LI QUI D LI QUI D SEPARATI ON PROCESS VI A COALESCERS FI ELD OF ART The present
di sclosure relates to a process for separating an ionic liquid from

hydr ocar$0381%¢2%2he use of a coal escer. Mre parti cul aPCE/US2HE/0p3886 ent

di sclosure relates to renoving an ionic liquid catalyst from hydrocarbons
(e.g. a product produced during an al kyl ation reaction catal yzed by the
ionic liquid catalyst) by the use of a coal escer. 10 BACKGROUND An

al kyl ati on prodassiiDwhi@biD SERARATOSBPROCESS. VIRAC@AL.EADERISCat i on
Publ i cati on 2006/ 0131209 ("the '209 publication"”), involves contacting

i soparaffins, preferably isopentane, with olefins, preferably ethylene, in
the presgpcp ®f aT ionic liquid catalyst to produce gasoline bl ending
compgnents. The contents of the '209 publication are 15i ncorporated by

ref ePence her & Fesept digcdosurstrplais {p, 2 process foppenaesiing a1 jopigiliguiddtoal yst

di sting %&%@éb(%ﬂh"!ﬁ? HRQNEbr Aldsbal | O aﬂg:lﬁ% IP/I %9 ? ege%pmgﬁ%sh%laiepgooc esses

that convert lig araffins and |1 ght n o nore lucrative products

such as remeving deypnit Hend eftalys divar afdfacaond fefy. obeliingrainckdtdusngpal yneri zat i on
o o1 el LS BOLea AT, fod WO Tonk IO ELRIL ENRLKELY, HSRL T 0CESSES 10

al kyl ate rsobutane wt gasoltne Ccuts with high
octane nunbers use sulfuric acid (H2SO) and hydrofluoric acid (HF)
cat dDystBACKGROUNDNi ¢ |iquid catal ysts specifically useful in the

al kyl ation process..described.i.n the '209 nubljcation ar isclosed in U S
Bt ot Aop! | e e BERRE Sl 08 538k S Pl BB BuhRETT o | v eh
i s al so 20beorpaitatthd ‘P puefierieny dnvdives esntefing ibyrafias erdfera@ych cat al ysts

25i nclude a chloroal um nate ionjc¢ liguid catalyst conprising a hydrocar byl
Subst i t GOy Vi e RETHA" Shtlens) G s PGB © Tyt ocar by|
subst i t wt@ided dlkslmz @ldnamF bahpsien@nthaddamaRWN DG Blitden agUch catal ysts
further include chloroalumnnate ionic liquid catalysts conprising an al kyl

subslt5i t_&?céa’oﬁﬁdibdir?ﬁeﬁﬁ?%r‘fiﬂ@Iéqr?é}“@%m num trichloride or an alkyl
substituted hﬂ&ﬂi?ﬂﬁd’éﬂtﬂf&h Hgﬁndg%ﬁges%ﬁ‘é o A fabi G 0 ds I om RE S 41820

chl oroalum nate 30 1onic 1i %w catal ysts include

1- but y 1 PmepssesHyat cpypertdichi Ramtan o diahime fing te meBNRyrative-phaduyts pyahiadihei um
chl or oal,u : -.hut - .m.dazol i hi inate (BMM
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cat al ystike heiv extemiviglyeuspd ppesssisasalindkic ngbitenmeteSsar yicfim b urkber devel op and

gﬁg 'ezp?/ Otrng%ﬁhé’&&stiltﬂ Yk Do A AR L AL T IR P &R Sy i n Qb ISk @rirchi eve
cataiysts. '
Tonic liquid catalysts specifically useful in the alkylation process described in the ‘209
publication are disclosed in U.S. Patent Application Publication 2006/0135839 (“the ‘839
publication™), which is also incorporated by reference in its entirety herein. Such catalysts
25 mclude a chloroaluminate ionic liquid catalyst comprising a hydrocarbyl substituted
pyridinium halide and ajuminum trickioride or a hydrocarbyl substituted imidazolium halide
and aluminum trichloride. Such catalysts further include chloroaluminate ionic .liquid
catalysts comprising an alkyl substituted pyridinium halide and aluminum trichloride or an
alkyl substituted imidazolium halide and aluminum trichioride. Preferred chloroaluminate
30 iomic liquid catalysts include 1-butyl-4-methyl-pyridinium chloroaluminate (BMP), 1-butyl-
pyridinium chioroaluminate (BP), 1-butyl-3-methyl-imidazolium chloroaluminate (BMIM)
and 1-H-pyridinium chloroaluminate (HP),
However, 1onic liquid cataiysts have unique properties making it necessary to further

develop and modify the ionic liquid catalyzed alkylation process in order to achieve superior
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gasol i ne bl endi ng conmponent products, inproved process operability and
reliability, reduced operating costs, etc. There is a need for an
effective and efficient process for renoving ionic liquid fromthe -
hydr ocar bon phase after ionic liquid catalyzed al kylation. In general, the
process_ s Iopl e an fi.clien nough t > U : te any
Poni o B QRO RS e FLEPO P PgRG Sy Flf s ARl iy Dl SUAP BN G e &

t he deppdrhtyngdostshechydrocarbons is |ess than the density of the ionic

i quid. SUMVARY Di scl gsed herein is a process for separating an ionic
li quid fromlhyaivearaddasanelifengve arbefficisatriocess for remgvingrigric Jgpddfomr ovi des
a proc i - 1 1004: Lgul o of rom hydr ess
conpri g eaft SR RHEL! e BRiC A oA B B e RE R BF O

| i qui dbt singplecaal dficient, enbhgh wyreedrdwpsratesanyrignic digiiel, hotgustan dsapligtid

di spersed therein, and the_coal escer c rising. a cogl escer terial

(b) adR@f 'yﬁtggaftn hyespcer nw#lﬁe&he FSHRET Hﬂgﬁ@rqcfgiﬁaspalsg?%m e et

coal esggr fRtgLigal to provide captured droplets; (c) coal escing
captured dropl'ets into coal esced droplets; and (d) allow ng the

coal esced droplets to fall fromthe coal escer material to separate the

i onic Ikﬁﬁ&ﬂg%gon1the hydr ocar bons and provi de a hydrocarbon effl uent,

wher ei 1} | escer material has a stronger affinity for the ionic liquid
than the hygyQeREDRASIN is a proce® @?@aﬁktiﬁg RB GdniLTiQYid IR ByROOFESS Pk a
separating an ionic liquid fromhydrocarbons, the process conpri sing:

(a) feeeilergera mi xture conpri sing hydrocarbons and ionic liquid to a

coal escer, the hydrocarbons having ionic liquid droplets dispersed therein,
and t he coalelsessped pprvigésrgpracasalr sepramgrat ienicdlquid from hydrochrpossiter i ng at
| east a portion .of the ionic liquid droplets to the coal escer material to
provi dE8"CEBtGPEG HEopl et s; (c) coal escing the captured droplets into
coal esced drQPteli a mixture cofHisHeillicdgbbReatidhRILRM @rophRESr tRe provi de

an ionic liquid |ayer; e) renoving the ionic liquid |layer fromthe
coal esbpdrocaghens having ionic liquid droplets dispersed therein, and the coalescer comprising a

coalescer material;

{b) adhering at least a portion of the ionic liquid droplets to the coalescer material to
provide captured droplets;

(¢) coalescing captured droplets into coalesced droplets; and

(d) allowing the coalesced droplets to fall from the coalescer material to separate the
ionic liquid from the hydrocarbons and provide a hydrocarbon effluent,
wherein the coalescer material has a stronger affinity for the ionic liquid than the

hydrocarbons.

A second aspect provides a process for separating an ionic liquid from hydrocarbons,
the process comprsing:

(a) feeding a mixture comprising hydrocarbons and ionic liquid to a coalescer, the
hydrocarbons having ionic liquid droplets dispersed therein, and the coalescer comprising a

coalescer material;



(f) renoving the hydrocarbons fromthe coal escer to provide a hydrocarbon
effluent, wherein the coal escer material has a stronger attraction for the
ionic liquid than the hydrocarbons. A third aspect provides a process for
regenerating an ionic liquid catalyst, conprising: (a) feeding a

Coal oscer . THERYMEHIFROheRAy ORGSR R Fohs YRS e RaRL Y ot <

di Sperﬁﬁ@idd&b@&éﬂ drdprtst he coal escer conprising a coal escer material ;

(b) adhering at |east a portion of the spent ionic |liquid catalyst droplets
to the coal éceprlesmngibesbptutpdphrenipidénte apalesced damdps.et s; (c)

coal esci ng e tured .dropl.ets . into caal esced.dr.opl ets; (d)
settling thz&csgaﬁlggs@ggoa&%:ﬁ éjfoéﬁ?t% ¥ rr(%Y/ll8 3néon§%le1 1%18{?%??{,0 | i quid catal yst

| ayer; (e) ré@Pving FMbAG lighl Iap&itionh G walebdt ahdcat al yst | ayer fromthe
coal escer to_provide a _spent ionic liquid catalyst strea

f
removi ng t héd) ﬁw%&MMEWﬁW% famcbaFeaesser P @TPYidyR héc_irrancaarw %am%o%
ef fluent; a%ereciine the cohi@dcel RURRGI Ald 4 Io%g?er Cfﬁtpaec%%f] If(gl?dflg 1(411'1%('11&%%&1%@’ st

streamto provi regenerated 1onic cataly erein the
coal esbgdrommberd. al has a stronger attraction for the spent ionic liquid

catal yst than the hydrocarbons. A fourth aspect provides an al kyl ati on

process, conpthirdiangsct provides 6 @yocesindt tdokbigataiy @ iylcaiquancatfaal dodpristhgt he
presence of %n ionic liquid catalyst to provide an al lé(a/l ation product and a
spent i oni ¢ @ifeking SREHHERomPprismE a spEyt 1pBE didRY! Gtatyskend BYEOeasPISitag t he
spent i.9ni [RToNEY! : -at. ] t: : r, the
o kgl b e Al Py B Rt R IR b Bl BRRUESRE

t her ei the @malstdneompatisg ecodesvpr ingicngl;a coal escer materi al ; (c)

coal escing the captured droplets_.into coal.esced droplets: (d)
settling t héﬁ@&ﬁ?‘%&%ﬁ?%} %B‘F‘@PE Oifgleﬁ?w;“&‘@c. qgy éarfa?lgBﬁﬁo@lqtﬁ Qdh& cat al yst
layer; coalescer h8krihBARYSREe LureP8pdQNi € [iquid catalyst |ayer fromthe
coal escer to provide a spent ionic liquid catal yst stream

(c) coalescing the captured droplets into coalesced droplets;

(d) settling the coalesced droplets to provide a spent tonic liquid catalyst layer;

(e) removing the spent ionic liquid catalyst layer from the coalescer to provide a spent
tonic liquid catalyst stream;

() removing the hydrocarbons from the coalescer to provide a hydrocarbon effluent;
and

(g) regenerating the spent ionic liquid catalyst stream to provide regenerated ionic
liquid catalyst;

wherein the coalescer material has a stronger attraction for the spent ionic liquid

catalyst than the hydrocarbons.
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(O renoving the al kylation product fromthe coal escer to provide an

al kyl ati on effl uent; (g) regenerating the spent ionic liquid catal yst
streamto provide regenerated ionic liquid catalyst; and (h) recycling
the regenerated ionic liquid catalyst to the alkylation reaction step (a),
wherein the,c [ ar.l . ronger_attraction for the spent

i onic quuié‘@§h§?§§?t ége%%LMg 35%?%%%£b?%nﬁ%%gg‘ In one

enbodi ment , (8 cprdieess af alkykeparaictinginahe paRételof guichid Heud kydiyecar bons
conprises._(a) feeding a m xture conprijsing hydrocarbons and ionic |iquid
to a cBEvakcaralkylponRradue arhs ARENR EMGEAYIG FHBIYES qui d dropl et's di sper sed

t herein, and.the; r IS lies¢ jyal . -adhering at
| east a porgwgﬁg%%£€ gﬁﬁﬁﬁpgﬁqggﬁﬁg@%ﬁ%%ﬁgﬁgﬁﬁ%féﬁgy%ggP?%%%&ﬁkﬁa erial to
provi dercdapt turaedaldse@npltet slkylatidn podhaseiing spapticriedqdid eplabtss dioplets coal esced
dropl et s; g&f %d) al %g n%Pthe coal esced droEIets,.o fall fromthe

coal es8EPe] felf) ap theRalseHr COMRESIG AiCR2IESEHI@ Y2 Em t he hydr ocar bons and
provi de a hydr, &Egﬂ] j 2scer material has a

st ronger af%@ﬁ??@gfor ?Eékggﬁﬁgn¥gﬁﬁgge?%gﬁe?ﬁgbﬁﬁgrocarbons. In

anot her enbédiseglmg tha cpalesced dropiats wapavidt i mgendmwniohdqud citglysdaferom

