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THE I NVENTION 5 The present invention relates to a
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BACKGROUND OF THE | NVENTION 10 I n general, conversion
of light paraffins and light olefins to nore val uabl e
cuts is very lucrative to the refining industries.
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thus far, no viable replacement to the 30current

processes has been put into practice at commerci al
r ef Alkotatleqgsoline is a high-quality and efficient burning. gasoline that constitutes

20  abour 14% of the pasoline pool. Alkylate gasoline is typically produced by alkylating
refineries isobutane with low-end oiefins (mainly buienes). Currently, alkylaics are
produced by using HF and H;SO, as catalysts. Although these catalysts have been
successfully used to economically produce the best quality alkylates, the need for
safer and environmentally friendler catalysts systems has become an issue to the

25  industries involved.

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. Unformunately, thus far, no viahle replacement to the

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

Ionic liquids are liquids that are composcd entirely of ions. The so-called “low
temperature” [onic liquids are generally organic salis with melting points under 100
-1-



lonic liquids are liquids that are conposed entirely

of ions. The so-called "I ow tenperature” lonic

liquids are generally organic salts with nmelting

' nder 100 -1- degrees C, often even_|
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trichloride as electrolytes is discussed in U S.
Patent No. 4, 122,245. Ot her patents which discuss the
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2§ | lelalor!oarﬂzmm&Q gzlltlé n}slﬂ%l %gfc’oh@t% or pyridinium chiorides, for example, can
be mixed with aluminum trichloride (AlCI) to form the fused chloroaiuminate salts.
The use of the fused saits of 1-alkylpyridinium chioride 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 trichloride and alkylimidazohum halides as

30  clectrolytes are U.S. Patent Nos. 4,463,671 and 4,463.072.

U.S. Patent No. 5,104,840 describes ionic liguids which comprise at least one
alkylaluminum dihalide and at least one quaternary ammonium halide and/or at least
2.



30el ect r ol ytes are U. S. Patent Nos. 4,463,071 and
4,463,072. U.S. Patent No. 5,104,840 describes ionic
I iquids which conprise at |east one al kyl ai um num

ng hajl | de and at | east one quaternary anmmoni umTl% %00%087423
AYPEI®%: | east -2- one quat er nary anmmoni uffi
phosphoni um hal i de; and their uses as solvents in

catal ytic reactions. U S. Patent No. 6,096, 680
describes liquid clathrate conpositions useful as
reusq 5:1 MJ?I Yigh S It& Il iHRH Sles G Rbves in catalytic
react?% 3 I'n one en%%JQOl ' athe l[iquid clathrate e
coan§PWFon is formed from constituents conpri si ng

(i) at |east one aIun1nun1tr|haI|de (ii) at |east

one I t s fr om t hal i de

o 1S Rt &S8O Bty s ot Aot R ree
cu ataaﬁrma.rnycaa:ﬂmﬂ fini Eﬁadsled:rhﬁts repgédrerin anq,errpzhcbsphoﬂw Limid

sal Logart e comrpg%tr:%/nﬁg’ Pl g 041 e 3@ idents (% :@-tsl gt ne@ny

two or or egol ng, east_
one alumdnvart wibalidy.diiog dafione %ﬁﬁw&um@kﬂbm@kw akkaig

| OnigGny &%'hﬁ?de,?ﬂﬂhtrﬁb%i gscqgc;hgmsqugi@m% %ﬁﬁfo@ﬁ:h@ﬁh RBMermary

al so at ent Nos

6,7 svvosab@lww o tqrpagy sugria Saliapis ikl 06 ﬁnwspr mageiehivs
00440k (NS 1280hd ArbBa@bidroddbdnitotpend.ast decade

or so, the energence of chloroalumnate. ionic |iquids
sparked sone interest in Al Cl3-catalyzed al kylation '
i N i0nker exalniplibtisnia Squadspod et nethadstofprparitipe mafalso be found in

exa;q'é Purcht N 3 %&x';ﬁ 'sgﬁa,gishdnﬁﬂﬁtggﬁﬂgescéﬁ%ﬁgh ﬁmﬁ@r@ng

ne 1n I onic

Pat @A4/003%14 Bad7H94/45805%, 028, 024; and 6, 235, 959 and
@pen 20literature (Jour nal of Mol ecul ar Cat aI yS| s, 92
(1994), 155-165; "lonic Liquids in Synthesis”

Vias deihs lepreeerdaprpontie atredre (sheroy umifpe é%}“‘\ké#rdv@%“-r“a& some
2 Ogﬁuerewm%ﬁﬁbrcatéﬂm an@merhin@mme,maml pozsitde Aletopiivat Fon
an tion. e in_ioni i qu

pr 0\78 %m@l %glﬁ‘r‘%‘roé f%?‘%?f‘e\ﬁ“ﬁ@ r3le rbd”c‘a’e llscéi%mflgmc %ﬁnm&
r ef ibednrgsciibebus trSy Pétort Nwaléﬂﬁ@‘iiﬁ Wﬂ%ﬁemﬁmgé 23,959 and open
zerog&sa&% Jhe3e 5 6\ Rl BROA (dudflissaldsy| = gasol I ne

I sobut ane and i sopent ane

Wi ¢ Rlope Giidalntmihesi's B Virswwhos g1 Medor Gary SAEINGH
- oi | vepadpse dplyrsial kyl ation and pol ynmeri zati on

reactions.
Aluminum chloride-catalyzed alkylation and polymerization reactions in ionic hquids
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 prbduced from
alkylation of isobutane and isopentane with light olefins, to diesel fuel and lubricating

oil produced by alkylation and polymerization reactions.

