
WO 2007/112238 PCT/US2007/064431  1 ALKYLATION PROCESS
USING AN ALKYL HALIDE PROMOTED 2 IONIC LIQUID CATALYST
3 4 FIELD OF THE INVENTION  5 6 The present invention
relates to a process for the alkylatiou of light
.isoparaffins with  7 olefins using a catalyst
comprising ail ionic liquid and an alkyl halide. 8  9
BACKGROUND OF THE J[NVENTION  10 11 In general;
conversion of light paraffins and light olefins to
more valuable cuts is very  12 lucrative to the
refining industries. This has been accomplished by
alkylation of 13 paraffins with olefins, and by
polymerization of oleins. One of the most lAwdely Used
14 processes in this field is the alkylation of
isohutarie with Q-, to C5 olefins to make 15 gasoline
cuts with high octane number using sulfuric and
hydrofluoric: acids. This  16 process has been used by
refining industries since the 194O's. The process was
driven  17 by the increasing demand for high quality
and clean burning high-octane gasoline.  18 19
Alkvlate gasoline is a high quality and efficient
burning gasoline that constitutes 20 about 14% of the
gasoline pool, Alkylate gasoline is tyrpically
produced by alkylating  21 refineries isobutane with
low-end. olefins (mainly butenes). Currently,
alkylates are  22 produced by using I-IF and H2 s04as
catalysts. Although these catalysts have been 23
successfully used to economically produce the best
quality allc_ylates, the need for  24 safer and
environmentally friendlier catalysts sy=stems has
become an issue to the  25 industries involved. 26  27
The quest for an alternative catalytic system to
replace the current environmentally  28 unfriendly
catalysts has been the subject of varying research
groups in both academic  29 and industrial
institutions. Unfortunate] , thus far, no viable
replacement to the  y 



30 current processes has been put into practice at
corrimcrcial refineries;  31 32 Ionic liquids are
liquids that are composed entirely of ions The
so-called "low 33 ternperature" Ionic liquids are
generally organic salts with melting points under 100
-1 WO 2007/112238 PCT/US2007/064431  1 degrees C,
often even lower than room temperature. Ionic liquids
may be Suitable for  2 example for use as a catalyst
and as a sole alt it ally lotion and pal ar tncru
ation 3 reactions as well as in dimerization.
oligomerization acetylation, metotheses, and  4
c,opolyynrcrization reoetions. 5 6 One class of ionic
liquids is fused salt compositions, which are molten
at low 7 temperature and ,are useful as c ats lysts,
solvents and electrolytes. Such compositions  8 are
mixtures Of components which are liquid at
temperatures below the individual 9 melting points
at't e components.  10 11 Ionic liquids can be defined
as liquids whose make-up is entirely comprised of ions
as  12 a combination of eations and anions. The most
common ionic liquids are those 13 prepared from
organic-based cations and inorganic or organic anions.
The most 14 common organic cations are ammonium
cations, but phosphonium and sulphonium  15 cations
are also frequently used. Ionic liquids of pyridinium
and imldazoliurgr are  16 perhaps the most commonly
used cations. Anions include, but of limited to, B
F4-,  17 PF(,', hitloalumir,atcs such as ,i12 1, and
A12Br7 , [(Cl 3SO; )_141] , alkyl sulphates 1 8 (RS
`); earl  ylates (lit }2 } and many other. The most
catLd tically= interesting  19 ionic liquids for acid
catalysis are those derived from ammonium halides and
Lewis  20 acids (such as AlC13, TiCl:r, SnClt, FeC13
.etc) : Chloroalumirzate ionic liquids are  21 perhaps
the most commonly used ionic liquid catalyst systems
for acid-catalyzed  22 reactions. 23  24 Examples of
such low temperature ionic liquids or molten fused
salts are the 25 chloroaluminate salts. Alkyl
imidazolium or py-'ridin.ium chlorides, for example,
can  