hydr ocar bons .conpr.i ses. ). f.eedi mxture c ri sing hydrocarbons and
ionic liqui ge)tr ‘81%5“8% eeggglgtrl?mf E‘@uwaﬁa%&%ﬁgorﬁg@)ﬁ&?q%%i R }é’f‘?ivdffﬁ PG opl et s
di sper g8k ifiad ehtdlystdathe coal escer conprising a coal escer material; (b)
adhering at |least a portion of the ionic liquid droplets to the coal escer
mat eri al t o(provedes dgpliulapndrepicefrom theyoadeatetopirongde frealsplption ed dropl et s
into c? 1l%ﬁged droplets; (d) settling the coal esced droplets to provide an
ionic I'rquid layer; (e) removing the ionic liquid |layer fromthe coal escer;
and (f) renmpy)irBgenbhiting el Dearibeiagiqiidamd e seaal @SEevidt edeharvied orfc

hydr ocarbon effl uent, wherein the coal escer material has a stronger

at t r actipwd ceigtystgadi onic 1iquid than the hydrocarbons. The separation
process as gi i {41 i rr erating
B omi o 11 S RAFE DS RN BR bld colBb D B AR Tl Rn SEBRET C

di scl osed heiheicin ih8 caalpycocaagribDiiasregengdrattrazton fori thabent jogid ihuedt al yst and
an allcylation process. A process for regenerating an ionic liquid
cataly§¥ﬁ%%H§W?@€§&W@§Wnﬁ€§Hth a mixture conprising a spent ionic |iquid
catal yst and hydrocarbons to a coal escer, the hydrocarbons having spent
ionic liquid catalyst droplets dispersed therein, and the coal escer
conprising a coal escer material; (b) adhering at |east a portion of the
spent ionic liquid catalyst droplets to the coal escer material to provide
captured droplets; (c) coalescing the captured droplets into coal esced -
droplets; (d) settling the coal esced droplets to provide a spent ionic
liquid catalyst 5 layer; (e) renoving the spent ionic |iquid catalyst

| ayer fromthe coal escer to provide a spent ionic liquid catalyst stream
(f) renoving the hydrocarbons fromthe coal escer to provide a hydrocarbon
effluent; and (g) regenerating the spent ionic liquid catalyst streamto
provide regenerated ionic liquid catal yst; wherein the coal escer materi al
has a stronger attraction for the spent ionic liquid catalyst than the

hydr ocarbons. 10An allcyl ation process conprises: (a) conducting an

al kyl ation reaction in the presence of an ionic liquid catalyst to provide
an allcylation product and a spent ionic liquid catalyst; (b) feeding a

m xture conprising the spent ionic |liquid catalyst and the al kyl ati on
product to a coal escer, the al kylation product having spent ionic liquid
catal yst droplets dispersed therein, and the coal escer conprising a

coal escer material; (c) coalescing the captured 15droplets into coal esced
droplets; (d) settling the coal esced droplets to provide a spent ionic
liquid catal yst layer; (e) renmoving the spent ionic liquid catal yst |ayer
fromthe coal escer to provide a spent ionic |iquid catalyst stream (f)
renoving the allcylation product fromthe coal escer to provide an
allcylation effluent; (g) regenerating the spent ionic |iquid catalyst
streamto provide regenerated ionic liquid catalyst; and (h) recycling the
regenerated ionic
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20liquid catalyst to the allcylation reaction step (a), wherein the

coal escer material has a stronger attraction for the spent ionic liquid
catal yst than the al kylation product. Anmong other factors, the separation
process as disclosed herein permts separation of a near stable enul sion of
ionic liquid droplets in a bul k phase of hydrocarbons. As used herein, the
term"near stable emulsion” refers to an enulsion in which the dropl ets

di spersed 230 Pip e dBngnk & PrO4e fRrsepasiingiae e Hqpisembydiegarbens t akes

bet ween gravity.
The sepacr%a :ﬂ%)er? ce‘géé)ltlllfm}rgCerlrlalr%E @%%?g?ﬁ%hgéﬁ C%#l?%ﬁﬁo& d@, d?%epl ets

t hat seﬁazdmcabmrleviqgliomk:lmufdrcbmlaﬂ dlsmad tharejujagf H;pdqod@mebmmmmvﬂ on. Both
the ionic i UId dr (Bi an st.a and. the ionic

| ut o drsie BB B S B ek OBy RAiE B SO PR he
hydr ocarbaeid e ;bmvxﬁmeaa@aradrﬂr@measmalbicﬁng&@gﬂmrairrolﬂeftq Intddnalck@d both the

ionic i UId dr S th near- mul si on and. he ionic liquid
dropl et & ‘E’H’Jﬁtﬁ aélgg‘{irag?‘ﬁm Eﬁcﬁ fopicisyp ga?lgjcfﬁﬁ‘h%? Bzﬁesﬁ?rrfﬁatf: [®ss than the

anount %pimﬁ@erlﬁﬁulxq@&iﬁé@&heaﬂz)ﬂro%@:maﬁsaetnu@mﬁe A th@rde @B bie efriuGid] Whdimdr ocar bons
that i s ossible by gravity decapntatjon. . BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG | '8¢ 8oadssprame qﬂei g  HERER ATBRDGT e pandrliddd than e SeesERORer ei n f or

separ atl Ng any, phdb Embé&'rlérﬁ d BrofB e EDEALRORS B P8 ﬂ-b%?hﬂfroc%ﬂfoﬂ@' escer
having nultiple stages conf igured in series. IS a schematic

i 11 ust r somensest (aéfq@ 1DE e BEXTHS c@ﬁiﬂ@f@ﬂﬂ@ﬁé@rmwbenwnﬂmm@h@ad 4 mieawr,uthmu C
L0 EARMILOREL D05 Iy d Dl Bl S0 SSL SRR 0 1 205
di stri bLﬂd&hmeomatehﬂ oy elthoxag 4 darst aoprirgon c»fqhu idnie mrqiué |dmplqw mdhmaeﬂ}escn:r Exanpl e
b ot o TEbSiaal e BoRRERULE, LR PR PR SRR st e
Exanpl e dropidh; (@EEAIAER: EXRe3dRTdINE to provide an ionic liquid layer; () removing the
- ionic Iiquid layer from the coalescer; and (f) removing the hydrocarbons from the coalescer to
provide & hydrocarbon effluent, wherein the coalescer niaterial has z stronger atiraction for
the ionic liquid than the hydrocarbons.
The separation process as disclosed herein can be utilized in a process for
regenerating an ionic liquid catalyst and an alkylation process. Accordingly, also disclosed
herein is a process for regenerating an ionic liquid catalyst and an alkylation process.
A process for regenerating an ionic liquid catalyst comprises: (a) feeding a mixture

comprising 2 spent ionic liquid catalyst and hydrocarbons to a coalescer, the hydrocarbons

2c



Process for separating an ionic liquid fromhydrocarbons In its broadest

asDeCt’ﬁ%@ﬁgﬂ%ﬁiﬁgt process involves separating an 'OnhET{k?Mﬁ@G%E@n1

hydr oca coal escer. A coalescer is known in the ar a vessel
that facilitates separation of two liquids. It enhances gravitational
settling of a liquid by the use of 20coal escing media. As such, liquid
separation in a coal escer is nuch faster than |liquid separation in a

gr avi t y heeinapest ionif fiqhé satiee drapistcdinsred et abd 1o SPHRBEHICORRTIS B2

successf g&@éeﬂﬁﬁ% SARANALE g agﬁh n:omlel gen@{oap' 1&@ &m@aﬁ@@&qw a

hy drocar hase e coal’escer resen rocess ntains a
coal escelie crmt-ﬂs:rﬂr ahteriait prhwtiasapalred droplstsr @hg@iesqafig in p@gtuife@ dropleés 1hioni ¢ |i quid

than the §¥ ar bo jrﬁettr 53%30%&2(%8;;51%9 iﬁoéprk;%iﬂ%%%;eﬁ? 8&‘8%‘358 Q&fa%':tl y adheres

to the &8 resent proces
m Xt gr e 1GeRPE) rsmn«gnmmmﬁabﬂno mguidreataiyetiber Ifibmuh@baaksdeecb firovide eq:&bescer . The

ionic I| u the f f d |.ets di hyd bul k
bhase. | 1HSr NS AR et d TN e D TP 1B S @ At T 0. and

adhere t}@dioh@fb&p@h@ss@ @fid (@tQehdbing Thespdfaplietiqui@dheyadirtsn lieocaal escer
material "are referred to herein as. 30" captured droplets.” As pore and nDre

capt ur ed°girepice tucdipifriiehte WHRTCHHES BT CBCT RS ralsan"ef h‘é’?"tl’:’B dPesce (i .

uni te oty COIR e 1okl 18k WcaGkin@phar ces, into larger droplets in or der
to mnimzé their rnterfacial enér ese Iarqer droplets of ionic

l'iqdid, stil |Anaiémféme@|p1toee% HenEsat: é%@éﬁd%ﬁ%m Bylatipn geacEpeintByPEster ei n as
"coal esc i i onl of S
event ual (1?%1 g{ ?c%qg& i}{*&? lp}ogicfehdﬁ alk aﬁ'&;ﬂ glr odud aﬁ@a éj'eﬁﬁoﬁ@fﬁhéﬁ%gﬁygﬂ’ p

coal escer material. Such
det ach rre(m feadiok 4 mlbdtumgom{mylgphﬂ smentsomlh dquid nitelyitiagdithd atkylasieparodua tf r om t he

e IR M B 9 R L CERL BB S MOk dinal v, 1 T LS

br oadest® process conp a 5m xture
conprisnﬁ@xﬁyﬁﬁﬁ@ﬂmbbﬂﬁr@mﬁnmngacoﬁwquhﬂmmmﬂacnmﬁhﬁ$qghecqhﬂahydrocarbons

having ionic liquid droplets ersed t d the. coal escer
o s s wdieliac Sl (RSB eamEren g e e BT RFETOR of ¢ he
l onic | llaga&&aeblﬁpia@grqej Ruibbigg aRabes t@lic HRkEiayst fage rﬁ]‘cﬁz\/iﬂdeoﬂ&{aéﬂib ed

droplets; (c) coalescing captured droplets i coal esc ets; and (d)
al | owi ngPTPHES BERIELER HTHE BRI RY ST ﬁﬁlrfi’mqvﬁréﬁfﬂ‘fﬁ TR FE%‘&SF 9%5 rial to

separ at qhReet RIPrSvidd M Ake kb BHILBR; () regenerating the spent ionic liquid catalyst
stream to provide regenerated ionic liquid catalyst; and (h) recvcling the regenerated ionic
20  liquid catalyst to the alkylation reaction step (a), wherein the coalescer material has a stronger
attraction for the spent ionic liquid catalyst than the alkylation product.
Among other factors, the separation process as disclosed herein permits separation of
& near stable emulsion of ionic liguid droplets in a bulk phase of hydrocarbons. As used
herein, the term “near stable ernulsion” refers to an emulsion in which the droplets dispersed
25  in the bulk phase are sufficiently small that it takes between about & and about 12 hours for
- the emulsion to separate by gravity. The separation process also permits separation of 10nic
liquid droplets that separate more quickly from an ionic liquid/hydrocarbon emulsion. Both
the ionic liguid droplets that form a near stable emulsion and the ionic liquid droplets that
separate more quickly may be separated from the hydrocarbon bulk phase in a reasonable
30  amount of time. For both the ionic liquid droplets that form a near stable emulsion and the
ionic liquid droplets that separate more quickly; this amount of time 1§ less than the amount
of time required for any separation of the.é.onic liquid/hydrocarbons that is possible by gravity

decantation.



10hydr ocar bons and provide a hydrocarbon effluent, wherein the coal escer
material has a stronger affinity for the ionic liquid than the

hydr ocarWE&810/8HR&ral | y, the coal esced droplets fall tRCGEAIHESS20

hydr ocar bon bul k phase by gravitational forces and settle to a bottom
portion of the coal escer formng a layer of ionic liquid at the bottom of
the coal escer. The hydrocarbon bul k phase renmains on top of this 15l ayer of
ionic liquid. Thus, according to a further aspect of the present process,
the fallen coal esced droplets provide an ionic liquid layer. This ionic
liquid | ayer can then be renoved fromthe coalescer. Simlarly, the

hydr ocardiongs sescRe1euedir pnriAwWweeal escer to provide a hydrocarbon
ef fluent. Accordingly, in another aspect, the process for separating an

i oni ¢ |i qui d ¥ onf 2eChapavdaTmEm elonpprasess digdgsed baein iy separitzane
cOMpi S1ifige il BEANDANS A bl MU e bt AL niRORLABE Lace! Dl gearbons

having ionic l'iquid droplets”disperse erein, the~coal eScer

conpri sispgesa coal escer material; (b) adhering at |east a portion of the

ionic liquid 1 cer nmaterial rovi de captured
droplets; ( cfﬁ?ﬁ%g% gg@ﬁe‘tﬁ‘g“% ‘ﬂg‘“%g%{ ﬁf?aepﬁoa’rqg%ﬂ %?Czosl“&h %&8 g%{lsg%agdglﬁgap oplets; (d)
set t | i ngotihbqudabmdgddcatbopbetis wseo opr onsilder anvih@mibiplel sepgbdeonay@ed in( €)
25ren0vig%ﬂ%he ionic liquid |ayer fromthe coal escer; and (f) renoving the
hydrocaﬁboné'fron1the coal escer to provide a hydrocarbon effluent, wherein

t he 16oal esceFIGEtiet paph basctiag Stapnges datribuaat 4R §dfochiden- @ Iquuhd qui d than
t he hydroc?rbons process as disclosed herein is useful to

g . The
recover%%¥$QﬁW%¢¥WHﬂﬁ&m8§Félyst for recycling to any process in which the

ionic |iquidreatal ysdhenstidisedradss & &1@1&3@4&)&%@ utillel §f Eﬁa%l@[ﬂo%%a@até :thi dis
separated fromthe drocarbons, it can be returned to any reaction

. hyd .
pr ocess, Vigraraaiepic dawd smaisiap papduesd Bricemals. 1 One of the unique
properties of an ionic liquid catalyst is its much higher activity in

catal yzin ahgé$ation reactions than conventional sulfuric acid and
hydr@fhl&ﬁglél BESGRAPYHIN .

