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20  refineries isobutane with low-end olefins (mainly butenes). Currently, alkylates are
produced by using HF and H2SOy4 as catalysts. Although these catalysts have been
successfully used to economically produce the best quality alkylates, the need for
safer and environmentally friendlier catalysts systems has become an issue to the

industries involved.

25
The quest for an alternative catalytic system to replace the current environmentally
unfriendly catalysts has been the subject of varying research groups in both academic
and industrial institutions. Unfortunately, thus far, no viable replacement to the
current processes has been put into practice at commercial refineries.
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lonic liquids are liquids that are composed entirely of ions. The so-called “low
temperature” lonic liquids are generally organic salts with melting points under 100

degrees C, often even lower than room temperature. lonic liquids may be suitable for
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25  The use of the fused salts of 1-alkylpyridinium chloride and aluminum trichloride as
electrolytes is discussed in U.S. Patent No. 4_,122,245. Other patents which discuss the
use of fused salts from aluminum trichloride and alkylimidazolium halides as
electrolytes are U.S. Patent Nos. 4,463,071 and 4,463,072,

30 U.S. Patent No. 5,104,840 describes ionic liquids which comprise at least one
alkylaluminum dihalide and at least one quaternary ammonium halide and/or at least
one quaternary ammonium phosphonium halide; and their uses as solvents in catalytic

reactions.
_2.
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Aluminum chloride-catalyzed alkylation and polymerization reactions in ionic liquids

may prove to be commercially viable processes for the refining industry for making a

wide range of products. These products range from alkylate gasoline produced from
25 alkylation of isobutane and isopentane with light olefins, to diesel fuel and lubricating

oil produced by alkylation and polymerization reactions.

However, all the above processes using chloroaluminate ionic liquid catalyst produce
trace amounts of organic chlorides in the hydrocarbon product durihé the reaction.

30 Removal of the trace organic chlorides is desirable because organic chlorides are
known to form dioxin during combustion. Removal of organic halides may also be
desirable to meet product specifications. Analogous results will occur when ionic
liquid catalysts based on halides other than chlorides are used.
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accordance with the present invention comprises at least one acidic halide-based ionic:
liquid and may optionally include an alky! halide promoter. The present process is
being described and exemplified with reference certain specific ionic liquid catalysts,
25  but such description is not intended to limit the scope of the invention. The processes
described may be conducted using any acidic ionic liquid catalysts by those persons
having ordinary skill based on the teachings, descriptions and examples included

herein.

30  The specific examples used herein refer to alkylation processes using ionic liquid
systems, which are amine-based cationic species mixed with aluminum chloride. In
such systems, to obtain the appropriate acidity suitable for the alkylation chemistry,
the ionic liquid catalyst is generally prepared to full acidity strength by mixing one
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As noted above, the acidic ionic liquid may be any acidic ionic liquid. In one

embodiment, the acidic ionic liquid is a chloroaluminate ionic liquid prepared by
mixing aluminum trichloride (AICl;) and a hydrocarbyl substituted pyridinium halide,
156  ahydrocarbyl substituted imidazolium halide, trialkylammonium hydrohalide or

tetraalkylammonium halide of the general formulas A, B, Cand D, respectively,
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e \ / ~
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N X- X

|

R

A B C D

20
where R=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group and X is a halide and
preferably a chloride, and R and Ry=H, methyl, ethyl, propyl, butyl, pentyl or hexy!
group and where R and Rz may or may not be thc same, and R3, Ry, and Rs and
Rg=methyl, ethyl, propyl, butyl, pentyl or hexyl group and where R3, R4, Rs and R¢

25  may or may not be the same.
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HCI or any Broensted acid may be employed as co-catalyst to enhance the activity of