26 be mixed with aluminum trichloride (AIC13) to form
the fused chloroaluminaie salts.  27 The use of the
fused salts of lralkyloyridiriiurn chloride
andaluminum trichlnrh k as  28 ciectraly t r: is disc
usst din U.S. Patent No. 4.122.245. Other patents
which discussthe  29 use o fused salts from aluminum
trichloride and alkylimidazoliun halides as 30
electrolytes are US. Patent Nos. 4,463,071 and
4,463,072.  31 32 U.S. Patent No. 5,104.84101
describes ionic liquids w,vhich comprise at least one
33 alkvlalurninuri dihaliLlc and at least one
quaternary ammonium halide and/ or at least WO
2007/112238 PCT/US2007/064431 I one quaternary
ammorliurnphosphoniur halide; and their uses as
solvents in catalytic  2 reactions. 3  4 U.S. Patent
No. 6,096,680 describes liquid claihrate compositions
use as reusable  5 aluminum catalysts in
Friedel-Crafts reactions. In one embodiment, the
liquid 6 clathrate composition is formed from
constituents comprising (i) at lease. one 7 aluminum
tril alide.(ii) at least one .5;ili s lec,tecl from
alkali metalhalide alkaline 8 earth metal halide,
alkali metal pseudohalide, quaternary ammonium salt,
quaternary  9 phosphoniuin salt, or ternary sul oniurr
salt, or a mixture of any two or more of the  10
foregoing, and (iii) at least onei' rom tic
hydrocarbon compound. 11  12 Other c~.rarr-rp]es of
ionic liquids and their methods of preparation may
also be found in  13 U.S. Patent Nos. 731,101;
6,797,853 and in US. Patent Application Publications
14 2004/00177914 and 2004/0 13 3056.  15 16 In the
last decade or so, the emergence of chior-oalu irate
ionic liquids sparked some  17 interest in
AiC13-catalyzed alto lotion in ionic liquids as a
possible alternative. For 18 example, the alkylation
ofisohutane with butenes and ctliyl`ne in ionic
liquids has  19 been described in U.S. Patent Nos.
750,155; 6028,0'124-and 6,235,959 and open  20
litera.ttrre (Journal of Molecular ;'atalysis,
i)(1094),155-165; 21 "Ionic Li plds in Synthesis" , P.
Wasserscheid and T. Welton (eds;), Wilco-VCi l  22
Verlag, 2003, pp 275). 23  



24 Aluminum chloride-catalyzed ulkylation and
polymerization reactions in ionic liquid,  25 may
prove to be commercial], viable processes for the
refining industry f 'or making a  26 wide range of
products. These products range from alkylate gasoline
produced from  27 alkyl Lion of isobutaneand
isopentane with ight olefins, to diesel fuel and
lubricating  28 oil roduced by alkyl criorr and
pelyn-terir.atiorr reactiootns. 29 WO 2007/112238
PCT/US2007/064431  1 UVI? 1!1.RY Oi I TIE INVENTION 2
3- The present invention relates to an alkylation
process comprising contacting 4 4 hydrocarbon mixture
comprising. at least one olefin haying from . t 6
carbon atoms  5 and at least one isoparat in having
from 3 to 6 carbon atoms. with a catalyst ~mder 6
alkylatiort conditions, said catalyst comprising a
Eni-xture of at least one ac dic iome  7 liquid and at
bast one alkyl halide. In one embodrn n1, tb acidic
ionic liquid is a  8 chloroalunrrinate ionic liquid
prepared by mixing aluminum trichloride (AId13) and a
9 hydrocarbyl substituted pyridiniuin halide, a hydu
c.rrhyl substituted inild.-azolium 10 halide, trialksr
anmmonum h' dreha.lide or tetn1alky1an monium halide
of the general  11 formulas A, B, C and D,
respectively, 12  13  R4 R4 2 NN Rt 1 x X  N )~ X- R3
'R5 R R H R6  14 A B C D  15 16 where R=14,
methyl,ethyl, propyl, butyl, pentyl. or hevyl group
and X is a halide and  17 prefertbl} a chloride, and
R, and R -1 l;nx .thyl, c.tlhyl, propyl, butyl, pentyl
or hexyl  I group and where R1 and R2 ma, or rr.a' not
be the sanic, and R3, R4., and R~ and 19 Ri,==ethyl,
ethyl, pr'opyl, butyl, pcntyl or hcxyl group aad where
R3, R4,R and R;  20 may or may not be the san=e, -4 



