RECYCLING OF IONIC LI QUI D CATALYST FI ELD OF ART The present

di sclosure relates to the recycling of regenerated ionic liquid catalysts.
More partPetilar$d4 the present disclosure relates to rBePEPIHYIBARYE hal i de
salt of the ionic liquid catalyst. BACKGROUND lonic liquids are |iquids

that are conposed el R sﬁiﬁﬁéﬁgﬁf‘.ﬁ' %ﬁ@é*ow tenperature” ionic
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| i qui ds are general I'y organi c sal ng pol nts under 100 degrees
C, or often even |lower than roomtenperature. lonic |liquids nay be
suitable, for exanple, for use as a catalyst and as a solvent in
aIkyIatiEF@Lﬁhﬂg?éi s of ionic liquids is fused salt conpositions, which
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el ectrol ytes. Such conpositions 1lbare tures conmponents which are

i quid atatilgstpeMatrapascibalnwhd presdnndisvlosluakelaed to mgyghiap micshabdfle tde
corrponentfi Lonic Ii gui ds can be defined as |iquids whose nmake-up is
entirely® %ﬁﬁ"‘r“il%’é‘ﬂn% apl§¥s as a conbination of cations and anions. The nost
comon ionic liquids are those prepared from organi c-based cations and

i norgani c or organi c anions. The npost 20 common organic cations are

amoni unBA&IKGROUROt phosphoni um and sul phoni um cations are al so

frequently used. lonic |i.quid f _pyridiniumand.imdazoliu re perhaps
the most  commBHiy Ueire HER D Kri B0 A B, OBl al 6 Mot m t od t o
BEI , 1(PF6:iowhahpahard nakie $iqaide br néﬂaaﬁga{%&m?ng\wlﬁ%&mg bditk3982) 2N] -,

al kyl sul phates (RS03-), carboxyl ates and many others. The nost
cat al yt i £l dsereaideveetiethgyerdpwer than fagul Earasure Hesie lupidsvedy ¥ om ammoni um

hal i des ﬁﬂgbfe?%r%x@rﬁﬁlg,sfog ﬁ%cﬂ aacsatalyst and as a solvent in alkylation.
One class of ionic liguids 1s fused salt compositions, which are molten at low
temperature and are useful as catalysts, solvents, and eiectrolytes. Such compositions
15 are mixtures of components which are liquid at temperatures below the individual
meiting points of the components.

Tonic liquids can be defined as liquids whose make-up 1s entirely comprised of
10ns as a combination of cations and anions. The most common ionic liquids are
those prepared from organic-based cations and morganic or organic anions. The most

20 common organic cations are ammonium cations, but phosphonium and suiphonium
cations are also frequently used. Tonic liquids of pyridintum and imidazolium are
perhaps the most commonly used cations. Anions include, but are not limited to, BFs-
, PF4-, haloaluminates such as A1,C15- and A1,Br+-, [{CFaSO;),Ni-, alkyl sulphates
(R50;-), carboxylates (RCO;-) and many others. The most catalytically interesting

25 lonic liquids are those derived from ammonium halides and Lewis acids (such as
AlCls, TiCls, SnCly, FeCls. . .etc.). Chloroaluminate ionic liquids are perhaps the most
commonly used ionic liguid catalyst systems,

Exampies of such low temperature 1onic liquids or molten fused salts are the
choloraluminate salts. Allkyl imidazolium or pyridinium salts, for example, can be

30 mixed with aluminum trichloride (AlC15} to form the fused chloroaluminate salts.
The use of the fused salts of 1-alkylpyridinium chloride and alumminum trichloride as

electrolytes 1s discussed in U.S. Pat. No. 4,122,245, Other patents which discuss the



Al C13, TiCl4, SnCl4, FeCh...etc.). Chloroalum nate ionic liquids are

per haps the nost commonly used ionic |iquid catal yst systens. Exanpl es of
such | oWEeAP&Y’824re ionic liquids or nolten fused sal PETARZDRETI1
choloralum nate salts. Al kyl imdazoliumor pyridiniumsalts, for exanple,

can be 30m ith alum numtrichl oride Cl3) to f the fused
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chl ori deciapgbiebaienum Piti KBS arddderasnglientioobytes is discussed in U S. Pat.
No. 4,122,245, Other patents whi ch di scuss the use of fused salts from

al uni nunUt$.P@hm Sd64 %40 dasripES Rt dsurhipabordpdseas | @Bfe(merol yt es are U S.

