WO 2008/076722 PCT/US2007/087121 ALKYLATION PROCESS

USING AN ALKYL HALIDE PROMOTED IONIC LIQUID CATALYST

FIELD OF THE INVENTION 5 The present invention relates to a process
We2§8/aizRation of light isoparaffins with olefins using a caedtgsts2007/087121

comprising an ionic liquid and an alkyl halide. BACKGROUND OF THE

INVENTION 10 In general, conversion of light paraffins and light olefins to

more valuable cuts is very lucrative to the refining industries. This has

belen aCF:O!;:;IQHS*%le?W%d@E@@ OkR %‘Eﬁ%é)ﬁl%ﬁli%ﬁl@ﬁg%%m?h_

polymerization of olefins. widely used processes In this

field is the alkylation of isob@%ﬁl{g m@@qg%&%ﬁns to make 15
gasoline cuts with high octane number using sulfuric and hydrofluoric
acids. This process has begrupasFopHe ipinguniistries since the 1940's.
The process was driven by the increasing demand for high quality and
clean burning high-octane gasoline. Alkylate gasoline is a high quality
and efheRIfteBURYRR Lo aracewdatite s/kpation of lig9Gobekains with
gasohisfimosinfdlcsalegasplinmisbyipitallyun edeseaiby ikdating refinery
isobutane with low-end olefins (mainly butenes). Currently, alkylates are

. produced by using HF and H2S0O4 as catalysts. Although these catalysts
have been successfull & hSicam BYEALEdE e best quality
Hikylates, the need for safer and environmentally friendlier catalysts
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an al}gcrnggg%a %%tael}ztlc sﬁsatesrg to lace bt e currenlt_ environmentally
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both priith olefins, and by polymerization of olefins. One of the most widely used

processes in this field is the alkylation of isobutane with C; to C; olefins to make
15 gasoline cuts with high octane number using sulfuric and hydrofluoric acids. This
process has been used by refining industries since the 1940's. The process was driven

by the increasing demand for high quality and clean bumning high-octane gasoline.

Alkylate gasoline is a high quality and efficient burning gasoline that constitutes

20 about 14% of the gasoline pool. Alkylate gasoling is typically produced by alkylating
refinery isobutane with low-end olefins (mainly butenes). Currently, alkylates are
produced by using HF and H,80; 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

25  industries invelved.

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. Unformmately, thus far, no viable replacement to the

30 current processes has been put into practice at commercial refinerics.

lonic liquids are liquids that are composed entirely of ions. The so-called “low
temperature” fonic liquids are generally organic salts with melting points under 100
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and industrial institutions. Unfortunately, thus far, no viable replacement to
the 30 current processes has been put into practice at commercial
refineries. lonic liquids are liquids that. are composed entirely of ions. The
WERAHEE™ dw temperature” lonic liquids are generally orgaP@T 8580w gy121
melting points under 100 -1 WO 2008/076722 PCTIUS2007/087121
degrees C, often even lower than room temperature. lonic liquids may be
suitable for example for use as a catalyst and as a solvent in alkylation
and plﬁbt%ﬁdzaﬁm " EQAGHaN ﬁ;ﬁﬁd@?ﬂ'tﬁép}!?a@iif@.qg;ﬁt{ﬂﬁidglxjég%m@ﬂ;léﬂm?r
acetylatio etatheses, and copolymerization reactions. ne class o
ionicy @Tllglg ?sarflﬁss?e %‘éﬁ%g'os%g%é%t%%%% Lﬁ:ﬁ?igrén%no KiParTzation
tempEREHIE BN A8 HERarizatioa sieamedationaseirietier oretiprses, Suth
compapilensiarambsttioms. of components which are liquid at |
temperatures below the individual melting points of the components. 10
lonic liquids can be defined as liquids whose make-up is entirely
comprréetest bigiadaddsinibind i erestiterearfichAre moltemal Hyst
comrirorpéomice ligd its ardutho saajysep sisentram erganighiasan catipasians
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ammonjum cations, but hoscphonium and sulphonium 15 cations are also
frequ'é’ﬁltwgu%oéﬁ.s f’(f#?& ?ﬁ%ﬁ’&% B?Spyridinium and imidazolium are perhaps
tRe most commonly used cations. Anions include, but not limited to, BI-4,

PF6 1dwal Gialiiaminatesisindy a1l foa wloALAROs K GES SR P2 or Al bs
SU|phaai‘:[§ 7 &l@tzsogg’fl) a%%rl;g%g la&%%s(gcéo:%gs?noqnman}g%tq)er"Theerggft
catalytically interesting |on|c&ﬁqU|ds ?or aci ca’Pﬁ@s@ Y3 8% LSRR ed
from HERARSHIGR Yiatriebaspiicpeind inorganic or organic anions. The most

common organic cations are ammonium catiotis, but phosphenium and sulphonium
15 cations are also frequently used. lonic liquids of pyridinium and imidazoliom are
perhaps the most commonly used cations. Anions include, but not limited to, BFy,
PFg’, haloaluminates such as Al;Cly” and AbBry, {(CF3S02)2N)T, alkyl sulphates
(R8O;), carboxylates (RCOy) and many other, The most catalytically interesting
ionic liquids for acid catalysis are those derived from ammonium halides and Lewis
20 acids (such as AICk, TiCl, SnCly, FeCls. ..etc). Chloroaluminate ionic liquids are
perhaps the most commonly used ionic liquid catalyst systems for acid-catalyzed

reactions,

Examples of such low temperature ionic liquids or molten fused salts are the

25  chloroaluminate salts. Alkyl imidazolium or pyridinium chlorides, for exampie, can
be mixed with aluminum trichloride (AICI;3) 10 form the fused chloroaluminate salts.
The use of the fused salts of 1-alkylipyridinium chloride and aluminum trichioride as
electrolytes is discussed in U.S. Patent No. 4,122,245, Other patents which discuss the
use of fused salts from aluminum trichioride and alkylimidazolium halides as

30 electrolytes are U.S, Patent Nos. 4,463,071 and 4,463,072.

U.8. 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
‘ .



20 acids (such as AIC13, TiCl4, SnC14, FeC13..,etc). Chloroaluminate
ionic liquids are perhaps the most commonly used ionic liquid catalyst
systems for acid-catalyzed reactions. Examples of such low temperature
wibrigsliqeiels or molten fused salts are the 25 chloroaluminaiecsaisoddioghi1
imidazolium or pyridinium chlorides, for example, can be mixed with
aluminum trichloride (AMC13) to form the fused chloroaluminate salts.
The use of the fused salts of 1-alkylpyridinium chloride and aluminum
trichI%%%@ﬁmmﬁa%@%ﬂﬁwﬂgib&%&’a@xﬁ&%&%@ﬁmwc
Other patents which discuss the use of fused salts from aluminum
trichISHHE %nd alkylimida7nlium halides as 30 electrolytes are U.S. Patent
Nos. 4,463,071 and 4,463,072. U.S. Patent No. 5,104,840 describes ionic
liquids gvhigh o IS8, H0l aastipRa calk\deivmi wimdihalide.and Alleadh.

e guaternary ammonium halide andlor atleast 2 WO 2008/Q76722
R it s e ek R
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liquid. clathrate composition is formed from constituents comprising fll}hgt
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leastB AP HRRI iR S PPN Sak B AT Af et A BF P aTR &
thetabhahie, alktdiinet eastommetahdtialigerabcatinetaopséudohalide,
quaternary ammonium salt, quatemary phosphonium salt, or ternary
sulfo iHm salt, or a mixtl,‘[e of any two or more of the 10 foregoing, and
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liquids SaRetehiditom é{Fdeld bfGat Ehihtimhinias. Kletenb 4 plinatiom PibiBatetent
Nos.25043b;7b8%; £ 70685 Z 803, in U.S. Patent Application Publications

15
In the last decade or so, the emergence of chioroaluminate ionic liquids sparked some
interest in AlCl3-cataiyzed alkylation in ionic liquids as a possible alternative. For
example, the alkylation of isobutane with butenes and ethyiene in ionic liquids. has
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,
“lunic Liguids in Synthesis”, P. Wasserscheid and T. Welton {eds.), Wiley-VCH
Verlag, 2003, pp 275).

Aluminum chloride-catalyzed alkylation and polymerization reactions in ionic liquids
25  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

alkylation of isobutane and isopentane with light olefins, to diese] fuel and lubricating

oil produced by alkylation and polymerization reactions.