30  Light isoparaffins (iCs-iCg) can be alkylated with light olefing (C;™-Cs5") using acidic
ionic liquid catalysts (and in other alkylation processes) 10 make high octane and
clean buming alkylate gasoline. The use of 2-butenes and isobutylene as alkylation
olcfin feed stocks tend to produce 2 much higher quality alkylates than |-butene feed

. .3.



30Li ght isoparaffins (iCriCe) can be al kylated wth
light olefins (C2---05=) using acidic ionic liquid
catal ysts (and in other al kylation processes) to nake

Lgh octane and clean burning al kyi ate gasolj .
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feed stocks tend to produce a nuch higher quality

al kylates than | -butene feed stock. This is due the
nature of the alkylation chem stry with isobutylene
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hexa n afirst aspect there is provided
F@€§§§ agNMﬁﬁgﬁﬁﬁth al kyl ate conpri sing

antactlng a first hydrocarbon stream conprising at

| east one olefin having from2 to 6 carbon atons

whi ch contains 1-butene with an isonerization

catal yst under conditions favoring the isonerization
of 1-butene to 2-butene so the isonerized stream
contains a greater concentration of 2-butene than the
first hydrocarbon stream and contacting the

i sonerized stream and a second hydrocarbon stream
conprising at |east one isoparaffin having from3 to
6 carbon atons with an acidic ionic |iquid catalyst
under al kylation conditions to produce an al kyl ate
stream wherein the alkylate streamhas a RONthat is
i ncreased by at |east 5 nunbers conpared to a

conpari son al kyl ate stream nade wi thout the step of
contacting with the isonerization catalyst. In a
second aspect, there is provided an al kyl ati on
process in which at |east one olefin having from2 to
6 carbon atonms, which contains 1-butene and at | east
one isoparaffin having from3 to 6 carbon atons are
contacted in an al kylation zone under al kyl ati on
conditions with a catalyst conprising an acidic ionic
liquid to produce an allkylate stream the

i nprovenent conprising contacting at |east a porti-on
of the at least one olefin with an isonerization
catal yst under conditions favoring the isonerization
of 1-butene to 2-butene so the isonerized stream
contains a greater concentration of 2-butene than the
at least one olefin stream wherein the al kyl ate
streamhas a RON that is increased by at |east 5
nunbers conpared to a conparison al kyl ate stream nade
wi thout the step of contacting with the isonerization
catalyst. In a third aspect, there is provided a
process for producing al kyl ate conprising contacting
a first hydrocarbon stream
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conditions. In accordance with the invention the at
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| east a portion of the | -butene is isonerized to
2-butenes before the al kyl ation reaction. 10 One
conmponent of a feedstock to the process of the
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feedstock to the process of the present invention is



25 which contains |-butene, is contacted with a
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al um num phosphate within a silica gel network and
the use of this catalyst in the isonerization of
butene 1 to butene-2. U. S. Patent Nos. 3,270,085 and
327,014 teach an olefin isonerization progess_us g
W%“&W%Wum ni ckel phosphate catal yst, 25 ef}’é{/ﬁ%?gmg 423
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U S. Patent No. 3,304, 343 discloses a process for
doubl e- bond transfer based on a catal yst of solid
phosphoric acid on sihGaerfBasSBPRA rates effective
results in |soner|2|néi%iﬁﬁr§ﬁ§—F6_2fbutenes. U. S.
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di sCl oses the enploynent of a zeolite catalyst for
butene isonerization. U S. Patent No. 3,972,832
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octane alkylate gasoline.



25 descri bed above is contacted with a catal yst under
al kyl ation conditions. A catalyst in accordance wth
the present invention conprises at |east one acidic
hal i de- based ionic liquid and may optionally, ingl
WOMSHR3P hal i de pronoter. The present proceglnnéw&%%Wﬂ3
bei ng descri bed and exenplified with reference

certain specific ionic liquid catal ysts, but such
description is not intended to Iimt the scope of the
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aci is a preferred catal yst conponent in the ionic
liquid catal yst schene. 15 As noted above, the acidic
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g en ﬂuﬂ;nﬁn‘}fh%ﬁhﬂ@ ”Z'ﬁhm Bisitfea 840 Hethlork hABIRE Gl oy B s)éam]yst in the
teach an olefin isomerization process using a chromium-nickel phosphate catalysz,

25  cffective for isomerizing 1-butene and higher alpha-olefins. U.S, Patent No. 3,304,343
discloses a process for doubie-bond transfer based on a catalyst of solid phesphoric
acid on silica, and demonstrates effective results in isomerizing I-butene to 2-butenes.
1).S. Patent No. 3,448,164 teaches skeletal isomerization of olefins to yield branched
isomers using a catalyst containing aluminum phosphate and titanium compounds.

30  1.S. Patent No. 4,593,146 teaches isomerization of an aliphatic olcfin, prefcrably 1-
butene, with a catalyst consisting essentially of chromium and amorphous aluminum

phosphate,



41 X- NaIX \V/R3.."""" \%'RsRI \ -.R6 NI X'HR6 R
A 25where R=1-1, nethyl, ethyl, propyl, butyl, panty’
or hexyl group and X is a halide and preferably a

| oride, and Rl and R2=H, nethyl, ethyl, pg
Wocﬁ??’il(f%s Pentyl or hexyl group and where Rl %@Pfﬁ?ﬂ%g?ms

or may not be the sane, and R3, R4, and R5 and
R6=met hyl, ethyl, propyl, butyl, pentyl or hexyl
group and where Rs, 124, R5 and Ro may or mmy not be
t he sane. The acidic ionic liquid is preferably

sel ect ed fromthe group consisting of 1-butyl-4-
SmetTy b pse s BREETeISETP SRINtRFhuLE gf zcaliue moiecuiar sieves. U.S.