Process for separating an ionic liguid from hydrocarbons

In its broadest aspect, the present process involves separating an ionic liquid from
hydrocarbons in a coalescer. A coalescer is known in the art as a vessel that facilitates
separation of two lquids. Tt enhances gravitational settling of lquid by the use of

20 coalescing media. As such, liquid separation in a coalescer is much faster than liquid

separation in a gravity decanter. It has been discovered that a coalescer can be successfully
used in separating ionic liquid droplets suspended in a hydrocarbon phase.

The coalescer used in the present process contains a coalescer material, which has a
stronger affinity for the ionic liquid than the hydrocarbons, Therefore, the ionic liquid

preferentially adheres to the coalescer material.

]
o}

According to the present process, a mixture comprising hydrocarbons and ionic liquid
is fed to a coalescer. The ionic liquid is in the form of dropiets dispersed in a hydrocarbon
bulk phase. Inside the coalescer, the ionic liquid droplets are drawn to and adhere to the
coalescer material. The dropiets adhered to the coalescer material are referred to herein as

a0 “captured droplets.” As more and more captured droplets accumulate on the coalescer
material, they coalesce {i.e. unite or combine into), by attractive forces, into larger droplets in
order to minimize their interfacial energy. These larger droplets of ionic liquid, still adhered
to the coalescer material, are referred to herein as “coalesced droplets.” Due to their larger
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I'n conventional alkylation processes, due to relatively |ow catalyst
activit a Iar% 5 anmount of acid catalyst has to be used in the system
f or exaﬁ%@émgﬁﬁléb vol % As a result, the acid catal ysPCFESHE85%8%ht i nuous
phase in the allcylation reactor mhile t he hydrocarbon reactants (i.e.,

i soparaffin and olefin) forma dispersed phase or small droplets suspended
in the acid phase. In this liquid-liquid dispersion, a |arge interfacial
area be‘sm@elm dohbscﬁ&ﬁﬁip}e&tﬂvem}:ﬁﬂﬁymﬂmtﬁsam ewan ot hie d@yldsrcecxambmi di spersed
phase c chlev conventional. 10esi.f e u ch as high
D boeq <o ICHGEH 554 B ine AR pHge e torie i 8P S Rlep i 1 ot &
a|kylatu@ﬂm?@ﬂﬁ@ﬁﬁgaﬁy&ﬂuﬁ@oﬁﬁﬁhbﬁr anmount of ionic liquid catalyst is
needed to catal yze the reactions with high selectivity %B ally, a 5-10 vol
% of ionic | ﬁef@r%n%&tlartyerpa@eét PfcH ithe RERRETH Y Okeat Sypriacst e TP EE 1 ons bet ween
i sopgr abfiitReaBRpalie hitiroddRARS arBUshc ﬁ@ﬁ@ltot d Qafesceh B MEce®asaninRhase forns
a continuous phase Wwhile the ionic liquid forns a di spersed phase or

smal | divg ey doplpe digeersidihene aag dicsoalesshepriseg e Fhrlesces myeerl (Pyui d

di sper S'a@{émﬁg EJQ?ép&{l&h{% nd Bhfcrﬁ%% mﬁ&a&tm@&h\@&m mflBacabahyst and the
hydr ocar bo ases ionic liquid and hydrocarbon phase nust
be emnul smpﬁmredjdrtopleacm eaﬂéesp!ng pcnpan@i @opittactio pesigveahdromes;izohi® 2llowned and
hydroca I i d Jual i on

ot ol ogAFEE Bigpfil P ERALEE o Bl Rl A SR Ly SRR e
thelﬁajby&tymmmswmimhvﬁsaaymmyﬂwnwﬁhwpv@&m@h&mﬂumtﬂﬁenmeﬁdﬂaﬁed Due to the
| ar ge denS|t ifference. bet h onic liquid and hydrocarbon phase,

t he |on|%m1 1ﬁ“ﬁ§ ﬁﬁéﬂ%?@%ﬁ§%% % ]P§¥§H“fron1the hydr ocarbon phase by
gravity dec aGEr&ﬁ‘aE@rﬂthcldﬁMﬁ%af dlolgétﬁ‘ﬂalittymﬁglpaﬂé&@m@ﬁhrb@l @il phaefiyi ci ent and
effective jf t ionic liquid droplets | the emulsion are sufficiently

| ar ge s@EREPLR fPW&%ﬁ% SF{’Iﬂc L RTPPPOGIRD cif G HBICHTHIOTERR BOH SpHALEC and wi | |

settl e oytidaf tht Betddy df @6 asQBe: PNRSIE, drdtaboh BABRARIrem ARy of thisi me. It has
been di scovered, since the ionic liquid catal%;ed allcy Iatlon process

req&Pre%“ﬁh?ﬂ%%ﬁ@q%%n?@€tmﬁ@ﬁﬂﬁéha‘ﬁ@ﬂﬁﬁﬂﬁéof aHWﬁméﬁﬂaﬁyd@%%gﬂbon phase,

some of cw@qcé@&}bﬁaslpw& eIl &E@d 1By, BRisSonis M&Ld 148akn (REY. fdloma near
st abl e enmul si on.” Accor |ngLé h has been further discovered that the
\4

present fprobesepidseerpaintilagil e hydraotbses ean tropmeegaiom hagrakisedi thear stabl e

enul si ong,.of. qg@kgm%bgg%gmﬁatalyst in a bulk hydrocarbon phase. The
process as disclosed herein is also useful to regenerate an ionic liquid

cat al yst t hatictraénplgein 2atthéraastt, pamricass|fyr Weaetiosatiede liguthom catal yst is
ref gL' e%y(thgcah&(nedoﬂlp?@esa{ a) PR QL a hﬂf?}ﬂhl% cgmprising hydrocarbons and ionic iquid to a

coalescer, the hydrocarbons having ionic liguid droplets dispersed therein, and the coalescer
comprising a coalescer material; (b) adhering at least a portion of the ionic liquid droplets to
the coalescer material to provide captured droplets; (¢) coalescing the captured droplets into

coalesced droplets; (d) settling the coalesced droplets o provide an ionic liquid layer; (e)

[
ot

removing the ionic liquid layer from the coatescer; and (f) removing the hydrocarbons from
the coalescer to provide a hydrocarbon effiuent, wherein the coalescer material has a stronger
attraction for the ionic Iiquid than the hydrocarbons.

The process as disclosed herein is useful to recover an ionic hiquid catalyst for
recycling to any process in which the ionic liquid catalyst is used as a catalyst. After the
30  ionic liguid is separated from the hydrocarbons, it can be returned to any reaction process, for

example, an alkylation process.
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liquid catal yst. The spent ionic |liquid catalyst can be either partially
deactivated or fully deactivated. An ionic |iquid catalyst can be used to
gener at eVinAHH®AT2Bons, for exanple, an al kyl ati on prod®@ET/URePIGEEEE t o
subject a spent ionic liquid catalyst to a regeneration process, 5the spent
ionic liquid catalyst nust be efficiently and effectively separated from

t he hydrocarbons, produced by the spent ionic liquid catalyst. Accordingly,
as wth any 0aBofhk usididprogerBl b BnlRAultaawPR M mueRhghér kN6 igat al yst
dropl ets dj spersed in a hydrocarbon bul k phase can be fed to a coal escer
conpr i sicA§lyane sHyBEbicatHepehp FonveRionple g wikwed hvdrodeprqace st ep occurs in
whi ch at,d,gagt a portion of the spent ionic liquid catalyst droplets adhere
to the 10coal escer material to provide captured droplets. As discussed
above, the céat@sesiongaieia Pirasses. deromsveltlow setiygnciow. ¢ egespent ionic
| i quizd AVACIAgE r ch. 3 Loni.c..liquid
cataPys%ﬂ%?gﬁﬁg?ggggﬁg?gsﬁ%ggg%ggggﬁgﬁ%g”?hgﬂ%%g%ggggpﬁﬁgfggygﬁﬂ%han the
hydr ocarthosrsd caMéyet forinpa ténginvoalpbsse @r the alkybabeseencehikt tephwataurbsnwher eby
captured_d lets l.esc I nite or ine into by attractive
Forces. PREAREl JerRRoR B8 i Grol i Dot FRED MR dhitlen PR i el yor 11
or der t ahdcid phaze Ih ked Hquiditiquid dspadiore réargy intethesearkalsegessy tioatadsced
droplets then detach ,and fall  a fr the coal escer material. They

ot obeed PHITE TRt Rapb B R Bt EAt Bt HL T S Bon phase o
proviode eullsafy i t@hnigpentuch eniigh djeaiitdrisadral syt niinghe coal escer. The bul k
hydr ocar bon g?ase re ins.ip a I%¥e[ on top of the spent ionic. liquid

catal yst | ayd} Confitdn Si5attic EHT eV iRgRn ot 41mvsth SR Amesk of MBI be renoved
20f r om tip@idcaak8ss 8tedb@tRhRAKIZE Brede R RENwHNLIC sdldcfiid GRLIR), ¥St1oskl &am and

t he hydrocarbons can be renoved fromthe coal escer to provide a hydrocarbon

ef f | uentof iompa lpideaealy ss s paifigieron catlee §ip &3setiore Arevery enamiBaned ¢fefin. st ream can
be rege 1t edy RIQVI [ 3189 dr@0L Eadeindis MSite ion;
AdditioﬁgﬁﬁgﬁgtEgﬁp?@%éggngggﬁﬁgc %%%%kﬁE?g?%kggﬁq%%ggﬂ%%%%ﬁgggporated into
an albky lamiddarmprabwsised phesapiopadtdrarctpruspedsd mwale halopsaroen ahest.ohbie |iquid -
catal yst;. t o t ( Qi L Ul at al yst,
homever}mhgfﬁ&gﬂggﬁm ﬁé%%%%% igg%gg%%ggﬁgmf%an%ﬁﬂkggh%gégolgthe al kyl ati on
product taddcmeetphreeshé Sepahnated Hoquammng belroadrkyd Fkiconup boduelsifiede i oni c

l'iquid catalyst. di [ wi thin e al kyl.ation. praoduct may be at | east
bt o B B8l PRELE B B Mok iRl S Bl BB B, BBOE B %501
t he procéissatios pradcapditatedeimibo canrodl | cyl ati on process, an al kyl ati on

G RN M RTINS T NN SRR
any i onidliclldtighipthdu@, M belkpafiad] DYe SPBOtar¢e0nGtyl diffeteitteGatvaby sk i¢hiopl et s
di sper S%Pquidnang hj?rclﬂ'lobar 0?18}3)?1336?&@ ?‘oln[f IIIC;%EC{ I%Qy erngl(':&ll g‘[oe ge%gra?e(ei f}fo?ndthg 0 a coal escer
hydrocarbon phase by gravity decantation. However, gravity separation is only efficient and
effective if the ionic liquid droplets in the emulsion are sufficiently large such that they will
25 settie out of the hydrocarbon phase and will settle out of the hydrocarbon phase in a
reasonable amount of time. 1t has been discovered, since the ionic hiquid catalyzed alkylation
process requires intimate contact between the tonic liquid and hydrocarbon phase, some of
the ionic liguid droplets may be so small that they form a near stable emulsion.
Accordingty, it has been further discovered that the present process is particularly
30 useful for separating such near stable emulsions of ionic liquid catalyst in a bulk hydrocarbon
- phase.
The process as disclosed herein s also useful to regenerate an ionic liquid catalyst that
has been at least partially deactivated. Such a catalyst 1s referred to herein as a “spent ionic
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7 conprising a coalescer nmaterial. In the coal escer, a capture step occurs
in which at | east a portion of the spent ionic liquid catalyst droplets
adher e tWBOPAR/ YA escer material to provide captured dPEBIUERE6ESE2H| scussed
above, the coal escer material has a stronger attraction for the spent ionic
liquid catal yst than the allcylation product such that the spent ionic
~liquid catal yst 5droplets adhere nore readily to the coal escer nateri al

t han t héigaikilcatylyat’i Die pemdordt liqhexdtalydtRait lﬁtﬁe:ﬁh@ﬁ:}’ua@tﬁ@i@ HeacBv@QBdrEsiGENCE Step
occurs %déreb%/ captured droplets coalesce (i.e. unite or conbine into), by
attracti tes, into | arger coal esced droplets of spent ionic liquid
catalyst in mtﬁﬁc TR kUl ok & HehRd toigBhR4id BGdradar@Re texadieSR | arger,

coal esced droplets then etach and fall away from the coa escer material .
They  pr bR Bodett Inorgsy “g%‘&lﬁc{ BB AN fgHd exalYBiht BEEHTae PRICRY at i on
prodyct Pf{t%ﬂxéjlﬁqu@d SR nﬁgtm@fnﬁm&9%&&&%@%@%@@@&&@ the coal escer.
The alkylaplon product remains in a layer on top of the spent ionic liquid
cat al ystyiiragashons THpdsoghanthe remt eniciliquiddaehitialApserdinglyers wdinanyhemc be r enoved
fromth and the
al Kyl at e SRAEE nh e U e S Pkl A1 e F B SRl UL 8O

al | cyl athon cef fd fadta coalesaer cmwhir@elptaalamamatemﬁeIrsmemzalasm accapmqau d