2004/0077914 and 2004/0133056. 15 In the last decade or so, the
emergence of chloroaluminate ionic liquids sparked some interest in
AICI3-catalyzed alkylation in ionic liquids as a possible alternative. For

wo 200@8%TR2le, the alkylation of isobutane with butenes and gibylessdtvionis
liquids. has 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; "lonic Liquids in Synthesis", P. Wasserscheid and T.

Weltqn (eds.), Wiley-, Mﬁl = M@NAlumlnum
chloride-catalyzed al yMmeriZzation reactions in ionic liquids
25 may prove to be commercially viable processes for the refining industry
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olefins, to ese fuel an ricating oll pro uced by alkylation and
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10 GRlANMIIrGRMRERN AN 8H StHRact oM 2cidic innindanidand at
least one alkyl halide, wherein the alkyl halide is produced by reacting at
least a portion of the first hydrocarbon feed with a hydrogen halide under

hydreRalagenatien.GonNans it cRrVeibA g%&g@ﬂ}%@ﬁ@mlﬁéﬁlﬂ%
contained in the first hydrocarbon feed tq the alkyl halide,

hydrocarbon feed 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 catalyst under alkylation conditions, said catalyst comprising a mixture of at

ieast one acidic ionic liquid and at least one alkyl halide,

where the acidic jonic liquid is a chioroaluminate ionic liquid prepared by mixing
aluminum trichloride (AICls) and a hydrocarbyl substituted pyridinium halide, a
hydrocarbyl substituted imidazolium halide, trialkyiammonium hydrohalidc or

tetraalkylammonium halide of the general formulas A, B, C and D, respectively,
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In a first aspect, there is provided an alkylation process comprising
contacting a first hydrocarbon feed 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 catalyst
under alkylation conditions, said catalyst comprising a mixture of at least
one acidic ionic liquid and at least one alkyl halide, where the acidic ionic
liquid is a chloroaluminate ionic liquid prepared by mixing aluminum
trichloride (AIC13) and a hydrocarbyl substituted pyridinium halide, a

hydrocarbyl substitu imidazolium halide, trialkylammonium hydrohalidc
e R TR R R BEMST OO BOCk o 1106, and R,
raspRetivietyetBS AR oV bR fehd(] @r Ryl Reus3mPoh MR Yaidl ROmay
B C D -4 where R=H, methyl_ethyl, propyl, butyl, pentyl ar hexyl grou

Snar TR e A e 2 B RS ot o s o
thexyl groupaaddviirerd; RRafd R2 Rayagromaynottie the same, and R3,

R4, and R5 and R6=methyl, ethyl, propyl, butyl, pentyl or hexyl group and
R rEhRrsinge plksyh Ratide i YTERBEENE keamhe; nardow RE Fesrfitive

akrtdeatils sl educed it deacHsiIe RS 1A MRS S her sk ditions to convert
%drocarbon, feed with a hydrogen halide unde%@drohalogenaﬂon

IRRTGHROFE bR LS SPRRBRETH Brebissbisfnecaminmised i teeling halide:

agdrocarbon feed to the alkyl halide; and adding the resulting alkyl halide
to the alkylation zone. In a second aspect, there is provided in an

alidigiths proddsg abtkwiHiohidst tle tist dlgllefirzone.

In a second aspect, there is provided in an alkylation process in which at least one olefin
having from 2 to 6 carbon atoms and at least one isoparaffin having from 3 to 6 carbon
atoms are contacted in an alkylation zone under alkylation conditions with a catalyst
comprising an acidic ionic liquid and an alkyl halide, wherein the acidic ionic liquid is
selected from the group consisting of |-butyl-4-methyl-pyridinium chloroaluminate
(BMP), I-butyl-pyridinium chloroaluminate (BP), i-butyi-3-methyvl- imidazolium
chioroaluminate BMIM) and i-H-pyridinium chioroaluminate (HP), the improvement
comprising reacting a portion of said at least one oiefin with a hydrohalide under
hydrohalogenation conditions to convert more than 50% of the olefins contained therein

to alky! halides and adding the resulting alkyl halide rich stream into the alkylation zone.

In a third aspect, there is provided in an alkylation process in which at least one olefin having from

2 to 6 carbon atoms and at east one isoparaffin having from 3 to 6 carbon atoms are contacted in an

alkylation zone under alkylation conditions with & catalyst comprising an acidic ionic
liquid and an alkyl halide, where the acidic fonic liquid is 4 chloroaluminate ionic Hquid

prepared by mixing alumirum trichloride (AlCl;) and a hydrocarbyl subsfituted
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having from 2 to 6 carbon atoms and at least one isoparaffin having from
3 to 6 carbon atoms are contacted in an alkylation zone under alkylation
conditions with a catalyst comprising an acidic ionic liquid and an alkyl
halide, 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-butyl-3-methyl- imidazolium
chloroaluminate BMIM) and I-H-pyridinium chloroaluminate (HP), the
improvement comprising reacting a portion of said at least one olefin with
FyHPSHaaE dmaby hyairbialobenation condiions t.senvermore than
St the cielns coniaingd therein.to alyl halides and adding the ™
resulting alkyl halidé rich stream m%o"tﬁéa f%i%ﬁﬁ?c.r)ﬂ Forelafnie, #ild axpect,
fﬁﬁti%c%vﬁ%vided in an alkylation process in which at least one olefin ‘
having from 2 to 6 carbon atoms and at least one isoparaffin having from
3 to 6 carbon atoms are contacted in an alkylation zone under alkylation
conditions with a catalyst comprising an acidic ionic liquid and an alkyl
halide; e the acidic ignic liquid is a chigroaluminate ionic liquid
‘prepared by mixiﬁg*almmmride (AIC13).and a hydrscarbyl
substitufeds4a pyridini f halide, a hydrﬁpargy substituted jmidaZzolium

~ halide, tffalkylammoniu doghalidéer tekra&kylamnﬁgﬁfurﬁhaalide of the
general%rmulas A, B, C and D, respectively, R2-, ~ R R4 NRa X- "I x- N X
X R3/F)Rs R3R\R' R 6. A B C D where R=H, methyl, ethyl, propyl, butyl,
pentyl or hexyl group and X is a halide, arfd R1 D

where R=H, methyl, ethyl, propyl, butyl, penty] or hexyl group and X isl & halide, and R,
and Ry=H, methyl, ethyl, propyl, butyl, pentyl or hexy! group and wheare R; and R; may
or may not be the same, and R;, Ry, and Rs and Re=methyl, ethyl, propyl, butyl, pentyl or
hexy! group and where R, R4 Rs and Rgmay or may not be the same; |

the improvement COMPTISINg reacting & portion of said at least one olefin with &
hydrohalide under hydrohalogenation conditions to convert more than 50% of the olefing
contained therein 1o alkyl halides and adding the resulting elky! halide rich stream into
the alkylation zone,
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and R2=H, methyl, ethyl, propyl. butyl, pentyl or hexyl group and where RI
and R2 may or may not be the same, and R:, R4, and R5 and Re=methyl,
ethyl, propyl, butyl, pentyl or hexyl group and where R, R4, R5 and R6

wnayoen ey not be the same; the improvement comprising eagiiRGydy 087121
portion of said at least one olefin with a hydrohalide under
hydrohalogenation conditions to convert more than 5001'0 of the oienns
contained therein to alkyl halides and adding the resulting alkyl halide rich

streappke; thersikatiengqne, 4b WO 2008/076722 . _
PCT/US2007/087121 DETAILED DESCRIPTION The present invention

relates to an alkylation process comprising contacting a hydrocarbon
mixtuthmmmimmmdeﬂgbme;mhﬁ'makiawmgcﬁxsmﬂﬁﬁs&gwh@magwm 5
and %@%m%mggam&@ﬂﬁlmew rghégot@ﬁlq Iﬁ@mé)ﬂom(ﬁ%%vxm&) atom

cgtal);gts ur]der alkylation condifions, said catalyst comprising a mixture o
at leaSf ShE*SI0R TRRARTIG IR BhTOR RRd BREBMYTR it kst under
compdiaticofconfiiéahsicei totthet provebsph thixpresbrititaventienids anic

least ppai & @leln havingframe to 6 carbon atoms. This component
may, for example, be any refinery hydrocarbon stream which. contains

olefins. Another component of a feedstock to the process of the present
inverfaefrisoaerenal viedyetidedinpraesingltsrarsen B eeatisorisaldms.ahis
MR Hatiay frbaf PXoeRlBon Mbhe Thy dafipainiMeyORRRBM Y B Mky
which.gRDiADs RRAAS, TheRGeRes Ageording to the present

invention are not limited to any specific feedstocks and are generally
applicable to the alkylation of C3-C6 isoparaffins with C2-C6 olefins from
any stnatber avmolpomen picofeddanadion ti(rocess of the present invention is at least

one isoparaffin having from 3 to 6 carbon atoms. This component may, for example,

15 be any refinery hydrocarbon stream which contains isoparaffins.