1- butyyheNRy 5 8H, 5’94%}:&@ LR NRakHHRIEa rbuibnbtldtzybllteﬁc using a

rrethl-lmdazollu lLoro ﬂagg r]

-H [?WEFI& maeaxmtrémf% Ipﬂﬁ?t gl7 02 disc oses the isomerization of

- 5 mono-olefins based on a catalyst comprising crystalline aluminosilicate in an alumina

carrier with platinum-group and Group IV-A metallic components. U.S. Patent No.
3,800,003 discloses the employment of a zeolite catalyst for butene isomerization.
U.S. Patent No. 3,972,832 teaches the use of a phosphorus-containing zeolite, in
which the phesphorus has not been substituted for silicon or aluminum in the

10 framework, for butene conversion.

1-butene is isomerized to the more desirable 2-butenes 1o achieve the highest possible
quality alkylatés. This is preferably accomplished in accordance with the present
invention using very mild catalytic conditions employing ZSM-5 and other zeolitic-
15  based catalyst. Silica-alumina may be used as an acidic component in the
isomerization cataiysf, with or without zeolite. Ilydrogenating metals may be
optionally smployed to facilitaie the isomerization reaction. Isomerization can be
achieved by passing the refinery olefin feed stock containing 1-butene among other
olefins over the appropriate catalyst where l-butene can be easily isomerized to 2-
20 butenes. Terminal olefins do isomerize to internal olefins even in the presence of
other imernal olefins without any reversible isomerization of the internal olefins

(internal-to-terminal).

After i-sdmerizalion of the olefin-containing stream, & mixture of hydrocarbons as

25  described above is contacted-with a catalyst under alkylation conditions. A catalyst in
accordance with the present invention comprises at ieast one acidic halide-based jonic
liquid and may optionally inciude an alkyl haiide promoter. The present process is
being described and exempilified with reference certain specific ionic liquid catalysts,
but such description is not intended 10 1imit the scope of the invention. The processes

30  described may be conducted using any acidic ionic liquid catalysts by thosc persons
having ordinary skill based on the teachings, descriptions and examples included

hersin.



In a process according to the invention an al kyl
hal i de may optionally be used as a pronoter. 10 The
al kyl halide acts to pronote the al kyl ation by
reacting wth alum numchloride to formthe
WOp"r”@V‘g& site cation ions in sinmlar fashi onttBUtRE/ 087423
Friedel -Crafts reactions. The al kyl halides that may
be used include al kyl brom des, alkyl chlorides and
al kyl iodides. Preferred are isopentyl halides,
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et al conpounds preferably IVB nmetal halides such as

Zr CI d\fT !g ¥ T OnC .
| Sy BB P R i

1S. ephpdimentNie gridio Bndiguid iy pehjogpaluprinated ghis BesifpreRage by

gy ;Jl rkn%ﬁg Q@faﬁwh 'Brla(dhﬁﬁidé?{ﬁllcg})dnd $ hy@b@fuyr@mmq@a&ﬁmm&ame,
a i ke most re oni.c

conerpyi) phstie BitpeoimRcif Helapapnm e b

4on tthﬁalkylsmhdumﬁ ailpie ofrﬁzegezaahbﬂoyﬂuias Aol B aadl Qowsmchveiy,

reaction is generally carried

Rs R
[ R R'&"‘“‘*N’{\N”R’ ",L x . '&4 x-
:/ \:"_/ x- Rg/ \\Rs RS/ \\RB
I X’ i Ra
R
A B C D

25  where R=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group and X is a halide and
preferably a chloride, and R, and Ry=H, methyl, ethyl, propyl, butyl, pentyl or hexy!

group and where R, and R; may or may not be the same, and R3, Ry, and R and
-0-



out in a liquid hydrocarbon phase, in .a batch
system a sem -batch systemor a continuous system
usi ng one reaction stage as is usual for aliphatic
al kyl ation. The isoparaffin and ol efin can §§¥ :
W‘H?P%%F’&’E?éed separately or as a mxture. The /2007087423
rati o 10between the isoparaffin and the olefinis in
the range 1 to 100, for exanple, advantageously in
the range 2 to 50, preferably in the range .2 to 20.

sem 5 bat fdn n
T e R e SR ?“t’%s%a?*a?? R,
andma}’erfmw.nmthd'-gastc volunme in the reactor is in the
range of 2 vol%to 70 vol% preferably in the range
of 5 vol%tao 50 vol % Vigorous stirring is desi
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Res nce ti reactants in the vessel s in the
rang@mamfeMIseconds to hours, preferably 0.5 mn to
160 m n. The heat generated 20 by the reaction can be
el imi nated using any of the neagz known to th

ski Fheriopasiderets mpranoir Fedipfaien BliPaPe Wit Bl chloride o
hy d reaé diclipicRRAs QitibSica e ainAkefdsHidnasnte lifedeDOiafts plaions. The

b ing, then t d b ted .
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e reactor of from Hto
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300,RRqds Qa@r@%n‘ﬁ Pay 8 @fboh &Qﬁ?ﬁgﬁ%@i%%&' qhd dlkyTBhiaies may
ratio of from2 H@ Sand a residence tine of 5 mnto