WO 2007/112238 PCT/US2007/064431  I DETAILED
DESCRIPTION 2  3 The present invention relt ies t.i an
alkylation process comprising contacting a 4
hydrocarbon mixture comprising, at least one olefin
having from 2 to 6 carbon atoms  5 and it least one
isopairaifin la-~ inp from 3 to 6 carbon atoms with a
catalyst under 6 alK "ation conditions, said catalyst
comprising a mixture of at least onr. acidic ionic  7
liquid 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, f6c example, be
any  11 refinery hydrocarbon stream. vrhiclh contains
olefins: 12  13 Another component of a feedstock to
the process of the present invention is at least  14
one isoparaffin having from 3 to 6 carbon atoms. Thi
component may, for example,  15 be and refinery
hydrocarbon stream which contains isoparaffins. 16  17
The processes according to the present invention arcc
not limited to any specific 18 feedstocks and are
generally applicable to the alk) lation of C3-C.6
isoparaffins with  19 C2-C6 olefins from an; source
and in any combination. 20  21 In accordance with the
present invention, a mixture of hydrocarbons as
described  22 above is contacted with a catalyst under
alkylation conditions, A catalyst in 23 accordance
with the iiresent invention cuniprises at least one
acidic ionic liquid and at  24 least one alkyl
11"licl;:. The pig. sent pu ceps is being described
and exemplified with  25 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 a is liquid ,:at :l sts by those persons having
ordinary skill based on the 28 teachings, descrfption4
and examples included herein.  29 30 The specific
examples used herein refer to alkylation processes
using ionic liquid  31 systems, which are aaninebased
cationic species mni;fed with aluminum chloride. In  



32 such systems, to obtain the appropriate acidity
suitable for die alk\lation chemistry,  33 the, ionic
liquid catalyst. is generally prepared to bill acidity
strength by mixing one  -5 WO 2007/112238
PCT/US2007/064431  1 molar part of the appropriate
anunoniuin chloride with two molar parts of aluminum
2 chloride. The catalyst exemplified for the alk
lation process is a 1-alkyl-p~ i dinium  3
chloroalutninate, such as 1-butyl-pyridinium
heptachloroalu:ininate. 4 '~N CH3  A12C'I7  5
]-Butyl-p ridiniurn heptachloroat iminate  6 7 In
general, a strongly acidic ionic liquid is necessary
for paraffin alkylation, e,g, 8 isoparaffin
alkylation. In that case, aluminum chloride, which is
astrong Lewi8 acid  9 in a combination with a small
concentration of a Broensted acid, is a preferred 19
catalyst component in the ionic liquid catalyst
scheme.  11 12 As noted above, the acidic ionic liquid
may be any acidic ionic liquid. In one 13 embodiment,
the acidic ionic liquid is a chluroal urinate ionic
liquid prepared by 14 elixirs aluminum triehloride
(AAIC13) and a hydrocarbyl substituted pyridinium
halide,  15 a hvda)(:aibyl substituted i
^idazc~liumhalide, trialkylammoniuin hydro Halide or
16 tetraalkylainmonium halide of the general fornmulas
A, B, C and I), i espect~~ e.l ,  17 R4 R4  N R3 R5 R
1  X- H r,  L R  19 A B C p  20 21 where R=H, methy=l,
ethyl propy',hi:iyl, pcntyl or hexyl group and Xis a
halide and  22 preferably a chloride, and R and R2 II,
methyl, ethyl, propy1, hutyl, pegityl or hex vi  



23 group and where R and R2may or may not be the same,
and R3, R , and R: and 24 I methyl, ethyl, propyl.,
but' I, pentyl or hex y.l group and where R3, R-1, Rj
and R6  25 may or may not be the same. 26 WO
2007/112238 PCT/US2007/064431  I The acidic ionic
liquid is preferably selected from the group
consisting of I -hu.tyl4- 2 methyl-pyridinium
chloroaluminate, 1-butyl-pyridinium chloroaluminate,
1-butyl-3- 3 methyl-imidazoliuarf clrluroalurninate
and 1-1:1-p.'ridu uum 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 cuts kt cally effective amount
of an 7 appropriate alkyl halide to the reaction
mixture as a component of the feed ,treain or  8 by
introducing it directly into the ionic liquid
catalyst. The alkyl halide acts; to 9 promote the
aikylat on by reacdin~x. i ith aluminumch1oride to
forth the 1='rcreq uisite- 16 cation ions in similar
fashion to the Friedel-Crafts reactions. The alk; l
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 theisoparaftins or the 13 olefins that
comprise the feed streams in the alk\ lation process
are preferable. Such  14 alkyl halides include but are
not limited to iospentyl halides, isobutyl hcalides,
butyl  15 halides, propyl halides and ethyl halides.
Alkyl chloride versions of these, alkyl 16 halides are
preferable when chloroalutn_inate ionic liquids w e
used as the catalyst  17 systems. Other alkyl
chlorides or halides having from l to $ carbon atoms
May be  18 also used. The alkyl halides may be used
alone or in combination. 20 For chloroaluminate ionic
liquids, the alkyl halide is preferably an alkyl
chloride. such  21 as ethyl chloride, tertiary butyl
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
alkylation reaction. Folr the alkylation of isobutane
with butenes in 24 chloroalurninate ionic liquids, for
example, the preferable alkyl halides would be I  25
butyl chloride, 2-butyl chloride or tertiary butyl
chloride or a combination of these  26 chlorides.
Mo'it prefi raabl , the alkyl chloride is a derivative
of the olefin stream to  27 invoke h,,ciride transfer
and the participation of the isoparaffirr. The alkyl
halides are  28 used in catalytic amounts, Ideally,
the amounts of the alkyl halides should be kept at  