The processes according to the present invention are not Jimited to any specific
feedstocks and are generally applicable to the alkylation of C;-Cy isoparaffins with
C3-Ce olefins from any source and in any combination.
20
In acvordance with the present invention, a mixture of hydrocarbons as described
above is contacted with a catalyst under alkylation conditions. A catalyst in
accordance with the present invention comprises at least one acidic ionic liquid and at
least one alkyl halide. The present process is being described and exemplified with
25 reference certain specific ionic liquid catalysts, 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 speeific examples uscd herein refer to alkylation processes using ionic liquid
systems, which are amine-based cationic species mixed with aluminum chloride. In
such systems, 10 obtain the appropriate acidity suitable for the alkylation chemistry,
the ionic liquid catalyst is generally prepared to full acidity strength by mixing one

-5.



In accordance with the present invention, a mixture of hydrocarbons as
described above is contacted with a catalyst under alkylation conditions.

A catalyst in accordance with the present invention comprises at least
wons@erhrzionic liquid and at least one alkyl halide. The pregsepiRigFRRES 121
is being described and exemplified with 25 reference certain specific ionic
liquid catalysts, but such description is not intended to limit the scope of

the invention. The processes described may be conducted using any

S ARG DRSS WG Al s

on the teac Ip tions an examples inclu

spechteafahif é%‘ﬂ%%&”ﬁé}@iﬁ%f@'r‘bﬁ diRypEaD ATpiese dsadiixlryridhtiom
liquicchysthmsawsethase dmineshaseanCatptnic spacigigarixed with
aluminum chloride. In such systems, to obtain the appropriate acidity
suitable for the alkylation chemistry, the ionig liquid catalyst is generally
prepared to full acidity stren IXin e “B’A/O 200 8/0 76 722
PCT/US2007/087121 molarjjpart of the,ggpropriate ammonium chloride
with two molar parts of alumin chloride. The catalyst exemplified for
the alkylation process is al-B:allqyripyiidinttanicshigigatuminate, such as
1-butyl-pyridinium heptachloroaluminate. ()N O CH3 Ai2C17 5

[-But idinium epta hloro ate As noted, apove, the acidic ionic
liqui m%a%{ ge% a‘ﬁ?%&a ¢ lomic T %“ap il osr?:e A ARG 'qfﬁi &t ionic
I|qU|cF$sb@@€FﬂB?o'§mﬂ*iaﬂ@qt§ﬁi®% isial gesoaluseinsie inticitiguidurmsiread by

trichImﬁid@(aNﬁfha%maﬁw&mw@uwwﬁﬂﬁvlmﬂﬂiﬁiﬁ%wﬂm%ﬂde
s b RITSRz Lals WRlammenm plonalce

or tctraalk ammonlum e genera ulas
respé%ﬁ\z}gqx}armnomum halide of the gcnerul formulas A, B, C and D, respectwefy,

| > Re? Ny—R T‘ X T‘ X
® & N ® N
N/ \:/ - \\Rg RS/ \\F{5
i X H RG
R
A B C D

15
where R=H, methyl, ethyl, propyl, butyl, pentyl or hexy! group and X is a halide and
preferably a chioride, and R and Ro=H, methyl, ethyl, propyl, butyl, pentyl or hexyl
group and where R, and Ry may or may not be the same, and Rj, Ry, and R; and
Re=methyl, ethyl, propyl, butyl, pentyl or hexy! group and where R3, Ry, Rs and Ry

20  may or may not be the same, .

The acidic ionic liquid is preferably selected from the group consisting of 1-butyl:4-
methyl-pyridinium chloroaluminate, 1-butyl-pyridinium chlorealuminate, 1-buty].3-
methyl-imidazolium chloroaluminate and 1-H-pyridinium.chioroaluminate .

25

In a process according 1o the invention an alkyl halide is used as a promoter,
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XXR3~HRsRsR-Rs6 RABCD 15 where R=H, methyl, ethyl,
propyl, butyl, pentyl or hexyl group and X is a halide and preferably a
chloride, and R, and.R2=H, methyl, ethyl, propyl, butyl, pentyl or hexyl

wagmug@pgvhere R, and R2 may or may not be the same, %B@ze@ﬁasnzl
and R5 and R6=methyl, ethyl, propyl, butyl, pentyl or hexyl group and

where R3, R4, R5 and R6 20 may or may not be the same. . The acidic
ionic quuid is preferably selected from the group consisting of I-butyl-4-

by PRI ShReamnalea P oo
[-butyl-3- azo Um C oroa uminate an

-H- p?ﬁﬂiﬁ’ﬂl&’l‘ﬁ*ﬁﬂ&fﬁ%ﬁf?ﬁf‘ e ydragea paldewrderduskahalpserttieninvention
an aboykihitie eoisousatianR A1 NINDIEST the &H&Q&Q&Qﬂ@?ﬁazde This is

PCTA%%%%RZKQ@&%%JWI&&WE 2lidgeIs BU&QH eg}h R a??ncea%t \dhe

invention Yy reac ting at least aé)OI’tIOI’] of the O

Rydr 8GR Heffitite SR mytiroh Ay @@MW&%RI&%%%HO@PPQ‘P%&@Q
portieddin the reteliing adiphbabdleyth Mzl idkyidihis isnadeorhplishes ike alky!

ACCORGIRRGE JMtR LD Y G SIS RV SRLIOTFBY LG RGHD g&%ﬂ?a@ﬁ?@:@aé of
the ((}J}efln ed stream th aé%/éiﬁogcllgllde under hydrohalogenation

conditions anané?ﬂ%"%r & IR S PRSI S snssinas in
othePighawuid eaakeyT thiadidbnisin ta alistetkéro mtuwdkpl dfilidie ek o sec-buty

16Xarapie.LaRe Sndekend sl seRPopkithe olefin-caniainjage.elinan:
feedstg? and {T(;Z‘ggt that w@mt CzLe Qg(lyelr conditions

51 Stréa ing 1njects atton reactor.

Hydrohalogenation of olefins is well known. 11.S. Patent No. 5,831,137 describes a
process to make ¢-butyl chloride by passing 2 mixture of anhydrous HC| and

15 isobutene (1.2 molar ratio) in the gas phase at atmospheric pressure through
concentrated agucous HCl maintained at 60 °C. The product {-buty] chloride is
condensed from the vapor phase effluent of the reactor. Other patents (e.g. FR
2,300,751) describe the reaction of anhydrous HC] and butenes to make t-butyl
chloride in the presence of Lewis acid catalysts such as ZnCI2 using t-butyl chloride

20 as a solvent at atmospheric pressure and -25 to +50 °C. 1.8, Patent No. 2,434,094
describes the reaction of anhydrous HCl and butenes in the gas phase in the presence
of an inert diluent to make t-butyl chioride in the presence of Lewis acid catalysts on
inert supports. Operating temperatures were below 300°F to avoid decomposition of
the alkyl chloride. U.S. Patent No. 2,418,093 contains a good description of the

25  peneral chemistry. Apparently isobutene reacts selectively to give t-butyl chloride in
the presence of small amounts of butenes. However, some ol the patents above
address the selective synthesis of t-butyl chioride in the presence of excess linear

butenes,

30 The alkyl halide acts to promote the alkylation by reacting with aluminum chloride to
form the pferequisitc cation ions in similar fashion 1o the Friede]-Crafts reactions. The
alky! halides that may be used include alky! bromides, alkyl chlorides and alkyl
jodides. Preferred are isopentyl halides, isobutyl halides, buty] halides, propyl halides
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which would convert the olefins in the slip-stream into alkyl halides such
as sec-butyl 10 and t-butyl chloride. This alkyl halide containing stream
can be injected into the catalyst stream being injected into the alkylation
wiearipszdiydrohalogenation of olefins is well known. U.S. PRIeRi AR 07087121
5,831,137 describes a process to make t-butyl chloride by passing a
mixture of anhydrous HCI and 15 isobutene (1.2 molar ratio) in the gas
phase at atmospheric pressure through concentrated aqueous HCI
maintaine 0,C. The,product t-butyl chloride iis, condensed go% th
vapor i cnd o Al RS S SRS B st e
descrbleraspingieimisfiardserowsdeihartabstanesme Rtikealiylipplorides
chlorigedndepieg@oae! ob kewisasishRatalysiaissal@s oGty Haias may
t-but)gquL%rmggrgicgg%%\égg&at atmospheric pressure and -25 to +50 C.
434,