Pat ?laﬁi%nglyd}ﬁaiﬂe %n{ll Q‘LSLB%QZ She guﬁ%(m?% amm?_lmﬁ]manaﬁg? fuggg bes ionic

qui ds Ise at T east one | east one
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phosphoni um. hal i de; and their uses as solvents in catalytic reactions.
U S. Pat™af¥NS6, 096, 680 describes liquid clathrate compositions useful as

reusabl e al Ul Pt AkNBb2sh A B Rl FE AT LEARLIAAR uoLfly gne embodi ment,

the liquid clathrate cohposition is ons uen S conpri sing

(i) at | esasetblmﬁanﬁaﬁmh oarilysiit Fiidel-iCatefts sehdtjonat I mnlmdenaa,l thesel ected from
al kal i t al ide, alkaline e metal ., halide, alk met al
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and (iii) at least one aromatic rocarbon conpoun um num cont ai ni ng
cat al yst sarérmcfahhﬂi@etdﬂea nostal p@nﬂ@imhﬂavquatcmryjdmatoalmseﬂt gbenphoyed in
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i ncl udi ngyraddiiyd, ahél ORS at least one aromatic hydrocarbon compound.
Aluminum-containing catalysts are among the most common Lewis acid catalysts
I5  employed in Friedel-Crafts reactions. Friedel-Crafts reactions are reactions which fall
within the broader category of electrophilic substitution reactions including
alkylations.
Other exampies of 1onic liquids and their methods of preparation may also be
found in U.S. Pat. Nos. 5,73 1,101; 6,797,853 and in U.S. Patent Application
20 Publications 2004/0077914 and 2004/0133056.
As a result of use, ionic liquid catalysts become deactivated, i.e. lose activity,
and may eventually need to be replaced. Alkylation processes utilizing an ionic liquid
catalyst form by-products known as conjunct polymers. These conjunct polymers

deactivate the ionic liquid cataiyst by forming complexes with the jonic liquid

[
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catalyst. Conjunct polymers are highly unsaturated molecules. As the conjunct
polymer concentration increases, the activity of the ionic liquid catalysts becomes
impaired or at least compromised. Conjunct polymers may also become chlorinated
and through therr chloro groups may interact with aluminum trichleride and therefore
reduce the overall activity of the catalyst or lessen its effectiveness as a catalyst for
30 the intended purpose such as alkylation. Deactivation of the ionic liquid catalyst by
conjunct polymers is not only problematic for the alkylation chemistry, but also
weighs in heavily on the economics of using tonic liquids because they are expensive
catalytic systems and their frequent replacement will be costiy. Therefore,
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O her exanples of ionic liquids and their nethods of preparation may al so
be found in U S. Pat. Nos. 5,73 1,101; 6,797,853 and in U S. Patent
Application 20Publications 2004/ 0077914 and 2004/ 0133056. As a result
of use, ionic liquid catalysts become deactivated, i.e. lose activity, and
may  eventddalhdcRPSRIdidubeof SRl akatt ok @Eﬁ@?a&&l@ﬁ&?%@ﬁl Widibikzi ng an ionic
l'iquid catalyst form by-products known™as conjuntt polyners. These conjunct
pol ymer s wéess theyarecifibentorsgendritgdipnt caydkgst by fow i ng conpl exes with the
ionic liquid 7Z5catal yst. njunct pol.ynmers. are highly_ unsaturated
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conj unct polymers fromacidic ionic Tiqurd catalysts I'n order To regenerate
t he cat alnpsé & haveduseen devi sed. For exanple, see U.S. Patent Application
Publ i cati on 2007/ 0142213. Once the ionic liquid catal yst has been
regenerated, the catalyst is generally recycled to the nmain reaction.

Unf ort unagieMviaRoNi ¢ liquid catal ysts are very sensitive to air and

moi sture. Unless the recycle systemis totally dry and free of oxygen, the
cat al yst can BEoudatiechromIuE: seilsly Banspotingor heoyelieniodaviged t o

regenerate. honic Liquid catal S nethod for saf el _
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transported more easily. The present process of using a secondary alcohol to

precipitate the alummum chloride offers a fast and efficient method for removing the

aluminum chloride and obtaining the ionic liguid salt for recycle or other transport.



