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

20  about 14% of the gasoline pool. Alkylate gasoline is typically produced by alkylating
refineries isobutane with low-end olefins (mainly butenes). Currently, alkylates 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 friendlier 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. Unfortunately, thus far, no viable replacement to the

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

Ionic liquids are liquids that are composed entirely of ions. The so-called “low
temperature” lonic liquids are generally organic salts with melting points under 100
-1-
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ionic liquids for acid catalysis are those derived from ammonium halides and Lewis

20  acids (such as AICl;, TiCly, SnCly, FeCls...etc). Chloroaluminate ionic liquids are
perhaps the most commonly used ionic liquid catalyst systems for acid-culalyzed

reactions.

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

25  chloroaluminate salts. Alkyl imidazolium or pyridinium chlorides, for example, can
be mixed with aluminum trichloride (AICl3) to form the fused chloroaluminate salts.
The use of the fused salts of 1-alkylpyridinium chloride and aluminum trichloride as
electrolytes is discussed in U.S. Patent No. 4,122,245, Other patents which discuss the
use of fused salts from aluminum trichloride and alkylimidazolium halides as

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

U.S. Patent No. 5,104,840 describes ionic liquids which comprise at least one
alkylaluminum dihalide and at least one quatcrnary ammonium halide and/or at least
_2.
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onic Liquids 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 diesel fuel and lubricating

oil produced by alkylation and polymerization rcactions.

30 Light isoparaffins (iC3-iCs) can be alkylated with light olefins (C,™-Cs") using acidic
ionic liquid catalysts (and in other alkylation processes) to make high octane and
clean burning alkylate gasoline. The use of 2-butenes and isobutylene as alkylation
olefin feed stocks tend to produce a much higher quality alkylates than 1-butene feed
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In accordance with the present invention, at least a portion of the olefin feedstock,

25  which contains 1-butene, is contacted with a catalyst under conditions favoring the
isomerization of 1-butene to 2-butene so the isomerized stream contains a greater
concentration of 2-butene than in the feed stream. Any isomerization process may be
used to achieve this result. As noted above, the conversion or isomerization of 1-
butene to 2-butenes makes a better feed stock for an ionic liquid catalyzed alkylation

30  with isobutane and other isoparaffins for making high quality, clean burning and high

octane alkylate gasoline.
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1 ydg,glgl?%?td%s@l%scg%tn%thodn?grepmng a catalyst comprising precipitated
aluminum phosphate within a silica gel network and the use of this catalyst in the
isomerization of butene-1 to butene-2. U.S. Patent Nos. 3,270,085 and 3,327,014
teach an olefin isomerization process using a chromium-nickel phosphate catalyst,

25  cffcctive for isomerizing 1-butene and higher alpha-olefins. U.S. Patent No. 3,304,343
discloses a process for double-bond transfer based on a catalyst of solid phosphoric
acid on silica, and demonstrates effective results in isomerizing 1-butene to 2-butenes.
U.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 U.S. Patent No. 4,593,146 teaches isomerization of an aliphatic olefin, preferably 1-
butene, with a catalyst consisting essentially of chromium and amorphous aluminum

phosphate.
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catal yst exenplified for the alkylation process

T RO (SN G A AR 60 (oG dmerization cih b
1- bujchleveytyl phissiglthe h\.ﬂﬁér?@l&hﬁ) feea btk mtaenng I-butene among other
1- Buty pyrl i ni um hep t l.um nat

st  olBig OHER . SPGB hereg S o g g 2

20 Kyb@éric@NTerMingl olefins do isomerize to internal olefins even in the presence of

other internal olefins without any reversible isomerization of the internal olefins

(internal-to-terminatl).