U.S. Patent No. describes the reaction of anhydrous HCI and
tenes in the gas phase in the presence of an inert diluent to make
t-butyechidordgumitihwe preisdnaespfhkelv)s Bdidedatatystdignnineyt suppdyisch

Operaling fepnaiatires¥era belaw 300810 AvRid decempesiiign.ofnihe
alkyl é%zgﬁgg#ésyatent No. 2,418,043 contains a good description of

the 2 HARISHRS 2RSS SBm e Teaat e and el verdiod
t-butyivis ekisiitinn thastire sEncheofikyiribran cobisind WubdneseHowever,
ﬂﬁ{ngéqsmwﬁenﬁr@@%ﬁfd@@d@é%m@ ﬁ@'&@?@%&g&g@rﬁﬂﬁﬁﬁ tl,-,Emlt_yi,e i
chloride jn the presence of excess linear butenes. ea alide
g bR R R .
the prRiRSaisitdOsERiBIF RS the sl ahlterislsibre s mivelifrielbt-Oefiftsiream to, in
reactinssy, Thekaligdridalitdesdhalimaydhecisaoh beineRabadbromidasy '
alkyl ' : j0di Prefer re isopentyl halides,.isobut
R o T e R 1 e B
1r§cﬁt9 gﬂﬁym%@inmnons and not exceed the molar concentration of the catatyst
AlCh. The amonnts of the alkyl halides used may range from 0.001 mol%-100 moi%

of the Lewis acid. AICI;. Concentrations of the alky! halides in the range of 0.001
mol%-10 mol% of the AICk; are preferable in order to keep the acidity of the catabyst
at the desired performing capacity. Also, the amount of the alky! halide should be

20 proportional fo the olefin and not exceed the molar concentration of the clefin.

Without being bound to any theory, when ethyl chioride, for exampie is added to
acidic chloroaluminate ionic liquids, ethy! chloride reacts with AICh to form
tetrachloroaiuminate (AICly") and ethyl cation. Hydride shift from the isoparaffin
25  (isopentane or isobutane) to the generated ethyl cation leads to the tertiary cation
which propagates lhe inclusion of the isoparaffin.in the reaction and, hence, the

alkylation pathway.

A metal halide may be employed to modify the catalyst activity and selectivity, The
30  metal halides most commonly used as inhibitors/modifiers in aluminum chloride-

catalyzed olefin-tsoparaffin alkyliations include NaCl, LiCl, KXCl, BeCl,, CaCl,

BaCly, 8rCly, MgCly, PbCly, CuCl, ZrCl, and AgCl, as described by Roebuck and
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and ethyl halides. Alkyl chloride versions of these alkyl halides are
preferable when chloroaluminate ionic liquids are used as the catalyst
systems. Other alkyl chlorides or halides having from | to 8 carbon atoms

wiaHHe4sp used, The alkyl halides may be used alone orpfw’. fU52007/987121

combination. 5 For chloroaluminate ionic liquids, the alkyl ha
preferably an alkyl chloride such as ethyl chloride, tertiary butyl chlorlde,
isopentyl chloride or butyl chlorides. The alkyl chlorides of choice are

those deriv ram the iso Iefl ed in a_given alkylation
reac?fl%'ﬁn iﬁféfe Ea Ton E"‘1‘jasﬂzoeﬁu §ﬁ5 %It&%u? héd ?Hoigop referred mota
chIorb&i@ﬂmmfe'%m%@k@;,fb@m&@«the preferable alkyl halides
would be 1- butyl chloride, 2-butyl chloride or tertiary butyl chloride or a

com tion o thes chI ride ferab he alkyl chloride is a
derlv%%\?e Sf he e m S rgearﬁ' % in S}hgeorays, clcr}fvo&é' h)t/?jﬁ)é" ?%1%!13 ecrtlz‘a['r%of

the pastreiBEdLY 6?%@@%&@#&%% ailes ipnifdiavidihased eriabistaldiy tits
amouniscHdealys} ikt ;miioniatiqaid baaptytha ieesahpul grdhde kepiratelow

CONCAOL RS ARG e SUGALA P ARG RN R.Ob D5 GBIl

he amounts of the al y halides use may range from

molos P8 BiftHeq-erirl Stbriane & wehiosmiinit e oM dnde
halidB&3im e cemgpenots Gréfiabip 6198 deahicildeokibiesA K13 ArBrprefeisable

19 Of%skoﬁﬁﬁpﬁﬁ?g,%@félsy%mﬁs%% & RGOSR0 Bi%nt No.

capa %( 20 the amount of the alkyl halide should be 20 proportional to
the ole % d not exceed the molar concentration of the olefin. Without
being bound to any theory, when ethyl chloride, for example is added to
acidigmfmwmaﬁa@ai&ﬁ&u&i&&ﬂm'.@hw&ﬁaﬁe@sﬁwmm&@ to
form alumlnate AlCla). apd %t I cati {’—Jaggdrlde g}fro he
€ maost cactio S IN i 1 enera y a51C taKes place at
isop ar {‘so entane or 1So e gerrer 4 f’ﬂ Ston
1I@adé"’f‘d'ﬂ?é°%@rtfhﬁ‘3¢ baﬁﬁﬁtaﬁh@mﬁ%&gﬁa@sleﬁem FRERISID I e«mmliy carried

isopaxafifin inyikehyeactimnmpitsd) @NCesitihQystem, a semi-batch system or a
comtinuous sj*stem using one reaction stage as is usual for aliphatic alkylation. The
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 exampie,

20  advantageously in the range 2 to 50, preferably in the mange 2 to 20. In a semi-hatch
system the isoparaffin is introduced first then the olefin, or a mixture of isoparaffin
and olefin. Catalyst volume in the reactor is in the range of 2 vol% to 70 voi%,
preferably in the range of 5 vol% to 50 vol%. Vigorous stirring is desirable to énsure
pood contact between the reactants and the catalyst, The reaction temperature ¢an be

25  inthe range -40°C to +150°C, preferably in the range .20°C to +100°C. The pressure
can be in the range from atmospheric pressure o 8000 kPa, preferably sufficient to
keep the reactants in the liquid phase. Residence time of reactants in the vessel is in
the range a few seconds to-hours, preferably 0.5 min to 60 min, The heat generated
by the reaction can be eliminated using any of the means known to the skilled person.

30 At the reactor outlet, the hydrocarbon phase is separated from the ionic phase by
decanting, then the hydrocarbons are separated by distiliation and the starting

isoparaffin which has not been converted is recyeled to the reactor.

-9-



alkylation pathway. A metal halide may be employed to modify the catalyst
activity and selectivity. The 30 metal halides most commonly used as
inhibitors/modifiers in aluminum chloride- catalyzed olefin-isoparaffin
walkystvgsinclude NacCl, LiCl, KCI, BeC12, CaCl2, BaCl12,petClner087121