1 hBssed deferr BremameM® nent of a process accbrding to
the present invention, hlgh qual ity gasol i ne bl endi ng

n it re recover.e
Zgl E‘g c?al %%ldz oﬁgg eﬁ)]po%yeg t)ol mody[ HS =3 catal sctg,ﬁgrg]t gn arelgm‘«%rgel‘hc
pr efmetelialiges plogtiredachonip tuged gas!bllbttqre‘modﬂitre .infeé;tmtw ﬂ‘gondc-
Exasgmtfzéd R tstnlatmt aatgna;snsqtatéa@taet eRaANkC ﬁé@{‘th@ig

but arc not I nt'end he i'nvention in
way By Sffeh Wk Py &q%?f?éenﬁ AECh &S APARRON Rk and
f ol k@ing BRKANPlIRST. Prod. Res. Develop., Vol. 9, 77, 1970). Preferred metal

25  halides are CuCl, AgCl, PbChy, LiCl, and ZiCls.

HCI or any Broensted acid may be employed as co-catalyst to enhance the activity of
the catalyst by boasting the overall acidity of the ionic liquid-based cataiyst. The use
of such co-catalysts and ionic liquid catalysts that are useful in practicing the present
30  invention is disclosed in U.S. Published Patent Application Nos. 2003/0060259 and
200470077914, Other co-catalysts that may be used to enhance the activity include
IVB metal compounds preferably IVB metal halides such as ZrCls, ZrBr, TiCly,

-10 -



Exanpl e 1: Continuous Al kylation of Isobutane with C4
Aefin Isomers 10 Each isomer of the four butene
i soners was al kylated with i sobutane ina 1 00 cc

continuqusly stirred tank reactor. An 8:1 '
WOt ane and butenc mixture was fed tonPé@ﬁS{O%dsq‘m

reactor while vigorously stirring at 1600 RPM An
ionic liquid catalyst, N-butylpyridiniurn
chloroal um nate, was fed to the reactor via a second

i nl %Clp Gﬁém, tﬁﬁr? it ,Q-IitBQa 29 G&sbhibéd b Qirdeh ¥ d1A1. tNES. Patent No.

react or. anount of anhydrous HC). gas 15 was
addédﬁ?@)?_“t he process. The average residence time for
t he conbi ned vol une of feeds and catal yst was about

8-2.0 mn. e o0 L€, 100
psi P& thloy s%@bjmozbﬁ%ﬁ;ﬁ%&&oﬁ?ﬁﬂﬁs@gﬁrs—e% CEST Afrnd

e Wﬁ&[{ﬁﬁéﬁ[ BkeVist weadtihsaih foait iahidsaib eantraly bipsiC andtakes place at
rea dﬁtex%fcg inl{genl q%ﬁ’?% I, elﬁgr %lﬁg laflo %aﬁt&@r?@ g&%@@l& akAkd

i nt rocar bon phase, md
i onicgtihix qqmd:{h\@alcailbysphasqh@ baigh-gHistem; ﬁﬁpﬂ'bﬁi?fbﬁ’&*ém 0&?1 d

g as c&gznﬁms ﬁl dg@%%n@%nﬁlz §sbe 'd%is B&a%@aiﬁ:hﬁt@%&ﬁﬁrﬁm

Resear c ane nunber o ate in
cal eaqpmiﬁm angpicsia cam b@eﬁ@%ﬁ@%ﬂ?f@&ﬁ’f&? a @!ﬂ ﬁlﬁ’? il rito
1aS| %Qu&&ﬁﬁcﬁ%&p@ra?ﬂ@zﬂ '&aer&.’lbﬂb %ﬁrli ok aaagﬂ EtoQOBPc R EAple,
assum ng vol unetric Linear i nNg.
of EdvagREPpsly ndbsyapecde ? {ﬁére?’é@g’a{? gﬁ "ot %ﬁ’ez-gnﬁ semiﬂg#‘:h
t he sghdayhatsepagdiois imedRSd fist thmelmendpuy aaixwhoisoparaliin

Tabl s ]lei}n %3%9 8%5&17&@§ &gF %H%q C%!%ng@g?ola/—atp ke vél%,

Ef f e in on 'l ne t ane
Nurripeferablsdia the @t ofS BdYrie &0 Y,qf"é E%B@P%‘Wémtgr’ ffgsirghle 1o ensure

1%”1: %&% c'oﬁtgé? YLNEENRe reactants and the catalyst. The reaction lemperature can be
i the range -40°C to +150°C, preferably in the range -20°C 10 1 100°C. The pressurc
can be in the range from atmospheric pressure to 8000 kPa, preferably sufficient to
keep the reactants in the Iiquid 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

20 by the reaction can be eliminated using any of the means known to the skilled person.
Atthe reaétor ouilet, the hydrocarbon phase is separated from the jonic. phase by
decaniting, then the hydrocarbons are separated by distillation and the starting

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

" 25  Typical aikyiati'éri conditions may inciude a catalyst volume in the ractor of from 5
vol% 1o 50 vol%, a temperature of from -10°C to +100°C, a pressure of from 300 kPa
to 2500 kPa, an isopentane 1o olefin molar ratio of from 2 to 8 and a residence time of

5 min to | hour.
30  in one embodiment of a process acedrding to the present invention, high quality
gasoline blending components of low volatility are recovered from the alkylation

zone. Those blending components are then preferably blended into gasoline.