After isomerization of the olefin-containing stream, a 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 least one acidic halide-based ionic
liquid and may optionally include an alkyl halide promoter. The present process is
being described and exemplified with reference certain specific ionic liquid catalysts,
but such description is not intended 10 limit 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

herein.



isoparaflin alkylation. In that case, alum num
chloride, which is a strong Lewws acid in a
w@oesionsed on with a small concentrati on of a BPOENS108T087423
acid, is a preferred catal yst conponent in the ionic
l'iquid catal yst schenme. As noted above, |he acidic
ionic liquid my be any acidic iunic liquid. In one
enbodi ment, the acidic ionic liquidis a
chl Oﬂﬁb&ﬂpbﬂiﬂid’lﬁhﬁpieﬁ)ﬁéeﬂ hkriemuélér tp mmphﬁ@dprb@sm Néxmgionic liquid
al umi num tr.i.

subsYFER, e\f\au«gwef %ﬂ"ﬁlf Béﬁc?l] gettlo dlé prClCF] mi dX:Q wu% Eﬁnxnum chloride. In
subsguch sptsehs) trobliamahe apprdpe btk daditt mutstilé(yok amxtkulauan chemistry,

hydr ohal i ,

geneﬁ?"éfonfco rqﬁhlcg{ag'%\l '?gﬁ%@ npgg}fﬁi’l{nrfgilbcé(g gf/db@y mg‘l B

vher olR=bart dfﬂtemybropmmgmmoxpum plylbx;ldeb\mlyﬂwo mmpyns ofraluminum

Eﬁl)qollr | 1de %&%yé exgmxa fﬂ:@lférql?e :ﬁ{}"flaueﬂ ?{ﬁ)@{s@psl - Qkﬁ/l -pyridinium

but y¢h10rp!émnwlemcm@xlyﬂ>utlgfp(m@nandlemdﬂ@ommalﬁ@ R2 may

or may not be the sane, and R3, R, and RS

andR6=ntt hyl 9 ethyl, propyl, butyl, pentyl or hexyl

group and where R3, R4 éu may not be the

same, . The acidic ion|c 2] U|qéb§>pre erably sel ected

fromthe group consi st Tyl

met hyl - pyridi ni um chl orodl um nate, 1-butyl-pyridinium

chl oroal uni nate, | - bUB4p-eysidiniep pepgshloroplimisileo| | um

uhloroaluninate and 1-H pyridiniumchloroal um nate. In

process accordin the ipvention an a

ey Bperatied 1B g qorisirayiF Sristeg O R e

act Slsbmrzmhoﬂbﬁﬁmhhm thdt Icgsle,aﬂmmnurbyhlmemctvhmg isvat Strhng Lewis acid

al umi_ num to formt rer cati L.Qns

" SoheppRp o ot Rp B PiioBREf B R R e pRlertd

The addyst cdmgdohehe in théwhicriqyidieetalysachenec| ude al kyl

g om des, al kyl chlorides and al kyl iodides. Preferred
c isopentyl halides, isobutyl halides, butyl

hal i desqtedubopy thehaaidicdesc bqdd anbed mn_ha!:iid‘@émic IMuiidy| In one

chl ogmb %'n¥c%¥ Sthe? B%ail ron Jl%ﬁ% i?!l M(lroenfﬂ\ ngt@%n?{ Ifquid prepared by

prefér
mixing alummum trichloride (AICl;) and a -hydrocarbyl substituted pyridinium halide,

a hydrocarby! subsiituted imidazolium halide, trialkylammonium hydrohalide or

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

R R
\ Ro~ \, Ry |4 X ,4 X
® Ne [ ° N N
Z \___/——-- Rg/ \\Rs R - \\R5

| x X H * Re

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 Ro=H, methyl, ethyl, propyl, butyl, pentyl or hexyl

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



chl oroalum nale iunic liquids are used as the catal yst
systens. Ot her alkyl chlorides or halides having from
w0 2008/0&8ear bon atons may be al so used. The al kpdT/US2007/087423
hal i des may be used al one or in conbination. A netal
hal i de may be enpl oyed to nodify the catal yst activity
and selectivity. The netal halides nost commonly used
as inhibitors/nodifiers in alum num chl ori decatal yzed
ol efmamicﬁ,gnp ahAf f)rbﬁlyl a&k)y,l phiyDérshexyn gtoug endNafidre R4,iRGI Rs and Rg
KA, Bed q@@ , Srd2, Mpd 2 Pbd 2 Cud, zrd
and Y@ maygo é@erﬁaﬁ‘gd by Roebuck and Evering (Ind.