MgC12, PbCI2, CuCl, ZrCl4 and AgCL as described by Roebuck and -8
WO 2008/076722 PCT/US2007/087121 Evering (Ind. Eng. Chem. Prod.
Res. Develop., Vol. 9,.77, 1970). Preferred metal halides are CuCl, AgCl,
PbCI2, LICI Zrc14. HCl or any Broensted acid may be employed as
co-ca%tg 3‘/‘]:3%i %@Q Ahance C{ﬁg’r}fc'ﬁ%? %F%g %ﬁ%méﬁaﬁislf’%eyl%g'ﬁfﬁ%o HOE IR Pal
acidit{Poh thebisplicit ismpsmtse o Cheaty $0°F e U8° G leguetsuro ofditedy 308 kPa
and iargstiqurs seialysisihat aearimebs it PRGHET0 YR 8 SeM . 10y 8REQN
is disgloped in4/,S- Published Patent Application Nos. 2003/0060359 and
2004/0077914. Other co-catalysts that may be used to enhance the

tivity include TVB metal compounds preferably IVB metal halides such
as Zrg anZaBrddiTi@IAf 1 @rieis adddihg FiBh3 pHber i iBridnakiglesaiiped by
Hirschasifk sicalifh L RaieRe Mo SRR 03A-RY& 0 As W agiubility of

hydrocarb, nS In ionic liquids, olefins-isoparaffins alkylation, like most
roactNs (AR TALTESTERRSRES By PRp REReeR e Peed BIacesshnts the

interface in the liquid state. The catalytic alkylation reaction is generally

TRITiqURN AN AdIEMh A FACHRORNGSEe ReBeRAINIRIYM o asm}gm
system.or & continuous system using gne.reaction stage as, is usual for
el E Rk o S o
sepa?ﬁ{%‘l‘ﬁr or as a mixture. The molar ratio between the isoparaffin and
the olefin is in the range 1 to 100, for example, 20 advantageously in the

range 2 to 50, preferably in the range 2 to 20. In a semi-hatch

- 40 -



system the isoparaffin is introduced first then the olefin, or a mixture of
isoparaffin and olefin. Catalyst volume in the reactor is in the range of 2
vol% to 70 vol%, preferably in the range of 5 vol% to 50 vol%. Vigorous

wothiggrsgdesirable to ensure good contact between the reggtapts @Res41$;
catalyst. The reaction temperature can be 25 in the range -40C to +150C,

preferably in the range -20C to +100C. The pressure can be in the range
from atmospheric pressure to 8000 kPa, preferably sufficient to keep the

reactants in the liquid phase. Resgﬁn%g me of reactants in the vessel is

in the range a few seconds to ho bly 0.5 min to 60 min. The
heat generated by the reaction can be eliminated using any of the means

knoverdapiee skilleshpesans BRsAl thayiparipnatielohtuudie e aRuid
phas&a‘!a'}égg E%?Q;E%[;: the ionic phase by decanting, then the

hydrocarbons are separated by distillation and the starting isoparaffin
hich has not been converted is recycled to the reactor. 9 WO
2008/B4G 22 B ik SROBBRIiT a Typicanabtlatomeonghii s sralyby

incl uﬁﬁuﬂg‘%@ﬁ')’%@'ﬂ%@x%}b @hi&"ﬁg% agi Iﬁo\mtll n\égll%!w u‘li:’ QHY?JA) wfhioride

temperature of from -10C pressure of from 300 kpa to 2500

kpa, BAY %&eaﬂféﬂﬁ@hféeo%ﬁr‘?yﬁ'fg?ﬁ?s %P&“éﬁ%ﬂi’ﬂ%"g %de’ %P?égfdence
time cofreBppmditte |-bewl-pSridirovre Ginvetimentt efedqsrabedseioeording to
she present invention high quality gasoline blending components of low

\clg lrigpl)lgerl/ea]ﬁ'ﬁs‘éare then %\;{e‘%;n?éggp@:éﬂgg %plﬁfg %%‘ﬁ%ﬁﬁ%;?f%%ﬁén@%gﬁnﬁﬁe
Exarrijptaased oy sidiinme wirraimeeihEif\amibmobut-ahienbeimeiideds to
limit jhe pRreASATERRIANGEY DRYANGHWRAIS eatainetdAdionplaif Sas
Whlcﬂlo\ge-:})to stir at 125°C under autogenic pressure over night. Afier cooling off the
15 autoclave and venting it, the reaction mix was diluted and dissolved in chloroform and
transferred to a three lLiter round botiom flask, Concentration of the reaction mixture at
reduced pressure on a rotary evaporator (in a hot water bath) 10 remove excess
chioride, un-reacted pyridine and the ¢hioroform solvent gave a tan solid product.
Purification of the product was done by dissolving the obtained solids in hot acetone
20 and precipitating the pure product through cooling and addition of diethy! ether.
Filtering and drying under vacuum and heat on a rotary evaporator gave 750 gm (88%
yields} of the desired product as an off-white shiny solid. "H-NMR and “C-NMR
were consistent with the desired |-butyl-pyridinium chloride and no impurities were
observed.
25
i-butylpyridinium chloroalominate was prepared by slowly mixing dried
1-butylpyridinium chloride and anhydrous aluminum chloride (AICl;) according to
the following procedure. The 1-butyipyridinium chloride (prepared as described
above) was dried under vacuum at -80°C for 48 hours to get fid of residual water {I-
30 butylpyridinium chloride is hydroscopic and readily absorbs water from exposure to
air). Five hundred grams (2.9] mol.} of the dried |-butylpyridinium chioride were
transferred to a 2-Liter beaker in a nitrogen atmosphere in a glove box. Then, 777.4
gm (5.83 mol.) of anhydrous powdered AlCl; (99.99% from Aldrich) were added in
-11.



-10 WO 2008/076722 PCTIUS2007/087121 EXAMPLES Example 1
Preparation of Fresh 1-Butylpyridinium Chioroaluminate lonic Liquid
Catalyst A (Fresh IL A) 5 1-butyl-pyridinium chloroaluminate is a room
wiEIIRAIAR#Ee ionic liquid prepared by mixing neat 1-butyl-pyidinidin, - ne7121
chloride (a solid) with neat solid aluminum trichloride in an inert
atmosphere. The syntheses of butylpyridinium chloride and the
corresponding 1-butyl-pyridinium chloroaluminate are described below. 10
In a 2-L, Teflon-lined autoclave, 400 gm (5.05 mol.) anhydrous pyridine
Y R e e
1-chierefinndes 90 5o/ fliresp endih Sedrdfrdimdrichjodies digtotleasdofias
seal@ehfelitiRdAaghi e @o@@%aﬁmwﬁm&gﬂm&wwhmc
pressur. er.night. After coolin autaclave gnd venting it, the
e B S R SR AP &t
fhred¥rbtsiba sumbutSmimaliyiation o ineersmo Mieciadaton mixture at
reduced pressure on a rotary evaporator (in a hot water bath) to remove
excess chloride, un-reacted pyggline and the chloroform solvent gave a
tan solid product. Purification of thé product was dd#&-y dissolving the
obtained solids in hot acetone 20 and precipitating the pure product
through cooling and. addition of diethy] ether. Filtering antydrying under

vacuwn an on-aTelary syaporargave 750 gm Hieftds) of the

desired proguct as -ar-eff-whitesshi @:. =) m\*qég"dgdpc MR were

consistent witt¥fhe e“aéi‘l;éocl -butyl-pyrdinium chioride a i i
BLOZERIc pressure

were observed.

10 Example2  Alkylation of isoPentane with Ethylene without the presence of a

promoter

A 300 cc autoclave was charged with 40 gm of ionic liquid catalyst, 100 gm
anhydrous isopentane and 10 gm ethylene. The reaction was. then stirred at ~1200 P

15 and heated to 50°C at autogenic pressures. The starting pressure was 288 psi. The
reaction was allowed to run until the pressure dropped down into the single digits
range (5 psi in this case after 28 minutes reaction time). In the case of slow going
reaction, the reaction was allowed to run for Lhr long. At the end of the reaction, the
reactor was vented out and 2 gas sample was checked by GC for ethylene

20  concentration. The liguid reaction mixture was allowed to settle into 2 phases, The
organic phase was decanted and analyzed for product distribution by GC analysis.

The reaction results are shown in Table 1.

-17.



25 1-butylpyridinium chloroalurninate was prepared by slowly mixing dried
I-butylpyridinium chloride and anhydrous aluminum chloride (AICI3)
according to the following procedure. The 1-butylpyridiniumchloride

W&Pﬁ@&?ff%’:@s described above) was dried under vacuum a%g%(ﬁ%snn

hours to get rid of residual water (I 30 butylpyridinium chloride is
hydroscopic. and readily absorbs water from exposure to air). Five
hundred grams (2.91 mot.) of the dried | -butylpyridinium chloride were

transferred tg a 2-Liter beaker in a nitrogen atmosphere in a glo 5e‘ﬁox.
Shi = s T A T B S S s
Aldrierpixaére added in - 11 WO 2008/076722 PCT/US2007/087121
small portions (while stirring) to control the temperature of the highly

exothermic, reactio nce all the, AIC13 was d, the resulting .
b e el e MR A WA SSRe i e
IRjuicPTRAsESH R iterligride rahisviaerseenss: afdemnertyl hicnds. Tis aliintiorof
acididpbtriyle pythckthiyl eacchie dealuminaiegvahoibisadaspihegataly st for the
alkylation of isopentane with ethylene. H'C H3C N N AtzCIr' \ ~i*a

zEquiv, nictr o~.. ~/ swat, 121 C near & autogenic pressure 10 Example 2

Alkyl&ti6h SrisBpafRaRe AHEE M SR /AR i retalrte BF gm

pronesterrous isopentane, 10 gm ethylene, and 0.35 gm of anhydrous HCI, The reaction

10 was then stirred at ~1200 rpm and heated to 50°C at autogenic pressures. The starting
pressure was 320 psi. The reaction was allowed to run until the pressure dropped
down into the single digits range (9 psi in this case afler 4 minutes reaction lime). In
the case of slow going reaction, the reaction was allowed to run for thr long. At the
end of the reaction, the reactor was vented out and a gas sample was checked by GC

15 for ethylene concentration. The liquid reaction mixture was allowed to settle into 2
phases. The organic phase was decanted and anglyzed for product distribution by GC

analysis. The reaction resuits are shown in Table 1.