25  the catalyst by boasting the overall acidity of the jonic liquid-based catalyst. The use
of such co-catalysts and ionic liquid catalysts that are useful in practicing the present
invention is disclosed in U.S. Published Patent Application Nos. 2003/0060359 and
2004/0077914. Other co-catalysts that may be used to enhance the activity include
IVB metal compounds preferably IVB metal halides such as ZrCls, ZrBrs, TiCly,

30 TiCl, TiBr,, TiBry, HfCls, HfBr, as described by Hirschauer et al. in U.S. Patent No.
6,028,024.
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5 e -40C to +150q'|qu in.the.ran

10

fer -20C to . .
fep therrasund drediooBlimege REepRE P B AR B Geldl i in
at mﬂs:p'bh(:‘g‘cla(fmp s@ssdsrte hdwds, BROHabta S mpim @fé@mab] Fhe heat generated
;ﬁ;&% %gag:u%ng%ag%e {cF Rmteg us:r e% an{hte%a l{gxg\?{m Itd t%' lglled person
t he At amgeaca)r bﬂ\ht sba:lmdctsarbm plase is seppraeet] efnoatihcyloﬁlcfphme rlpy
to ] heat ner at ed
ol 1 A 5 e TGP PR bR RS B Efthe ' c
2per ssoparafﬂAtw}ndhéaas eatbbmcooumﬂeéts,redyhled yble geaebon phase

I's separated fromthe ionic phase by decanting, then

t he hydrocarbons are separated by distillation and the
st arMypiag alkylation conditions may include a catalyst volume in the reactor of from 5

vol% to 50 vol%, a temperature of from -10°C to +100°C, a pressure of from 300 kPa
to 2500 kPa, an isopentane to olefin molar ratio of from 2 to 8 and a residence time of

25 S5 minto 1 hour

In one embodiment of a process according to the present invention, high quality
gasoline blending components of low volatility are recovered from the alkylation
zone. Those blending components are then preferably blended into gasoline.

30
As noted previously, alkylation using chloroaluminate ionic liquid catalyst produces
trace amounts of organic chlorides in the hydrocarbon product during the reaction. -
Removal of the trace organic chlorides is desirable because organic chlorides are
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20 isoparaffin which. has not been converted is

recycled to the reactor. Typical alkylation conditions
woregpsiomsokiide a catal yst volune in the reactor BPET/USAT/E@B7113

vol % to 50 vol % a tenperature of from-10C to +100C

a pressure of from 300 kPa to 2500 kPa, an isopentane

to olefin nolar ratio of from2 to 8 and a residence

time of 25 5 mn to 1 hour. In one enbodi nent of a

pr okeawn wdesY dpHg duingchebptties &smoval ol eganie halidgs ypy also be

qualgtdidble 4R bRAUAsERATAEHNS. NHRRBORrSsufRf wliBWeur when ionic

volatility are recovered fromthe al kylation zone.

Thoé'ews|C@ﬁld$tﬁ5ase<b?m@#fe?ﬁ°éhea%" fHeifeprEEsdanl v bl ended

into gasoline. 30 As noted previously, alkylation
usi ng chl oroalumnate ionic |liquid catal yst prod

Pr adacsprdante iBthegpyRHIR "t?r?lf%?PiCd‘é’édel et wa%’eatroz a%

Pr QG aristiHehdtign thtoe rBRGEd B hydrofediy e redctiblifrolivcd Che
organi c chlorides is desirabl e because organlc

chl Sydraecating way alao kygope plisr re et BOTRRIIUGSSs ARS8 o

KN0WBmpdhehtd) 150 ctbmile Mo tHaké fedolaR) iR WHidhQase tRegaMale iOf
or gani c halldes may al so be desirable to neet product

speéV¢P%%Wﬁons Anal ogous results will occur when
1ponic liquid catal ysts based on hal i des ot her than
chloride% are used. 5 In acc { nce wt