Eng. Chem Prod. Res. Develop., Vol. 9, 77, 1970)

g’;gf ”&%ﬂi_cv %,waajg Ty Sl eg‘ﬁ‘om Cé;g )/f %quxgl?Tﬁ:‘ofgba\tyl -4-

&s oﬂetn)a{pah&smmtohlomammmm t1 Hmtydogridinitip chfordaheninzg, d g -3-
by b b th t e i Qni .
y ogl%b grgxgiazohgrtngcws kumlx’ﬁah% xg'ld YH ?&r:é;ﬂ%m‘ C?‘w"%{“‘?‘i’,%f‘f"s

I|qU| e use of “such co-cata
and ionic liquid catalysts that are useful in

Pupiih 8RSy SIS Y i N 1 hoy3 550 BB o s
2004r@0N&#914. (lher co-catalysts that nay be used to
hance the activity include |IVB netal conpounds

preferably 1VB netal halides such as ZrCU, ZrBr ,
Ti CUliFialBlyBhalidé ®itstto pinBitGthe pk iation haqfracn@eswe@leminb@ophwyldc to

H % f’ oW nge?ég @Jte éa'ﬂox#‘lmﬁs in 5%1%’%3“9:1 toelhpl%%dglzéraﬂgéﬁctfoﬁs The

t he drocarbons 1 n ionic

ol efalhyéhal@gspaatmayuhqsns@mc;mxc&taikdhbrowdeé aﬁwhthw@agﬂddﬁq'
Ian Lo, Mﬂy&%c ﬁsﬁp&%nﬁ{lﬁ‘ieé Ysomt?hﬁﬁ&e% Whﬁl%?%r&ﬂymdes

e Interface In he cat al
&l k)ﬂlnéte'lhblﬁ‘dh@ﬁc ﬁi@hch@xc@eaw& ofyhesa plkyldylidng grej mefarable when

LT QU YA REEIRR MG RIASE usdds fie RALIGH s ?s\(e?llisemtheﬁl alky] chlorides
sem - bat ch SySt em or a conti nuous SyS usi n

r eac¥ helideshayie feomn | t 8 cachen atosys mayibp Alge Pi?dairk%ﬁﬁ'&t‘ ihglifles may

The yes0daaicnt bl 1 cBRdingligf i n can be introduced
separately or as a mxture. The nolar ratio between

the isoparaffin and the olefin is in the range 1to
2500, A fnefal BXiORhLbe employed to modify the catalyst activity and selectivity. The

metal halides most commonly used as inhibitors/modifiers in aluminum chloride-

catalyzed olefin-isoparaffin alkylations include NaCl, LiCl, KCl, BeCl,, CaCl,,

BaCl,, SrCly, MgCl,, PbCly, CuCl, ZrCl,; and AgCl, as described by Roebuck and

Evering (Ind. Eng. Chem. Prod. Res. Develop., Vol. 9, 77, 1970). Preferred metal
25  halides are CuCl, AgCl, PbCl,, LiCl, and ZrCl,.