Example 4 Alkylation of isoPentang with Ethylene in the Presence of

20  Chloroethane as a Promoter

The reaction described in Example 3 was repeated but chloroethane (CH;CH,Cl) was
added in place of hydrochloric acid (HCI). The reaction was run on 100 gm
isopentane, 10 gm ethylene and 0.9 gm chloroethane in 40 gm 1-butylpyridinium.

25  chloroaluminate ionic liquid catalyst. The use of chloroethane was as effective as

using HC in the reactione. Tuble 1 summarizes the reaction results and conditions,

Example § Alkylation of Isopentane with Ethylene in the Presence of 2-Chloro-2-
methylButane (lospernty! Chloride) as Promoter
30
The reaction described in Example 4 was repeated but iospenty! chloride was added in
place of chloroethans. The reaction was run on 100 gm isopentane, 10 gm ethylene
and 1.2 gm of iospentyl chloride in 40 gm 1-butylpyridinium chloroatuminate ionic
243 -



A 300 cc autoclave was charged with 40 gm of ionic liquid catalyst, 100
gm anhydrous isopentane and 10 gm ethylene. The reaction was then
stirred at -1.200 rpm 15 and heated to 50C at autogenic pressures. The
walashpeprassure,was 288 psi. The reaction was allowed. toy); MB&, 121
pressure dropped down into the single digits range (5 psi |n is case
after 28 minutes reaction time). In the case of slow going reaction, the
reaction was allowed to run for Ihr long. At the end of the reaction, the
reactor was vient gout*a]n%fh%as samé)J as checked by GC for
ethylehe 20 concentration. e Sigind reacts ARG Urs L A chioacs thpme
settlérrﬂﬂécz iphesdilsylatan origeptierhadt ety decahtoceetitg anabymecdor
proboll s tksHIbAHIOR éw@&am&us&&alys}ﬁ%rga/&tgmgﬁm@r@ §6ve V¥R dBion
Ta 71087121 .Exam
AIky%ﬁxc?ﬁJ%%fjﬁ\é;{(%ﬁ g ane Wlt yliélr%gﬁr%nt e r(t—:'osjlegﬁcszlé! ﬂ@ Frkon )k
éata|§%§*ff'r&51%*5r"6éa6v§7s%w?h%%lr@mwst#@ BRSHAT ST end»q@mmm
isopentane in the 5 presence of ethyl chloride and in the presence of

l0SpeRtyl IHGK ¢ e h%ﬂ%ﬂ%ﬁ’@h%&%%’??J}(}a%[‘&"é{ﬁ'&r?@wg%ﬁ&"’é‘%d°”e

accordln%ﬁto the following procedure cc autoclave was c arged
with T8GR GPTOHAS MRIFRFUE IR A i kORI D B ReessRiRahiosrotgm
ethykhiggidsnadOT88hyvickeafhydionsdn@icoikle idactimniodOaahightn

181 ”‘%‘i@lﬁe%@@&ﬂ%r@%&%@éﬁ {9 t@@ﬁh@ﬁ%tog‘ﬁg '&(ﬁ’éﬁtﬁ%ﬁ?%s&lfkeclwiy
startln% pressure wa 329 %?l The rgactlo aIIowed to run until the

presSure dropped P It TS TG g ?@%ﬁﬂ@?@eﬁgﬁﬁ’iﬁﬁ puggrsss of
afteralkHtitnels feefignidine). In the case of slow going reaction, the
reaction was allowed to run for 1 hr long. At the end of the reaction, the

reactqr was vented| ¥t Hhtloa 43 saniiie way Bhiedidd bl foehasyietl
ethylgne concentragion. The Tiquid feaction fixture was [allowedTo Setg
into 2 Start Pressure | 288 psig 240 psig | 331 psig 337 psig o

End Pressure | 5 psig 11 psig | 9 psig 17

ReactionTime | 28 min - 4 min. 6 min. 2 min,

% Selectivity

C3- 0.04 0 0.01 0

C4 086 1.88 1.93 4.97

G5 67.78 67.7 62.79 65.53

Cé 1.14 2.6 2.44 5.19

C7 22.33 19.32 22.53 14.78

C8 2.94 3.25 3.68 3.27

C9 241 212 293 2.65

Cl0 1.5 1.59 1.78 1.64

Clt 0.5 08 0.93 0.95

Ci2+ 0.5 0.75 0.98 Q2

Total 100 160 100 100

Tabie !

15
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phases. The organic phase was decanted and analyzed for product
distribution by GC analysis. The reaction results are shown in Table 1.
Exaniple4 Alkylation of isoPentane with Ethylene in the Presence of 20

woblesasthane as a Promoter The reaction described in Exagpi&;3,WaRs7121
repeated but chloroethane (CH3CH2CI) was added in place o(eU

hydrochloric acid (HCI). The reaction was run on 100 gm isopentane, 10
gm ethylene and 09 gm chloroethane in 40 gm 1-butylpyridinium 25

oS e G s s lenate e,

effeclive’a usmg KR CEREET
resulisdng Senaiienmeaibaftes Aiffgiericaralf Isshemntaietiwith Hakigherfe

in theeRfesqRa0E 3BHAIw m@éfmtfﬁ WaiBE o eHREEH ke 6@1@&:@&.«,
Pm”]%tﬁp J & Jgaction, OLH%%% H“mE’%a Q¢ s‘é"'é‘gn[?ﬁ%é‘t&d entane,
|ospenty e was a in p ace 0 oroe ane e reac&soﬁ’ was
tAn oﬁmmeg%s&aéma{wenio? g %mﬂeﬁéd Sr&eplofisa{ Gfand feplgfins).
chloritte sefidengphianiade sy hny sidindoirsia AR Ryaiv i Fat €aiQRdecapt D 0.4ppm
2008{Q00 42 3k Gl ORE A8l a e lighich GRBlXShilsgpentyl g hloride

appeared to he more effective than chloroethane and FICI in the alkylation
of isopentane with ethylene. The reaction was extremely exothermic and
thereEwanpis® needidatais eftRefimeachionarespdrdihyéeto HOCB @ehetidimium

{empelRidtfimibhe. RIEssHALyopped instantaneously to the single digit
mark from 5 starting pressure of 337 psi. Table | summarizes the reaction

results and conditions. As shown in Table 1, when ethyl chloride or
iospagacdinpeyitepariana fge o ithepcee dettohedrrstismman dicé atily sshvztened.

The alipationindhaarercasaafdasnmnty! THBIONOEWAT RGOSk REs
(almgv?ttl'xmé tg%rllg %gguayilrbe%{ %g%trlnolr?)gx\clvie quzcr' c%QWst according to the procedure

15  described in Example 1. Table 2 summarizes the reaction and the results.

Example 7 Alkylation of Refinery Pentanes with Ethylene in 1-Butylpyridinium

Chloroaluminate-with HC] as Promoter

20 Using the procedure described in Exampie 3, dried 101 gm of refinery isopentane feed
with the specs described earlier was alkylated with 10 g of pure ethylens in 42 gm
ionic liquid catalyst in the presence of 0.6 gm HCL. Table 2 summarizes the reaction

and the results.

25 Exampie8  Alkylation of Refinery Pentanes with Ethylene in |-Butylpyridinium

Chioroaluminate-with H>Q as Promoter

Using the procedure described in Example 3, 101 gm of the dried refinery isopentane
feed with the specs described earlier was alkylated with 10 gm of pure ethylene in 42
30 gm ionic liquid catalyst 0.1 gm water. Table 2 summarizes the resction and the

results.