h th )
i nveht PErTed Fabasimeyithe HEIHSRRIgSRE MEntBHoY Wﬁa“a#aéw@fh has
gf dtbb‘ae. prépakeyl lusihg @ Bhlb@alaininate l@ﬁigll(hﬁﬂ ‘mﬁmTh CBdcdilycdtby w{ltauung
ro t1 Ny reacti o [.0 Ct. e rea n
S i B B g BB e Bt 1 B¢ il
W t lhydtbiharund@mdfyemtrﬁal;tmﬁg @ﬁndeioasrpt}!ﬁ,h 1ﬁdbudﬂfaémpemm"ed frove,
ine is a
"B ot TS ERE ot oS ot Sk PO R ARl bl

con eﬁnttroatolf cifloridfe cahtlerytl oag&,omlm feim itmst 400em tp teopthae bl ppm. In
us| ngcgtdo% or o? {n at g?eﬁ %néirlg €a eglﬂl &ier ?l'?%eaic%ﬁ&loﬁssls not

redd at e
hydMqﬁmEailng catalyst in a hydrotreatlng zone in the
presence of

20 A process according to the present invention may use any hydrotreating catalyst.
Preferred are solid catalyst systems that contain precious metals such as palladium

and/or platinum on either activated carbon or a silica support.

The following Example is illustrative of the present invention, but is not intended to

25  limit the invention in any way beyond what is contained in the claims which follow.



hydrogen under mld hydrotreati ng conditions, which
i ncl ude tenperatures from 15 200F to 600F. and
whyasoews pressures of | to 300 psig. This hasPCEESINEMRT7113
in a reduction of chloride content of gasoline from
about 400 ppmto less than 5 ppm In addition, the
gasol ine that has been hydrotreated under these
conditions is not degraded. 20 A process according to
the present invention may USAMBLEhydrotreating
catalyst. Preferred are solid catal yst systens that
contain precious netals such as palladium and/or
pl atThgeradest fom the plkyatiqnregcien efdsabsianowithbuienes png N-
SUPRRRpyridAfinf séptaewwtmmaanylssvasldefe%ﬁai tb\heveoa‘n aliye

resent I nventi on but Is not i'ntended limt
Bho chioudeanisnt 12> 8Py %Rw@w@ﬁcvmatxw S@Sﬁtoat%dTP n

t he btk sRdiQld MO 2O Qe 3 atalyst ting of
PCT/ et dhs gad %L”EST%@O %ﬁét f%gmatayé consisting o
al kylddtt Fbﬂtr#éézembéwfelf"nrrg*emwaﬂéuw ! gaes Rl siliga Faskjdaerit
but Yo Ydalich mtotam/zhﬁmx@&altwe%ucwmaate@cs@t@w@smwﬁz ats.3
determ ned to have an al k chl ori de content of 422

ppmMCBYRiatREY piig E‘t‘ijr-’e@é:eqq&%g‘(“f@@h%ﬂ‘é@ff’r% edugipyas they passe

1de C RloGhil e\ beer tHRi chtalktQl bl fete ofd 74/hP (m%aamal #4600 F anm an H,
hydrotreatlng catalyst conglstlng of gyiper

on o8 PR AL MoTEPEHRO %OOdaStsut‘\eS&mPﬁ °£Te REead roduct
Si | ived cOleRE @Rl @fdrinineMasShav©@0RE)1 cRibAdestone of di2aspRi 8T XRF
tube reactor and reduced under flowng H2 at 5.3

cc/ iPFFraIeB00 psig and 250 F for 2 hours. The al kylate
product was then passed 10 downfl ow over the catal yst