29 low concentrations and no-, exceed the molar
concentration of the catalyst AlCl3. The  30 amounts
of the ally,,.l halides used may range from 0,0
tnol`tt 0-100 mol% of the Less is  31 acid AIC,_
Concentrations of the aik I halides in the range of
0.05 mol%-lO rnola Q  32 of the AIC13 are preferable
in order to keep the acidity of the catalyst it the
desired WO 2007/112238 PCT/US2007/064431  1 performing
capacity. Also, the amount of the alkyl halide should
be proportional to  2 the olefin and not exceed the
molar concentration of the olefin. 3  4 Without being
bound to any theory, when ethyl chloride, for example
i;a added to  5 acidic chloroaluminate ionic liquids,
ethyl chloride reacts with A1C13 to farm 6
tetrach-loroaluminate (AICI1 and ethyl cation, hydride
shift from the isoparaftmn  7 (isopentane or
isobutane) to the generated eti yl cation leads to the
tertiary cation  8 which propagates the inclusion of
the isoparaffin in the reaction and, trend. the 9
alkylation pathwvay,  10 11 A metal halide may be
employed to modify the catalyst activity and
selectivity. The  12 metal halides most commonly used
as inhibitorslmodifiers in aluminum chloride- 13
catalyzed olefin-isoparaffin alkylatiorbs include
NaCl, LiC1, KCI, BeCI2, C11102, 14 BaC12,51C12, MgC12,
PbC12, CuC1, ZTC14 and AgCI, as described by Roebuck
and  15 Eve ring (Ind. Eng. Chem. Prod. Res. Develop.,
Vol 9, 77, 1970). Preferred metal  16 halide's are
Cut11. Anti. PbCI2, LiCl, and ZrCl.i; 17  13 HC1 or
any l3roensted acid may be employed as co-catalyst to
enhance the activity of  19 the catalyst by boasting
the overall acidity of the ionic liquid-based
Catalyst. The use  20 of such co-catalysts and ionic
liquid catalysts that are useful in practicing the
present  21 in, ernion is disclosed in-U.S. Published
Patent Application Nos. 2003/0 0&03 ~'I) and  22
200410077914. Other co-catalysts that may he used to
enhance the activity include  23 IYB me~r:l compounds
preferably IVB metal Halides such as ZrC.1 , ZrBr4,
TiCla, 24 TiC1;, TiBr,4, TiBr3, I-1 Cl., H.IBrt as &
:scribed b,, Plirschauer et al. in U.S. Patent No.  25
6,028,02_426 27 Due to the to v solubilits, of
hydrocarbons in ionic liquids, olefins-isoparaffins 28
allkylntion, like most reactions in ionic liquids is
r~ roll)' biphasic nd tikes plac : at  



29 the interface in the ligtridstate. The catalytic
aikylLrtion reaction generally carried  30 out in a
liquid r vttr+oocarbon phase, in. a batch system, a
semi-batch system or a 31 continuous s 'Stern using
one reaction stage as is usual for &iphatie alley
lation. The  32 isoparaffin and olefin can be
introduced separately or as a aiixture. 1 ire -molar
ratio  33 between the isoparaffin and the olefin is in
the range 1 to 100, for example, -8 WO 2007/112238
PCT/US2007/064431  ` advantageously in the range 2 to
50, preferably in the range 2 to 20. In '-1 semi-batch
2 system the isoparaffi is introduced first then the
olefin, or a mixture of s{.epar ffirn.  3 and olefin.
Catai: sL volume in the reactor is inure range of?
vrol% to 7i? -% o %, 4 preferably in the range of 5
ul'% to 50 vol%. Vigorous stirring is desirable to
ensure  5 good contact between the reactants and the
catalyst, The reaction temperature can be  6 in the
range -40C to +150C;, preferably in tire range -?0C to
+100C: The pressure  7 can be in the range from
atmospheric pressure to 8000 l`.Pa 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 tr:n hours, preferably 0.5
min to 60 miry. The heat generated  10 by the reaction
can be elirriii,ated using any of the means known to
the skilled pcrsol.  11 At 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 isopar'affin which
has not been converted is recycled to the reactor. 14
15 Typicalalkylation conditions nna~ raclu e a
catalyst volume in the reactor of fro n 5  16 vol% to
50 vol%, a temperature of from -10'C to .,'-100'C', a
pressure of from 300 kPa  17 to 2500 %Pa,an isopentane
to olefin molar ratio of from : to 8 and a residence
time of  18 5 min to L hour. 19  20 in one embodiment
of a process according to the present invention, high
quality  21 gasoline blending components of low
volatility are recovered from the alkylation  22 zone,
Those blending ,compo=rents are then preferably
blended into gasoline. 23  24 The following Examples
are illustrative of the present invention, but are not
intended  25 to limit the invention in any way beyond
what is contained in the claims which 