-15 -



10 exothermic and there was no need to heat them up. The experimental
results clearly indicate the very profound effect the addition of alkyl
chlorides has on the progress of alkylations in ionic liquids. No HC1 or

w& 6k 1. W/Ethyl-Cl W/lospentyl-Cl Start Pressure 288 @pigs240 /551 1
331 psig 337 psig End Pressure 5 psig | | psig 9 psig 7 ReactionTime 28
min 4 min. 6 min. 2 min. % Selectivity C3- 0.04 00.01 0 C4 0.86 1.88
1.934.97 C567.7867.7 62.79 65:53 C6 1.14 2.6 2.44 5.19 C7 22.33
19-3%.\%%«?3 ¢4 78 kg§ﬁ%n9.«.&§e%§e$g§§n%i Witk Bibhefie 16 RIS %)Q?d&\!&f
151591.781.64 CI10.50.80.930.95 C12+ 0.50.750.98 102 Tota
100 thlprpatrtoseTARELYI SRS IR 76722 PCTIUS2007/087121
The alkylations in the previous Examples were done using pure

IsopeRiap fderdtaulARRHEARMERTPVIEANPaRRA RIS M pRkalySt
%cheignes mht e alk _Igtlon of . . . )
eed with the specs described earlier was alkylated with 10 gm of pure ethylene in 42
gm ionic liquid catalyst 1gm of ethyl chloride. Table 2 summarizes the reaction and

the results,

Table 2 summarizes the results of alkylations of refinery isopentane feed with pure

10  ethylene described in Examples 6, 7, 8 and 9.

Ref. Feed Ref feed Ref Feed Ref Feed

Ne HClor | WHC! | W/Bthyl-Cl | W/H20

R-Cl
Start Pressure 226 psi 249 psi 295 psig 313 psi
End Pressure 104psi 10 psi 13 psig 15 psi
Reaction 64min, | 19min. | 22™ g min
%oSelectivity,
C3- 0.21 0.07 0.05 0.19
C4 0.77 1.19 1.39 1.27
Cs 81.34 69.35 62.60 68.93
c6 2.82 3.06 3.87 2.97
C7 8§74 1836 21.03 18.18
C8 3 3.8 5.05 3.93
Co 141 2.02 255 214
Cl0 0.82 1.26 [,70 1.24
Cll 037|042 0.83 0.53
Cl2+ 0.53 0.48 0.84 0.61
Total 700 160 700 700

Tabie 2{Alkviation of Refinery Feed in Butyl

- 16 -
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refinery pentanes with ethylene using HC1, water or ethyl chloride as
promoters. Analysis of the refinery pentanes showed the feed stock to
contain 86.4% iso-pentane, 5 8% n-pentane, 0.9% n-butane, 3.4%

wEasutigsand 0.2% olefins (C4 and C5 olefins). The refinerygcpartaieosriz
steam also contained 88ppm sulfur (as mercaptans) and 0.4ppm
nitrogen. The reactions were done as described in Examples 6, 7, 8 and
9. Example 6 Alkylation of Refinery Pentanes with Ethylene in
.]'-BUMQ%%;M&& roﬁ?&nmro?gg{‘t%%s;es%mp !R'{%%m%teﬁc-}mree I‘%Qgﬁ@/ﬁn light of
isopentane feed with specs described earlier was dried With over a
moleltItsrdies ag AuRpeTir e FiPTI derciibab herife ff 1 thergfitteomdrestasdd
feed thasvithithitGape of jhel felletviytoria i, 48 dginaaric theayitd patalyst
accogling. i tha Rpeskiia ) adencte i GaRRGed, Table2
summarizes the reaction and the results. Example 7 Alkylation of Refinery
Pentanes with Ethylene in I-Butylpyridinium Chloroaluminate-with HCI as
Promoter 20 Using the procedure described in Example 3, dried 101 gm
of refinery isopentane feed with the specs described earlier was alkylatcd
with 10 gin of pure ethylene in 42 gin ionic liquid catalyst in the presence
of 0.6 gin HCI. Table 2 summarizes the reaction and the results. 25
Example 8 Alkylation of Refinery Pentanes with Ethylene in
1-Butylpyridinium Chloroaluminate-with H20 as Promoter Using the
procedure described in Example 3, 101 gm of the dried refinery
isopentane feed with the specs described earlier was alkylated with 10
gm of pure ethylene in 42 30 gin ionic liquid catalyst 0.1 gin water. Table
2 summarizes the reaction and the results. 15 WO 2008/076722
PCTIUS2007/087121
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Example 9 Alkylation of Refinery Pentanes with Ethylene in.
[-Butylpyridinium Chloroatuminate-with Ethyl Chloride as Promoter Using
the procedure described in Example 3, 101 gm of the dried refinery

WHAT 'go&) nta eed with the spe_cs_de_scr_ibed earlier was alkylated Wi_th 10

Mlene in 42 gm ionic liquid catalyst 1gm of ethyl chloride.
Table 2 summarizes the reaction and the results. Table 2 summarizes the
results of alkylations of refinery isopentane feed with pure 10 ethylene

1. Aesarbachindex@imlem Bidin 8 @neh:ifvel fread Retirrs RehReBIRE: at teast
Feed No HCI or W/HCI W/Ethyl-Cl W/H20 R-CI Start Pressure 226 psi

PP SEPIEE DTG0 3 PG CBRETPTOSs rEd DAFNId i orsT ey et semprising at.

iReasHOR QAN HAINE fidéBit @8aibich afdae HBeIRatNIM uhBr Qidliation
0.07.0.050.19 C40.77 1.19,1.39 1.27 CS 81.34 69.35 62.69 68,93 C6

oY 73187 SOPBFIFTE BEDTI3 A §28 815 3o oeng dguidgnd at
ldadloR:02k2155 12424 CIO 0.82 1.26 1.70 1.24 Cil0.37 0.42 0.83 0.53

where the acidic ionic liquid is a chioroaluminate ionic liquid prepared by mixing
aluminum trichioride (AlCl;) and a hydrocarby! substituted pyridinium halide, a
hydrocarbyl substituted imidazolium halide, trialkylammonium hydrohalidc or

tetraalkylammonium halide of the general formulas A, B, C and D, respectively,

R

i \ Rz-..,,_.__. /\ /R-j !-ﬂ e }Td X
l N s N @ N ;4 N

°:]

N/ E/ X R3/ \\Rs RS/ \\RS

| X H Re

R
A B C b

where R=H, methyl, éthyl, propyl, butyl, pentyl or hexyl group and X is a halide, and R,
and Ry=H, methyl, ethyl, propyl, butyl, pentyl or hexyi group and where R; and R; may
or may not be the same, and R, Ry, and Rs and Re=methyl, ethyl, propyl, butyl, pentyl or

hexyl group and where Rj, R4, Rs and Rg may or may not be the same;

and wherein the alkyl halide is produced by reacting at least a portion of the first
hydrocarbon feed with a hydrogen halide under hydrohalogenation conditions to convert
at least a portion of the olefins contained in the first hydrocarbon feed to the alkyl halide;

and

adding the resulting alky! halide to the alkylation zone.
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C12+ 0.53 0.48 0.84 0.61 Total 100 100 100 100 Table 2(Alkylation of
Refinery Feed in Buty_Inyildinium Chloride-2AIC11/EtC11 -16 WO
2008/076722 PCT/US2007/087121 There are numerous variations on the
present invention which are possible in light of the teachings and
supporting examples described herein. It is therefore understood that
within the scope of the following claims, the invention may be practiced
otherwise than as specifically described or exemplified herein. 17 WHAT
IS CLAIMED IS: 1. An aIkyIation process comprising contacting a first
drocarbon feed comprisin at Iea one, olefin having fro 2 to 6 carbon
AR SHEb R FU SRR T EoHm g B S Bt oo
chasimn frofit-Buty |64 eardioyi-atoits withcal catalystitmeer alkylat|on
conditions, said catalyst comprising a mixture of at least one acidic ionic
liquid and at least one alkyl halide, where the acidic ionic liquid is a
chloroaluminate ionic liquid prepared by mixing aluminum trichloride
(AIC13) and a hydrocarbyl substituted pyridinium halide, a hydrocarbyl
substituted imidazolium halide, trialkylammonium hydrohalidc or
tetraalkylammonium halide of the general formulas A, B, C and D,
respectively, \RZ~WIN~R7RgqR4 N XN N ~. R3' ~'R5 R3.~' ~~R5 X
HR6 R

