHIGRBfurtihatd, &r @ rhixtYaahetdbft he armoni um based

ionic I|qU|d catal yst '1s @a quaternary anmmoni um chl oroal uminate ionic liquid

salt. . 10hknepprocess obtlaihdi, whereinibe enolar ratioqidhe Ao N iarfraom2uhio
chl oroal um be lonic liquid salt is selected fromthe group consisting of
an N al kyl - ;@ i diniumchl oroal um nate, a N-al kyl -al kyl pyhdi ni um

chl or oal umi Medeeprorey bf dllanhun\Méuﬂsmé AeE pripalfomh BRIAGC|; @aRdah& W @y hdi ni um
hydr ogen chl or oal um nat e, I m dazol i unchl oroal um nate, a

tetra-al kyl l@rﬁlﬁ%fﬂrmﬁ)ﬁml‘é%m ﬁinhh%/(e whereR isaan gl kyharosioiasl Xyslfogen

chl or oal um r}fatae or a mxture thereof. 10 . The process of claim1l, wherein
t he nol ar 10 of the Al to Nis from2.1 to 8.0. 11.The process of claim

1, wherei rIIZIA(lﬁrdldessSon akylatof OclfdmplfsMg @chtactthg &ve idNid Bquio cateydtavith of
R4N+XOr R3NH+X , where R is an alk group and X is a halide. 12. A process
for al kyl at |th0|986@ﬂﬁ'|9§1 IsgPacEiA; a\'@%@rﬁﬁ‘ e Q'%fﬂﬂ and it SPPEEATEN P& with an

olefin and glét‘éeamf&élﬁ“th @h(ﬁlﬁ&'&%té?*ﬁfdo’f‘n %%sté‘guét%ﬂ%gaff' nare

al kyl at ed,; ein"the tonic cat nprises a quaternary
anmoni um i oraramiongum abrnalmulda\mﬁ ahérwhememhbe||anmcd:|qUudopatalysmﬂ st has a

bel ow 25C 1 dolaf ratssabARRIY aitater a2 8 wher Belels FroPaial et Siher ef n ¢ ne
contacting Y REEUELEt RBsAMY hGirs.

13.The process of claim 12, wherein the contacting step produces an alkylate
selected from the group of a gasoline blending component, a middle
distillate, or a mixture thereof.

14.The process of claim 12, wherein the ionic liquid catalyst additionally
comprises greater than 1 wt% conjunct polymer.

15.The process of claim 12, wherein the ionic liquid catalyst additionally
comprises a Broensted acid.

16.The process of claim 12, wherein the molar ratio of Al to N is from 2.1 to
8.0.

17.The process of claim 12, wherein the ionic liquid catalyst has a solubility of
incremental AICI; above the 2.0 Al/N molar ratio in the ionic liquid catalyst
from 3 to 100 wt% at 100°C or below.

18.The process of claim 12, wherein the solubility of incremental AICls in the
ionic liquid catalyst is at least 10 wt% higher at 100°C than at 50°C.

19.The process of claim 1 or claim 19, wherein, after mixing, less than 0.1
wt% AICI;3 precipitates out of the ionic liquid catalyst, when it is held for
three hours or longer at 25°C or below.

20.The process of claim 12, additionally comprising maintaining a level of an
impurity in the ionic liquid catalyst between 1 and 24 wt%.

21.A method to make a catalyst, comprising: mixing an ionic liquid catalyst

comprising an impurity, with aluminum chloride to make a mixed ionic
-13 -



selected fromthe group of a gasoline blending conponent, a mddle
distillate, or a mxture thereof. 14. The process of claim 12, wherein the
ionic |iomodomat7addgst additionally conprises greater thaoTSaM®06wmN) unct
pol yner. 15 .The process of claim 12, wherein the ionic |iquid catalyst

additional ly, copprise Broensted acid, 16 .The process of claim12,
Sher i n ¢ he IAORLP AT MRATeRY T TG GIonicoRi 3RS PGS AmolarietePboess of
claim 12, vmrtswgroéb%er}tﬁahczb;lmﬂ/_hgﬁéi@&wérnimi_o%ioﬂﬁw@bbtamt@& i ncrenent al