A first aspect provides a process for preparing a salt of an ionic liquid
based on a chloroalum nate conprising mxing an ionic liquid based on a
chl oroalum nate with a secondary al cohol and M nm ng an al um num chl ori de
adduct precipitate, renoving the precipitate; and renoving the secondary
al cohol to they Lo G Bk Dy ionic Lauidbaggond aspect
provi des a mﬁlg?i’y%%p%%\r[{g%‘gg%ﬁ ﬁsrﬁgésgﬁ%gﬁggn%aq%?%%%?é? %%ulg\b =

chl or oal whiarchiceodomprateséongprising mixingamignaiiquahbased pyaichlchbededinelt a
chloroalum nate wth a secondary al cahol. and farm n_al ym num chl ori de
adduct pral pIcaREry plg iaﬂggqrﬁé“%%@?”ﬁ)’i”f“é’? gnloride a&gllpg?i‘i?\cfip #°t he secondary
al cohol to theLebyn) 8RMRe@pigAd;lan@f the ionic liquid, and transporting the
salt to a selected destination. DETAILED DESCRIPTION ~ The present
process is foremtreng dfecscemdast fledrol tetherchndgsoe e sdt of Geyenieligtidan i onic
liquid catal yst which is based on chloroalum nates. It has been found that
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secondary al c al'um num c ride 1n the catalyst forns a conpl ex

wi t h t he chkecadigiainateadoaghising This conpl ex precipitates out of solution
and can be renoved by filtration. The .rengini chl oride, salt of the ionic
liquid catal ydHX{ag @é%fii‘ﬂ bﬂ?‘a‘#%&?iﬂ‘égﬁ n%g%@‘n%%ﬂ}n%@ﬁgwl e.g., by

boi ling ohf f&ﬁﬁn%h&ﬁﬂﬁﬁnurﬁ@ﬁﬁoﬁ@@&&&iﬂtf)ﬁé@ipﬁﬁ!depri de salt as a solid. The
solid salt can then be transported to the reactor, where the addition of

Al C13 to the sahvvipgthapetapitate;ne catal yst prior to introduction into the

Lﬁ?gﬁ grai u-lr;]-hﬁ airgxgaioginlg it}%usiegon%}'yazlti&)sr}ol & H‘lelbe%y%] ¢ ia%gft of {h'qullug iigﬁlﬁ?d upon

and transporting the salt to a selected destination.

DETAILED DESCRIPTION

The present process is for the safe and effective transport or recycle of an ionic

liquid catalyst which is based on chloroaluminates. It has been found that by reacting
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One exanple of an ionic liquid catalyst is an am ne-based cationic species
m xed 10al um num chloride |Iike 1-al kyl-pyridiniumchloroal um nate, such as

1- but yl -WRPEI0EFR24m hept achl or oal umi nate. Preferably tﬁ@Tfﬂé%ﬂOE“"Fﬁ"&bl d
catalyst is selected fromthe group consisting of: a chloroaluninate ionic

1auid ool St CORILS NG A AR EALAY VP ] LEhEMty RYORE ficum hal i de of

t he genera umnumtrichlori hydrocar byl

subst i t uiieghiiuth clagalid Wb adthige fofmd heorgpioenalh thosawhaerBalehew and al uni num
trichloride, Fr eferably in 1 nolar _ equival ent hydrocarhyl substituted
pyri di ni um ha h@éomleﬁm%@ﬁ%ﬂﬂ elidetianAndcran B s i fHERIYe of the

gener al {Fgé f&injéﬁnﬁ g @hl@ﬂg L Bl JIGRPRAL Y cﬁx{ id czﬂxfﬂgst%n 03B BY AL GAL Tl um num

trichlori ‘I’oroa um nate 1onic catalyst conprising an al kyl
substj t uteednduyy aldbkmlueﬂg 20habitidg offftht hnlec@:énmdalba\fm@ﬁmlcaie@udbehloms and al um num

trichloride or an bstituted i zollum alide qf. the_general
formula ! @el%\ﬁﬁ%‘g dﬁ%l‘&?ﬁ‘lt ettFar%H‘PWr‘{?Hé ¢ IpREPer Q’Fr‘fgﬁm%%? equi val ent
al kyl sulgty, H]Wh@QaiPﬁd Qe Babiy8e Ry 1@ r!‘é%ldu&%%ﬁiottﬂé gdciofl dazol i um hal i de

of the general formulas A and B, ‘respectively; to 2 nmolar equivalents
al umi num t ri cRhomnaeljqu@dcatidyst can be any ionic liguid based upon chloroaluminates.