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 catalyst. The use
of such co-catalysts and ionic liquid catalysts that are useful in practicing the present
30 inventon is disclosed in U.S. Published Patent Application Nos. 2003/0060359 and
2004/0077914. Other co-catalysts that may be used to enhance the activity include
IVB metal compounds preferably IVB metal halides such as ZrCly, ZrBry, TiCly,

-10 -



udvant agcously in the range 2 to 50, preferably in the
range 2 to 20. In a sem-batch systemthe isoparaffin
w0 go08itasesiuced first then the olefin, or a m xeadr/EsSwh7/087423
i soparaffin and olefin. Catalyst volune in the reactor
is in the range of 2 vol%to 70 vol % preferably in
the range of 5 vol%to 50 vol% Vigorous stirring is
desirable to ensure good contact between the reactants
and Tifh, Tidtalipst, HiThHiBeastiewsribaddyptischaysrest slain U8. Patent No.
t he %@%QE4 400C to + 1500C, preferably in the range
- 200 1000C. The pressure can be in the range
fr?P1atnDspher|c pressure to 8000 kPa, preferably
su is . :
B o
réan gakydatioeyiks emetmdactions indanicliquisk ésfasnerllybiphasic gndhtakes pige at
m n. th;r D\?erggeaik t}gaqnl%{dasltaqg 'ﬁﬁc&t@l@ug ﬁ%ﬁ&dogrx]eacé% xb%enerall camed

I mnated usin € neans nown to the ski
per somin a&tqmm'dméerb@wha%m ?e'talchtsvsféerwcfﬁlab’aq*%wstﬁﬁé’éé

" hesﬁ)ﬂglﬁlf%?s fcthmn? Rfe le@of LR G ¥l Q@r‘%ﬂﬁﬁdu@ dikylah6M) The

oca ons are separated by distillation_and the
st arttscrmgiffits@ﬁ@i@é}ﬂfchmbmmir@qvcmp%ﬂy BREf B He r thednqly ratio

{ECYiehedn R lioggraffﬁaa‘ﬁﬁ He-oleFrRd e rddden| (@1 6@ PoreRAEHIE,1 ONS

may 1 nc ude catalyst volume in the reactor. of fromb5
Vol ddvensmouH igghcgangs e p@trrafEatly infthoineedig@0t Iy a semi- bateh

+10096tem %&E(ﬁﬁﬁtﬁfrﬁs firobi @AV BekiRa ofefin, 27 @ thikeb@, of #dparaffin
i sopéntane to olefin nolar ratjo f from

r esi a6 wlednt Calygvolyume ip th%eamwrmt F FAngH et ?ewﬁséd? F@Hﬁﬂ%@f

ap r&@t@ﬁﬁl 3 e 'izﬂw'g,@ or § ol¥he 50’ (ase Mngdr@&é%nirin@ns deBirable to ensure
§¥a Ity asollne Iendlng nponent s | ow vol atilit

e 8°@é s%%céaetwees-ﬁm wacta Wﬁéhe.%'ﬁ‘yito ° refF{iPOdeTARELHYE §

c Om@lr}?enﬁx%] cAU@Chhensec Qfx%ﬁQPYn it Qiﬂg&do?(mo& 100°C. T hc pressure
gasol i ne, The fol | ow ng es ar illustrat

P he o Be e FnGRIRT BICSHEE BESUisat Sy kL EEbY Ryt o
t he By BRtdaoiants th Be qu’l@yhab@y{&@ﬂeﬂhb dilnelo$ reaamit@linnREvessrl is in
t he clalrrB )/\,hlchfol lg%
he range a few seconds to hours preferably 0.3 min to 60 min. The heat generated
20 by the reaction can be eliminated using any of the means known to the skilled person.
At the reactor outlet, the hydrocarbon phase is separated from the ionic phase by
decanting, then the hydrocarbons are separated by distillation and the starting

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

25  Typical alkylation conditions may include a catalyst volume in the reactor of from 5
vol% to 50 vol%, a temperature of from -10°C to +100°C, a pressure of from 300 kPa
to 2500 kPa, an isopentane to olefin molar ratio of from 2 to 8 and a residence time of

5 min to 1 hour.
30 Inone embodiment of a process according to the present invention, high quality
gasoline blending components of low volatility are recovered from the alkylation