.11



-but ene CS+ gasoline Research 98.6 98.4 92.9 66.3

Cct ane Nunber C8 Conposition

WO 2008/076823 PCT/US2607/687423

10

15

20

The following Examples are illustrative of the present invention, but are-not intended

to limit the invention in any way beyond what is contained in the claims which

foliow.,

EXAMPLES

Example 1:
Continuous Alkylation of Isobutane with C4 Olefin [somers

Each isomer of the four butene isomers was alkylated with isobutane in a 100 cc
continuously stirred tank reactor. An 8:1 molar ratio of isobutans and butenc mixture
was fed to the reactor while vigorously stirring at 1600 RPM. An ionic liquid catalyst,
N-butyipyridinium chloroaluminate, was fed to the reactor via a second inlet port
targeting to oceupy ~10 vol% in the reactor. A small amount of anhydrous HCl gas
was added to the process. The average residence time for the combined volume of
feeds and catalyst was about 8-20 min. The oullet pressure was maintained at 100 psig
using a backpressure regulator. The reactor temperature was maintained at about 0-
200C. The reactor effluent was separated in a 3-phase separator into C4- gas; alkyiafe
kydrocarbon phase, and the ionic iiqﬁid catalyst. The iotal liquid product and gas
semples were énalyzcd using ges chromatography {(GC}. Research octane number of
alkylate gasoline was calculated based on GC composition of €5+ fraction using

research octane number of pure compounds assuming volumetric linear biending.

The effect of C4 olefin isomer to the research octane number of the alkylate gasoline

is tremendous as shown in Table 1. -

_12.



%tri-M-pentane/ total C8 95.3 95.3 84.2 4.4 %
Di - Me- hexane/ total C8 4.5 4.5 14.4 85.1 %
Me- Fi eptane/ total C8 0.2 0.1 1.3

WO 2008/676823 PCT/US2007/087423

Table 1
Effect of C4 Qiefin on Alkylate Gasoline Octane Number

Feed Olefin Source cis-2-butene  trans-2- isobutyiene I-butene
hutene

C5+ gasoline Research 98.6 98.4 929 66.3

Octane Number

CS Composilion

Y% tri-Me-pentane/ total C8 | 95.3 953 84.2 4.4

% Di-Me-hexane/ total C8 | 4.5 4.5 14.4 85.1

% Me-Heptane/ total C8 G.2 0.2 1.3 104

% n-Octane/ totat C8 0.0 06 00 0.0

Sum 100.0 100.0 100.0 100.0

5 With 2-butene and isobutylene, the present process will produce product with higher
Research Octane Numbers of 98-99 and 93. The main C8 product from 2-butenes and
isobutylene alkylation is trimethylpentanes which have excellent octane numbers,
However, with 1-butene the alkylate gasoline Research Octane Number is only 66.
The main C8 product from 1-butene alkylation is dimethylhexanes which have poor

10 octane numbers. By converting 1-butene to 2-butene, the Octane Number of the

alkylate gasoline produced by the present invention is substantially improved.

'Examrpie 2: _

To a 30 gm of H-Z8M-5/A1205 in 300 cc antoclave 100 gm of liquefied I-butene
15  (99% purity) was added. The mixture was heated to 100°C and stirred at the

autogenic pressure (435 psi) for 1 hour. A gas samples before and afier the reaction

were analyzed by GC analysis. The GC analysis indicated that the sample coliected

after the reaction contained 79% 2-butenes and 21% 1-butene.

-13-



10.4 % n-Cctane/ total Cg 0.0 0.0 0.0 0.0 Sum 100.0
100.0 100.0 100.0 5Wth 2-butene and i sobutyl ene,

}Qhe prers]eg: procesibvvi Il produce product wth higher
esear c tane Nunbers of 98-99 and 93. Th I.n

WOLBRLIER23f r om 2- but enes and i subutyl ene al kyF%ﬂﬁ%zr{fW@””

tri met hyl pent anes whi ch have excel | ent oct ane

nunbers. However, with | -butene the alkylate

gasol i ne Research Cctane Nunber is only 66. The main

C8 roduI.froméﬁﬁbutene al kyl at i on. i S 1. i
di ng?tylﬁrnﬁzéiwg ﬁlg%o} a&cﬁneﬁ%ﬁign B%)gerss Wi the glky]atlon process using the
jonic Hyuid catalyst, the Research Cctane Number of the final alkylate gasoline.is

increased by 25 numbers.

5 Example 3:
“The reaction procedure described in Example 2 was repeated exactly with the
exception of using 100 grm of 50/50 mixtire of i-butenc.and 2-butene: instead of 1-
butens, GC analysis of a gas sample afier the reaction indicated that mixture now
contains 84:16 mixture of 2-butenc: I -butene. This indicates 68% conversion of 1-

10  butene to 2-butenes.

By combining this olefin isomerization process with the alkylation process using the
jonic liquid catalyst, the Research Octane Number of the final alkylate gasoline is
increased by 9 numbers. |

15

: Exumple 4:

“The reaction described in Example 2 was repeated with the exception of using 100 gm
of a refinery feed mixture containing 55% light paraffins and 45% light olefins. The
olefin portion contained 25% 1-butene among othier olefins including 2-butenes,

20  propyiene and small amounts of others (1-butene is~11% of the total volume in the,
feed based on GC anaiysis before the reactiony. GC analysis of a gas saniple aflet the
reaction showed the presence of only 4% i-butene in the gas mixture indicating a

62% conversion to 2-butenes.

25 By combining this olefin isomerization process with the alkylation process using the
ionic liquid catalyst, the Research Octane Number of the final alkylate gasoline is

increased by 5 numbers.

There are numetous variations on the present invention which are possible in hight of
30  the leachings and supporting examples described herein. 1t is therefore understood
that within the scope of the following claims, the invention may be practiced

otherwise than as specifically described or exemplified herein.