15cat al m Vi d | on| c. l'iquid
cat al ys%é%vﬁtmw%m%%gﬁggqt %%% Or?ehg(g%?n?c?% quqt“h a{aﬁi%%f)%fi "Fe8% on. 1onic
| i gabd dmﬁq&ﬂcetmté&;sﬂ wq:em&haecra@mne;d d}hﬂett% eAﬁrﬁzéd:LGmd@bbﬂ’eqﬁbdS&EeSE@fn&i’ceﬁ'lat o liquids

ani one. P TBRAIOT g Srea e en Sl FORE PR hreattone SEBAPLIF qui ds.

whi ch akgerg enRRlldEaRNGEdDEeS alilicse i\ﬂbxfeh\,ﬁﬂ{/td mlcmseﬁrsnawﬂﬁpﬂhalmgc and often
even | ower than roomtenperature onic liquids may be suitable, for

exanpl e WYHSFaRRRe %E%X‘famé%ﬁ( Selsger, &r?aala@e%eﬂswws YV]?F’ %hYI@Wfa]f@idéWPéFﬁd

pol ymer icgatdcon. o @ae bt &soiASIWS| by Aactife SHEE Mg #lrb @ Rea1QLEORIREL 28L T 0N,
25acetyl ation, olefin netat hesi S, .and copol yneri zation reacti ons. The

predént seebEICHEMICsaRhel nEfen o MniZe gareTtasiah pRergonibese lprgei d cat al yst .

coalesced droplets then detach and fall away from the coalescer material. They proceed to
settie by gravitational forces through the hydrocarbon phase to provide a layer of spent ionic
liquid catalyst in the coalescer. The bulk hydrocarbon phase remains in a layer on top of the
spent ionic hiquid catalyst fayer. This spent ionic liguid catalyst layer can then be removed

20 from the coalescer to provide a spent ionic liquid catalyst siream and the hydrocarbons can be
removed from the coalescer to provide a hydrocarbon effluent. After such separation, the
spent ionic liquid catalyst stream can be regenerated to provide regenerated ionic Hiquid
catalyst.

Additionally, the process as disclosed herein can also be incorporated into an

bo
i

allylation process. An alkylation process may require an ionic liquid catalyst to produce an
alkylation product. The ionic liquid catalyst, however, may remain dispersed as droplets in a
bulk phase of the alkkyiation product and need to be separated from such alkylation product.
The ionic liquid catalyst dispersed within the alkylation product may be at least partially
deactivated such that it is a spent ionic liquid catalyst.

30 if the process is incorporated into an alkylation process, an alkylation reaction can be
conducted in the presence of an ionic liquid catalyst to provide an alkylation product and a
spent ionic liquid catalyst. As with any ionic liquid, a mixture having spent tonic liquid
catalyst droplets dispersed in & bulk phase of alkylation product can be fed to 2 coalescer
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One class of ionic liquids is fused salt conpositions, which are nolten at -
| ow tenperature and are useful as catalysts, solvents, and el ectrol ytes.
Such corpesii06i32 are mi xtures of conponents, which ar BCTAUGHIOY0&E20
tenperatures bel ow the individual nelting points 300f the conponents.

The nost comon ionic liquids are those prepared from organi c-based cations
and i norganic or organic anions. The nbst commobn organi c cations are

anmoni Ul&blﬁ@lﬁﬁii@”tﬁeoallawer pbesahoni tvandesutphoniwmeatiionticakeicat §0

frequently. | oni c. |Liquids of ridinium_  and i mdazolium are perhaps
t he rmsm@@ﬁﬁﬁﬁi:@pea@@wcélawﬂaﬁ@mqﬁ%ﬁ% T A e, Cogle%cera%e%ﬁo PPHcted to,
BF4-,  FEBsured@lopRisUms Rat 8Sesiiphc, 3% BhidlimaRbaAbas drongWEndold) BNhe al kyl

sulphates (RSQG3p, carboxyl at es (RCO) and nmny others, The nost

cat al yt SeaH jopici hpidicaayitiBen B plky PRejUITadict Bich Ak the sernalopisi lgugretabios e

- deriyed dtcrp@a%a i mo'reﬂet.ﬂﬁiy J8R c%agsca%@nmdqmaﬁm&oﬂ%yﬁuszl@qexfr G4, SnCl 4,
FeCH, etc oroalumnate ionic li1quids are g rhaps the nost commonly

used i orﬂnecpomeﬁmr d ceatsadngs stes permesrighefabl captingd dep Itwéﬁsqeémvnm Exanpl es

of such | A e

chloroaluﬁ?%a?ﬁﬂq%g%H&%%$gp‘g}hbgaggﬁﬁﬁﬁ¥%?&o ! ? un1§#1§? gtafylgltfor

exanpl e,in ¢@er theniminxedhaii mtmfaatmirmmgyn "ﬂnasc hlrgﬁrlcdeles(c,écﬂ dl:bsyetsttbenfd@mnint he fused

chl or oal um.nat e oni ui d .dr ts in the

hydr oc araﬁgh‘mﬁlmaﬁiﬁﬁlag Coél Cer P “nal th gm(f_eﬁqo egtlegb%r %t%n g 5 he present

pr ogess thrbieh th@nﬂkﬁaﬂdnqm@cdb@pjveisa lm}&nof@\zﬁ mlmahemébaalbehm&xen about | and
about 100 | n anot her enbodi

t he.jonic. . id.dropl ets can
e i SRR erS TR e ke R e roh e oS Tt e Mt SRRYT Lt har
enbodi mefter. thiespe@NinGc lidAubAaigdl eRketas deamehaus, diramehetsieierapout 50
m crons or reat er. In yet anot her 15enbodi nent, the ionic liquid dr opI ets

can hav@ HirePar s Kall%fb?j’f‘a B FRPGRY thre! @’rlaélépé’i*"d“c‘ can be {RKEEEOE] 7z | s

dependent. 4RRLCE RS FRANG a1yt b 8Tedh R HePRIcE sbdaflidba tﬁ’@&f)@ﬂf‘%&lghé‘ﬁ@r sed
wi thin the hydrocarbons. For exanple, if the ionic liquid is an ionic

| i quibd caehisysseam faybegegpacipEg ¢t Pones regﬁ@ratmoewlhﬂq@|catabfatn“fb@heqont acted with
react antg qu'e&ueﬂﬂf%@dlé&‘%{?'d&'mﬁﬁdoﬁF&Qn&nank reactor (CSTR) to provide a

hydr ocar bon "pr oduct reactions, the ionic liquid 20can be

di sper sed through nozzles to contact reactants. Nozzle dispersion generally
provi de ] d droplets smaller than those present in a CSTR In
fact, |2ﬁ?1§h?l?dd}og%kfropl ets in a CSTR may have di aneters of about 50

m crons or gﬁea‘seelrherevmﬂieeenmnomc liqngds’” defels opligtids tg@mmrcapn@d%ddwnm@b’zdfes may
have di aneters of. .3%bou§C q crons orn.greater. n 1ud Irll(lﬂcdeq i€ uid droplets may
be £oher? 4T & CPBUBYER Of FHETT ‘61n ¢ quid 't ophiéce” ecially larger ionic
|'i qui d deapdraing ioncdlyquidl whieh sfelefidraibd orgahdcaattdivity Ilneltmglmemtsemﬁer"lmwret er" as
used herein referﬁoﬁmo t he di ameter of spherical droplets and the | ongest

di mensi ¢R9 GFCTHDRE OFiTE PAR KoM BBFaTE: In general, the ionic Iiquid
droplets wayl&@dwuﬁcﬁen@%\é@%wfo%am;@mea@a&awt vl dnBoRtntihe mi xture,

conpri sing hydrocarbons and ionic qU|d which enters the coal escer.
alkyiation and polymerization reactions as wc as n dimerization, oligomerization,
25  acetylation, olefin metathesis, and copolymerization reactions. The present embodiments are
useful with regard to any 10nic liqumd catalyst.

One class of tonic liquids 1s fused salt compositions, which are molten at low
temperature and are useful as catalysts, solvents, and electrolytes. Such compositions are
mixtures of components, which are liquid at temperatures below the individual melting points

30  of the components.

The most commeon ionic hiquids are those prepared from organic-based cations and

inorganic or organic anions. The most common organic cations are ammonium cations, but

phosphonium and sulphonium cations are also frequently used. Ionic iquids of pyridinium
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301 n one enbodiment, the ionic liquid droplets may al so conprise between
about 1 11/0 and about 10% by vol une of the mXxture, conprising

hydr ocar®6r81%4ké*%2oni ¢ 1iquid, which enters the coal es@&M/USHH/06FRE0

enbodi ment, the ionic liquid is an ionic liquid catalyst. The process as
descri bed herein can enploy a catal yst conposition conprising at |east one
al um num hal i de such as al um num chloride, at |east one quaternary anmmoni um
hal i de aﬁﬁilrﬂlﬁa@hume&%feﬂﬁpethaMQ@&oha}h@WﬁHgabﬁlenﬁnﬂmaﬁe heasd, b&rh@edzﬂ‘dﬂplr OUSd
compoun o t conposition and its Spreparation_is disclosed in
S patiEd i B, Dho, HENu R RS Aoy J6F R bGP er SheU i n' |t o
entiret Yulgied (IRSOa) carboAA8S RAT,Y 8hymahNEME@NT K thb @ Yittly Gl ?lw)f&Esti%@-n be a
chl oroal um nate ionic I|qU|d catal yst. For exanple, the ionhic |qU|d

cat al ystouahiaue far f?gﬂrﬂf%ﬁ HSUAE OPSC deTitied, Brm amnsasethabiesame Akcwiviasidt e i oni c
li quisd. (JFheaeaianigol iset dsediave )b@ﬁf&réa%qcute RS c{mﬁaremm et akLd ve 10in

the al kylation of |sopentane W th ethylene than a atic a ni um
chIoranQWﬂW&b@ﬁﬁ%mn@hﬁwéﬁm@y@§mﬁﬁnaﬁﬂ@Wdﬁwﬁvtmhemhmeannonlum

chl oroal um n%&ﬁh ies (;}Quéhqmv(fe sﬂ»egﬂﬁlg (ﬁydr &f{?q %r%%ntepﬁls% %ait?‘a Or oal um nat e

ionic liquid cata yst conprising a car Ut e pyr|d|n|um
hal i de ehiotdudingasiesadt. ﬂﬁqymmhlaazAiuheloowrlaﬁMumlthdeunfa exaohllocide or (2) a

chloroalu ionic I| l.yst_c risi dro rbyI substituted
m dazol o P+ pHEUAE AR A Hrar AERA e R S mum
tridhlor|de Tﬁumhwdﬂﬂﬂkbmﬂaﬁﬂﬁkmah&héDﬁh@mﬂhﬁ@hﬁqﬁﬂ%&hy&ﬁyﬁ&mmbﬁxpr6pared
by conbi nin ui val ent droc bstitute y i ni um hal i de
oF hyar COAPEYTEEEHEE i ATt PICeract i B4 SRR £17 5 E BB BT ent s

al um nunbiit i1l @bdud €000 THieron © NinGinbth eftinthoamkdal, YistiosaNgal SRpke: dad had

chl oroal ym nate ioni qui d catalyst conprlngapan al ky F substijtuted

pyri di niARIEET Pﬁgee&fag?‘ﬁé THERET #1¢ BT M0 aniaoBe| 13}?6‘"’%‘%&1%?1&&?? °pénl ori de

2001 ( 2)ig@idCddpbi Pl O @h@ed:RRF Sodut Stk GRIALY S CONBI4nsinBg an al kyl
substituted im dazoliumhalide of the general formula B bel ow and al uni num

tri ¢l oredimspic fredondhliarddPpietcrabaye idémiceers piopbiet Soniceng st eresisr be pr epar ed
by conbi ni ngpl,nmlae zqeggén\ealtaagn alel%naqp%ic ltﬁqunlp){&ﬁi?'o&o% hal i-de or

al kyl substltuted i mdazoliumhalid F equi valents of al um num
trichl Oldw@grqecgg(dﬁ\y the hydrocarbons. For cxampie 1f the 1onic hiquid is an ionic liquid catalyst,

for some reactions, the ionic liquid can be contacted with reactants in a continuously-stirred
tank reactor (CSTR) to provide a hydrocarbon product. For other réactions, the ionic liquid

20 can be dispersed through nozzles to contact reactants. Nozzle dispersion generally provides
wonic liquid droplets smaller than those present in a CSTR. In fact, ionic liquid droplets in a
CSTR may have diameters of about 50 microns or greater, while ionic liquid droplets
generated by nozzles may have diameters of about 5 microns or greater.