Ba



A B C D where R=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group
and X is a halide, and Ri and R2=H, methyl, ethyl, propyl, butyl, pentyl or
hexyl group and where R, and R2 may or may not be the same, and R3,
R4, and R5 and R6=methyl, ethyl, propyl, butyl, pentyl or hexyl group and
where R3, R4, R5 and R6 may or may not be the same; and wherein the

(BMP). i bmeiadin v ciberd dyméneeet iRyt leasyh bortionloftheafissium
chioroahﬁ‘ﬂﬁ%@@@m%ﬂﬂitp{%%{ g{rggﬁpoﬂﬁﬂ%%%ﬁ]g;%#g(ﬁﬁ%ha|ogenati0n

conditions to convert at least a portion o fins €ontained in the first

hydrocarbon feed to the alkyl halide; and adding the resulting alkyl halide
3. A prdQ:thg alkvlation zone., 18 2. A process according to claim 1, wherein the
7 . Fr agidiq ionic ﬁqtﬁé %@eﬁé&ﬁﬁr Fr%Pr%Q OGN TCBrSiSaIRg Gpm the group consisting
of isobufapgtigoneianhy kpyriditians diderealuminate 18a (BMP), 1-butyl-pyridinium
chloroaluminate (BP), 1-butyl-3-methyl- imidazolium chloroaluminate
BMIM) and 1-H-pyridinium chloroaluminate (HP). 3. A process according

4. A promeiaioldinderelnithe jsapaeailinds relpcied i REOIMURCONSIRING for
res thereof. 4. A process according to

thylendS isopentanes and mixtu
syien él%%%gﬁ%hg?ﬁ% it Bf:éﬁennfiss sagﬁewmjﬂﬁﬁoﬁroup consisting of
ethylene; propylene, butylenes, pentenes and mixtures thereof. 5. A
5 A proPlOCess ad§cordini%,to claim 1, wherein the alkylation conditions include a
- PIOCERARSOVBIIR G Thé rSAESHOIR i viabism /s &5 Bt ins lade mpseshtsireobime in
the reactpont HOCItoD0G 50 peessureabiem 300 HRA 192500 b2 A, eg syt 0 £ from

100 [ Beq to olefin molar ratio_of from 2 to 8 ar_1d a residence time o _
300 K A R Rl e LM 40 Ik 2 TR ecsstespryime of |
minute teekbyering high quality gasoline blending

6. A process according to claim 1 | further comprising recovering high quality gasoline blending

components of low volatility.

7. A process according to claim 1, wherein at least 50% of the olefins contained in the first

hydrocarbon feed are converted to the alkyl halide.
8. A process according to claim 1 , wherein the alkyl halide has from 1 to 8§ carbon atoms

9. A process according to claim 8, where the alkyl halide is selected from the group consisting of
methyl halide, ethyl halide, propyl halide, 1-butyl halide, 2-butyi halide, tertiary butyl halide,
pentyl halides, iospentyl halide, hexyl halides, isohexyl halides, heptyl halides, isoheptyl halides,
octyl halides and isooctyl halides.

10. A process according to claim 7, where the allkyl halide is selected from the group consisting

of alkyl bromides, alkyl iodides, and alky} chiorides.

18



11.

12,

14,

components of low volatility. 7. A process according to claim |, wherein at
least 50% of the olefins contained in the first hydrocarbon feed are
converted to the alkyl halide. 8. A process according to claim 1 , wherein
the alkyl halide has from 1 to 8 carbon atoms 9. A process according to
claim 8, where the alkyl halide is selected from the group consisting of

methykbatidg Llylhal i@ﬁi&ﬂr%%iﬁ@oﬂefmj%miﬂ%n??btldtggggéicgneamms and

tertiary butyl halide, pentyl haIiQes, iospentyl halidé, hexy halic
Fslrehgniznaasfie be)ina fere 35 Reprponaiaes, ascephtrticbin andlkylation

i§ﬁ’@§ﬂdeﬁ@ﬁ@ﬂ§ti&Qc&@ﬁ%ﬁ%iﬁ?ﬁ%@%@@&@Hki%vvm%@dﬁh%ﬁtlgwquid and an
halide js selected from the group consisting o alkylbromides, alkyl .
sl idsnybarsn hforradis 1991a Fawidds Féi%éﬁﬁﬂéfpﬁré%g@nﬁmﬁtatg of I-
Beastionethiefhy hawming ftamrdefisad @M SRR Al 8ATEAN loroaluminate

']§8 q[?ffi having Erom. to 6 carﬁ%?n atoms are contacted in an alkylation

e URgar allksiBlo ARSAAOHE ShltTop mingis BoMNHEaRY LRl Reistiniine

didierichamalizane &), hisdicte prkerein: henpeidicdeniediguidissalestedd@Mast one
.chloroaluminate

the group _consisting, of |- butyl-4-methyl-pyridiniu . o
B e i R A Py T ety than 50
dhiitadefinsr ehianed| theipate BNV adideds labd- pydidin thereshilongalliwlingtide rich
SHE), the W{@}?{ESF&SH@D”SMQ reacting a portion of said at least one

' rohalide un

olefin with a hy under hydrohalogcnation conditions to convert
more than 50% of the olefins contained therein to alkyl halides and
adding the resulting alkyl halide rich stream into the alkylation zone. 12. A
process according to claim 11, wherein the hydrohalide is anhydrous HCI.
13. A process according to claim 11, wherein the olefin is selected from
ARBgesE peeoriistingclofethlylsherqindpy ey obeiiyle resjipénens<and
mixtures thereof. 14. A process according to claim 11, wherein the
isoparaffin is selected from the group

A process according to claim 11, wherein the olefin is selected from the group consisting

of ethylene, propylene, butylenes, pentenes and mixtures thereof,

A process according to claim 11, wherein the isoparaffin is selected from the group

consisting of isobutane, isopentanes and mixtures thereof.

20



consisting of isobutane, isopentanes and mixtures thereof. 20 1 S In an
alkylation process in which at least one olefin having from 2 to 6 carbon
atoms -and at least one isoparaffin having from 3 to 6 carbon atoms are
contacted in an alkylation zone under alkylation conditions with a catalyst
comprising an acidic ionic liquid and an alkyl halide, where the acidic

ionitliquidkisaichiesalgwinale ionieigyicl prepared by mixing aluminum

~ trighlori eS(AICI,é and %%I?%drocarbyl substituted "pyridisitRThakve carbon atoms

hygég%ar%yloslhebl RO IR o Rdfidesariallytaommenitaa hyedrghalide
of teteiHlly kanmindivmilyaditte, ob Hie;gsperal fo A B,CandD, . =
resperielh B2r B, RANN () e R AR R o
ABCD where'R=H, métyf; &t 9%21%%,06{51‘919’ pentyllovhexyhgroliic liquid
ANAPRTTS! & hatidie zad Rivand RE=kE methyy ﬁggyhﬁ&rgég_ywygglsﬁ% yl or
hexjdigromqm and W 25 or may not be the same, and'R_,
%4aa]%d RS and R%@%ﬁ? 5%%?}%?%89%@}%@1@91@% kY igromprand

T R CRA [RBEATPRE Ay haNay nbtte:thersame; the J{Q@O&%%eﬁt

’ ide

where e
comprisingy,reacting a portion of said at least one olefin with a hydroha

under hydrohalogenation conditions to convert more than 50% of the
olefins contained therein to alkyl halides and adding the resulting alkyl

halide rich stream into the alkylation zone. 21

= ® N X s | X
e/ R3/ \\ /N\\

®
S
R
A
B C D

where R=H, methyl, ethyl, propyl, butyl, pentylor hexyl group and X is & halide and R;
and R;=H, methyl, ethyl, propyl, butyl, pentyl or hexy! group and where R; and 1;2 may
Or may not be the same, and Rs, Ry, and Rs and Re=methyt, cthyl, propyl, butyl, pentyl or
hexyl group and where Rs, R4, Rs and Ry may or may not be the same: o

the improvement COmPrISing reacting 2 portion of said at least one oie;ﬁn with a
hydrohalide under hydrohalogenation conditions to convert more than 50% of the olefing
contained therein to alkyl halides and adding the resulting alicyl halide rich stream into
the alkylation zone.
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