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1ALKYLATIONPJ2OCESSIJSING AN ALKYL HALIDE PROMOTED
2IONIC LIQUID CATALYST 3 4FIELD OF THE INVENTION 5 6
The present invention relates to a process for the
alkylatiou oflight isoparaffins with 7using a
catalyst oemipiising an ionic liquid and an alkyl
halide. 9BACKGROUND OF THE INVENTION 10 11In general,
conversion Of light paraffins and ligh olefins to
more valhable'cuis is very 12 lucrative to the
refining induStries This has been accomplished by
alkylation of 13 paraffins With terms, and by
polymerization of olefins. One of the most widely
used      processes MAUS field is the alkyl ationof
isobutane with C.3 to Cs olefins to make 15 gasoline
cuts with high octane number Using sulfuric and
hydrofluoric acids: This 15process:has been used by
refining industries sinee.the 1940!.s. The
procesavvas driven 17 bY the increasing deinatid Ihr
high quality mid Olean burning high-Octane gasoline.
'18 19 Alkylate gasoline is a:high quality and
efficient burning :gasoline that constitutes 20about
14% of the gasoline pool. Alkylate gasoline.
isTypically:prOdced.by alkylating 21refineries
isabutane with lowrend olefins (inainly butenes).:
Currently, alkylates ar0 produced by using HE and
.t12504 as eatilysts. Although these catalysts have
been 23 successfully .used to economically produce
the beSt.qualittnIkYlates, the need for 24 safer and
environmentally friendlier catalysis systems has
become an issue:to the 25 inOusiries involved. 26 27
The queSi for an alternative catalytic system to
replace ihe current environmentally 28 unfriendly
catalysts has been the subject of varying research
groups in both academic 29and industrial:
it-Ban-nuns. Unfortunately, ihus far, no viable
replacementto,the 



30current processes.has been put into practice:ai
commercial refineries,: 31 32Ionic liquids:are
liquids that ate composed entirely of ions. The
so-call "Amy 33 temperature" Ionic liquids are
generally organic salts With melting points tinder
100  WO 2007/112238PCT1US20071064431 1de tees C.
often ev met than room temperature. Ionic liquids may
he suitablefor 2 example for use as a catalyst and as
a solvent in alkylation and polvmenztion 3. reaetions
as well as in dimaization, oligomerization
acetylation. rnetatheses, and 4 copolymerization
reactions. 5 6One..clss o ionic liquids is fused salt
compositions, which are molten at low 7 temperature
and are useful as catalysts, solvents and
electrolytes- Such compositions 8 trebttiires oIl
components which are liquid at. temperaturcs below
the individual 9 melting points of the components. 10
11c liquids can be defined as liquids whose make-up
is entirely comprised of ion s 12 a combination or
cations and anions. The most common ionic liquids are
those 13 prepared from organie-based cations and
inorganic or organic anions. The most 14 common
organic cations are ammonium cations, but phosphonium
and solphonium 15 cations are also frequently used
Ionic liquids of pyridinittin and imidazolium are
perhaps.theI:1iiost.cominGiiiyused cations. Anions
include, but dot limited to RF4', 17 PE61,
haloaluminates such as Al2C17" and Al2Bri1;
f(CF3303)-N)T, alkyl sulphates (16031 earhoxylates
(RCO2) and many other. The most catalytically
interesting 19 ionic liquids for acid catalysis arc
those derived from ammonium halides and Lewis 20acids
(such as AICI3, TiC14, SnC14, FeC13, _etc)
Chloroaluminate "ionic liquids are 21perhaps the most
commonly used ionic liquid catalyst systems for acid
catalyzed n reactions. 23 