One example of an ionic liquid catalyst is an amine-based cationic species mixed

10 aluminum chioride like i-alkyi-pyridinium chioroaluminate, such as 1-butyl-
pyridinium heptachloroaluminate. Preferably the tonic liquid catalyst is selected from
the group consisting of;
a chloroaluminate ionic liquid catalyst comprising a hydrocarbyl substituted
pyridinium halide of the general formula A below and aluminum trichloride or a

15 hydrocarbyl substituted imidazolium halide of the general formula B below and
aluminum trichloride, preferably in 1 molar equivalent hydrocarby! substituted
pyridinium halide or hydrocarbyl substituted imidazolium halide of the general
formulas A and B, respectively, to 2 molar equivalents aluminum trichioride;
a chioroaluminate ionic liquid catalyst comprising an alkyl substituted pyridinium

20 halide of the general formula A below and aluminum trichioride or an alky]
substituted imidazolium halide of the general formula B below and aluminum
trichloride, preferably in 1 molar equivalent alkyl substituted pyridinium halide or
alkyl substituted imidazolium halide of the general formulas A and B, respectively, to
2 molar equivalents aluminum trichloride;

25
(A)

4
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(B) and m xtures thereof, where R=I-1, nethyl, ethyl, propyl, butyl,
pentyl, hexyl or benzyl, group R and R'=H, nethyl, ethyl, propyl, butyl,
pentyl, Ve 007824 benzyl group, and X is a hal oal unmi naPel/UgHYBesEsler ably a
chl oroatum nate, and R and R2=H, nethyl, ethyl, propyr, butyl, pentyL,
hexyr or ﬁgenzyl group, and where RI and R2 may or may not be the sane.
Anot her (e anple of an ionic liquid catalyst is an al kyl substituted
amoni um 10h&ki de, of theg. general foimula C, nixed in with alum num
trichloride; (E%W\/ﬁ

N\

N——Rz

X =

and mixtures thereof,

where R=H, methyl, ethyl, propyl, butyl, pentyl. hexyl or benzyl, group R’

th

and R"=H, methyl, ethyl, propyl, butyl, pentyl, hexyl, or benzyl group, and X 1s a
haloaluminate, and preferably a chloroaluminate, and R; and R,=H, methyl, ethyl,
propyl, butyl, pentyl, hexyl or benzyl group, and where R; and R; may or may not be
the same.

Another example of an ionic liquid catalyst i an alkyl substituted ammonium

10 halide of the general formula C, mixed in with aluminum trichloride;

(©
Ry

R """""_N Rz X‘
R

where R=H, methyl, ethyl, propyl, butyl, pentyl, hexyl, or benzy! group; Ri, R, and R
= methyl, ethyl, propyl, butyl, pentyl, hexyl or benzyl group, X is a haloaluminate.

15 Tonic liquids containing ALCl; or AlCl, can zlso be suitable. The present
process can be used whenever such an 1onic liquid based upon a chloroaluminate
needs to be transported or recycied. Generally, the process finds particular
application after an ionic liquid catalyst has been regenerated after being spentin a
hydrocarbon conversion reaction. One such reaction is an alkylation reaction.

20 Various methods are known for regenerating spent ionic liquid catalysts. For
example, see U.S. Patent Application Publication 2007/0142213, and U.S. Serial
No. 12/003,578 and 12/003,577, which are incorporated herein by reference i its
entirety. These methods can remove conjoint poltymers and provide a regenerated
ionic liguid catalyst.

25 Once the catalyst has been regenerated, and the catalyst is ready for transport
or recycle, the catalyst 1s mixed with a secondary alcohol. The secondary alcohol can
be isopropanol, 2-butanol, 2-hexanol, 2-heptanol, or any suitable secondary alcohol

which forms an adduct with AICls, and which adduct has a solubility which allows it
5



R3 where R=H, nethyl, ethyl, propyr, butyl, pentyl, hexyl, or benzyl group;
R, R and 1*3 = nethyl, ethyl, propyl, butyl, pentyl, boxyl or benzyl
group, X9 30IgoRErbal uni nate. 15l onic |iquids contai ni NECRUIWIFOGTIIAI C14 can
al so be suitable The present process can be used whenever such an ionic

liquid b on a, hl.or oal u nat e. ne ds.to be.tra orte cycled
oot o 15 16t ERARRaEl PR B S REC AL SRR ANSRRL LR pRT WLBY S &
cat al yst foh)ﬁ@ tOR6Hk zﬁ@t@%ﬁ@dﬁtﬁfe@dm&fré&h% s e BELc ReMthé AI@, hyBlEREafRan conver sion
reaction. One such reaction is an allcyration reaction. 2QVarious nethods

are knov@fe%ﬁatﬁe"gfbﬁespaltqpﬁ@@&@rﬂloweﬁﬁy TEmgitido drreinyeeayer ferotiganpl e, see
U S. Pat @Lds plication Publication 2007/0142213, and U S. Serial No.
12/ 003, 5 "12/ 003,577, which are incorporated herein by reference in

its entirety. Tﬂéﬁmsdﬁpteh@damaﬁ texeﬁaﬂcermemﬁmim pelsyrEos. @hed provi de a
regeneratedcionlc liquid cataly éﬁChce t he catal yst_ has been
r egener ate&endaancoind f%@F%FV%QVCF*sG zelyloifing Offf%g%wn ofthe gleghtle, t he