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

-11 -



Exanpl e 1: Continuous Ll kylation of Isobiitane with C4

O efin Isoners Each isoner of the four butene isoners
wormsardsyd ated with isobiitane in a 100 cc coneCTUS208T/§87423

stirred tank reactor. An 8:1 nolar ratio of isobutane

and butene m xture was fed to the reactor while

vigorously stirring at 1600 RPM An ionic liquid

catal yst, N butyl pyridiniura chloroalunm nate, was fed

to the %@&ﬁh%txdﬁhﬂes&r@ﬁﬁ@tﬁdvd a7 hIG:tpr(fl@rEttxmteﬁtﬁ(gxebtitra@ rfopintended

occupy. 10 vol % jn. the reactor

oy B e i 818 R Gty e iaineR SRt s which

aver pgewr esi dence tinme for the conbi ned vol une of

feeds and catal yst was about 8-20 min. The outl et

pressure was mai ntained at 100 psig using a

bsckpressure regul ator. ThEXAMPLES tenperature was

mai nt ai ned at about 0- 200C. The reactor effluent was

separated in a 3-phase separator into C4- gas;

al kyEsdngpldydr ocar bon phase, and the ionic liquid

ver cCuRapy Al 57 LB RSB E RO R ear o

oct ane nunber of al kyl ate gasoline was calculated

hasegd, g1 .so RR&;&%} el @.s%egwsgﬁ@akh qnhvs%h{}gnenﬁ%m@

oct ane oun sum ng vol umetric

lin ea“nmhxlossisl stiveed ta‘ tke‘c@tdrebt 8:bfnolad ragip of ispbuitang med bytencnpsture

rese !
“% o(li,l g)qgcgr@g t%m%mlﬁ gf%totx)xtslg @tir‘;"ikll_g%tl l%b@Rg f gx%tld'hgc h%4d catalyst,

o of Nfbucyupyaumwrrml@or@lsmimtnewa@é@ohtn@cmm rvnarz@e@nd]u‘éftipﬁﬂ

Sour &g, @9&0 2l T£ eﬂ?v&&e 9.3h fhe% caclop QDU - ﬁ{b@m]o'fgiﬂ%@%s HCl gas

but cn i ne’ Resear ch 98.6 98. 4
ot anes Ngwbte ﬁhe@oo@snfﬁkpsqquagmresxdence time for the combined volume of

feeds and catalyst was about 8-20 min. The outlet 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; alkylate
hydrocarbon phase, and the ionic liquid catalyst. The total liquid product and gas

20  samplcs were analyzed using gas chromatography (GC). Research octane number of
alkylate gasoline was calculated based on GC composition of C5+ fraction using

research octane number of pure compounds assuming volumetric linear blending.

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

25 is tremendous as shown in Table 1.

-12-



%tri-M-pentane/ total Cy5.3 95.3 84.2 4.4 %
Di - Me- hexane/ total C8 4.5 4.5 14.4 85.1 % Me- Hept ane/

W@ 2108076883 0. 2 0.2 1.3 10.4 % n-Cctane/ totat OBCOUN007/087423

0.0 0.0 Sum 100.0 100.0 100.0 100.0 Wth 2-butcne and
i sobutyl ene, the present process will produce product
wi th hi gher Research Cctane Nunbers of 98-99 and 93.
The main C8 product from 2-butenes and i subutyl cne

al kyTadtedlun is triinetliylpentanes which have excellent
oct , 8.t he alkylate
gaso L*ggée%?%ﬂ“ ¥§51°eG l?‘ljg dttalplgwg 66. Thg mai n
C8 pr oduct from 1-butene aI kylation is d| et hyI hexanes

U(.al allc IIU

whi ¢ (%uﬁ(.e Oct ane HQJ utene §l)é QHIVCI t ot c”f’butene

%Bi?tc@ﬁ%f &0 THe al ky |‘S° ieiR

heatf
(43%

Ms/zos 300 o
087 Qaso B R3ekrt ) V

d to 1000C and sti
%ﬁ?f“i FBPErL hour. A

aut ocI ave 100 gm of l'iquefied
1@8.6added. 98e m xt uvR.IWas 66.3
rred at the autogenic pressure