24 Examples of such low temperature ionic liquids
ernte1ten.fiisd salts are the 25 ehloroaluminate
salts. Alkyl imidazolium or pyridinhun chlorides, for
example, can 26 be mixed with aluminum trichlonde
(AIC13) to four the fused ehloroaluminate salts 27
The use of the fused salts of 1-alkylpyridinium
chloride and aluminum trichloride as 28 electrolytes
is discussed in US, Patent No 4,122/45. Other patents
winch discuss the use of fused salts fi-orn aluminum
trichlcuide and alkylimidazoliurn halides as 30
tleetroVieS arc US. Patent Nos. 4A63,071 and
4,463,072. $1 32 US. Patent No 5,104,840 describes
ionic liquids which co prise at least one 33
alkylaiuminun dthalide and at least one quaternary
ammonium halide andlor at least  WO
2007/112238PCTI1JS2007/064431 uate ary ammonium
phosphonitun halide; and their uses as solveats in
catalytic 3 41.1.S. Patent No. 6,096,680 describ
1i4iiti dIab%tei:bdni2OthtiOnsset a le 5 aluminum
catalysts in Friedel-Crafts reactions. In one
embodiment, the liquid clathrate composition is
formed from constituents comprising CO at least olle
7altuninurn trihalide, (ii) at least one salt
selected from alkali metal halide, alkaline 8earth
metal halide, alkali metal psendolialide, quaternary
ani1101144111 Salt, quaternary 9 phosphonium salt, or
tertiary sulfonium salt, or a mixture of any two or
more of the 10 foregoing. and (i ii) at least one
aromatic hydrocarbon compound. 11 12 Other examples
of ionic liquids and their methods of preparation may
also be found in U.S. Patent Nos. 5,731,101;
6,797,853 andin U.S. Patent Application Public-aims
14 200410077914 and 2004/0133056. 15 Th the lrkead or
scythe emergence of chloroaluminate ionic liquids
sparked some 17intereSt in AlC13-catalYzed alkyladon
in ionic liquids as a possible alternative. For
ample, the alkylation of isributane with butenes and
ethylene in ionic liquids has 19 been described in
U.S. Patent Nos. 5,750,455; 6,028,024; and 6,235,959
and open 20 literature (Journal of Molecular
Catalysis, 92 (1994), 155-165; 21'lone Liquids in
Synthesis", P. Wasserscheid and T. Welton (eds.)
iley-VCI-1 22 Verlag, 2003, pp 275). 



23 24 Aluminum chloride-catalyzed alkylation and
polymerization reactions M ionic liquids 25 may prove
to be commercially viable processes for the refining
industry for making a 26 wide range of products.
These products range from alkylatc gasoline produced
from 27 alkylatton of isebutane and isopentane with
lien olefins, to diesel fuel and lubricating 28 oil
produced by ancylation arid polymerization reactions.
29  SUMMARY OF INVENTION In a first aspect, there is
provided an alkylation process comprising contacting
a hydrocarbon mixture comprising at least one olefin
having from 2 to 6 carbon atoms and at least one
isoparaffin having from 4 to 6 carbon atoms under
alkylation conditions including an isopentane to
olefin molar ratio of from 2 to 8, in the presence of
an acidic ionic liquid catalyst in an alkylation one,
said catalyst comprising a mixture of at least one
acidic ionic liquid and at least one alkyl halide;
wherein the at least one olefin and the at least one
isoparaffin are alkylated.  In a second aspect, there
is provided an alkylation process comprising
contacting a hydrocarbon mixture comprising at least
one olefin having 2 to 6 carbon atoms and at least
one isoparaffm having from 4 to 6 carbon atoms under
alkylation conditions in the presence of an acidic
ionic liquid catalyst in an alkylation zone, said
catalyst comprising a mixture of at least one acidic
ionic liquid and at least one alkyl halide; wherein
the acidic ionic liquid is a chloroaluminate ionic
liquid prepared by mixing aluminium trichloride
(A1C13) and a hydrocarbyl substituted pyridinium
halide having the general formula A:  wheremethyl,
ethyl, propyl, butyl, pentyl or hexyl group and X is
a halide; wherein the isoparaffin and the olefin
having 2 to 6 carbon atoms are alkylated; and wherein
the alkylation conditions include an isopentane to
olefin molar ratio of from 2 to 8.  The present
disclosure relates to an alkylation process
comprising contacting a hydrocarbon mixture
comprising at least one olefin having from 2 to 6
carbon atoms and at least one isoparaffm having from
4 to 6 carbon atoms with a catalyst under alkylation
conditions, said catalyst comprising a mixture of at
least one acidic ionic liquid and at least one alkyl
halide, In one embodiment, the acidic ionic liquid is
a him-oak/initiate ionic liquid prepared by mixing
aluminum trichloride (A1C11) and a hydrocarbyl
substituted pyridinium halide, a hydrocarbyl
substituted imiciazolium halide, trialitylammonimn
hydrohalicle or tetraalkylaumamium halide of the
general formulas A, B, C and D, respectively,  e X'
whelt R7=14, menlY1, eth3r1, ProPYI, NIA PentYI Or
beryl group and X 1.6 a halide and preferably a
chloride, and RI and R2F-41, methyl, ethyl propyl,
butyl, pentyl or hvxyl group and where RI and R2 may
or may net be the same, and R3, R4, and R5 and
R6=metbyl, ethyl, propyl, butyl, panty' or hexyl
group and where R3, R4, R5 and R,4 may or may not be
the same,  