cat al yStRéIﬁmrrHliég&e%&fhd%iﬁaﬁ&%g% Veﬁh&ﬁ&ﬂ@ﬂds Tahteof%ﬁ&f?)ﬂf%%{ td"‘%ﬂ%ﬁ é%' can

i sopropano ut anol , exanol tanol, or any e” secondary
al cohol ashd hdfselt. nﬁeaﬂaldiyidhmcthimdemaﬁloé)he e lmmctutaytdum sdhidssal. sol ubility

whi ch al ecipitate. i. r op. | is_preferred as the
oocondar Goush g igleef 180 BRe Ron Sinrsamic oS Rt PR RR St 16E ARt Pel v i o
creaf( NgxR e ladWhdt Rerhdifs Aldehdion MIGB QW08 8f MESALRI{ @lr@ralithe

i sopropanol also allows easy renpval to t hereby recover the ionic liquid
sal t. 5Tmaﬁatﬁdrmr@|wmthéb¢ pdduat, beavmgniol mhaese dlebmal{tyo mesedvtend. frhsrantduwet gol ut i on.

The secongdar a co S th ved b oiling,of f/evaporation of
t he alcoﬁgﬁ X QBO%?bgﬁ %%%gﬁogc§th§%ﬂg?r Wtéy?%%mgﬁéorlde salt of
t he Ionlmhﬁcﬁlu'ﬁeq@wﬂ %8 ten@fer@u@Olht halAlIC . Gamer alak Will therghl ori de salt of
the ionic liquid catalyst is a solid salt. CGenerally, the chloride salt

will al soreednsis fhsomounae’ BlGhicEHn eolitipioeant i iefuced ta 6%ddlicer,cvek t he adduct
remjns j 0 solution. Mre than 90%of the Alf 13 is generally

The solid chloride salt can then be transported to the reactor or a holding tank without
issues concerning exposure to air, which would exist when recycling the ionic liquid
catalyst itself. Once the salt is needed as catalyst, the addition of AlCl; to the salt will
reform the catalyst prior to introduction into the reactor, The reformation can take
20 place in a holding tank, reformation tank or just prior to mtroduction to the reactor.
The following example is provided to further illustrate the embodiments of the

present process. It is meant to be only illustrative, and not limiting.

EXAMPLE

5 ml (about 6.7 gm) Nbutylpyridinium heptachloroaluminate was injected into 55 ml
25  1sopropanol at 50-60° C, and left sturing for 15 minutes. After | minute the solution

turned opaque and some precipitate started to form. The mixture was then cooled to

about 20° C and a white precipitate filtered off. The solid was dried in nitrogen

yielding 10.36g white powder with an aluminum content of 7.65% corresponding to

0.80g Al. The solution was concentrated to dryness yielding 3.27g yellow crystalline
30  soiid containing 1.63% Al, corresponding to 0.05g. Thus, 94% of the aluminum was

removed with the white solid precipitate, leaving only 6% in the recovered salt, once

the isopropanol is removed.



'separated out with the adduct, |eaving no nore than 10%in solution. The
anmount of AICl3 left in solution as dissolved adduct can be further reduced
by cool /2¢IH8788t uti on. The | ower the tenperature, thECHBMEMEP adduct
that will generally prcccpitate. The anpunt of AICl3 left in solution can
be reduced tao, 6% .. 5% or even 15| ess. The | l.onq ) 1.t hen be
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ref ornati ‘ - I ~ L I .on.tank or just
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pr ovisdedortler thusfohethd bhicdiquad extdlhe. enbodi ments of the present process. It
is meant to be only illustrative, and not |i mtiggzggyl\/PLE 5.m (about 6.7
gm Nout yl pyr | ESniimPHSERIAEATS BHFE MR ASERIBET RSt #dCly HRBSPEETR

251 sopr opangl ofin i.g\gi'c:qglug\d endiblficS bdd hicP8e LQd td PeAhRWiESta ARt €7 1 minute
t he sol ution turned opaque ang sone precipitate started to form The

m xt ur e Wasprbben icoopkednboghatedwtpeplorGedentsige whiht ecfpeaciPictvtie filtered of f

The solid was dried in.nitro .yielding 10, 36g whit owder with an

al um nurB"EGRTER pdget *fq%g%f éB@E@s%BVﬁEﬁYﬁBgF@B? %8%03331 .Ogﬁg}[")laé‘ YW on was
concgnt r fi@thnt R HpHORISS aYdheheiangr B Zfthey ChdrAIGHYSEGhE | ne 30 solid
containing 1.63% Al, corresponding to 0.05g. Thus, 94% of the al um num was

renmoved with fHeoughithepissdnt drysneen pisthere dedcalind WgcoBATYfioBosittn t he recover ed

o A e pist e cghw g (
*emper at O R OBET R okl if (Y Qores T PSR LU oy

separ at i giiti@Rdddldibss | AWERcaldniahd Meontien ndtRpéditcdligcvelited ngglde. Furt her
| owering of the alum num content nay not be necessary, however, if the salt

i s si npl padowBbordeputiag g BnapiFibaed soRe pF Be dantihar &fmrersthes added to
the gal taﬂp@ndad clarms.