The ionic liquid droplets may be spherical. However, the ionic liquid droplets,

b2
jo

especially larger ionic liquid droplets, may not be spherical, Accordingly, the term
“diameter” as used herein refers to the diameter of spherical droplets and the longest
dimension of non-spherical dropiets.

In general, the ionic liquid droplets may comprise between ¢ % and about 10 % by
volume of the mixture, comprising hydrocarbons and ionic liquid, which enters the coalescer.
30 In one embodiment, the ionic hiquid droplets may also comprise between about 1 % and about
10 % by volume of the mixture, comprising hydrocarbons and ionic liquid, which enters the

coalescer.



(B) wherein R=H, nethyl, ethyl, propyl, butyl, pentyl or hexyl group and
X is a haloalumnate, and Rl and R2=H, nethyl, ethyl, propyl, butyl,

panty', WP 28EX8M02923r oup and where Ri andR2 5may or nmay ndtCTHES260@688Me. | n
one enbodi ment, the hal oalum nate is a chl oroal um nate. The ionic
l'iquid catal yst can also be m xtures of these chloroalumnate ionic liquid
catal ysts. Exanples of chloroalumnate ionic liquid catalysts are

1-butyl-4- neukaﬁmdmwme@&h@ﬁ@adi Wi Natielig B atyst- D pocgysd di ni um
chl oroal um nate (BP), 1-butyl-3- nethyl-im dazoli um chl oroalum nate (BM M,

| -H py rdie%ﬁﬂﬁ%mr@ﬁ &t AU ‘F?éf#@‘ QIR OS TU9R GOTIBNNR RIS A BB HR R lide

chl or oalgye ﬂ%ﬁﬁmﬁﬁﬁ'&ﬁ%é&@i@&é atefH! dﬂlrﬁézﬁﬁsﬁ%alﬁ&eafn&%i at 1osBleal hal i de
may be enpl oyed as a co-catalyst to nodify the catalyst activity and

sel ect i vimige hatdyrdwie yodus st had ursersicompewdh Spelr %‘éﬁé?éﬁ‘i Ferapasden s Li C1,
KC, ?r&wara%gs%nsc:g@%]lgﬁ §'P9Em1‘¥?@1'§o 4@? Qﬂ% Qﬁgo ro %er‘gf‘l Beégg as

pubI i sh d by Roebuc Everin Eng. vel op., Vol.
9, 77, 19FOYetwlisieeh is i ncorporated by 15reference inits entirety her ei n.

Es peci ally U§>ﬁ eHwF\E"%F gl 19}%!: h&ﬁ& %?%%s‘fgﬁr%e a éﬁ‘%%aiu %%}e xblgl‘lh Bl cﬁ% (Z1 CH.

Anot her usefu hal nsted’aci d may be
enpl oyed casxaupletifeaatit iz@mntcm&imaduymd;b}&ldenmamcemdd%han{kmmdty of the

cat al yst Qost i n t.he. ral.l i dit UI d-
o ol e e A SR n? Fapt’ Mard be P PR Bl RS nat are
usefigl nm}pmﬂgﬂlat@n lgzqcbﬁ‘eﬁt&@d’e/ﬁiﬁiﬂhyigﬁkpﬂh@@ﬁmaﬁfa&mdbfﬁﬁda@ﬁl@daﬁmmhit@?onﬂubl i sh]?d
Pat ent cation.No 3/ 006035 2004/ 0077914, the disclosures o
whi ch aAElEHjIe(Pléi 7 F%B’? B’Gﬁ“é(? @amsgfmwecgémﬁ%m?ﬁ £ Hsiipnie Hayid @ﬂt@y% ERThisT
co- cat aliyss snsHatmmY: ifse k@@@cgtayﬁ@&ﬁmot 18y decth Ay Y dubGited %%ﬁcﬁﬁ&u&f t he

CcO

ionic liquid cat al yst _include NB neta ounds, | n one enbodi nent, the
co- cat alhpk¢sofi theeqgel W%ﬁéelwa#i}d@@@@%ﬁﬁ%@rrﬁee} &) aThioralumpgy 3, T Br 4,

Zr CH, Zr}@iléhql.w:{ %a%yﬁ@gmﬁs%g% @y%r&@ﬁﬁf dB8Huted imidazolium halide of the general

15 formula B below and aluminum trichloride. Such a chlioroatuminate ionic liquid catalyst can
be prepared by combining | molar equivalent hydrocarbyl substituted pyridinium halide or
hydrocarby! substituted imidazolium halide with 2 molar equivalents aluminum trichloride.
The ionic liquid catalyst can also be (1) a chioroaluminate onic liquid catalyst comprising an
alky? substituted pyridinium halide of the general formula A below and aluminum trichloride

20  or(2)achloroaluminate fonic liquid catalyst comprising an alkyl substituted imidazolium
halide of the general formula B below and aluminum trichloride. Such a chioroaluminate
tonic liquid catalyst can be prepared by combining 1 molar equivaient alkyl substituted
pyridinium halide or alky! substituted imidazolium halide to 2 molar equivalents of aluminum
trichloride.

25 (A)

/AR
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25by Hirschauer et al, in U S Patent No. 6,028,024, which docunent is

i ncorporated b reference inits entirety herein. Hydr -

The hydf‘%‘ééﬁ”ﬂ@ ZZent to the coal escer can be a produc?g%’g}%?@g@?:’gm,

m xture 30t hereof. For exanple, the hydrocarbons can be an al kyl ati on
product. Hydrocarbon effl uent I n one enbodi nent of the present
process, the hydrocarbon effluent (i.e. hydrocarbons after separation from

the ionic liquid) conprises 20 ppm dB)l ess of the ionic liquid. In 5
anot her enbodi nent, the hydrogarbon effluent conprises 40 ppmor |ess of

the ionic |iquid. In yet anot he?\ ment, the hydrocarbon effl uent
conprises 10 ppmor less of the ignic I\ qyl-dta Coal escer material 10The
coal escer material has a stroriger jattr ion for the ionic liquid than the
hydr ocar bons. The surface pr operti the coal escer material should be
such that the coal escer. material can be ful wet t the ionic |iquid.

It is a&@lﬁ’ﬁt%eé»d%eﬂ%reﬂﬂﬂé“%lﬁfélbé‘%é’ren%?lé}e?%}l ey Wi‘g@{e“&hﬁ]io@‘l'\mglﬁ Beific

surf ace ,af RA.RNG-11t hemef %ez, ploh. SRRl £SRE! orBLALAD 180QHEE Rhaver,Voi ds or
openi ngs of a size approaching the 15smallest droplet that must be renoved,

Hi ghdspeiyfor as etfhedes wmsa Tfp@@ﬁi“@@@%? dhedrboglpmgnate Ke chigrrlmipdui d dr opl et s
to contact anl j, ﬁﬁ:rh ﬂi%ecﬁta RLRBBD nllﬁt{u)éq Bihtﬂ{-cetcﬂl%s JaQifard fodidindydr opl et's

will adhere tot oal escer materla Accordi ngly, high specific surface
area al sgialysiovEgeplant phﬂoroebzse@tmmélnmdfca@éfpﬂsmeehbw opinetsl-f or coal escence

Lo, cos\ R AR g Sonkssual TR ol el apasess,
fi ber gl asshymidyméinmfdibessymiosr &MVEMiEABpandnivanchlorbatmmess (HP), and
10 N-butylpyridinium chloroaluminate (CsHsNC4HoAlLCly), and 1ﬁixtures thereof.
A metal halide may be employed as a co-catalyst to modify the catalyst activity and
selectivity. Commonly used halides for such purposes include NaCl, LiCl, KCl, BeCl,,
CaCls, BaCls, SiCly, MgCly, PbCl, CuCl, ZrCly, and AgCl as pubiished by Roebuck and
Evering {Ind. Eng. Chem. Prod. Res. Develop., Vol. 9, 77, 1970}, which 1s incorporated by
15  reference in its entirety herein. Especially useful metal halides are CuCI, AgCl, PbCly, LiCl,
and ZrCl,. Another useful metal halide is AIlCls.
HCl or any Broensted acid mey be employed as an effective co-catalyst to enhance
the activity of the catalyst by boosting the overall acidity of the ionic liquid-based catalyst.
The use of such co-catalysts and ionic liquid catalysts that are useful in practicing the present
20  process are disclosed in U.S. Published Patent Application Nos. 2003/0060359 and
2004/0077914, the disclosures of which are herein incorporated by reference in their entirety.
Other co-catalysts that may be used to enhance the catalytic activity of the 1onic hiquid
catalyst include VB metal compounds. In one embodiment, the co-catalysts include IVB
metal halides such ag TiCh, TiClL, TiBrs, TiBry, ZrCly, ZrBrs, HIC,, and HiBr, as described
25 by Hirschauer et al. in T.S. Patent No. 6,028,024, which document is incorporated by

reference in its entirety herein.

Hvdrocarbons
The hydrocarbons sent to the coalescer can be a product, a reactant, or a mixture

30  thereof. For example, the hydrocarbons can be an alkylation product.

i1



t hereof. For exanple, the coal escer material can be fiberglass. Fiberglass-
and pol yner fibers have been found to be particularly effective coal escer
mat eri al¥OA 62 hei r high specific surface area. 25RESTHEALE/PIRIE

The residence time of the ionic |iquid/hydrocarbon m xture in the process
descri bed herein can be | ess than about 2 hours. However, the residence
time of the ionic |iquid/ hydrocarbon m xture in the process descri bed
herein can al so be bet ween about 1 m nute and about 20 minutes. In one
enbodlngg 2 i dence tinme of the ionic 30liquid/hydrocarbon m xture in
the pro g%”@”QEF B8H herein can be between about 1 minute and about 7

m nut es. In one EAMo @R rédefBprbdes @RANARRErbUPEMudnh 8 aPRuRkrRRd Si ze of
the ionic liquid droplets and the specific surface area_of the coal escer
mat er i alRteTERARAUOB T the 16N Hedd cappasehay 8PP AT £95fdh BicfiiBEr §i ass and

pol yaer wfih& ctipWiiihens, BRWYHRCAESS. S Qﬁﬂ}ﬁ%ci hdBpm B M4l kR Ii6hi ST

Mil tiple stages of coal eScer material may be used to separate he i onic
liquid firprhepsiberiopbodisienb Srdlydrppebonntilipt eonprige i pranoblessof fenewd i n

seri es, |&‘parallel or bot h. When oriented in seiies, each of the
nultlple stages can include different types of coal escer materials or the
sane type of coal escer material. Whether the type of coal escer 10materi al
varies %nog(mrg%eyﬁglous stages or renmins the sanme, the coal escer
mat eri al'§“6f ‘eally 6f the mul tiple stages can have voids or openings of

di f flérent si Tb@coaldﬂceemakdr'ﬁrhﬁhage@ﬁr ithectoodbrabeenic rﬁiqhienihwltha:an have voi ds

The conlseagroord: I Sreanthaye TR SRk RGahy S vt B fea 0

captur|@gmaﬁahha@mdagpheﬁav“éﬁﬁnnmagmﬁmqumiof the ionic liquid captured
and coal esced .in a parti ular SStg% n eaned, rlog to sending the
ionic |iqui d}tﬁﬁ/%fjrvﬁ%%ﬁ%ﬁ B o El‘tﬁréa e 1V3§t GRS I A at es an

enbodi MegideiBie, thPCodM 688 ScraS s}%ﬁﬁi%lb@ﬁ&dh&rc%bﬁ}nw'aﬂ&e apfrbdching gt ages
oriented in series. As depicted in FIG 1, a mxture 1 having ionic |iquid
dr opPet §n’6ﬂf§b@ﬁ’§]éﬂthﬁfﬁma‘3t Bexe@%%sf@c%ﬁpqﬁgfwatf%ﬁemﬁwqudeﬁ ayra ewlop gl escer

10. The ;gpal; fﬁ&%pte&% UolRS: %%%ﬁﬁér@ise%@g%d@ﬂty tﬁamha%gm%qxﬁ@a}o%%%; materi al .
The m xture rst neets sta ) age 2a, 20capture and coal escence of
at | eastedberporth¢ erglasger ﬂn@éeriag M-QSOTdigdn. éil&hﬁ@@ﬁiféq sirfpeccurepioprpnéy st e

increased number of captured droplets for coalescence into coalesced droplets.