1DETAILED DESCRIPTION  2 3 The present invention
relates to an alkylation process comprising
contacting a 4 hydrocarbon mixture comprising at
least one olefin having from 2 to 6 carbon atoms 5
and at least one isoparaffin having from 4 to 6
carbon atoms with a catalyst under 6 alkylation
conditions, said catalyst compiising a mixture of at
least one acidic ionic 7liquid and at least one alkyl
halide. 8 9 One component of a feedstock to the
process of the present invention is at least one 10
olefin having from 2 to 6 carbon atoms. This
component may, for example, be any 11iefinery
hydrocarbon stream which contains olefins. 12 13
Another component of a feedstock to- the process of
the present invention is at lea.st 14 one isoparaffin
hat mg from 3 to 6 carbon atoms This component may,
for example, 18 be any refinery hydrocarbon stream
which contains isoparaffins. 16 17 The processes
according to the. present invention are not limited
to any specific 18 feedstocks and are generally
applicable to the alkylation of Cries isoparaffins
with 19 C2-C6 olefins from any source and in any
combination, 20 21 In accordance with the present
invention, a mixture of hydrocarbons as described 22
thONT is contacted with a catalyst under alkylation
conditions A catalyst in 23 accordance with the
present invention comprises at least one acidic ionic
liquid and at 24 least one alkyl halide. The present
process is being described and exemplified with 26
reference certain specific ionic liquid catalysts,
but such description is not intended to 26 limit the
scope of the invention. The processes described may
be conducted using any 27 acidic ionic liquid
catalysts by those persons having ordinary skill
based on the '28 teachings, descriptions and examples
included herein. 29 30 The specific examples used
herein refer to alkylation processes using ionic
liquid 31 systems, which are amine-based cationic
species mixed with aluminum chloride. In 



32 such systems, to obtain the appropriate acidity
suitable for the alkyiation chemistry, 33the ionic
liquid catalyst is generally prepared to full acidity
strength by mixing one  molar part of the appropriate
ammoniuth cliorith with two molar parts of aluminum 2
chIn ide. The catalyst exemplified for the'alkyladon
process is a -alkyl-pyridinium 3 chl roaltuninate,
such as 1-butyl-pyridinitun heptachloroaltuninate. 4
CH, ee Atp, Hite y1i3yndi1tmn hentaehiareounthiate  7
Jn4nOta, a strongly acidic ionicid is necessary for
paraffin.aikylaUon, e.g. 8 isoparaffinJin that case,
alurnimun chloride, which is a strong Lewis acid 9 in
a combination \vitt!, a small concentration of a
Broensted acid, is a preferred 10 catalyst cornponent
in the tonic liquid catalyst scheme. 11 12 As noted
above, the acidic ionic liquid may be any acidic
ionic Iiqui.. hone embodiment the acidic ionic liquid
is a chloroaluminate ionic liquid prepared by 14
mixing aluminum triehloride (AlCh) and a hydrocarbyl
substituted pyridinium 15 a hydrocarbyl substituted
iinidatolium halide, trialkylammonium hydmhalide or
tetraalkylammonium halide of the general formulas A ,
B, C aradD, respectively, 17 x 7-AN ---RiI N Eff
Ng)X'to 7:- R4 R2             \---r-7 r 



IH R 19ACD 20 21 where R=1-1, methyl, ethyl, propyl,
butyl,. pentyl or hexyl group and X is a halide and
22 preferably a chloride, and R1 and RH., methyl,
ethyl, proP5i, butyl, penty'l or hexyl 23 group and
where 111 and R2 may or may not be the same, and R3,
kb and R5 and 24 R6-----methyl, ethyl, propyl, butyl,
polity] or hexyl group and where R3, R4, R,"5. and
126 25 may or may not be the same. . 26  WO
20071112238PCT/US20071064431 1The acidic ionic liquid
is preferably selected from the group consisting of I
-butyl-4- 2 znethylpyridinium cliloroalurriinate,
Ithutyl-pyriclinium chloroalurninate, 3
inetbyl-imidazolium ehloroalaminate and
141-pyridinium chloroaluminate 4 5 In a process
according to the invention an alkyl halide is used as
a promoter, This may 6 be done by for example,
introducing a catalytically effective amount of an 7
appropriate alkyl halide to the reaction mixture as a
component of the feed stream or 8 by introducing it
directly into the ionic liquid catalyst. The alkyl
halide acts to 9 promote the alkylation by reacting
with aluminum chloride to form the we; equisiw 10
cation ions in similar fashion to the Friedel-Crafts
reactions, The alkyl halides that 11 may be used
include alkyl bromides, alkyl chlorides and alkyl
iodides. A variety of 12 alkyl halides may be used,
but alkyl halide derivatives of the isofaraffins or
the 13 olefins dim comprise the feed StreaMS in the
alkylation process we preferable. Such 14 alkyl
halides include but are not limited to iospentyl
halides, isobutyl halides, butyl 15 halides, propyl
halides and ethyl halides, Alkyl chloride versions of
diese alkyl 16 halides arc preferable when
chlorcialuminate ionic liquids are used as the
catalyst 