26 follow.  27 "9,, WO 2007/112238 PCT/US2007/064431
I EXAMPLES  2 3 Example I Preparation of Fresh I
-But\-lpyridiniu:, C1iloroalumu ate Ionic Liquid  4
Catalyst A (Fresh IL A) 5  6 1-butyl-p\ridiniurn
chloroaltiminate is a. room tempe_ar:,:e ionic l quid
prepared by 7 mixing nett I - Nuty!-pyz-ic itniurn
chloride (a solid) with nit solid almni iuiu
trichlorii e  8 in an inert atmosphere. The syntheses
of butylpyridi:niur chloride and the 9 corresponding I
-b it '1-pytidinitln ch!nro::tl, minate are described
bcjov,,  10 11 In a 2-:1:. Teflon-lined autoclave, 400
gm (5.05 rnol.) anhydrous pyridine (99.9% pure  12
purchased from Aldrich) were mixed with 650 gm (7
moll) 1-chlorobutane (99.5%  13 pure purchased from
\ldri.ch). The antoclavc was sealed and the neat
mixture was  14 allowed to stir at 1 -'5C under a it s
erica pressure over night. After cooling off the 15
autoclave and venting it, the reaction mix was ddUiL:d
anlcl dissolved in chloroform and  16 transferred to a
three liter round bottom flask. Concentration of the
reaction mixture at  17 reduced pressure or, a in rr T
evaporator (in a hot water bath) to remove excess 18
chloride, tun-icacted pyridine and the chloroform so!
acrzt 1-a e a ta1n solid product.  19 Purification of
the product waL- done by dissol;vingtlhc: obtained
solids in hot acetone  20 and precipitatizwg the
pureprodr,ct tl~~ art, , oolir:` and addition of
diethyl ether. 21 Filtering and drying under vicuurn
~md heat or., i rota: y evaporator have 750 gm (88%
22 yields) of the desired product as an off-white
shiny solid. I-I- MR and 13C -NMR 23 were consistent
vAtl1 the desired 1-butyl-pyridinium chloride and no
imporit#es sere  24 observed. 25  26 1
butylpyridiniurn chloroal triinate was prepared h `
slowly mixing dried 27 1-]1ut rlpyridirtiurn chloride
and ailhydretas ;.ttrninur 1 dfloride ( \]C1 ;
according to  28 the following procedure. The 1-buts
lpsridinuim chloride (prepared ai; tlrstiri]~ec 



29 above) was dried under vacuum at 80'C for 48 hours
to get rid of residual water (i - 30 butylp ridinium
cl:1ct id.. i f1-, droscopic and readily absorbs water
from exposure to  31 air). Five hundred. grams %2.91
m7 eL) of the dried 1-but3lpyri,dinium chloride were
32 transferred to a 2-Liter beaker in a nitrogen
atmosphere in a, glove box. Then, 777,4  33 gm (5.8:i
rnol.) of anhydrous powdered .A1C;13 (99.99% from
Aldrich) were added in  -1 WO 2007/112238
PCT/US2007/064431  1 small portions (while stirring)
to control the temperature of the highly exothermic 2
reaction. Once all the A!C13 was added the resulting
amber-looking liquid was left to  3 gently stir
overnight in the glove box, The ligmd was then
filtered to remove any 4 un-dissolved AIC13. The
resulting acidic 1-butyl-pyridinium chloroalumil ate
was  5 used as the catalyst for the alkylation of
isoperitane with ethylene. 6 F G,` R3C N X11 `Gl  )
2Equiv AJCI~ neat  II 7 &autogenic pressure  8 9 10
Example 2 A1k\ atiun of isoPentane with Ethylene
without the presence of a  11 promoter 12 13 A. 300 cc
autoclave was ;ii;lake l With 41 gM Ofion c liquid
catalyst, 100 gm 14 anhydrous isopenatane and 10 4,m
ethylene. The reaction was them siirrcd at -1200 rpm
15 and heated to 50'C at auto genic pressures. `lhe.
starting, pressure was 288 psi. The 16 reaction was n
loweC to run until the prossure dropped down into the
single digits  17 rauge (`> psi in this case after 28
minutes reaction time). In the ease of sloe, cuing  18
reaction, the reaction was allowed to run for lhr
long. At the end of the rca tioil, the  19, reactor
was vented out and a gas sample was checked by GC for
ethylene 20 con ei cation. The liquid reaction mixture
was allowed to settle into 2 phases . The  21 oma>aic
ph s ,' s decanted and analyzed for product
distribution by GC anal sus.  