Coalescer materials useful in the process disclosed herein include glass beads,
20  stainless steel metal packing, fiberglass, polymer fibers, ceramic membrane, and mixtures
thereof, For example, the coalescer material can be fiberglass, Fiberglass and polymer fibers
have been found to be particularly effective coalescer materials due to their high specific

surface area.

25  Residence time
The residence time of the ionic liquid/hydrocarbon mixture in the process described
herein can be less than about 2 hours, However, the residence time of the 1onic
fiquid/hydrocarbon mixture in the process described herein can also be between about 1
minute and about 20 minutes. In one embodiment, the residence time of the ionic
30  liquid/hydrocarbon mixture in the process described herein can be between about 1 minute

and about 7 minutes.

12



captured dropl ets and coal esced droplets. An ionic |iquid/ hydrocarbon

m xture |la exits stage 2a and enters stage 2b, while a portion of the

coal escelOPBH%222 qui d droplets fall out of the ionic Pgaﬂﬁamﬁ@ﬁﬁg%arbon

m xture as stream 5a. In stage 2b; capture and coal escence of at |east a
portion of ionic liquid droplets that have not been captured and coal esced
occurs to 25provide additional captured droplets and coal esced droplets. An
ionic |iquidfydsidaae bon isdeptndes vpbn éxiatiwustaad eiz2 bf thndnertoerdsirgtlage 2c,
while a ﬁﬂﬁiongoﬁ t.he coalgsce ioni% L. i, qui. droplet; fall qutlof t he
ionic | iaﬁ PR SHERBATT A VP GPETSY BF&nt 3 PrAS e 98 "85t ure and
coal escengesdibegtasd @@dSbivenepObdri @fll i@fuitedpiseedidegd ¢nelr opl et s that have not
been captured and coal esced occurs to provide even nore captured and

coal esced droplets. 30Coal esced droplets that fall fromthe coal escer
nategiau@g@ﬂgb@%@s 2a, 2b and do not fall out of the ionic

| i qui d/ hydrocarbon m xture as streans 5a and 5b, as well| as coal esced

dropl et s” t hatultiplq steees ph QORESEHRPELH P REtes] tqIsersFaiethy fEIQIUIGHUP §E from t he
final S@@@%ehﬂm@.%Béﬁﬁﬁgk%m@&mﬂﬂgéQﬁéﬁgpm%m%ﬂﬁnb%ﬁh&,&%ﬂﬁid; This streamlc
enters a settling zone 6 of 'the 13 coalescer. In the settling zone 6, the
coal esced dr Spicepsendedop serivs cagholtthemhliiaotaebestsnadudis difgere &t @ft | onal

forces 1 Nt I, QNI iG] ] t he

et 11 g aeng Gl b A e L R e e 1 oni

| i qui0d Inmyeral Fanepwngly thxvdarout Heges onfeawoe thel@me ghpewiesche materiplof eacki qui d
stream S racarbons .exit .the settling.zone 6 tq bprovide a hydrocarbon
o {1 wenc e MAEAERRORR GHL Lot {IE PO ARG et SBHE IR Bener el ude
an addi tchdmatr mitaipe cd lnfc codd @spearingmtfernizakuitad b beptisap tdrgagirapdne 16. Thi s
stage 3 is useful ta prevent any ionic |liquid droplets that have not been
Capt ur ed“Sritften Hieaudaton HS GHthasg Voigh of SEn Rt iRy ' FPUEBS escer 10
in the hydnacamen &k lapendon 4f the ordCliduid Qpaag! sieodndsCoal eaieiar oni c | i quid
10drgplets in the sane manner _ as slag%s 2@, 2b,  2c. . When oriented in
par aPl elS2f F¥ BRiFPeSH &7et e gRKIEdRe PRCH BUY@ VRS BRIETNT LAPRBTY §28F t he
process as diggliQseeaReseitbodiment of fib Grocds bl hastivates i AvRRbadigent of the
process as described herein having multiple stages,orienteﬁ in parallel. As
depi ct edtps qrietied I segewiAgdspisted 1n R4yl ngMiswed ey ggicdicdiyi dprett 5di sper sed
in a bulds,phase a%mfpﬁqge%@agé}e&%dng isf 1840 1ol £ R1eCQRN € SER coABsceMBGQ2l escer 20
contains nultiple stages 22a, 22b of coal escer material oriented in

par al | elsevers sEpe@ 2a2b, ghel applptcepinetcitiadas mpgare fpg egls stapboUs sigEpds made
from,co i 1:C1; r : .f1 bers, or
fibg$glgégﬁ&ﬁg%g%%g%h%%wégg?égﬁgggﬁégcc?ﬁggPﬁ§@§¥§ggofagigﬂ§%%§%est dr opl et
to be renpveddrophe anl xvalgsecdedrogets HSheomd besd/RRhpcaft@b naxdrepleesigedezet hr ough

2a and enters stage 2b, while a portion of the coalesced ionic liquid droplets fall out of the
ioni¢ liquid/hydrocarbon mixture as stream 5a. In stage 2b, capture and coalescence of at
least a portion of ionic liquid droplets that have not been captured and coalesced occurs to

25  provide additional captured droplets and coalesced droplets. An ionic hquid/hydrocarbon
mixture b exits stage 2b and enters stage 2¢, while a portion of the coalesced ionic liquid
droplets fall out of the ionic liquid/hvdrocarbon mixture as stream 5b. In stage 2c, capture
and coalescence of at least a portion of ionic liquid droplets that have not been captured and
coalesced occurs to provide even more captured and coalesced droplets.

30 Coalesced droplets that fall from the coalescer material of stages 2a, 2b and do not fall
-out of the ionic hquid/hydrocarbon mixfure as streams 5a and 3b, as well as coalesced
dropiets that fall from the coalescer material of stage Zc, emerge from the final stage in a
stream Ic of hydrocarbons and ionic liquid. This stream ic enters a settling zone 6 of the

13



20 the pipe walls, where ionic liquid droplets are captured by coal escer
material 29 to prOV|de captured droplets that coal esce into coal esced
dropl et SWORE/ 4429 ur e i ncl udi ng coal esced dropl ets t heRCATSAEG6T3) de t he
pi pes 22a, 22b towards vertically placed coal escer material 28a, 28b. For
exanple, the mxture enters pipe 22a in stream 31 and proceeds through the
coal escer material 29 in streans 32, 33. After ionic liquid droplets from
t he mi xtogslescar, €n %@&ﬂtnlgrzsﬂe @rnisk waries ardldsirbharoah s 19fropirbens 2datomade of

t he coal escer. ng%erlal the jonic |iquid/ hydrocarbon m xture and

coal esceF HrEEEEed ‘1“@\&%“16&1?% PR Iﬁaldz‘z‘aer i/ 3 GF PRI Ohe SYBNE Bieeam 34

flows tawstdgwerbinGatdn: flaeed c@@&h&%ﬁfth%nﬁl!q%d@@& 7aRdicBbfiRam 35 flows
toward vertically placed coal escer material 28b. Additional ionic liquid

dr opl et sCOélﬁ%qe%ﬂQfé@%qvwe@néoqwm%%ﬁ@réi:pHaéwcab@lwabthwé@mﬁan@:w esced in

the vert4.6akd ynRlRe86: c@RLeecer material 28a, 30 28b. Coal esced droplets
energe fromthe vertically placed coal escer material 28a, 28b in streans

36, 37 of hydﬁlﬁébta’ﬂb@ﬁ&alndlqc@hlﬁ@eﬁIQﬂmcﬁuﬂiﬁt mehuis aBglditBnaletage 0& sett!ing
zone 26 wherei m&% £56 gé!mq @le%t Srlr QR B &%ﬁ{? i qg}svgnyﬂw%rﬁgg& due to

gravit ational or ces an Into arrionic ayer the bottom
of the skenléts gt mxmeot bbarcgeturmﬁramp)lcmlesc@fm segal estedc fromiesitinguei d from t he
por ous p| %sce; H 42Ul 4 Onr,ﬂonl | UI d/ah drocarbon m xture.in stream
25a. Ionlc Tquid bf 3%1 %p ?T’Pdtcﬁ%‘“?c(%ﬁ?n&“lq”d%ld | ayer 7,
whi dieé exdrtrsett imahamaieameé; az@tag@ 2|a,r23)\/1‘2¢:ie an ionic liquid stream 25b.

Hydr ocarbons .exit .t he, sett rovide a hy hocarbon ffI uent

I.Nn
O b e ik opitss B Pt B ARG a5 LR i U D Sbendl £ | onal

st age 23refescRaliseBeRArherat er i aI in the settling zone 26. This stage 23 is
useful to prevent any ionic qui d dropl ets that have not been captured and
coal esced i nfi%e PoiBiE albﬁﬁé@‘%?“*@é@ls SEERP 2hftserpd her hiernBiRierti cal |y

pl aced coabestaled WBlLdlieAl ALRRic18P Fid oM &xdhi-nY Hh B LAR! ﬁ%ﬁ}e&m}%&ql n the
hydr ocarbon effluent 24, It acts to capture and coal esce |onic Il quid

dr opifet stisparsehia aduferhagradmidiocaibons fiefed el eoglesder At Blici caplegtyr 2thcankénspor ous
pi pes ang hihe Mekbbeabl e plRc&H G Liecﬁfétprt%d LIl 11 4882, %ﬁ%@a&t' ing zone

A settling zone or settling zone(s) can resent in a coa having a
si ngl e stagelZEbBP ax poalseyse maka pmg:omﬂccnrp‘tt@wéﬂ&g:e@ asAegstit | i ng zone is a

region i, r{lg}gllecﬁtﬁ%ﬁ%enexsh@r_lﬂ %ﬁs&"@(a\'nﬂ& 95&%3&9 ?ﬂ: il %’é%@ (R0l can be a

pi pe wit ow t ce énce Ts esi e Fn the settli ng zone
because milwdxobbemlbemq:mwaé Thahesweditels dmlmﬁes 2and2p exdiireqedssteroligine i oni c

liqg Ietsmotheh carbons. ther frustratin rpose of

thetﬂpr esen’?]L DI BLed doTe YK %Céfﬁ{ mﬁﬁmf’lgncgpt regﬁfy%%asimﬁ?{ %?tgglg%g’rpéo% %I esced

dr opl et S:dpm;edsiﬁipﬂdtﬁhﬂktbdl&fce trh@cdmiﬁsdsedmh@;ﬁﬁs 200 miRyies mc]aﬁlb@l&myedgr avity so
an_exi.t the ctor coal es ets forman ionic

| qui o YRR 4% HOBLTROR BoPProm tof A RS e Al PGB FRISEHar | on

28a, 28b. For example, the mixture enters pipe 22a in stream 31 and proceeds through the
coalescer material 29 in streams 32, 33, After ionic liquid droplets from the mixture are

25 captured and coalesced in the walls of pipe 22a made of the coalescer material 29, the ionic
hiquid/hydrocarbon mixture and coalesced droplets flows outside pipe 224 in streams 34, 35,
Stream 34 flows toward vertically placed coalescer material 28a and stream 35 flows toward
vertically placed coalescer material 28b. Additional ionic liquid droplets entrained in the
hydfocarbon phase are captured and coalesced in the vertically placed coalescer material 28a,

30 28b. Coalesced droplets emerge from the vertically placed coalescer material 28a, 28b in
streams 36, 37 of hydrocarb.ons and ionic tiquid. Streams 36, 37 enter a settling zone 26
wherein coalesced droplets drop through the hydrocarbons due to gravitational forces and

scttle into an ionic liguid layer 27 at the bottom of the settling zone. Larger droplets of

14



The process as described herein can further include a pre-filtration step.
Such pre- 25filtration step involves filtering the m xture conprising
il

hydr ocarb®RA&94fd2% onic 1iquid prior to feeding the ni xPuF&SH8

coal escer. Such pre-filtration step renoves solid particulates fromthe

m xture and prevents the downstream coal escer front plugging or fouling.
Any type of apparatus known in the art useful for renoving solid

parti cut@i@scdamdc havi figmahppoparpipefdl qit pfthe amidiguitsledrécarbbh enixture
pre-filtration_step. .For, exanple, .a sel.f-cleaning.filter cartridge

5071 1t el TGP0 254U 80 T B AR T PP P K st B The
fol | ow Bgisekadleas: a0 & M6a¥d gdednit Gofidkirker 23, IHigitdcabend 1@ 1y @8kt  process
and the adv%nt ages thereof. %28 exanpl es are neant to be only illustrative,
and not ZPSmCtP RgYide 8 hyERMUPIES R4l e 1. Enul sification of the hydrocarbon

and jonic | i guidwRhASES 2, B QoMM Meah Al-hBBhLEuEOM QABkiohatkweemn tthe feed
hydr ocarbon and the ionic liquid catalyst phase for an effective al kyl ati on

react i oRoalsCE ghager el BULUSHHNEEIE Bpe iR ees B NUXFYIdo IigEeh 3B dionTTHeidx per i nent s

ver e copairet et atyAMPheAcaQRdiahd QRE RN Ghe FBRAOKIHEBIRLY R0 NQLriato Of
2,2,4-trinmethyt pentane ( ) as the hydrocarbon and approxi mately 10 vol %

i oni ¢ | Phendthasertippdly pdaced sosiesgsh msteriallang. Wb exgimobarpeslaiear @0 iseed to f eed

t he hydr og. I , j ) - ~ t hrough t he

nozzl o Ty CRaD sHARIEE IPaGRbhRE RORSE e B bR RIRSRE | e Wt

| MP10 had:zarerianthe comscenimxdtergp! ehantbeporoditepda ot B artiorlyaieed ataddsyst f eeds,

fed from V\o}%%p%agrbate inlets, mxed intimately in the internal chanber and
uttle

. alerig . . .
exited € 0 producing a fine and near stable emulsion. If [eft alone,

the emul sion separated naturally by gravity, usually taking 8-12 hours to
fully s%pa}r ate indicating very fine 15droplets were produced. A rough
dr opl et “877€ *&i%t ri buti on nmeasurement is shown in FIG 3 confirming the

production of s@ifigRl6hEorakitith ol AWM &k BEBEMSin dtosled®r having a single stage
15 oracoaiescer having multiple stages. A settling zone is a region in the coalescer having low
turbulence. For example, it can be a pipe with low turbulence. Turbulence is undesirable in
the settling zone because it can break up the coalesced droplets and re-disperse fine ionic
fiquid droplets into the hydrocarbons thereby frustrating the purpose of the present process,
The seitling zone provides an area where coalesced droplets may settle out of the bulk phase
20 ofhydrocarbons by gravity so that they can exit the reactor. Generally, coalesced droplets

form an ionic liquid layer at a bottom portion of the settling zone.