5order to reformthe ionic liquid catalyst. Thus, the present process
offers one a sinple process for safely transporting the salt of an ionic

| i quid VO Hivara&¢+ which can | ater be used to reform tHel/Eait4P Y8791 The
process is sinple enough to be performed on-site in the refinery. The white
precipitate adduct is highly soluble in water and can be di sposed of as an
aqueous 10sol ution or exported as a chemcal or for further chem cal
processi ng. Al t hough the present invention has been described in
connection with preferred enbodi nents thereof, it will be appreciated by

t hose ski | | ddwaf whighels glaimefids: additions, del etions, nodifications and
substitutions not specifically described may be nmade wi t hout departing from
the spirit and scope of the invention as defined in the 15appended cl ai ns.
That which ils cl i pedessSor prepurpizacei$f toionr kpad bagdansalhiorofluamatoni ¢

l'iquid based on .a chl.oroal um.natc conpri si m xing an.jonic |iquid based
on ‘a chi or oAPTATHAE S1HPE AN AORE HaHE 2Ry Ao ER ORHE T Rihg Srodrtm num

chloride ad%%holpin%%ﬁﬁiharaﬁahfnﬁﬁ&iﬁicﬁ%rﬁi@%dcﬂ[c@?fa@iﬁt@ie,e? and renoving the
secondary al cohol to thereby |eave a salt of the ionic liquid. 2.A process

accordi ng to cl airemdyingHermeenpitdie @ndnic liquid is selected fromthe group

consisting of: removing the secondary alcohol to thereby leave a salt of the 1onic hquad.

2. A process according to claim 1, wherein the lonic liquid 1s selected
from the group consisting of:

a first chloroaluminate ionic liguid comprising a hydrocarbyl substituted
pyridinium halide of the general formula A and aluminum trichloride or a
hydrocarbyl substituted imidazolium halide of the general formula B and aluminum
trichloride;

a second chloroaluminate ionic liquid comprising an alkyl substituted
pyridinium halide of the general formula A and aluminum trichloride or an alkyl
substituted imidazolium halide of the general formuia B and aluminum trichioride;

and mixtures thereof, |
wherein the general formula A and the general formula B are represented by the
structures:

(A)

SR
D



a first chloroalum nate ionic liquid conprising a hydrocarbyl substituted
pyridinium halide of the general formula A and alum numtrichloridc or a
hydr ocar'BQRO¥EEERH# t ut ed i mi dazol i um hal i de of the genePaF/UFHIHEEE?B and
alum numtrichl oride; a second chloroalum nate ionic liquid
conprising an al kyl substituted pyridiniumhalide of the general fornmula A
and alum numtrichloride or an al kyl substituted i m dazolium halide of the
general formula B and aluminumtrichloridc: and m xtures thereof, wherein
the general fornula A and the general fornmula B are represented by the
structures: R' / \ NR2 wherein R=1-1B)nethyl, ethyl, propyl, butyl,
pentyl, hexyl or benzyl group, R aed R -=H, nethyl, ethyl, propyl, butyl,

pentyl, hexyl or benzyl group, and ﬂﬁ%% al umi nate, and R and R2=H
met hyl , ethyl, propyl, butyl, pentyl, ¢r h _or_benzyl group and where
Riand R2 may or may not be the sane. . A'process according to claim
2, wherein the first chloroal uxinate i0 iquid catalyst is prepared by

conmbining 1 nolar equival ent of the hydrocarbyl substituted pyridinium
hal i de or the hydrocarbyl substituted im dazollumhalide with 2 nolar

2 wher ai n Chi SB0H0 ARG S ORERR: bt pen ey B ST SRR RS e by
combi ni ng | ReiFmetig) atyiemopef biidel pahtel Ihesyilos betayt ecbupyariddKmd aim hal i de or
(he alloT subetitued Lmdaceljup fali de b2 rmusr s alenis of L
LS, Bt SRSk SRl b . genral Tormla
3. A process according to claim 2, wherein the first chloroaluminate
ionic liquid catalyst is prepared by combining 1 molar equivalent of the hydrocarbyl
substituted pyridinium halide or the hydrocarbyl substituted imidazolium halide with

2 molar equivalents of aluminum trichloride.