22 The rc a:;tion results are shoal in Table 1. 23
_1'1 WO 2007/112238 PCT/US2007/064431  1 Example a
Alkylation of isoPentane with Ethylene in the Presence
of HCl as Co- 2 catalyst 3  4 'f'able 1 below shows
the results of the alkylation of ethylene with
isopentane in the 5 presence of ethyl chloride and in
the presence of iosp ntyl chloride. The alkylation of
6 sopezitatne with et.hy'ene',vvxas done. according to
the bllcfwing procedure. 7  8 A 300 cc autoclave was
charged with 40 gm of ionic liquid catalyst, 100 girl
9 -inhydr'ous isopentane. l0 art ethylene, and 0,1'5
gm of anhz-drous HC1. The reaction  10 was then stir
ed at -1200 rpm and heated to 50CC at autogenic
pressures. The starting  11 pressure was 320 p 6i- The
reaction was allowed to run until the pressure dropped
12 down into the single digits range (9 psi in this
case after 4 minutes reaction ti ac ). In  13 the case
of slow going reaction., the reaction was allowed to
run for1hr loin;. At the  14 end of the reaction, the
reactor was vented out and agas sample was checked by
GC  15 for ethylene concentration; The liquid reaction
mixture 4 ras allowed to settle into 2  16 phases- The
or tan phase was decanted and analyzed for product
distribution by GC  17 analysis. The reaction results
are showra in Table 1 18  19 Example 4 Alky ition of
isoPentane with Ethylene in the Presence of  20
Chloroethane.as a Pro note: 21  22 The reaction
described in Example 3 was repeated but chloroethane
t.CI;C11 C13 was  23 added in place of hydrochloric
acid 01 ICl). The reaction was nun on 100 gm 24
isopentane, 10 gin ethylene and 0.9 pm c.hloroethanein
40 pm i-butylpyridinium  25 chloroalurninatc ionic
liquid catalyst, The use ofchloroethank was as etfecli
e as  26 using HCl in the reaction. Table 1 summarizes
the reaction results and conditions.  27 28 Example 5
Alkylation of lsopentane with Ethylene in the Presence
oft-Chloio-2- 



29 methyl utane(,1osperrtyl Chloride as Promoter 30
31 The reaction described in Example 4 was repeated
but iospentyl ch or ide A vas added in  32 place of
chloroethane. The reaction was run on 100 grit
isopentane, 10 prn ethylene  33 and L2 gm of iospentyl
chloride in 40 gin 1-butylpyTidiniuzi chloroali.
imiuate ionic -12 WO 2007/112238 PCT/US2007/064431  1
liquid catalyst. lsopentyl chloride appeared to be
more effective than chloroethane  2 and HCI in the
alkylation of isupentane with ethylene. The reaction
was extremely  3 exothermic and there was ne need to
raise the reaction temperature to 50C (reaction  4
temperature). The pressure dropped instantaauerousty
to the single digit mark from 5 starting pressure of
337 psi. Table 1 summarizes the reaction. results and
conditions.  6 7 As shown in Table 1, when ethyl
chloride or iospentyl chloride -, as added, the 8
reaction time was noticeably shortened. The alkylation
in the presence of iospentyl  9 chloride wag much
quicker (;lrnost n t ~ntaneous . The reactions were
highly 10 exothermic and there was n" aced to heat
them up. The cxpcrime.atal results clearly  11
indicate the ver'' profound effect the addition of
alkyl chlorides has on the progress of  12 alkylations
in ionic, lit1"ids. 13 Na - --------------------- HCl
or R-Cl WVHICI W!Ethy 1.Cl W/lospentyl-Cl  Start
Pressure 288 psig 240 p ig 331 prig 337 psig End
Pressure 5 psig 11 psig 9 prig 7  ReactionTime 28 min
4 min. 6 n,ia. 2 min.  Selectivity C3- 0M4 0 0.01 0
C4 0.86 1.88 1.93 4.97  C- 6".7 67.7 6-~.r9 5'.53  C 6
1.14 2.6 244 5.19  C7 22.33 1932 C8 2.94 3,2 3,c'i r,
4 17 