17 systems. Other alkyl chlorides or halides having
from I to S carbon atoms may be 18 also used. The
alkyl halides may be used alone or in combination. 19
20 For chloroaluminate ionic liquids, the alkyl
halide is preferably an alkyl chloride such 21, as
ethyl chloride, tertiary buq4 chloride, isopentyl
chloride or butyl chlorides. The 22 alkyl chlorides
of choice are those derived from the iSOParaffin and
olefins used in a 23 given aikylation reaction. For
the alltylation of isobutane with butcries 24
chloroaluminate ionic liquids, for example, the
preferable alkyl halides would be 1- 25 butyl
chloride, 2-butyl chloride or tertiary butyl chloride
or a combination of these 26 chlorides. Most
preferably, the alkyl chloride is a derivative of the
olefin stream to 27 invoke hydride transfer and the
participation of the isoparaffin. The alkyl halides
are 28 used in catalytic amounts. Ideally, the
amounts of the alkyl halides should be kept at 29 low
concentrations and not exceed the molar concentration
of the catalyst Ale13. The 30 amounts of the alkyl
halides used may range from 0.05 mol'Il400 mol% of
the Lewis 31 acid AlC13. Concentrations of the alkyl
halides in the tatige of 0.05 molV0-10 mol% 32 of the
AlC13 are preferable in order w keep the acidity of
the catalyst at the desired  1performing capacity.
..M, th. 1ditaIky1}l44c.shbt!1bcproportional to 2 the
olefin and not exceedmcdarconcentratlonoiThe olefin.
3 4 WithoUt being bound to any theory, when ethyl
chloride, for epie is added to 5Idol-calumniate Mnic
liquids. ethyl chloride reacts with AlC13 to form 6
tetrachloroaluminate (A1C14-) and ethyl cation.
Hydride shift from theisoparaffm 7sopentane or
isabutane) to the generated ethyl cation leads to the
tertiary cation 8 which propagates the inclusion of
the isoparaffin in the reaction and hence, the
9allcylation pathway. 10 11A metal halide may be
employed to modify the catalyst activity and
selectivity The 12 metal halides most commonly used
as ifthibitorsiauxhfiers in aluminumchloride- 