Pre-filtration
The process as described herein can further include a pre-filtration step. Such pre-
25 filiration step mvolves filtering the mixture comprising hydrocarbons and ionic liquid prior to
feeding the mixture to the coalescer, Such pre-filtration step removes solid particulates from
the mixture and prevents the downstream coalescer from plugging or fouling. Any type of
apparatus known in the art useful for removing solid particulates and having a proper pore
size can be used in the pre-filtration step. For example, a self-cleaning filter, a cartridge

30 filter, or a guard bed can be used in the pre-filtration step.

The following examples are provided to further illustrate the present process and the
advantages thereof. The examples are meant to be only illustrative, and not hmiting.
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20 Exanple 2: Hydro-cyclone for hydrocarbon-ionic |iquid emulsion
separation To separate the hydrocarbon-ionic |liquid enul sion produced by a
spray no?#12816¥2?escussed in Exanple 1, a glass hydro- ®faIEANES0sed. A

| arge anmount. of ionic liquid droplets settled down in this separator,
however, the hydrocarbon al so contained a considerabl e anount of entrained
droplets. Thus, there was very inefficient separation of the 25 enulsion. A
very hazy hydrocarbon effluent was obtained after the systemreached steady
state. Exanple 3: Three staae coal escer for hydrocarbon-ionic liquid
enul si on separation To separate1§ carbon-ionic liquid enulsion
produced by a spray nozzle as 30di scussed in Exanple 1, a three stage
coalescer apparatus mhere eacq}stage was packed mnth di fferent coal escer

pilasedt age of this
coal gscer 40T\§’%§0x@dngﬁtﬁ-§a§e R EAe S c?ifb Qtané)’th'e h:e%h‘?cﬂd a length of

33 inches, providing a reS|§%nce time o%iﬁ%§6 m nut es st age 4la,
41b, 41cambst ihas faced tcocaliostien rastioey aa¢idzﬂ2a,um¢2@uxpMc>mﬁm/quglea di anet er

of 3 in n hus, l.eaving a settli] one 43a,
S5b. una g Rsdp B RNl et dn DN o hOM S p B O B R bl 0T 22
43a, 43bpl %3¢ 2ier-einrdyéssEny (TMP}iisltmmydm;mmaImm:dimmbb ibivgded dropl ets
to settl.e .downward. e cpal mat eri al 42a re r ther

| oosel y s P B el PBRsr BOF HilReSh P Bon o st s 4TSRt Bt hi n (e
coaligscemd Iﬁ%to@faiy@ﬂ phés%antoészgumz@cml—mml Lgﬁghe wBgk. Dhis hdilﬁlevﬁiodﬁedﬁdﬁn ?@eni ngs
wer e Iar 100 m CJr.ons esber material 42a in the first stage
4l a was ﬁ a%@%@? ﬁ%WﬁB¥pﬁE%€gﬂ}@g%%#nﬁﬁfeﬁﬁg¢§-E@Bhyﬁﬁﬁﬂpﬂlthe

second a@d citblwtqieaas a@E@oﬁ}m sefdiarcWBEE, BREY ngtdadly) Meroel-Rl engntFikgE) and
fibergl ass, respectlvel . The three stages _41la, 41b, 4lc were an-anged in
such a c&SHtd Ga Pt B‘ﬁd"&"h‘ﬁta finsend perr é@ﬁk@%iwsééﬁﬁf@tlhﬁwfﬂi% three stages
4la, 4lhe,dhed SREMBN ALY usually takilD 8- 1IPHIRQCARRO Raaft bl deqml sion was
fed int oet he first E@% a%e1 1§u%hyr%t}g gp ple 44, ﬂgs?:gegdla a I\ﬁeégt s settled

i nt 35a |dagreets wereippiesd] AdeHed droplat hige §7ét1ﬁ3utmgmza§n@nmmas shanchFWas% drai ned
-continu he settling zone 43a.
Hydroca?%%%%u%%%?ggpﬁghgﬁ§$§ %%gﬁ%%g@?%%%égglgi?éieX|ted the first stage
41a and entered the 15second stage 41b through pipe 46. Coal esced droplets
settled into a layer of ionic liquid in

20  Example 2;: Hvdro-cvelone for hvdrocarben-ienic liguid emulsion separation

To separate the hydrocarbon-ionic liquid emulsion produced by a spray nozzle as
discussed in Example 1, a glass hydro-cyclone was used. A large amount of ionic liguid
droplets settled down in this separator, however, the hydrocarbon also contained a
considerable amount of entrained droplets. Thus, there was very inefficient separation of the

25  emulsion. A very hazy hydrocarbon effluent was obtained after the system reached steady

State.

Example 3: Three stage coalescer for hvdrocarben-ionic liguid emulsion separation

To separate the hydrocarbon-ionic liquid emuision produced by a spray nozzle as
30  discussed i Example 1, a three stage coalescer apparatus where each stage was packed with
different coalescer materials, as shown in FIG, 4, was used.
Each stage of this coalescer 40 was 2 glass pipe having a diameter of 3 inches and a
" length of 33 inches, providing a residence time of about 5 minutes. Each stage 41a, 41b, 41¢
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the settling zone 43b, which was drained continuously through pipe 47 from
the bottomof the settling zone 43b. Hydrocarbons including any renaining

i oni c | VRPHIEI%EEd the second stage 41b and entered tﬁ@”‘%gqﬂdkg?@%\%e 41c

t hrough pi pe 48. Coal esced droplets settled into a layer of ionic liquid in
the settling zone 43c, which was drained continuously through pipe 49 from
20t he bottom of the settling zone 43c. Hydrocarbons including any remai ni ng
i oni ¢ | imgided exédacer thherikhi2edd 2t dpehating atdwmoug v pinpees@d a length of P4 eval uat e
t he performapce ,of . these. coal esci terials,. dr ocar bon es were

t aken f?%h?st ﬁ} S dHginge s tﬁ@ﬁ ZS?%@& ltﬂﬂ)r Cg%raéglﬁgllpc g B@?dtggs @fagl%g%)c 51c and

t he i onkGcH deglindzopeanientibofictdee yrdisagan hiny darpilescdvasicdgtidrdnied. After
the systemreached a_steady state, the peasured ionic liquid.content in
each st SGEtdPREd. qut f@%&%%@%ﬁ%%ﬁ%& fﬁgildeﬁﬁ%m roHthe first
stagg, anpFOyBLRlY va00:RpWhIremik he csaeeptngtagel. ang appEoxivat el y 90
ppwm fromthe third stage. The hydrocarbon phase effluent fromthe third
stage 4TOstRiShorE®Oy eBEnEREs HaR e gPindit B0 BGTHanYLF Go8ESSehARETR 48l dr opl et s

remai neghd it BYALRGRHDAR sRhagfiie TB8.18XaMR8i:510W51 che 16 Q8d88 &S
materi al 42a, 42b, 42c did not 30separate ionic Ilqlzl d effectively because

t he coalltietagant br # b wappolyapyluogzenyins (RHEE)pad Kb des. WrrecATEh Vi ds and
openi ngg,. > ' ol fien oS HRPhEhSarb Qe fhgupved.
Exanpl e%i?é%égglr&?l’ g@%ﬁ‘?@?ﬁ%ﬁ%&%ﬁ ?g@%&%&%car on-?én‘fodé I ip(r%ui d enul sion
sepafat ittooughThe Separatetit.Hebhdidsogentydhy- i onic |iquid emul sion produced by a
spray nozzl e-as. di scussed.imn ; P - r..hayj L y packed
fibergl ass nge D sdle0 . H)Plﬁ “Thi léq'%%g@ %g%éfra? %td -ﬁ@ggﬁﬁgg Sfaﬁg%(]f%gﬁ%%@é% ass were

| ess t han. T0alsdced droplets Tls] intohd Isve oélcasdeyuidia tiersealingvade 432y ehigh has ge

specific _surface area_and. a. high probability of i.ntercepting and coal escing
fine dr SRIILONHRYO 'Hhé%hf)WFé(g@@% %EE%‘?O%%E? f’eg;lm$ ?%%%gf'uggi ng and fouling
by sol i diyaadchibehEsclidiesaiitremfininBeodieBeuis bxieamMe fsitgt k14 @id entetdd the pore si ze
of | ess than 10 m crons was instﬁalled u stre?m.of he cpal escer.. Using the
hydrgcastond FBe ¢ o hgusiP R @S fippedtiqd infg adayey %1&3, uig

hydr ocarop:cel Jact ad wlch the dfiifel @bntuchdie efah ggﬁav fRSthE bytsinadf t8d ear . The
ionic liquid content of the hydrocarbon collected at the outlet of the

coal escéptlipggoneEduFadrosgbardttiudne P RIERFIG RN heisH Sertondr8esses

have beeny, desghiBed. ihdGABNEL! hRRMbHR 18 PechiEd & doprbodisEntss: kheoeof , it
will be appreciated by thése skilled in the art that additions, deletions,

nodi i caetiohetid anble sifbag rana P ordidhor asslseeeds qoaanyoysty dseteh ey 43diPbe nade
wi t Q@ut the bottom of the settling zone 43¢c. Hydrocarbons including any remaining ionic liquid
exited the third stage 41c through pipe 50.

To evaluate the performance of these coalescing materials, hydrocarbon samples were
taken from the end of each stage through sampling ports 5ia, 51b, Slc and the ionic liquid
content of the hydrocarbon samples was determined. After the system reached a steady state,

25  the measured ionic liquid content in each stage remained quite constant: approximately 1000
ppwm from the first stage, approximately 200 ppwm from the second stage, and
approximately 90 ppwm from the third stage. The hydrocarbon phase effiuent from the third
stage 41¢ was observed as hazy, indicating many fine ionic liquid droplets remained in the
hydrocarbon phase. This exampie shows the coalescer material 42z, 42b, 42¢ did not

30  separate jonic liquid effectively because the coalscer material 42a, 42b, 42¢ was not packed

to diminish voids and openings smaller than the size of the smallest droplets to be removed.