-4 -



10 octane nunbers. By converting 1l-butene to
2-butene, the Cctane Nunber of the al kyl ate gasoline
produced by the present invention is substantially
i nproved. Exanple 2: To a 30 gmof H ZSM 5/ Al 205 in
300 cc autoclave 100 gmof |iquefied 1-butene 15(99%
WHAT |9 GLAIMEIZ#S:added. The mi xture was heated to 100C and
stirred at the autogenic pressure (435 psi) for 1
hour. A gas sanples before and after the reaction
1. APrécadydoy pastuindBkpaed ¥snprisihgecdritactingl &/ fifss hydrocarbon
i ndi cated that the sanple collected after the )
steean icomprisinaatieastrons olefipthaving Eaw 2108 cahaneaems which

o e A
isain@riyation bhe-bésrentch-bUtd e eo Mumisemeanizetistrebneadntains a

dtealfgicongEniTRion ot BHUAT AP ar i BEbraSER T shoam and
CHREBITY el SombRPEF SafT A ieckbhd YBREXSEP eSO

usi ng m xture o utene an
Gorbptising at fesast ade asoparbffindrayingaToam3ty Sicartdn atages with an

TR ionie g astykl GnderosBion BnoiipnSln Platiute fry Ghlrate
Yl AURErcASHL ARV 508a nds o HONURASS ierdadid BPSSloast 5

I ni ng Is"olefin isonmerizaticin process
nirebaiskgdnaparen tpreocespatisomglkylate stiaam mpdeiwithout the step of

catal,yst..the Research tane Nunmber of the final
Bty il (SRR A by o nomber's. 16
Exanpl e 4: The reaction described in Exanple 2 was

repeated with the exception of using 100 gm of a
2. The ipfeesss aeaprdingttacaigbht elain Ag. 987w 1bgat clgin 465 where the

éa&&%cziér%%llihgﬁtis% &Il&(b%lu%fh%te ionic liquid prepared by mixing
aluminum trichloride (AICI3) and a hydrocarby! substituted pyridinium halide, a

hydrocarbyl substituted imidazolium halide, trialkylammonium hydrohalide or

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

respectively,
R
| N R (AN R "t x I x
@ ® N\
N \—/ Ry \TRs Ry” \™Rs
H R
| X 8
R
A B C D

where R=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group and X is a
halide and preferably a chloride, and Ry and Ry=H, methyl, ethyl, propyl, butyf,
pentyt or hexyl group and where R and R, may or may not be the same, and

Rs, R4, and Rs and Rg=methyl, ethyl, propyl,
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ol efin portion contained 25% 1- but ene anong ot her
ol efins including 2-butenes, 20propyl ene and snal |
anounts of others (1 -butaneis-11 % of the total
volimc in the feed based on GC anal ysis before the
reacti on% GC anal ysis of a gas sanple after the
buselc peolyl ehbed araep gne sdirre Ret RanRy andoRe Hay Or enqyynot be
t&g%&?@% m xture indicating a 62% conver Si on to

es. 25By conbi ni ng th| s olefin isonerization
process W|th the al kyl ati on process using the ioni c

[iquid cataly t he Research (Octane, Nupber

Fhearocgss @99%@@%8%6‘@'%8 WeT3iB tBe aeidinipric H'ﬂm%é? selected
TR0 i B TR B0 b PR P roatminate
(BME)W Aty pytidiniopo chiongg exinrgie ¢BPYelkb uiybédﬂhmyblmldazohum

i s, theref nder hat thin the.s
aropbi Bl aMIMIRE THReVIdIo PUR Ay EES R Ceo
ot herw se than as speci fically described or

exenplified herein. WHAT IS CLAIMED I S: 1. A{Jrocess
ThBr pmoedaamtgrchﬂlgm eleim doefaimsih glaionta arioajmal§.i wherein the

b
R R R SRl Gl o o emancs
élndJHﬁ,gﬁl%svyhgré@n i sonerization catal yst under
conditions favoring the isonerization of 1-butene to

2-butene so the isonerized stream contains a greater

GGG o [ Rhfitcor Q3 Pouheieh st R Rarbon
RPN dohiingatd 0896 tiitraemeonpri sing at | east one

i soparaffin having from3 to 6 carbon atons with an
acidic ionic liquid catalyst under al kyl ation

APk bR AFABEIY, B KA, SHERER gt Ritr e

ate streamtas a i s’increase
dogtitior’s |ndu‘derascaiat3asawehﬁmeamathecreaetor sbfroal &yblb éo 50 vol%,

; {eoeaRae o HobAC 10 ;é @5%7‘}@25@%8@:‘@2@ 09 A lﬂﬂd&lt% 2500
¥ & ddﬁcéopéﬁt%h tdole dﬁ’f{ ﬁidﬁrlﬁtlo oFf frieh?R 1 8GandM pESdEME: time of

I onic qU| a chloroalum nate ionic liquid
Prematedd 1dyouri xi ng al um numtrichloride (AICl3) and a
hydr ocar byl substituted pyridi nium halide, a
hydr ocar byl substituted i m dazolium halide,

THe pldesksamBaidig fy dimhal iofelaam 1% famiedrodnaprging weaovering

hal 1 de of the general formulas A B, C and D,
higls goatity\gsspline Rilenting compoegents of low volat:ilty

The process according to claim 1, or claim 15, wherein the acidic ionic liquid

is a chloride-based ionic liquid.

