IONIC LIQUID CATALYST ALKYLATION USING SPLIT REACTANT STREAMS FIELD OF ART 5The
present invention relates to a more efficient process for producing low volatility, high quality gasoline

blending cogpenemis iy using split reactant streams. More specifically, the pesesyisvantion relates
to a process for producing low volatility, high quality gasoline blending components wherein alkylation
between isoparaffins and olefins in the presence of an ionic liquid catalyst occurs at high 10effective
I/0 ratio (Isoparaffin/Olefin), achieved by splitting reactant streams. BACKGROUND Modem refineries
employ many upgrading units such as fluid catalytic cracking (FCC), hydrocracking (HCR), alkylation,
and paraffin isomerization. A3@NTIIGUITEeR EANSTES ArdveaAd BigvilisaNGmMount of isopentane.

Historically, isopentane was a desirable i line having a high octane (92
RON), although it exhibited/high volatiligggggﬁégﬁz‘g\gllre%g%e VP)). As environmental laws
began to place more stringent restrictions on gasoline volatility, the use of isopentane in gasoline was
limited because q‘flﬁlﬂ Fvglﬁtllity. 20As a consequence, the problem of finding uses for by-product

isopentane became serious, especially during the hot summer season. Moreover, as more gasoline
compositions contain etfibnptdsstearativTREas tthenokyefésiamt stppedenpredvegsbyentane had to

be kept out of the, gagqling, R0} it QLKA AL SRhHIR SasRHIBRMA Y SPoicaliaRSaethr gasoline
volatility issue became eéven more serious, i
More specifically, the present invention relates to a process for producing low

volatility, high quality gasoline blending components wherein alkylation between
isoparaffins and olefins in the presence of an ionic liquid catalyst occurs at high

10 effective VO ratio (Isoparaffin/Olefin), achieved by splitting reactant streams.

BACKGROUND
Modern refineries employ many upgrading units such as fluid catalytic
cracking (FCC), hydrocracking (HCR), alkylation, and paraffin isomerization. As a
15 result, these refineries produce a significant amount of isopentane. Historically,
isopentane was a desirable blending component for gasoline having a high octane -
(92 RON), although it exhibited high volatility (20.4 Reid vapor pressure (RVP)).
As environmental laws began to place more stringent restrictions on gasoline
volatility, the use of isopentane in gasoline was limited because of its high volatility.
20  As a consequence, the problem of finding uses for by-product isopentane became
serious, especially during the hot summer season. Moreover, as more gasoline
compositions contain ethanol instead of MTBE as their oxygenate component, more
isopentane had to be kept out of the gasoline pool in order to meet the gasoline
volatility specification. So, the gasoline volatility issue became even more serious,
25  further limiting the usefulness of isopentane as a gasoline blending component.
An alkylation process, which is disclosed in U.S. Patent Application
Publication 2006/0131209, was developed that is capabie of converting the
undesirable, excess isopentane into desirable and much more valuable low-RVP
gasoline blending components. The contents of U.S. Patent Application Publication
30 2006/0131209 are incorporated by reference herein. This alkylation process
involves contacting isoparaffins, preferably isopentane, with olefins, preferably
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25further limiting the usefulness of isopentane as a gasoline blending component. An alkylation
process, which is disclosed in U.S. Patent Application Publication 2006/0131209, was developed that
is capable afgonvetingéhe undesirable, excess isopentane into desirableangsamghdngre valuable
low-RVP gasoline blending components. The contents of U.S. Patent Application Publication
302006/0131209 are incorporated by reference herein. This alkylation process involves contacting
isoparaffins, preferably isopentane, with olefins, preferably 1 ethylene, in the presence of an ionic
liquid catalyst to produce the low-RVP gasoline blending components. This process eliminates the

need to store or QiMISEMER: ISRPEVABEANR MDA eHA9CRI PRodssogiated Withpsushisiorage and
usage. Furtherm%re, he ionic liquid c Elyst can also pe used with conventional alkylation 5feed
i ai, fhgee