C9 2.41 112 2.93 2.65  CIO 1.5 1.59 1.78 1.64  C11 tae
0.. ~3 l):95  (212 0.75 0.98 1.02  Total 100 l 00 106
100  14 rl'alale ] X13 WO 2007/112238
PCT/US2007/064431  I The alk flations in the prc ` ous
E' ,nnples were done using pure isopentai e feeds. 2
Table' shows a comparison between differeot catalyst
schemes in the alkylation of  3 refinery pentanes with
ethylene rising 11(ll, water or ethyl chloride ,^s
promoters, 4 Analy>s s of the refinery pentanes rsl
a',; ed the feed stock to contain S6. tG iso-pentane,
5 % ri-pentane, 0.9% ii-butane, 3A% C6s-Q)s and Q,
olefins (1 and (-; ~; nictins). 6 The rerefinery
pentane steam also contained 88 7 nitrogen. The
reactions were done as described in Examples 6, 7,8
and 9,  8 9 Example 6 Atkvlartion of Refinery Pentanes
with Ethylene in I -Butylpyridinium  10
Chloroaluminate-No Promoters 11  12 The refinery
isopentane feed with specs described earlier was dried
with over 13 molecular sieve to remove any residual
.eater. Then, 101 gin of the dried feedwas,  14 with
10 gm of pure ethylene in 42 gm ionic liquid catalyst
according to the procedure  15 described in Example I.
Table 2 summarizes the reaction and the results. 16
17 Exarnple 7 Alkylation of RefneYy Pentanes with
Ethylene in l.-Eutylpyridiniuzn  18
Chloroaltraninate-wwith HC1 as Promoter 19  20 Using
the procedure described in Ex~ir~pl; 3, dried 101 gm
of refinery isoperttane feed  21 with the specs
described car, i e r- was alkylated with 10 gm of pure
ethylene in 42 gra  22 ionic liquid catalyst in the
presence of 0.6 gm HO. Table 2 summarizes the reaction
23 and the results. 24  



25 Example 8 Al elation of Refinery Pentanes with
Ethylene in I -Butylpyridinun  26
Chloroalunninate-with 1-170 as Pr o rroter 27  28
Using the procedure described inExaniple :3, 101 gm
oftlre. dried refinery i5opentane  29 feed with the
specs described earlier was alkylated with 10gni of
pure ethylene ire. 42  30 gm ionic liquid catalyst 0.1
gm water. Table 2 summarizes the reaction and the 31
results.  32 ,  -14 WO 2007/112238 PCT/US2007/064431
I Example 9 Alkylation of Refinery Pentanes with
Ethylene in 1-Butylpyridir iam  2
Chloroaluni.inate-with Ethyl Chloride as Promoter 3  4
Using the procedure described in Example 3, 101 gm of
the dried relinefy isopentane  5 feed with the spec de
cribed earlier was alkylated with 10 gm of pure
ethylene in 42  6 gin ionic liquid catalyst 18m .of
ethyl chloride. Table 2 summarizes the reaction and  7
the results. 8  9 Table 2 summarizes the results o_ f
alkylations of refinery isopentane f ed with pure  10
ethylene described in Examples 6, 7, 8 and 9. 11 Ref.
Feed Ref feed Reffeed Ref 11'e-'("'d  INC) F Cl or
W'i1H1CI W/Ethyl-Cl W/I12+ Iz _Cl Start Pressure 226
psi T2-49 psi 295 psig 313 psi  End Pr o.ssure 104psi
10 psi 13 p dg 15 psi  Reaction 64 min. 19 1lrin. 24
min, 2$ min.  %Selectivity, C3- 0.21 0.07 0.05 0.19
C4 0.7 7 1,19 1.3 Q 1,27  C5 81.34 69.35 62.69 68.93  