departing fromthe spirit and scope of the processes as defined in the
appended clains. That which is clainmed is: 1. A process for separating an
i onic |iYOi2419¥4632hydr ocar bons, the process conpri si ngPCT/US2009/065528)
feeding a m xture conprising hydrocarbons and ionic liquid to a coal escer,
t he 5hydrocarbons having ionic liquid droplets dispersed therein, and the
coal escer conprising a coal escer materi al ; (b) adhering at |east a
por ti on Wfaniphed:i Fohdreiakd mwcdiuéaéﬂr%rsmt&o&moﬁﬂﬂ;@i@&ﬁ& efBlsRinl @l to provide
captured droplets (c) coalescing captured droplets into coal esced
droplet§gﬁﬁﬁ§@10(d) al l owi ng the coal esced droplets to fall fromthe

coal escer natrg "sbﬁlratet ®e ﬁﬁﬂ@d’aﬁ;o% ibhe1ken 'eﬁuﬂhiogg)hgjlugerdq{n AR %%?&ar bons and
provi de a hydrocarbon effluent, wherein t escer erial has a

st r ongerdisgrFphintixample 1t heodlesedr éawnmwwytm@lwdtﬁbergwdwmccbolmslm 152. The

pr OC%SS Bacqrd 'th@%o}eg’xll%ahgér%lasswg RLN %\Pﬁ) & %n%s%gﬁe tc% fodler BeR ! €Ct ed
fromthe group consisting o | ass 'Rl esS” steel et ar packi ng,
f|berglé@@aVQwHQQQ%W@ﬁbanﬁwe@eﬁamimmgbpmbdnbmcﬁnmﬂnmﬁnymﬂhmahﬁmgpf 3. The
process m. 1, wher oal esc ter flberglass
20" 4 - e L S BB B b R A0 iRRE RS e Ry B 6upbBRebr 11 et
conpri SQ)SBSQLQ pniad sress a(p)feiilﬂaemﬂ@m p@ielqizq of Wss than 10 microns was installed

upstream of the coalescer. Using the hydrocarbon-ionic iquid emulsion of Example 1 as a
10 feed, the hydrocarbon collected at the outlet of the coalescer was crystal clear. The ionic
iiquid content of the hydrocarbon collected at the outlet of the coalescer was measured as

about 30 ppwm,

Although the present processes have been described in connection with specific
15 = embodiments thereof, it will be appreciated by those skilled in the art that additions,
cletions, modifications, and substitutions not specifically described may be made without

departing from the spirit and scope of the processes as defined in the appended claims.
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‘5. The process according to claim1l, further wherein the fallen coal esced
droplets 25 provide an ionic liquid |layer and further conprising (e)
renovi ngvPREIYWHZE | i quid | ayer front the coal escer an8CTRPZHEPHEY ng t he
hydr ocarbons fromthe coal escer to provide a hydrocarbon effluent. 6. A
process for separating an ionic liquid from hydrocarbons, the process
conprising: 30(a) feeding a m xture conprising hydrocarbons and ionic

i qui d trhaaweRaliegsged,is:t he hydrocarbons having ionic liquid droplets

di spersed therein, and the coal escer conprising a coal escer naterial;

(b) adhering at Ieast a portion of the ionic liquid droplets to the

coal escér nat'eFPErs fposemrawwél 1@5%)%‘%?%‘%&“"6‘&5’&!“@?@0“5 the proces FORPAIE i ng t he

capt ured dropl elegini, @tnﬂxﬁﬁado%ﬁ%gv Qﬂ;@&!a@&o%ﬂ and ionic hﬁﬁﬂi 1$£tdhdsg hhe coal esced
dropl ets to provide an ionic qU|d | ayer; (e) renoving the ionic

|i quibd Ihagueearpens rlw*f%w@@élqesid%@pief&ﬁwmed (ifeyeip.cndiliengalesser deyatrigeat bons from
t he Cpa%gﬁgﬁ&w£8mﬂﬂOVIde a hydrocarbon effluent, wherein the coal escer

mat eri al” has a stronger attraction for the ionic liquid than the
hydrocarbonsﬁﬂk@ﬁﬂmgeﬂpﬁ©@awgma®bb¢dnmgmmdxbmaﬁmnﬁ$°mhhx@rnmmhawponic

iquid d;&w&g&g%ggdg}{ggneters bet ween about 1 and about 1000 m crons.

8 The prcess ng’to claim®6, wherein the ionic |iquid droplets have
di aneters beGMEamsmbgumﬁﬂemﬁmpmmsmamdﬁabaﬂ&vﬂ@@ andcrons. 15 9. The process

gggﬁ{odls ggmt gﬁ% lﬁ@(‘)\g?}ls ngrggllgﬁr}:eé dr oplleﬁ to gﬂi fjrogn th% cga[l?sri):!alel%lasterpa ’):/(}e‘;epdrdte %mst er o
ionic Hquid from the hydrocarbons and provide a hydrocarbon effiuent,
wherein the coalescer material has a stronger affinity for the ionic liquid than the

hydrocarbons,

15 2. The process according to claim 1, wherein the coalescer material is selected from the
group consisting of glass beads, stainless steel metal packing, fibergiass, polymer fibers,
ceramic membrane, and mixtures thereof,

3. The process according to claim 1, wherein the coalescer matertal is fiberglass,

4, The process according to claim 1, wherein the hydrocarbon efftuent comprises 20

ppm or less of the ionic liquid.

5. The process according to claim 1, further wherein the fallen coalesced droplets

o
<

provide an ionic liquid layer and further comprising (e) removing the ionic figuid tayer from
the coalescer and () removing the hydrocarbons from the coalescer to provide a hydrocarbon

effluent.

6. A process for separating an ionic liquid from hydrocarbons, the process comprising:
30 (a) feeding a mixture comprising hydrocarbons and ionic liguid to a coalescer, the
hydrocarbons having iozic liquid droplets dispersed therein, and the coalescer comprising a

coalescer material;
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10. The process according to claim®6, wherein the ionic liquid droplets -
have a di aneter of 20about 5 mcrons or greater. 11. The process accordi ng
to cl ai Mve20useBen t he hydrocarbon ef fl uent conpri sesPL@APpIPO63sLEess of
the ionic liquid. 2512. The process according to claim®6, wherein the

hydr ocarbon effluent conprises 20 ppmor less of the ionic liquid. 13. The
process according to claim®6, wherein the hydrocarbon effluent conprises 10
ppm or |ess af) lihent anagtébmwoftﬁﬂlomthuﬂmorn&@&)etﬁécm&@a diaRgalQ clai mé,
wherein the coal escer material is selected fromthe group consisting of

gl ass beswsde gpicAldepieist eel metal packing, fiberglass, polymer fibers,
ceram c nenbr f 062922PCT/ us2009/ 065820

15. The proc cggg%ecsglgg C)éﬁt#{)eggf(%ﬁ%r %ﬁ) com%%é?g%%hé coal escer material is
fiber gI ass. 1B sstﬂhgﬂp:rcmelessd aeptsdd pyvide agliaiieidiid aper ein the ionic liquid

is an ionic I i % qu C Ia § d]Iavergr e I OCess, aac%or ding to claiml16,
wher &in the n?: MiEqut & &;ltqg yst I's™a chi*or o4l i nate i onic liquid
cat al yst. (f) remb8ing Behyr@ees s Mﬁ:ﬁfedbﬂ@:e‘éﬂo@h&dﬂﬂa&ydbﬂ@ﬁﬁ@i gFlhde, i onic

liquid droplets conprise between 10 0% and abou 0% h voI me of the

b ur e ConpPPEETg Ry ESEATBITS Mt T O LAl tr Dergn Hit Hibdss
aCCOFdIdi&@mﬁ&ﬁlnlﬁ wherein the m xture conprising hydrocarbons and ionic
liquid has a residence tinme in the coal escer of |ess than about 2 hours.
1520. The process according to claim®6, wherein the m xture conpri sing

hydrgcarbons Tﬁé‘ﬂmbé@@ h&otdh bg}afh@% Whel &8 k@%&ﬁ@h&d;ﬁ‘@robﬂtstlﬁﬁe goalegcer of
bet ween about m nut e and about 20 m nut es.
batween about 1 and about 1000 microns.

8. The process according to claim 6, wherein the ionic liguid droplets have diameters

between about 4 micrens and about 200 microns.

9. The process according to claim 6, wherein the ionic liquid droplets have a diameter of

about 50 microns or greater.

10.  The process according to claim 6, wherein the ionic liquid droplets have a diameter of

20 about 5 microns or greater.

11 The process according to claim 6, wherein the hydrocarbon effluent comprises 40

ppm or less of the ionic liquid.

25 12, The process according to claim &, wherein the hydrocarbon effluent comprises 20

ppm or less of the 1onic liquid.

13. The process according to claim 6, wherein the hydrocarbon effiuent comprises 10
ppm or less of the 1onic liquid.

30 |
14.  The process according to claim 6, wherein the coalescer material is selected from the
group consisting of glass beads, stainless steel metal packing, fibergiass, polymer fibers,
ceramic membrane, and mixtures thereof,

20



‘21.” The process according to claim®6, wherein the coal escer conprises

mul tiple stages of 20coal escer material. 22. The process according to
clain16,“ﬁh@?%mﬁqﬁhe hydr ocar bons are sel ected from t h&Grsayo06134 st i ng of
a product, a reactant, and m xtures thereof. 2523. A process for
regenerating an ionic liquid catalyst, conprising: (a) feeding a

" m xture conprising a spent ionic liquid catal yst and hydrocarbons to a
coal escer, the hydrocarbons having spent ionic liquid catalyst droplets
di spersed therein, and the coal escer. conprising a coal escer materi al

(b) adheri ng ‘4t P8RS ECCR N P iCHH® of "t’}]'?éelgg'@ REBS R4 Bt et dr opl et s to
t he 30coal escer material to provide captured droplets; - (0)

coal escing the captured droplets into coal esced droplets; (d

set t | i ngft he TépBI0eSE agrorinspp stagm oW g igdomc Epans anderiie liquigentadyst

cat alzyst | ayer; (e) renoving the spent ionic |iquid catalyst |ayer
fromthe coal escer to provide a spent ionic liquid catalyst stream (f)
removi ng 7t he Thy droosartrorisnd i o R, Woatietheermit gy cardigkeisse hydr ocar bon

fluent;c%ﬂgggﬁg%?%§%§n§#g§% m%he spent ionic liquid catalyst streamto

provi de Tegenera I on Iqurd catal yst; wherein the coal escer
material has a stronger attraction for the spent ionic liquid catal yst than
the hydr Rear %Q Spfocg's_g %éc’or ingatlo %Yalirg' t6! wher B 8R53e iigﬁg‘alr'{)lp?eltsnc%mprise between

10 0% and about 10 % by volume of the mixture comprising hydrocarbons and ionic liquid.

19, The process according to claim 6, wherein the mixture comprising hydrocarbons and

ionic liquid has a residence time in the coalescer of less than about 2 hours.,

15 20.  The process according to claim 6, wherein the mixture comprising hydrocarbons and
ionic liquid has 2 residence time in the coalescer of between about 1 minute and about 20

minuies.

21.  The process according to claim 6, wherein the coalescer comprises multiple stages of

20  coalescer material,

22, The process according to claim &, wherein the hydrocarbons are selected from the

group consigting of a product, a reactant, and mixtures thereof

25 23, A process for regeﬁeraﬁng an ionic ligquid catalyst, comprising:

(a) feeding a mixture comprising a spent ionic liquid cetalyst and hydrocarbons 1o a
coalescer, the hydrocarbons having spent ionic liquid catalyst droplets dispersed therein, and
the coalescer comprising a coalescer material;

(b) adhering at least a portion of the spent ionic liquid catalyst droplets to the

30 coalescer material to provide captured droplets;
(c) coalescing the captured droplets into coalesced droplets;

(d) settling the coalesced droplets 1o provide & spent ionic liquid catajyst layer,

21



(a) conductlng an allcylation reaction in the presence of an |on|c liqui'd
catalyst to provide an al kylation product and a spent ionic |i

cat al ystW0 2010/062922 (b)) feeding a m xture conpri si ng thgcg%@HWWW§ﬁﬂh i quid
catal yst and the allcylation product to a coal escer, the allcylation
product having spent ionic |liquid catalyst droplets 15di spersed therein,
and the coal scer conprising a coal escer materi al ; (c) coal escing the
captured dro@l ehvingtie spealeschtidcapl@tager from the cbal}scsed phdviny atshentcoal esced
droplets to, provi spent ionic |liquid catal yst |ayer; (e) renoving
t he speHFHQQWﬁQ94$kﬂﬁq§mgataIyst | ayer fromthe coal escer to provide a spent

ionic | iquidieeabdlingtheliR8drbordGom (e eamMESGe bheidak howbatb@nuipigduct from
t he coal escer to provide an al kyl ati on effluent; (g) regenerating the

spent i @M c liquid catal yst streamto provide regenerated ionic liquid

catasyst; an% regeneratin t}(er%ei{t‘?&ﬂ&llld(mcgcaftﬂgq : LRIGNELAVRR bRl G d catal yst
to the allcylation re%ctl n step wherein the coal escer materi al has

a stron@ewdaﬂﬁwactlon for the spent ionic liquid catalyst than the
al I eyl ation Qfﬁé)rgiﬂ%e'coalescer material has a stronger attraction for the spent ionic liquid

catalyst than the hydrocarbons.

16 24,  Analkylation process, comprising:
(a) conducting an alkylation reaction in the presence of an lonic liquid catalyst to
provide an alkylation product and a spent ionic liquid catalyst;
(b} feeding a mixture comprising the spent ionic liquid catalyst and the alkylation
product to a coaiéscer, the alkylation product having spent 1onic liquid catalyst droplets
15  dispersed therein, and the coalscer comprising & coalescer material;
(¢) coalescing the captured droplets into coalesced droplets;
{d} settling the coalesced droplets to provide a spent ionic liquid catalyst layer;
{e) removing the spent ionic liquid catalyst layer from the coalescer to provide a spent
ionic liguid catalyst stream;
20 (£} removing the alkylation product from the coalescer to provide an alkylation
effluent;
(g) regenerating the spent ionic liquid catalyst stream to provide regenerated ionic
liquid catalyst, and
(h} recvcling the regenerated ionic liguid catalyst to the alkylation reaction step (a),

wherein the coalescer material has a stronger attraction for the spent onic liqud

bo
]

catalyst than the alkylation product.
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