13catalyzed olefin-isoparaffirt alkyiations include
Na.C.1, LiCI, ICC1, BeC12, CaC12, 14 Baal, Srel2,
MgC12, PbC12. Cita, DC14 and AgCI, as described by
Roebuck and Evering and Eng. Chem. Prod. Res Develop,
Vol. 9, 77, 19701. Preferred metal 16 halides are
Cue', AaCI. PbC12.1.,iC1, and DC14. 18 HO or any
Broensted acid may be employed as ci-ciitaiystto
enhance the actiyity of 19 the catalyst by boasting
the overall acidity of the some liquid-based catalyst
The use 20 of such co-catalysts and ionic liquid
catalysts that are useful in practicing the present
invention is disclosed in US. Published Patent
Application Nos 2003/0060389 and 22 2004/0077914.
Other co-catalysts that may be used to enhance the
activity include 23 IIIB nietal compounds preferably
IV13 metal  halides such as &al., zrats, Tici4, 24
TiCL TiBrt TiBri, HiC14.1-Itiir4 as described by
Hirschauer et al. in U.S Patent Na 25 6,028,02k 26 27
Due to the low solubility of hydrocarbons int mc
liquids, olefins-iseparaffins 28 alk-ylation, like
most reactions in ioMc liquids is generally biphasic
and takes place at 29 the interface in the liquid
gate, The catalytic alkylation reaction is generally
earned 30 out in a liquid hydrocarbon phase, in a
batch system, a semi -batch system or a 31continuous
system using one reaction stage as is usual for
aliphatic alkylation. The 32 Isoparaffin and olefin
can be introduced separately or as a mixture. The
molar ratio between the isoparaffin and the olefin is
in the range 1 to 100, for example,  advantageously
in thetahe 2 to 50, preferably in the range 2 to 20.
hi a semi-batch 2 system the isoparaffm is introduced
first then the olefin, or a mixture of isoptuaffin 3
and olefin Catalyst volume in the reactor is in the
range of 2 -tml% to 70 vol%, 4 preferably in the
range of 5 vol% to 50 vol%. Vigorous stirring is
desirable to ensure good contact between the
reactants and the catalyst. The reaction temperature
can be 6 in the range -40C to 150C, preferably in the
range -20C to +100C The pressure 7 can be in the
range from atmosphenc pressum to 8000 Oa, preferably
sufficient to 8 keep the reactants in the liquid
phase, Residence time of reactants in the vessel is
in 9 the range a few seconds to hours, preferably 0.5
mm to 60 ruin. The heat genetated 10 by the reaction
ean be eliminated using any of the means known to the
skilled person. 11At the reactor outlet, the
hydrocarbon phase is separated from the ionic phase
by 12 decanting, then the hydrocarbons are separated
by distillation and the starting 13 isoparaffin which
has not beet converted is teeyeled to the reactor. 



14 Typi alkylatioa onditions may include a catalyst
volume in the reactor of from 5 16 vol.% to 50 vol%,
a temperature of from -10C to +100C, a pressure of
from 300 kPa 17 to 2500 IcPa, an isopcntane to olefin
molar ratio of from 2 to S and a residence time of 18
5 min to unit 19 20 incite embodiment of a process
according to he present invention, high quality.
21gasoline blending components of low volatility are
recovered from the alkylation 22 zone. Those blending
eomPonents are then Preferably blended into gasoline,
23 24 The following Examples am illustrative ot
epresenention, but not intended 25 to limit  the
invention in any way beyond what is contained in the
claims which 26 follow. 27  EXAMPLES  2 3 Example
1Preparation of Fresh I -Butylpyridiniuni
Chloroalumwate Ionic Liquid 4Catalyst A ailresh IL A)
6 1-butyi-pyridinium chloroaltiminate is a room
tmperatute ionic liquid prepared by 7 mixing neat
1-butylivridinium chloride (a solid) with neat solid
aluminum trichimide 8 in an inert atmosphere. The
syntheses of butylpyridinium chloride and the
9con-esponding 1-butyl-pyridinitun IthI&daliiminate
are described below. 10 11 In a 2-L Teflcm4ined
autoclave, 400 gm (5.05 mot anhydrous pyridine (99.9%
pure 12 purchased from Aldrich) were mixed with 650
gin (7 mol) 1-chlorobutane (99.5% 13 pure purchased
from Aldrich), The autoclave Was sealed and the neat
mixture was 14 allowed to stir at 125C under
autogenic pressure over night. After cooling off the
autoclave and venting it, the reaction rnix was
diluted and dissolved in chloroform and 



16 transferred to a three liter round bottom flask.
Concentration of the reaetion mixture at 17 reduced
pressure on a rotary evaporator (in a hot water bath)
to remove excess 18 chloride, un-reacted pyridine and
the chloroform solvent gave a tan solid product. 19
Purification of the product was done by dissolving
the obtained solids in hot acetone 20 mod
precipitating the pure product through cooling and
addition of diethyl ether. 21 Filtering and drying
under vacuum and heat on a rotary evaporator gave 750
gin (88% 22 yields) of the desired product as an
off-white shiny solid.11-1-NMR and C-NMR 23 were
consistent with the  desired 1-butyl-pyridinium
chloride and no impurities were 24 observed 25
26-butylpyralinium hloroaluminate was..prcpared by
slowly ixing dried 27 1-butylpyridirduin chloride and
anhydrous aluminom chloride (AIC4) according to 2a
the following procedure. The I -butylpyri.dinitun
chloride (prepared as described 29 above) was dried
under vacuum at 80C for 48 hours to get rid of
residual water ( - butylpyridiniurn chloride is
hyclroscopie and readily absorbs water from exporanv
to 31air). Five hundred grams (2 91 mol) of the dried
1-butylpyridinium chloride were 32 transferred to a
2-Liter beaker in a nitrogen atmosphere in aglow box.
Then, 777.4 33 gm (5.83 mol.) of anhydrous powdered
AICI3 (99.99% from Aldrich) were added in -1,0-  WO
2007/112238Pa/1E2007/064431 1:Pitfl.jfrortiTStSgtile
stirrin' g). te.cantrol the temcitureutthe
highlrexotheanto Z ..reaction. Once all the An was
added, the :resulting anthettle*.ing liquid was iefi
to 3 gorily :stir civereight. Ihtgiove to/Oho 104 was
teXt -trite:rid Ice *not 4 Mi-dissolved 4103. The
reselling toddie
1-latty4iividitiutrirchlomilumliniSmas 5 used ad
6104%01S, far the ati410fted
ofikipentistneWithethyienov 10 Eitailiple 2
ilicylatiOn Otntime.t Ethylene Without-diepresence
ofe 1.1 promoter A (131._ (300 cc) autoclave was
charged with 40 gm of ionic liquid catalyst 100 gm 14
anhydraus jsopcptane and. to gm ethylene: The
seneficki eittithOtifith*ed  it -1240. tin 