Al Cl 3 above the 2. molar ratio in the ionic liquid catalyst from3 to
100 W % at JeJEClve forgatalyzings rerggonr ocess of claim 12, wherein the

solubilit increnental. ALCI3 in.the ionic.liquid catalyst is.at |east 10
W% hi gher2atne BT bcieint 250knefkih 1 ung i e i R RS Ne S6f ki m 10,
wher ei n, af tByonBietdLid) ess than 0.1 w% AICI 3 precipitates out of the
lonic liquid catalyst, when it is held for three hours or |onger at 25C or
bel ow. 2023THe medracsel gaint Rai wherein HelinpWitkICONREGRH 0NSi AgN@E nt ai ni ng a

| evel of an j ' ' he ionic liquid catal yst between 1 and 24 wt% 2
1. A nmet hod tdg%dt%l)}(@?rél yst, conprising: mxing an ionic liquid catalyst
conpri si n@4&arne mgttiod §f claint 21 alvherginithe Rivel otieetimporikeisdetivised 1itoni cl i qui d
catal yst; whereby the mxed ionic liquid catalyst has a nolar ratio of Al
to N greater24tW5ﬁ 2.0; and wherein the mxed ionic liquid catalyst is

ef 1 €6t Ve p50fh LA I bflafh P32hEA 12mubHE SEBHOHN o GHLM Forbarpher el

the mxing 1s done 1 e presence o stead aci met hod of
claim2 1, vdikylglion tdaetompurity conpri ses one or nore conjunct pol yners.

tzg' Zlh\i;t g?éhl%de r%fethcolda(i)f%lgirnl21mﬁ<rareeiirr1]trEehreealc%\cl)ﬁlis (a)fhythCJecair Hrclo% erisf%)nbet ween 1
reaction selected from the group of alkylation, isomerization,
hydrocracking, polymerization, dimerization, oligomerization, acylation,
acetylation, metathesis, copolymerization, hydroformylation,
dehalogenation, dehydration, olefin hydrogenation, or combinations
thereof.

27.The method of claim 21, wherein the ionic liquid catalyst comprising an
impurity is selected from the group consisting of N-alkyl-pyridinium
chloroaluminate, N-alkyl-alkylpyridinium chloroaluminate, a pyridinium
hydrogen chloroaluminate, an alkylpyridinium hydrogen chloroaluminate, a
di-alkyl-imidazolium chloroaluminate, a tetra-alkyl-ammonium
chloroaluminate, a tri-alkyl ammonium hydrogen chloroaluminate, and
mixtures thereof.

28. The method of claim 21, wherein the molar ratio is from 2.1 to 8.0.

29.The method of claim 21, wherein, after mixing, less than 0.1 wt% AICls
precipitates out of the liquid catalyst having a molar ratio of Al to N greater
than 2.0, when it is held for three hours or longer at 25°C or below.

30.A process for hydrocarbon conversion, comprising:
a. using an ionic liquid catalyst for a hydrocarbon conversion whereby a

conjunct polymer builds up in the ionic liquid catalyst;

b. adding aluminum to the ionic liquid catalyst; and
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25. The nmethod of claim2 1, wherein the mxing is done on an effluent from
an al kyl ation reactor. 26. The nethod of claim2 1, wherein the reaction is
a hydr ocawbaniooomsser si on reacti on sel ected fromthe groepTafs2@blogdead i on,

i sonerization, hydrocracking, polymerization, dinerization,

ollgonerlzatlon cyl ati | at.i on, tathe iS, C nmehzatj on,

nydrof o myl b1 BIRin G BIEIRAEN BiE CHuHGEhRaVBR! MoTeroRCHGUILGRALE! B

conbi nations t a%ﬁ@é sud thakie BHICIAGLIATcaRAIRéThAY be u@'éarfsr An Te‘SlRaridéG' il qui d
catal yst conprising an inpurity is selected fromthe group consisting of
N-al kyl - pyri di pedaod &arltbe dadrodanaere comversiopl - al kyl pyhdi ni um chl or oal uni nat e,
a pyhdi ni um hydrogen chl oroal um nate, an al kyl pyri di ni um hydrogen

chl oroal um nate, a di-al kyl-im dazolium chl oroal um nate, a

tetra-al kyl -ammoni um chl oroal um nate, a tri-al kyl ammoni um hydr ogen

chl oroal um nate, and m xtures thereof. 28. The nethod of claim2 1, wherein
the nolar ratiois from2.1 to 8.0. 29. The nethod of claim2 1, wherein,
after mxing, less than 0.1 wt% AICI 3 precipitates out of the liquid

catal yst having a nolar ratio of Al to N greater than 2.0, when it is held
for three hours or |onger at 25C or below. 30. A process for hydrocarbon
conversion, conprising: a . using anionic liquid catalyst for a

hydr ocar bon conversi on whereby a conjunct polyner builds up in the ionic
liquid catalyst; b. adding alumnumto the ionic liquid catalyst;

andmai ntaining a |l evel of the conjunct polyner in the ionic liquid catalyst
in a range such that the ionic liquid catalyst may be used for an extended
period for the hydrocarbon conversion.
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