A gas sanpl es before and after

t he
anal
rea
com
al ky
t he’
gas
rea
exa(

reaction were analy
ﬁi s indicated that
R SRMPBHIY ned 79%

)Mnnge{)tmzmeodoeﬁ o

GnE

)I% Me-Heptahdl eotglased |

M SRR e Yoxcopt

zed by GC anal ysis. The GC

the sanple collected after the
2-but enes and 21% 1- but ene. By
YoBeri zat 993 processgd4pith the 4.4

t he |on|c liquid al yst,
3 r of thé¥inal ﬁi‘ ate 85.1
V.25 nunbexXs. Exarrplls 3: The 104

Oobed in I@barrpl e 2 Was repeat e&lo

m xi

lStna of 1-butene and

i"on of usi'hg 100 gm of 50/50
186.but ene 1008t ead oftode 100.0

10

15

With 2-butene and isobutylene,

the present process will produce product with higher

Research Octane Numbers 0f 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

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

alkylate gasoline produced by the present invention is substantially improved.

Example 2:
To a 30 gm of H-ZSM-5/A120

5 in 300 cc autoclave 100 gm of liquefied 1-butene

(99% purity) was added. The mixture was heated to 100°C and stirred at the

autogenic pressure (435 psi) fo

were analyzed by GC analysis.

r 1 hour. A gas samples before and aficr the reaction

The GC analysis indicated that the sample collected

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

-13-




but ene, GC analysis of a gas sanple after the reaction

i ndicated that m xture now contains 84:16 m xture of
wQ2Menaises 1- butene. This indicates 68% converBCDOSWN7/087423

1- butene to 2-butenes. By conmbining this olefin

I somerization process wth the al kyl ati on process

using the ionic liquid catalyst, the Research Cctane

Nunber of the final alkylate gasoline is increased by

9 nUH@&fnbemEg( g Asoﬁdﬁﬁatroﬁ@eﬂcbs@ nitlescaikydedniprocess using the

om o et neh FE Gt Pl LSk fRaudly R iR

par afntiemed Bn2ls Abfbets. ght ol efins. The ol efin portion
cont ai ned 25% 1- but ene anong ot her ol efins including
2-butenes, propylene and small anounts of others

(8- bBtagipée 3:s - 11% of the total volume in the feed

base 'g]]e reuctlgrh‘%rpged ch?,cntg $ih %xam E%gﬁ%g&%ﬂ %lmﬂl §I S

of a gas s e r eaC Ion s presence
of ocﬂcypu@%)ﬂ_uﬂmgt 1®Agm af 50438 ngpetre vt k-butere dnd dHtukang ingtead of 1-

62% GonN. e(?é Lo slsDr3 §Q§J§a§1{gﬁs‘z€iﬁﬁx %E&T{ah PGl Mab mBleGl hbw

i soneriza roce at1on process
usi nepntairs SmOﬁ ingxthieapli 2 duecat: brbytsne, 'lﬂihen(mﬁﬁeﬁﬁ%ﬂmmwfl—

@ynbg'm8t0§$%a(|nal al kyl ate gasoline is increased by
numbers. - There are nunerous variations on the

present invention which arc possible in Iight of the

t eac%f ?cﬁﬁbr ﬁiussbtllé?ﬂqgc;rﬁe'?lg c}ﬁﬁ% %F[RJ:S@ Wi :%!?]bcatrl gﬁgg gﬁ)rc@és Rsing the

under st oo
t he lfooﬂc liqid ngalwahngeseemboptm@ﬁwbm ofthy fipad awb&ada@me is

ot he e4bhap pecifically described or
exen{)F\di ?Sl ed\hﬂe?rg?crﬁéw-IAT IS CLAIMED | S: A process for

producing al kyl ate conprising contacting a first
hydrpcalpon stream conprising at |east one olefin

having from2 to 6 _carbon atoms which
The rcact:on 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 other olefins including 2-butenes,

20  propylene and small amounts of others (1-butene is ~11% of the total volume in the.
feed based on GC analysis before the reaction). GC analysis of a gas sample after the
reaction showed the presence of only 4% 1-butene in the gas mixture indicating a

62% conversion to 2-butenes.