The process according to claim 1, or claim 15, wherein the acidic ionic liquid

catalyst further comprises an alkyl halide.
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Ne N HR6 where R=H, nethyl, ethyl, propyl, butyl,

pentyl or hexyl group and X is a halide and

preferably a chloride, and Rl and R2=H, nethyl,

ethyl, propyl, butyl, pantyl or hexyl group and where

RL and R2 may or may not be the same, and R3, R4, and
10. ThRprameds aecméngyda claizn Bywhererthe piky! halide i selegied frpmdhe group

consisii StspSiitiBRce MRS Hpfiheld8 SBBTRICE 2 Bl Filige

tertiary MRy Blalidd pengfhdlides t@!&b&ﬂ{l'h@iﬂéj hesty Flie) Rehéx@malides, heptyl

group consisting of 1- -4-met hyl - pyridi ni um
halides; isobeptyl hatideatactyl meles and Lﬂ@ﬂd)ﬂﬂai/@@ﬁl um

cm oroa: um nat e (BP), 1-butyl-3-net hyI -im dazol i um

chl oroal um
1. The HOBF SRR © ‘?@Iﬁ}w %C?affﬂe@% {hgd%%r‘%"zr?&)'} grtalyst

compridedi ¥ dolitie! AbBcdar sidvdl m 15, or claim 16, wherein the
Isoparaffin i1s selected fromthe group consisting of

i sobut ane, isopentanes and m xtures thereof 5. The

2.0 SRR £ b B B e 2155 s,

which &ntdiRg 1RSRSancPat0eastiong lécg)aﬂeéfﬁm Faving $6mc3 @i 61cdrbon atoms are
wherein the al kylation conditions include a catal

contactasi inge alkylatios Zoagainger alkylatiomrendjinnswith %eatakyﬁbﬁorélgﬁsing an

e RGUR sl e RSB o RSB RAk BRcin

at Eeast @bbmoﬂfof thepanl@adt@nd clesfih wwith as isdenesizatiomeatalfystiunden ocomditions
The pr ocesi baccor di
1

favoringag ﬁpt’f@rﬂzﬂm crférblét@ﬂ%iéq HE?"P@@&S% Ftpﬁ&?ilﬁ%ﬁ f%%!&?‘h‘?‘”s a
greateigéﬁﬁjehﬂﬁt SHLBNE m@@t%ﬁt dn@%lé{ﬁﬂ §{tréér'nt WhekeiniSe

Dcess  accordi ng to clairm1, or claiml15, wherein
alkylatermm tias a RONctHat ipindréaseadl iImhatdeasicd bas@@rs*p oainpared fo a
compans%n aqky[ate stream made without the step of contacting with the

isomerization catalyst.

“13. The process according to claim 12, or claim 16, wherein the olefin stream contains up

to 25% 1-butene.

14. The process according to claim 12, or claim 16, wherein the isoparaffin is selected

from the group consisting of isobutane, isopentanes and mixtures thereof.

15. A process for producing alkylate comprising contacting a first hydrocarbon sfream
comprising at least one olefin having from 2 to B carbon atoms which contains 1-butene

with an isomerization catalyst under conditions

17



9. The process according to claim1, or claiml1l5,

wherein the acidic ionic liquid catal yst further

conprises an al kyl hali de. 10. The process

according to claim9, where the alkyl halide is

sel ected fromthe group consisting of nmethyl halide,
favoringithe isomgrizaion ¢fr obyiena i 2-butene-seung |tsomﬂrza@ stroam @pwalns a

greate h%%c%ﬁ rg |oiéf ?ééteﬁ%ip%n ﬂﬂ% (,ﬂr#i‘jrgg Po%g e{ﬂ@?h}éﬁd (éogtactlng the

isomemRptsticafpandlg §ec¢r&pﬁmcdrbdraétréﬁﬁ co@@hsdhg bElkhstemedssparafiin

i sooctyl halides. 11. The process _according to claim
havingfrong 8 t@ ffapRorsatongseyit an agidic .Icyu%qwci:m’talwstdmdﬁr glkylation
condntﬁﬁ%ﬁr ﬁr?ﬁ%cﬁ@%rﬁ %fg(gia{é &ré%ﬁgﬁhga F?dé)gls a(t) Ineé\gt ?3‘ wt?é}eln the
alky[al’eéetrer&(yn hae deOI\btr&t tsincoraseddnpat I??st& rr;u:m'ﬂm‘eaes nempared foa

e and at t gpe jisoparaffin hayin rom
compqr@oe B ARIB6 SRR SR WABAVLEESHED AT SANRCHYY gﬂtiﬂ&hezone
|some|'=i'£'§tﬁfn@é5 gtion conditions with a catalyst

nprising an acidic ionic liquid to produce an

aI I ylate stream the inprovement conprising
16. In @vakglatiomprogkss awhicka apleast cm: c!iiéf 1 haviag fromeazsto ®earbon atoms,

olefin with an isaoneri zation | yst _under

which eQstaing dndenaqns algastioee; '%Qﬂ%‘% 'i aYigerem 3o fearken gfpms are

comic A A U SRR A5y S

acidic nhnethmdsthesmprovﬂmr&|corm:insmgldoy|ta:tlag gt leasim parfora oRON at least
IS Lncreas b t. | east n ers c ared to a . .
one ol 82 i R3tion b ssarmol PR Stdistspribrising
crystalfrfdlarindddichie'iR ah*h?urhﬁﬁ%?ﬁe?%ﬂh%ﬂatﬁﬁﬁﬁbbﬂg -and’GroupMe-A
process according to claim112, or claiim wherein
metallic pemporénts, ascatalysh aonmrisings mﬂspblaﬁ%caiaiy&t bawing siliga-alumina
rocess .ac or_claim 16
as an 3t BPAPREMNIG R ariie, 3nd 28, g ool Aiping e
isomerzafién &f Hwte@lfe td) SUHUSRNES tHeSSFrPBH ARPStreing odihtéihg ra&jreater
t her eof . process for producing al kyl a