t rate of 17 hn LHSV = 4 hr'') at, .400 F with
B Ak Baregmmstos et s ety S gosblen i of
S armlheete@ﬁmgh@d hyﬂfoatrfgeaire;desmeaﬂnbed her#imdt ic deledart @skeasnabd
det d to hav ontent of 5.
oo R e (BTG S Ihe RGN R be faciied
var iogtfervaisessthamastsheri fioalbys éastriied veexemplifiadhein. ar e possi bl e
in light of the teachings and supporting exanpl es
descri bed herein. It is therefore understood
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that within the scope of the follow ng clains, the
i nvention may be practiced otherw se than as
wap@siofiseml | y descri bed or exenplified herein. PEL/OSA0Y/087113
2008/ 073945 PCT/ US2007/087113 WHAT IS CLAIMED | S: 1.
An al kyl ati on process conprising contacting a first
hydr ocarbon feed conprising at |east one olefin
having from2 to 6 carbon atons and a second 5
hydidAaT b ALABMADdSnpri sing at | east one isoparaffin
having from3 to 6 carbon atons with a hali de-based
acidic ionic liquid catalyst under alkylation
condi t i oAs alkplaperoptaeses compaibiky tantastingomfital yidrrgargen feed

or gani ¢ P)atdég% Qﬂgas?ﬁrﬂe ks Hﬂ@in ﬁ5m|2ec@§tca1@mp&5h§%a@cecond

t he al ky reatt ng catafy N
Br esencehyirocathprl fasg emmmat legsdl pst isapataf ﬁghadmdtom Dled

tor educ@arﬁ&eatoqr%r\g\ llia‘mié Qﬂetp;cuhpﬁ)m:lz%gfdgﬁtglygt Jﬂ@ér ag@latlon

2. A process according to claiml, where thé acid
i oni ¢ | i epuidigionsstogrodety @rddj‘e(lmomtl@gu agirgan|ci hgligecpnd contactmg

pr epar ed%ttf%/as L%thﬂg\ (ﬁltﬂéz?llgwf@ Wik é:md%tfegt% (dﬁt]a%ﬁ)\ thep&berie of

hydr ocar stitute ridinium hali

hydr ocar mdrog@m beder hmr@tepam& qonditiansde rqsimenm Méemraﬂon of the
p:rial ky{?l@ iMjder hydrohal i de or tetraal kyl anmoni um
hal i de o e general fornmulas A, B, C and D,
respectively, RR4 01~~ R~ N~~ N-RL 14 X1 X (r)

N NoN X W-prockss aBrdihl 81438 1RVhdmthe BeidiRidhiBliduidls 220
chloroaluminate ionic liquid prepared by mixing aluminum trichloride (AICl;)
and a hydrocarbyl substituted pyridinium halide, a hydrocarbyl substituted

15 imidazolium halide, trialkylammonium hydrohalide or tetraalkylammonium

halidc of the gencral formulas A , B, C and D, respectively,

R R
AN Ry~ /\ __R4 la X ‘4 x-
N7 N ® e\
F \—/ - R3/ \\Rs RS/ \\Rs

[::]
N x- X H Re

I
R
A B C D
20
where R=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group and X is a
halide and preferably a chloride, and Ry and R,=H, methyl, ethyl, propyl,
butyl, pentyl or hexyl group and where R; and R, may or may not be the same,
and R3, Ry, and Rs and Rg=methyl, ethyl, propyl, butyl, pentyl or hexyl group

25 and where R3, R4, Rs and Rg may or may not be the same.

3. A process according to claim 2, wherein the acidic jonic liquid is selected
from the group consisting of 1-butyl-4-mcthyl-pyridinium chloroaluminate

(BMP), 1-butyl-pyridinium chloroaluminate (BP), 1-butyl-3-methyl-

211 -



where R=H, nethyl, ethyl, propyl, butyl, pentyl or
hexyl group and X is a halide and preferably a
wehiosniey and R, and R2=H, nethyl,. ethyl, preEyUs2007/087113
butyl, pentyl or hexyl group and where R, and R2 may

or may not be the sane, and R3, R4, and R5 and

R6=net hyl, ethyl, propyl, butyl, pentyl or hexyl group
25 and where R3, R4, R5 and R6 may or nmy not be the
sane. 3. inkdgmobueshlomebovitiaBMING) anddiHrp2ridipierchlorpafuminate
acidic i§ﬂ59 liquid is selected fromthe group