15 and heated io 50C at autogenic pressures. The
starting pressure was 1.99X103 kPa_(288 psig).
Ther:15 reeditm was allowed to run until titepre*aMe
4404 down intothe single digits 'It- range .34.5
kpa(Spsig). in this case after 28 minutes reaction
time). In the case of slow going       1.080.0'...the
reaction was dijowed:10TunfOr lit long. At Theend of
the reaction, The la: A major was-vented putand a.gaS
satitplelWas cherdOrl lit GP ftit-c*On.4. .gp
oostsitson, The liquid reactiontaixture was allowed
to settle into 2 phis* The 21 otos*:
pitatheWea-detasted.sed,Mietyzed for productrieta by
GC anaiysis.. 22 Thdtcadtiett =efts Dee :shown in
Table 1.  WO 2007/112238PCT/IIS2007/064431
g*poiiii# 3AligiletionfOf **Pentane With Ethylene in
the Presence of HU asdO- 2 criabir. . 3 4 entso
belOWslaiWs dietatilWaftheilicylatinthOrettiylnfie
WithiSopenterie thepresence of ethyl chili& and in
the presence Of ippplg,1 ciActri4c., The :$10040p: of
isoitutpile *rithilpitiyjsritoi 4bne according to
followinwprecedure. .13 AL (300 ccl autoclave was
charged with 40 gm of ionic liquid catalyst,. 100 gm
*****.t.OttiSfIPC19:30 .41410.gi 1044,"
istt*ifOlie,4114otttic. reaction It wasthen stirred*
-an) rpm ausf treated to .5.CPC ata***tic tOtsiS
*Pint ipressure was 2.21X103 kPa (320 psig). The
reaction was allowed town until the pressure dropped
12, down into the single digits range 62.1 kPa (9
psig) in this case after 4 minutes reaction time). In
ta  S case ofilowsoingleactiOrc the reactithwar
rtneWedlo qth forlhrlopt: At.tia0 14. end
tfthelancrinpithe:itactor urinating:chair-and t gas
sample watrilectretby:00 rizethtfeat :POnctathilfolli
The liquid .:t000441**1* was *WS to j10110. !Os: 10,
plig3es7thetegathinpbasets.dicrmted and analyzed far
prothcitlistilbution by GC a' anat.
Tt*.siotitirrtesult artahOWit it
gathriple-4:Alltylationpfitaiientane:Witharyieneinthe
Presence.d a eithroeSne.as 10470PiOW 21 ZZ
The":rte:desnribnditt
Esattiplelwattepnatarflaittlalortatarie(tH4c1-1.2t1).
:-was 23- added r in place of/That'll:xi; acid 010).
Tbr:rOalcivWniri.OP 190#.       OcilieStte;:1.0 gm
ethylene tnt141.9 mchlorottlianeli4Ozm.bbentidinium,
25 attorwiliselio.filolkiti4t4ta4t4. The.0:41.0040
usibtlain thexeiictio' ni arable .1 summarizes
theiettation results ant condilithth: 