C 182 3.06 3.87 2.97  C7 S 74 18.36 21.03 l 8,18 t.t
C 3 3 s 5.05 C9 1 a 1 2.02 2.55 2.14  CIO 0-82 1.26
1.70 L24  C11 0.37 0.42' 0. 3 1:53  C12+ 0.53 0.48
0.84 0.61  Total 100 100 100 100  12 Libt 2i 11.
1ation of 1Re in r, Feed in B ttv 'ridini rn
Chloride--2A1C1 lEtC 1't 13 -15 WO 2007/112238
PCT/US2007/064431  1 There are numerous variations on
the present invention which are possible in light of
2 the teachings and supporting examples described
herein. It is therefUie understood 3 that NN'] tlini
the.,enpe of the following claims, the invention may
be practiced  4 otherwise than as specifically
described or exemplified herein.. 16 WO 2007/112238
PCT/US2007/064431  1 WHAT IS CLAI1!IED IS 2  3 1 An
all ylation process comprising contacting a
hydrocarbon mixture 4 comprising at least one olefin
having from 2 to 6 carbon atoms and at least one  5
isoparafiin having from 3 to 6 carbon atoms under
alkylation conditions, said  6 catalyst comprising a
mixwrc of at least one acidic ionic liquid and at
least one  7 alkyl h1alide, 8  9 A process according
to claim 1, where the acidic ionic liquid is a 10,
chloroalumit-zate ionic liquid prepared by mixing
aluminum trichioride ( 1CI3)  1'1 and a hydrocarbyl
substituted pyr dirium halide, a kdroca byl
su11-aituted 12 i-midazoliumhalide,
trialkyTlan-u-ztoniLan hydrohalide or tetraalky lammon
urz .  13 halide of the general formulas A, B, C and
D, respectively, 



14  1 R4 R4  N X_ X_ 3 f Rs 16 A B C 11)  1;7 18 where
R=H, methyl, ethyl, propyl, butyl, perayl or hexyl
group end X is a  19 halidc and preferably a chloride,
and 1 1 and R2=I=I, methyl, ethyl- p:op\-l, 20 butyl,
pentyl or- hex.l group an(t \th ie RI and R2 may or
may not be the same,  21 and R:s R1, and w id
R.6=methyl. ethyl, propyl, butyl, pentyl or hexyl
group  22 arse =here R3, R4, R and R6 may or may not
be the same. 23  24 :3. A process according to claim
2, wherein the acidic ionic liquid is selected  25
from the group consisting of l ~~rt~ l ~}~eti~~ l l~ s
it3it~itzzm chlorualuminate  26 (BMP), 1-butyl py
ridinium ehlorcalumincitw (BP), 1-buty1-3-rm.ehyl 27
mida olium chloroalumnate BMIM) and
1-I-1-pyrridiniunachloroaluzninate  28 (HP). 29 WO
2007/112238 PCT/US2007/064431  1 4. A process
according to claim 1,wherein the catalyst further
comprises an 1-ICI  2 co-catalyst. 3  4 5. A process
according to claim 1, wherein the isoparaffin is
selected from the group consisting of isohutane,
isopentanes and mixtures thereof: 6  7 6. A process
according to claim 1, wherein the olefin is selected
from the group  8 consisting of ethylene, propylene;
hl tyrlenes, pentenes and mixtures thereof  9 10  11
7. A process according to claim 1, wherein the
ail:yilation conditions include a  12 ca alti St
volume in the reactor of from 5vol a to 50 viol"o, a
temperature of  13 from -10C to 100C, a pressure of
from 300 kPA to 2500 kPa, an isopentane  14 to olefin
molar ratio of from 2 to 8 and a residence time of l
minute to 1 hour.  



15 16 A process according to claim 1, turthcr
comprising recovering high quality  17 gasoline
blendin components oflOwww v latility. 18  19 9. A
niroco, .s according to claim. 43 further comprising
blending said conaponents  20 unto gasoline, 21  22
10; A process according to claim 1, wherein the alkyl
halide has from I to 8  23 carbon atoms 24  25 11. A
process according to claim 10, Nrhere the all: vi
halide is selected from the  2 group consisting of
methyl halide, ethyl halide; pr:^py=l halide, 1-butyl
halide,  27 2-bHHr_\ 1 halide, tell. ry twtyl halide,
per '. I h.lic?es, ospentyl halide, hexyl  28 halid1
s, isohexyl halides, hcptvl halides, i ,elicatt l
llAid-s:, octvl h l=",rles and  29 isooctyl halides.
30  31 12. A process according to claim 9, 1,vlierc
the alkyl iaaiiJ. is selected from the  32 group
consisting of alkyl hromldcs, cZ!k.yl iodides, and
alkyd chlorides. 33 -' 