25 Dy 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 numerous variations on the present invention which are possible in light of
30  the teachings and supporting examples described herein, 1tis therefore understood
that within the scope of the following claims, the invention may be practiced

otherwise than as specifically described or exemplified herein.
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contains 1-butene with an isonerization catal yst under
conditions favoring the isontrization of 1-butene to
WQ2080a8e3 so the i sontrizcd stream contai ns a PCEHESBEN7/087423
concentration of 2-butene than the first hydrocarbon
stream and contacting the isonerized stream and a
second hydrocarbon stream conprising at | east one

i soparaffin having from3 to 6 carbon atonms with an

aci dvaATagict.AiMgnilg: cat al yst under al kyl ati on
conditions to produce an al kylate stream A process
according to claiml, where the acidic ionic liquid is
a chil. or oal gusdessatbeprodueing alkiytpts cdnpria‘m@ccmchcmyg afirgi ygrocarbon

alum numtrichl or.i.de

subst i t uP'E@MFIPPETRE ?}ﬁfaﬁtaqnl 8ﬁeﬁn havm AT a%{)g%@rbon atoms which
Subst i t ut@thinsni-slagne!withrnhhiedsation catzay«yhch:rmmdnmm favoring the
hydrohallde or .tet L kvl ni um_ha

general FSPRIPHEL %{r]?gﬁ“%(‘fa%g‘gmﬁ of 'g:s ggé%? LZ%I ﬁt}cmvﬂnams 2
R=H, met bighter @htupkratiqarab@yblutendirbryihe ﬁp:c hmrd)cmn Htecayi and

d X h d f ' .
2 and R Sl i ARmeARA3PORDE 4 SLARY by ol B cotifsing
hexyl gr eupasand isvpaabinRaviag ffoR ey cobomaigmanwith freacidieionic

Byt " g Ay i Rl RIS 0 e PR,

R may or may not be the sane. A process according to
el aim 2. gc[ﬁ&y Aedrlifig ?qcagm WARE e abiBiiishid Rquiphkgct ed
| - bui yI - &lwealhmimpyomdhqwdmnemwcmammwwg’tl@n( Bifppride (AICL)
1-butyl - nfhafiBEhshydrocarbyl substituted
1- butyl - lﬁyﬁm Hﬂ‘dﬂtﬁwﬁiﬁ% g]r oa l um ngl r((:)caEril\% I%/‘f sxuo?
16- H pyri dmﬁmhwe Ilwlei}eofallaﬂwﬁﬂmmoelu(“l-‘l?)imhﬂﬂ‘deAf BF@%’@%’“’“"“‘““’
accor di ngyjqe oFJh@'gEHcilal fOMISREAN B, B&nd BORYBATY) 1S
selected fromthé group consisting of isohutane,
i sopentanes and m xtures thereof. 5. A process
according to claim1, wherein the first hydrocarbon
stream cont ai ns
R R
\. Ro~y? N\y—Ri |4 X ]4 X
| N N ® N
/ \:“_./ R3/ \\R5 / \\Rb

X X H Re

®
N
|
R
A B C D
20
where R=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group and X is a
halide and preferably a chloride, and R, and Ro=H, methyl, ethyl, propyl,
butyl, pentyl or hexyl group and where R and R; may or may not be the same,
and Rj, Ry, and Rs and Rg=methyl, ethyl, propyl, butyl, pentyl or hexyl group
25 and where Rj, Ra, Rs and Rg may or may not be the same.