?T: Bpsippie..5;
AlloilatiartensePentaneWithEt.bylene:Ent:thepresence.
4.14:1110072r. thethyanatte.kiiisperail Chloride) as
Promoter? at). 31: The Indian described in Example:4
was:repeated hatioapentoteKoride. *044004
plai:cif.:c.b.ipt4tof!sle", The reicgonv.Pet rim on
11)0,gthisopentanepOgnt ethylene. $3 and 12 gra
oliospithryt chithideitt 40:gra.1.-tartylflidiniuth
clikithalinnistth 12'4;   WO 2007/112238
PCT/US2007/064431     14  WO
20071112238PCT1US2007/064431 1 The alkylations lithe
previous Examples were done using pure isopentane
feeds. 2 Table 2 shows a comparison between different
catalyst schemes in the alkylation of 3 refinery
pentanes with ethylene usinglIC1, water or ethyl
chloride as promoters, 4 Analysis of the refinery
pentanes showed the feed stock to contain 864%
iso-pentane, 5 g% n-pentane, 0.9% n-butane, 3A% Cs-CS
and 0.2% olefins (C4 and C5 olefins). 6 The refinery
pentane steam also contained Sappin sulfur (as
mercaptans) and 0Apptn 7 nitrogen. The reactions were
done as described in Examples 6, 7, 8 and 9. 8 9
Extunple 6Atiorlation of Refinery Pentanes with
Ethylene in 1-Butylpyridinium 10 ChMroalurninate-No
Promoters 



11 12The refinery isepenfane feed with specs
described earlier was dried with over a 13 molecular
sieve to rernove any residual water. Then, 101 gm of
the dried feed was 14 with10 gm of pure ethylene in
42 gin ionic liquid catalyst according to the
procedure 15 described in Exampie 1. Table 2
summarizes the reaction and the results. Is 17
Example 7Alkylation of Refinery Pentanes with
Ethylene in LButylpyndrniUxfl 18 Chloroalmninate with
Bel as Promoter 19 20 Using the procedure described
in Example 37 dried 101 gin of refiner); ls0Pelltalle
feed 21 with the specs described earlier was
alkylated with 10 gm of pure ethylene in 42 gm 22
ionic liquid catalyst in the presence of 0.6
guff-ICI. Table 2 summarizes the reaction 23and the
results. 24 25 Example 8Alkylation of Refinery
Pentanes with Ethylene in 1-Butylpyridinium 26
Chloroaluminate-withll,0 as Promoter 27 28 Using the
procedure described in Example 3, 101 gm of the dried
refinery isoPeurane 29 feed with the specs described
earlier was alkylated with 19 gm of pure ethylene in
42 30 gm ionic liquid catalyst 0.1 am water. Table 2
summarizes the reaction and the 31results. 32  WO
2007/112238PCT/11820071064431 Example 9 Aklf*Tor
OP,P.#0.PrY Pentanes tiltin 1-Butylpyridnfinzn 2.
Clithroniuminate-viith.iathyi Chkgiae-fl. 4
ThipelleRtateci*.404i0e4iiiEin01010N !Algal of.*
SoptSpirigoperctaffio, S *tiltspecsdtsSeitearli;
tyvatalkylated vettiti Ft atm; etWILne b.**. 4014
catelt4igifilitett*ifiap.: Table iStniunitii=s- the
reaction and I trielesadit. 



a: a: time z*ionoWis the E.Fit40.4010063:4*0410*
if.00#thitiodltifith putt 10itthYlenettle.scritatia
amyl/m.84.7A WS;   Ittc-Fes 4.4014t1 or lt,tt wigs:
WW .I  Aliffsd:- kr131144-C11 . 401,004 171#26
Ste t jajessure.'. 1 56X103kPa (226 psig) .1.72X103
k98. (249 Psig) 2.03)(103 kpa (298 Ps(g) -2 16X103
kPa _(313 psig) Elid.ftwat.t. 717 



1;1:1) 66.9 kPa (l0 psig) 69.6 kPa (13 psig) -maws
(15 ps9) 741.41.014 .4:mtii, 10.11Am. 34a 211:m14:.
..           . 3.4"eleatirno.    



c3r.' .. :IP;. PR! PRA qap:  1/.77 t.a. Z:,1:t3:4
1:39: 127 C5:  6941 62rn-. 6&n: . ,  -06 222 Th.C.
i.3117 2:97'  ....   