consi sting ‘of |-butyl-4-ntthyl-pyridinium

chl oroal um nate (13ML'), 1-butyl-pyridinium

chl gr oal ym | tyy 5 N Hons |
008y 0o AP RthrbsEEhe ) ol Y neteiT Ry Bbropehbtidionditions include
&hl or oal temperatueesEMJ008Int 6001549 hydtpgengmassures from 1 to 300 psig.
chl oroalum nate (HP). 4. A process according to claim
1, wherein the hydrogenation conditions include 5

t enper at dreseeessrsprrdiop P domdowierap dhenspgralins pted doasthe

from1t Qro%?@on@éiirgg of isdbuthn D [sO5cBRfesAn E A dhRIthERoL! ai m
1, wherern the isoparaffinis selected fromthe group

consi sting of isobutane, isopentanes and m xtures

fghergeof . AT Biss iR BXFaiRAC RhGEiR theloRefialifdemcibd FORRREEBUp
the olefinis selected fromthe group consisting

of
et hyl enesonssingafetlens prapylepe duty[sasst Rentsaesand MiytREs therof.
thereof. 7. A process according to claim1, wherein
the al kyl ation conditions include a 15 catal yst vol une
in the reactor of from5 vol%to 50 vol% a

t enper at WrRocels acédr@ny wlMimtiowAQOE theAKYIESES bdrditidhs intlade a
300 kPA to 2500 kPa, ~an iso i

pentane to_olefin nolar
Bati 0 of RUEHIVAUME ThhaFAC f GOMLyLs 't F ol = emprRireo!
to | houfom810°8 tpN OPESS praszGRIHTTEEY 30OKEA & 1000 kPa,fat isopéitane
conpri sing recovering hi gh ality 20 gasoline
bl endi ng‘oﬁm@ﬁ‘t@t‘%ﬁ“}yf(’g‘?f\;& i%’?%éf‘ce Ime Ot Mypig &o | hour.
according to claim1l, wherein the halide-based ionic
i q%l. di i p?oceé:shalcggr(liigge {obc?efcl'r%q,. ku?tgelzr%olnbgslilxlxgdr'ecovering high quality

20 gasoline blending components of low volatility.

9. A process according to claim 1, wherein the halide-based ionic liquid is a

chloride-based ionic liquid.

25 10. A process according to claim 1, wherein the ionic liquid catalyst further

comprises an alkyl halide.

11. A process according to claim 10, where the alkyl halide is selected from the
group consisting of methyl halide, ethyl halide, propyl halide, 1-butyl halide,
30 2-butyl halide, tertiary butyl halide, pentyl halides, iospentyl halide, hexyl
halides, isohexyl halides, hepty! halides, isoheptyl halides, octyl halides and

isooctyl halides.
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25 10. A processaccording to claim 1, wherein the

ionic liquid catalyst further conprises an al kyl
wh20086d2394311. A process according to claim 10, MEUS200TE87113

al kyl halide is selected fromthe group consisting of

met hyl halide, ethyl halide, propyl halide, 1-butyl

hal ide, 30 2-butyl halide, tertiary butyl halide,

pentyl halides, iospentyl halide, hexyl halides,

i sohexyl ArmqeaseascorﬁxeptowlalmdL whisain thedwiregenplionestal xseepmprises

octyl haly C%Q ik di s QR YrhixRAlsil @Solid s]u%pMp
2008/ 073 45 PCT/ US2007/ 087113 12. A process according

to claim1, wherein the hydrogenation catal yst

ConmBi Sef, anRa'll@‘ialuBH moc&@kd »amwamag: chb Blefin RSS2 6 @rbon
solid support.” 13. In an al kylation process 1 n which