3. A process according to claim 2, 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-
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up to 25% 1-butene. 6. A process according to claim1,
wherein the al kylation conditions inchide a catal yst
wo odosesseh the i eactor of from5 vol %to 50 voP@y/UK2007/087423

tenperature of from- 100C to 1000C, a pressure of

from 300 kPA to 2500 kPa, an isopentane to olefin

nolar ratio of from2 to 8 and a residence tine of 1

mnute to lhour. 7. A process according to claim1l,

further oaidpidlismrglor@atmiedd BRINV) gid Igdalyridipiuvgachiiroaheninate

bl endi ng ﬁ{%nponents of low volatility. 8. A process

accor di né t0 claiml, wherein the acidic ionic liquid

is a chloridebased ionic liquid. 9. A process

accoydi ng t | aim,.1 erei n.the acldi G+ oni

cat alyst AfeeReRedhs i UL, Wb RGP e ittitine

@ ocess gowupkdhisistng of isihaiane, Bopemteeeseant maxtatek thHerenfil | de

is selected fromthe gruup consisting of methyl

hal i de, ethyl halide, propyl halide, 1-butyl halide,

2-bul.yl Heproctes actading & glaitait, pherpialthedlirst hydieearporrsierd g@ntains

i ospentyl dofle, yl halides, isohexyl halides,

hept yl thFOgieDséj?i’bg% e?éfptyl hal i des, octyl halides and

i sooctyl halides. 11. A process according to claim1,
oroin | , i on.cal ' . ' i,

WUl o s LY, RS RAMIARE SoRiRD oo

at | east caonlestoblficin havdiapig: $fiftom Dvaly tg 58 dolfo A teansiature of

whi ch copt,al geclip Qypen Ep@.&.@re@f fof25Db kPAGo b HORBE 3hfidoBentane

having from3 lo 6 carbon atons are contacted inh an

al kyl at i smolglynmolanwatie obfrany P s § & adesidened pgoR pigutg to | hour.

catal yst conprising an acidic ionic liquid, the

| nprovenent conprising contacting at |east a portjon

Bt the ath treesacerrdingfeglpim hwirthergamPEEgIcr P 4tipghich quality

cat al yst bR vIGRIME ohPbfenfsdY R% Vathiilifye | soneri zation

of 1-buténe to 2-butene so

8. A process according to claim 1, wherein the acidic ionic liquid is a chloride-
based ionic liquid.
20 |
9. A process according to claim 1, wherein the acidic jonic liquid catalyst further

comprises an alky! halide.

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

isooctyl halides.

30 11. A process according to claim 1, wherein the isomerizaton catalyst comprises a

zeolitic molecular sieve.
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the isonerized stream contains a greater concentration

of 2-butene than the at | east one olefin stream 13. A
w@e@sems2according to claim 12, wherein the acPdi/ts2007/087423

ionic liquid is selected fromthe group consisting of

1- butyl -4-nethyl-pyridiniumchloroalum nate (BM),

1- butyl - pyridinium chl oroal um nate (BP),

| - butyl -3-met hyl i m dazol i um chl oroal unm nate BM M and

1- Hpyri gi i deglaiohrcadsumivhial & 1¢asiRne olefin havipg Hoedgo 6 carbon

SR T SE CEREOCINE 10T W
t o cl ai mcdrBon mines &t orttiveediis mpzlkyizitfonrzomcsursa adiglagidn wrxdmons
tm-h)e(t 8: gg %ﬁggg%f"/tst nsmgI g’noat%%caigr%b liiqxfig,gﬁpitrr%po%x‘cherﬁ'lgmprising
5 contacting at least a portion of the at least one olefin with an isomerization
catalysi under conditions favoring the isomcrization of 1-butene to 2-butene so
the isomerized stream contains a greater concentration of 2-butene than the at

least one olefin stream.

10 13. A process according to claim 12, 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 1-H-pyridinium chloroaluminate

(HP).
15
14. A process according to claim 12, wherein the olefin stream contains up to 25%
1-butene.
15. A process according to claim 12, wherein the isoparaffin is sclected from the
20 group consisting of isobutane, isopentanes and mixtures thereof.
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