4. A process according to claim 2, wherein the second chloroaluminate
ionic fiquid catalyst is prepared by combining 1 molar equivaient of the alkyl
substituted pyridinium halide or the alkyl substituted imidazolium halide with 2

molar equivalents of aluminum trichlonde,

5. A process according to claim 1, wherein the tonic liguid is an alkyl
substituted ammonium halide of the general formula C, and aluminum trichloride,

(C)
Ri

R—N—R, X

Rs
where R=H, methyl, ethyl, propyl, butyl, pentyl, hexyl, or benzyl group; Ry, R; and
R; = methyl, ethyl, propyl, butyl, pentyl, hexyl or benzyl group, and X 1s a

haloaluminate.



R3 where R=H, nethyl, ethyl, props'', butyl, pentyl, hexyl, or benzyl
group; R 1, R2 and = nethyl, ethyl, propyl, butyl, pentyl, hexyl or benzyl
group, and X is a hal oal um nat e. 6. A process according to claim
1, wherein the ionic liquid is N butyl pyridinium heptachl oroal um nat e.

7. A process according to claim6, wherein the salt is N butyl pyridinium
chl ori de. 8. A process according to claiml, wherein the m xing
takes place at a tenperature of roomtenperature or | ower. 9. A
process accor di nget 9. Chakdel sl B 48 ARG hkesc Rt . @

butylpyridinium heptachloroaluminate.

7. A process according to claim 6, wherein the salt is N-butylpyridinium
chloride.
8. A process according to claim 1, wherein the mixing takes place at a

temperature of room temperature or lower.

9. A process according to claim 8, wherein the mixing takes place at a

temperature of 20°C or less.

10. A process according to claim I, wherein the secondary alcohol is
isopropanol.

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

12. A process according to claim 11, wherein the process further

comprises recycling the halide salt to a reactor and adding AICl; to the halide salt to

remake the catalyst prior to introducing the halide salt into the reactor.

13. A process according to claim 12, wherein the reactor is an alkylation
reactor.

14, A method of transporting an ionic liquid based on a chloroaluminate
comprising

mixing an ionic liquid based on a chloroaluminate with a secondary alcohol
and forming an aluminum chloride adduct precipitate,

removing the precipitate,

removing the secondary alcohol to thereby leave a salt of the ionic liquid,

and transporting the salt to a selected destination.

10



10. A process according to claim1l1, wherein the secondary al cohol is

i sopr opanol . 11. A process according to claiml1l, wherein the ionic
i quid iV80atioaFaRy st . 12. A process accordi ng POTRISHIAGRTI1 wher ei n
the process further conprises recycling the halide salt to a reactor and
adding AIC13 to the halide salt to renmake the catal yst prior to introducing
the halide salt into the reactor. 13. A process according to claim
12, wherein the reactor is an al kylation reactor. 14. A method of
transporting an ionic liquid based on a chloroal um nate conpri sing

m xi ng an ionic Pqui d* Baswd aseprdinghip slegalluhiriigr eorpriisingadsiecordainuml cohol
and f orm ng tﬁ&l&k&%‘?a'}ﬂé‘&éﬁ‘&?@ &je%m?ﬂ%%g& T oﬁtﬁ 'tkpclr_llgﬁtc%gurdﬁrmw ng the
precipitate, renovi ng e secondary al cohol "t t ereby | eave a salt
of the ionic liquid, and transporting the salt to a sel ected destination.
WO 2010/ 075224PCT/ US2009/ 068791 .15, A nmethod according to claim1
further conprisin§ addt AETEGRFHAGHTE FiRER 6r VBECIGhe Awtiaaliqn igant he

destination . IJt%%QEz{eEt%ghgditMOﬁicl Hc{&'rﬂ g'refornlggcil g‘i&lﬁto iﬁrd@ﬁ&@%nﬁ?&ﬁ()chgi ng to

claim15, wherein t tination 1s an a tron reactor and the ionic
liquid is retatored prior to introduction into in the reactor. 17. A
process according to claim 14, wherein the ionic liquid is selected from

t he group consisting of: a first chloroatum nate ionic liquid

conprising a hydngcar by brosbskidiingdo Bk du Db HIRRaht d8iofiqlid g Qrperal
formula A and alum numtrichloride or a hydrocarbyl substituted im dazolium

hal i de of tHenydreralp fowwtit@oB and al umi numtrichl oride;

a first chloroaluminate ionic liquid comprising a hydrocarbyl substituted
pyridinium halide of the generél formula A and aluminum trichloride or a
hydrocarbyl substituted imidazolium halide of the general formula B and aluminum
trichloride;

a second chloroaluminate 1onic liquid comprising an alkyl substituted
pyridintum halide of the general formula A and aluminum trichioride or an aikyl
substituted imidazolium halide of the general formula B and aluminum trichloride;

and mixtures thereof,
wherein the general formula A and the general formula B are represented by the

structures:

N\
N_—‘Rz
Xh L\Q/

11



a second chloroalumnate ionic liquid conprising an al kyl substituted
pyridinium halide of the general formula A and alum numtrichloride or an
al kyl substituted i mdazolium halide of the general formula B and al um num
trichloride; and m xtures thereof, wherein the general _formula A and the
general formula B are represented by the structures: (B) wherein R=H,
nmet hyl, ethyl, propyl, butyl, pentyl, hexyl or benzyl group, R and R'=H,
nmet hyl , ethyl, propyl, butyl, pentyl hexyl or benzyl group, and Xis a

nel o i SRk, 00, 200 BT S B PR B PSR D,

process accopdimg, by bﬁyﬂg%yl \Mﬁ%n e}ie‘ﬂlﬁ rl%xfyl aslssenszjal Rb@RkHxTake ioni c
liquid catal yst 1s prepare ng ol ar equi val ent of the

hydr ocar byl balbdehinatednpiin wd:l Rﬁﬁnmhﬂd@thblr prapel, hy . arsanbylexsiasst i t ut ed

d | hal th nt t hl d
Ilg] 2zgr Iogg]sg%élg Pé\fi’ Wbdwgergligﬁﬂg}n\égﬁgwgﬁﬁg[%& gén%lgg(rjn CL: gr oglr :Jmenat e

ionic liquid catalyst is prepared by conmbining 1 nolar equival ent of the
al kyl substitutedagyrldlnlunlhallde or the al kyl substituted im dazolium
halide with 2 nol &% eqdipregesneasorstingiomsimuid. tviictain Byeifie. ch ttwoamﬁraéﬁ'cess

according to, cl ted
ammoni um hal 1°4¢ H*m ﬁatalgaﬁgeg Barf% wﬁ&b%ﬂ%ﬂg—l %re uﬁglr% ri c?‘n?%ﬂlﬁ& TBBH( O R
RN R3 substituted pyridinium halide or the hydrocarbyl substituted imidazolium halide with

2 molar equivalents of aluminum trichloride.

19. A process according to claim 17, wherein the second chloroaluminate
ionic liquid catalyst is prepared by combining 1 molar equivalent of the alkyl
substituted pyridinium halide or the alkyl substituted imidazolium halide with 2

molar equivalents of aluminum trichloride.

20. A process according to claim 14, wherein the ionic liquid is an alkyl

substituted ammonium halide of the general formula C, and aluminum trichloride,

©

where R=H, methyl, ethyl, propyl, butyl, pentyl, hexyl, or benzyl group; Ry, R and
R; = methyl, ethyl, propyl, butyl, pentyl, hexyl or benzyl group, and X is a

haloaluminate.

21. A process according to claim 14, wherein the ionic liquid is N-

butylpyridinium heptachloroaluminate.

22. A process according to claim 21, wherein the salt is N-

butylpyridinium chloride.

12



~where R=H, nethyl, ethyl, propyl, butyl, pentyl, hexyl, or benzyl group;
Ri, R and R3 = nethyl, ethyl, propyl, butyl, pentyl, hexyl or benzyl
group, Aavei2¢0#0%22¢ hal oal uni nat e. 21. A process HEBPEIHYSTH cl ai m
14, wherein the ionic liquid is Nboutylpyridinium heptachl oroal um nate.
22. A process according to claim21, wherein the salt is Noutyl pyridinium

chloride. WD 2010/ 075224PCT/ US2009/ 068791 23. A process according
to claim 14, wherein the mxing takes place at a tenperature of room
tenperature or | ower. 24. A process according to claim23, wherein

the nixing takes2pl acé piocesspespsdipatuslainpt 4.20Grep thegsiing takes plagespt ap

process according 1o .clai 4 ereln.t he secondary al cohol is
i sopr opanol ?cmpcr‘gture %?%%ﬁ%%%@% (gﬁ!():o?di ng to claim 14, wherein the ionic
liquid is a catal yst.

24. A process according to claim 23, wherein the mixing takes place at a

temperature of 20°C or less.

25, A process according to claim 14, wherein the secondary alcohol 1s
isopropanol.

26. A process according to claim 14, wherem the ionic liguid is a
catalyst.

13