CS 1 18 lips II , cP ?Ai; Z:PZ 2.55 Z;44.. CIS ::0:82
1-26; 0. 1.2t n 1 . 0.32 11:42: ;4.0, 0...,I3. ct2+
tn. 



est, 484  tot. Total.. log-. ...... .. 190. -......
12 Table 2(kikvindon ofRefinent Feed in
But'drivridinitunChlonide-2A.C1   IThere areerous
variations on the present invention which are
possible in light of 2 the teachings and supporting
examples described herein. It is therefore understood
3 that within the scope of the following claims, the
invention may be practiced 4 otherwise than as
specifically described or exemplified herein.  WHAT
IS CLAIMED IS An alkylation process comprising
contacting a hydrocarbon mixture comprising at least
one olefin having from 2 to 6 carbon atoms and at
least one isoparaffm having from 4 to 6 carbon atoms
under alkylation conditions including an isopentane
to olefin molar ratio of from 2 to 8, in the presence
of an acidic ionic liquid catalyst in an alkylation
zone, said catalyst comprising a mixture of at least
one acidic ionic liquid and at least one alkyl
halide; wherein the at least one olefin and the at
least one isoparaffin are alkylated. 2. The process
according to claim 1, where the acidic ionic liquid
is a chloroaluminate ionic liquid prepared by mixing
aluminum trichloride (A1C13) and a hydrocarbyl
substituted pyridinium halide, a hydrocarbyl
substituted imidazolium halide, trialkylammonium
hydrohalide or tetraallcylammonium halide of the
general formulas A s B, C and D, respectively,  R4R4
RI X"IX" c--_-/ r R53r.Fts R6 



where R=H, methyl, ethyl, propyl, butyl, pentyl or
hexyl group and X is a halide, and R1 and R2=H,
methyl, ethyl, propyl, butyl, pentyl or hexyl group
and where R1 and R2 may or may not be the same, and
R3, Rt, and R5 and R6=methyl, ethyl, propyl, butyl,
pentyl or hexyl group where R3, R4, and R5 and R6 may
or may not be the same. 3. The process according to
claim 1, wherein the acidic ionic liquid is selected
from the group consisting of
1-butyl-4-methyl-pyridinium chloroaluminate (BMP),
1-butyl-pyridinium chloroaluminate (BP),
1-buty1-3-methylimidazolium chloroaluminate (BMEVI)
and 1-H-pyridinium chloroaluminate 11-14  4.An
alkylation process comprising contacting a
hydrocarbon mixture comprising at least one olefin
having 2 to 6 carbon atoms and at least one
isoparaffin having from 4 to 6 carbon atoms under
alkylation conditions in the presence of an acidic
ionic liquid catalyst in an alkylation zone, said
catalyst comprising a mixture of at least one acidic
ionic liquid and at least one alkyl halide; wherein
the acidic ionic liquid is a chloroaluminate ionic
liquid prepared by mixing aluminium trichloride
(A1C13) and a hydrocarbyl substituted pyridinium
halide having the general formula A:  where R=H,
methyl, ethyl, propyl, butyl, pentyl or hexyl group
and X is a halide; wherein the isoparaffin and the
olefin having 2 to 6 carbon atoms are alkylated; and
wherein the alkylation conditions include an
isopentane to olefin molar ratio of from 2 to 8. 5.
The process according to claim 1 or claim 4, wherein
the catalyst further comprises an HC1 co-catalyst. 6.
The process according to claim 1 or claim 4, wherein
the isoparaffin is selected from the group consisting
of isobutane, isopentanes and mixtures thereof 7. The
process according to claim 1 or claim 4, wherein the
olefin is selected from the group consisting of
ethylene, propylene, butylenes, pentenes and mixtures
thereof 8. The process according to claim 1 or claim
4, wherein the alkylation conditions include a
catalyst volume in the reactor of from 5 vol% to 50
vol%, a temperature of from -10C to 100C, a pressure
of from 300 kPA to 2500 kPa, and a residence time of
1 minute to 1 hour.  9. The process according to
claim 1 or claim 4, further comprising blending said
components into gasoline. 10. The process according
to claim 1 or claim 4, wherein the alkyl halide has
from 1 to 8 carbon atoms. 11. The 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, 2- butyl halide,
tertiary butyl halide, pentyl halides, isopentyl
halide, hexyl halides, isohexyl halides, heptyl
halides, isoheptyl halides, octyl halides and
isooctyl halides. 12. The process according to claim
10, where the alkyl halide is selected from the group
consisting of alkyl bromides, alkyl iodides, and
alkyl chlorides. 13. The process according to claim
2, wherein the acidic ionic liquid is selected from
the group consisting of 1-butyl-pyridinium
chloroaluminate (BP), and 1- H-pyridinium
chloroaluminate (HP). 14. The alkylation process of
claim 1 or claim 4, wherein the halide is chloride. 