concerdipn 0§ 2@1@@&@1@ thenat lsastianstolefiustiraim, b@?ﬁ@tm@érﬁlkwate
' streanfﬁg'%é'nﬁgplgtﬁg{ {mﬁ‘?'ﬁétag%ﬁ? Qit%ﬁiﬁ fpfﬁfrln?)%ré {:ﬁﬂggretdototsa
comparisonedikylate gireata ndd desivithokethe cateol iof bomlslctlrﬁgawuihlthg t he
‘ merization of 1-butene to 2-butene so the
'Some”%%k%‘r‘?aéééfs%t ream contains a greater concentration of
2-butene than the first hydrocarbon stream and
17. Tht% §|3)?c§§§a H%’HHT rc@i@'ﬁ?&%@%g? in % %?r{gréiﬂ %?is&%‘éﬂ%ion catalyst is

selectedsfrpatiad grionp lof i catalyst comipriting Erestalirenalaminsilicatein an alumina
acidic ionic liquid catalyst under allw ation

carrier Wi @latingRsgroyp gﬂé&%{@@p éVrAamwl&t@mqnsaﬁ a sotalyst compising

hadi : r
phospt t%%}?é I?étf:r ea é"(f&%éiu% east ébﬁ grﬁ;sdnggfn%’ar eéﬂegfﬁ%\'and
ZSM-5conpari son al kyl ate stream nmade wi thout the step of
~contacting with the isonerization catalyst. 16. In

an al kyl atign process_in which at |east one olefin

18. Thenprpcass ageoRling F@'@'%%@ yerein g isomerigationsistalyshis ZSM-5.

1-butene and at |east one isoparaffin having from3

t : o) t.ed | i on zone
19.The Bogp S EpRTR 1 MheBia  E BhEE it SRl Dl s
conprising an acidic ionic liquid, the inprovenent
conprising contacting at |east a portion of the at
| east one olefin with an isonerization catal yst
selected fromthe group of a catal yst conprising
crystalline alum nosilicatlg in an alumna carrier
with platinumgroup and Goup IV-A netallic
conponents, a catalyst conprising a phosphate, a
catal yst having silica-alumna as an acidi c conmponent
wi t hout zeolite, and ZSM 5, under conditions favoring
the isonerization of ‘1-butene to 2-butene so the

)




20. The process according to claim 16, wherein the
catal yst conprising the phosphate is selected from
the group consisting of an anmoni um phosphate, a
preci pftated al um num phosphate within a silica gel
network, a chrom um ni ckel phosphate, a solid
20. The Ipscasiss aceordivg do @Ialrn i16i wherein tbetcatajyst coppesing thegphosphate is

st BB ABEERog B R IR 1 Rk il

phospRats Withiia Slesd devorkNgl chropiiaaHiskel Sheuphbid, Bisblid phosphoric
zeolite. 21. The process according to claim17,

acid onpilieas irratalyst santainjag aluaiimm hagehate aps Hiaphise eompounds, a

[ f
catalysé %éﬁ%%tﬁ% Js%%ﬁﬂatllg @f %Iﬁr?H@Jrg%ﬂﬁ gmdn s haé@ﬁﬂﬁﬁ]ﬁmspﬁéte and a
phospﬂbi‘ug;@)rgainmgszwité a chrom umni ckel phosphate, a
solid phosphoric acid on silica, a catalyst

cont ai ni ng al um num phosphate and titani um conpounds i
21. Tha pipogss aceardisg te sledn I wger@g"st@ﬁtqaaalm c@Mpusing Hiephosphate is

seleck ospﬁﬁéjgmﬁk’;&%g#ﬁﬁz %@%ﬁﬁommﬂﬂ%?gsplthate ar %r(e:cé:gitateg aluminum

phospﬁét@lmmm a Silicacde ingstvlark, mbmbmumtmwbikqépam atsoiidiphdsphoric
wt % n-octane, = 23. The process of ¢laim1, or

acid orwmﬁpétafm spRipRing @URINUY bhasahale.and HagluR GmPaynge. and a
catalyét SohdiHn ae%@@nt](aﬂ '6¥ ghrgaﬁng’rﬁm&ﬁaﬁﬁﬂo?s %mﬁérﬁg}hpg?ﬁate, and a

npari on al rom -t
phosphgadxsea‘mﬂbmmgszecdm wft hout the step of contacting
Wth the isonerization catalyst. 24. The process of

claim 12, or claim16, wherein the allw ate stream
22. The peocgsrokclaiad , Piclaint 12 adwareinthaaliylale siream e P wt% n-

c)Ctan%:on'pared to a conparison al kyl ate stream nmade w t hout
"he step of contacting with the isonerization

cat al yst.
23. The process of claim 1, or claim 15, wherein the aikylate stream has a RON that is

~ increased from 5 to 32 numbers compared to a comparison alkylate stream made from
the first hydrocarbon stream without the step of contacting with the isomerization

catalyst.

24. The process of claim 12, or claim 16, wherein the alkylate stream has a RON that is
increased from 5 to 32 numbers compared to a comparison alkylate stream made

without the step of contacting with the isomerization catalyst.
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