| east 29me ansl 21925 oRaSPRAFMR BHIE fram & 1kFaRton Atlamsafoms

and at | gaedee@Mead aﬁ%ﬂﬁfoﬂfzgderhnbé\élk@rﬁnf)ﬁ SRdBiohOwh £ &didpn
atons are cont acte in an al | ati on zone under

al kyl at i gHnRESivg et @H%"‘W*tﬁ‘h““&“‘c‘ﬁt"al"&l%‘fl the, BRRSPICBICPiFoBPrising

chl ori derhamgdt R&d: 8 b6rtibPbK the fehdlidh Brodhidd Qwﬂhmmyﬂ%ﬁ‘%ﬂg catalyst
CO”prlSln reactlng at | east a ortlon of
4

react | onFGRIERECSA PHUIaeRyEAe Y LaTTHgE eoa'éaaop%f@ requfie the

10he. pr egRo&fratén doia@RAloHAREH theyebdad eat i ng
conditions to reduce the 10 concentration of organic

chlorides in the product. 14. A process according to

cl aiin 134 prdredsaidbrdibgroatdid 18, WwiRRicthk a€ dic Gonisliue ie sdl@tkd
fron1the&group consi s

1 bt y1 - BRI PFRRSR L PR b6y bR chlppppminae

- but yI - pgBNIEY, NibUF1-pH dixti @A khiBioBiainehaleBBP), 1-butyl-3-methyl-

a1 b By PraIT chen s g 1 Py g thiRralthhhare

process @ording to claim 13, the hydrogenation
conditions include tenperatures from 200F to 600F and
hydrogen pressures froml to 300 psig 20 and wherein

t he 1Bydr Agma:aisiaoamraﬁag @l cjadih 13,0hglnidsegsngtibatemiuivng include
pal | adi U3 mperaturcs 'tlom 200°F to 600°F and hydrogen pressures from 1 to 300 psig

20 and wherein the hydrogenation catalyst comprises platinum, palladium or their

mixtures on a solid support.

16. A process according to claim 13, wherein the olefin is selected from the group
consisting of ethylene, propylene, butylenes, pentenes and mixtures thereof.
25
17. A process according to claim 13, wherein the isoparaffin is selected from the

group consisting of isobutane, isopentanes and mixtures thereof.

18. An alkylation process comprising contacting a first hydrocarbon feed
30 comprising at least one olefin having from 2 to 6 carbon atoms and a second
hydrocarbon feed comprising at least one isoparaffin having from 3 to 6
carbon atoms with a halide-based acidic ionic liquid catalyst under alkylation
conditions to produce an alkylate containing an organic halide adding the
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m xtures on a solid support. 16. A process according

to claim13, wherein the olefin is selected fromthe
w@er@ap739¢dnsi sting of ethylene, propyl ene, butBRCEOSNN7/087113

pentenes and m xtures thereof. 25 17. A process

according to claim 13, wherein the isoparaffin is

sel ected fromthe group consisting of isobutane,

i sopentanes and m xtures thereof. 18. An al kyl ati on

process elsyipreits pther aeniinablendieg @npPRests thpuriren it afeqaagpline

30 conprigf J&gta@t]ingl ARl a%@ﬁlog behi AkNAYiAQIiAd K £hfdotRating

carbon atons and seco drocarbon feed conprisin

at | east cajppst nrs@spamm% wméwwnfi?rdwﬂ@tr@%ms corglifjan fp reduce

atons Wi c@nceﬂ@z{t?og%fm@%%gm@ﬁélfébc ionic |iquid

cat al yst. under al kylation conditions to produce an

& kyl ate contai ning an organi c halide adding the -13

WO 2008/ 073945 PCT/ US2007/ 087113 al kyl ate to ot her

gasol i ne bl endi ng conponents to produce an al kyl ate

gasoline and contacting at |east a portion of the

al kyl ate gasoline wwth a hydrotreating catalyst in

the presence of hydrogen under hydrotreating

conditions to reduce the concentration of the organic

halide. 5 -14
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