components (e.g.tS0DTRAYT BT RN " BRSTES SHTTRAES THEWSH R RRAENEsRaRRst
distinguishes thisingestalkadielinpitacassoiicsrsanventiahaliproegsses:ferandrsaping light paraffins

and light olefins trlgu pre Loﬁcr%:ﬁié’? lroﬁu%%g%qnvtentioarll&)l processe: irgclt{fdetthe afll I%atiton of paraffins
with olefins, and po ymgﬂzaeﬂon of Ofefifs! orae&sar%p &,6ne SFthe Mot BEhEe y US8d processes
in the field is the &kilatiopaskigslieane witn€ 30pttefinsutonnald gaseting cuts with high octane

number. However, this aﬁg ?Ah&oﬂiﬁg%%@w%ﬁ%aﬁtﬁgﬁ?%g%i%iﬁﬁg ggpg{%oric acid

catalysts. Numerous disadvantage ociatedV uric acid uoric acid catalysts.
Extremely large stoosnionskiiacaseendcssasrioaigepamifine amsidisgbionefing tautforc acid plant also

requires a huge ameutol.dailywitbghaudiRhal processes include the alkylation of paraffins with

olefins, and polymerization of olefins. For example, one of the most extensively
10 wsed processes in the field is the alkylation of isobutane with C3-Cs olefins to make
gasoline cuts with high octane number. However, this and all conventional
processes employ sulfuric acid and hydrofluoric acid catalysts,
Numerous disadvantages are associated with sulfuric acid and hydrofluoric
acid catalysts. Extremely large amounts of acid are necessary to initially fill the
15  reactor. The sulfuric acid plant also requires a huge amount of daily withdrawi of
spent acid for off-site regeneration. Then the spent sulfuric acid must be incinerated
to recover SO2/S0; and fresh acid is prepared. While an HF alkylation plant has on-
site regeneration capability and daily make-up of HF is orders of magnitude less, HF
forms aerosol. Aerosol formation presents a potentially significant environmental
20 risk and makes the HF alkylation process less safe than the H2SO4 alkylation
process. Modern HF processes often require additional safety measures such as
water spray and catalyst additive for aerosol reduction to minimize the potential
hazards. The ionic liquid catalyst alkylation process fulfills the need for safer and
more environmentally-friendly catalyst systems.
25 Benefits of the ionic liquid catalyst alkylation process include the following:
(1) substantial reduction in capital expenditure as compared to sulfuric acid
and hydrofluoric acid alkylation plants;
(2) substantial reduction in operating expenditures as compared to sulfuric
acid alkylation plants;

30 (3) substantial reduction in catalyst inventory volume (potentially by 90%);



spent acid for off-site regeneration. Then the spent sulfuric acid must be incinerated to recover
S02/S03 and fresh acid is prepared. While an HF alkylation plant has on-site regeneration capability

and daily make-ueeiddlsis orders of magnitude less, HF forms aerosol. Agresabinematien presents a
potentially significant environmental 20risk and makes the HF alkylation process less safe than the

H2S04 alkylation process. Modern HF processes often require additional safety measures such as
water spray and catalyst additive for aerosol reduction to minimize the potential hazards. The ionic
liquid catalyst alkylation process fulfills the need for safer and more environmentally-friendly catalyst

systems. 25Benefits of {ag denishauidisataidaldpionaiocesaingiuganheeiosmg: (1)
substantial reduction in cigaital xpenditure as compared to sulfuric acid and hydrofluoric acid
alkylation plants; €©™Rd (B SEHES ?@’étﬁ!ﬁ’éﬁ)in operating expenditures as compared to sulfuric acid

alkylation plants; 30(3) gsipstaphied gashiitorigiicatalyst inventory volume (potentially by 90%); 4)
a substantially reduced catalyst make-up rate (patentially by 98% compare sulfyric acid plants);
(5) a higher gasoline yi<=,(:|(!§;co}lnpa'm1 ?816n$[t)t§rr PEsE Blé?iéetﬁg(r%c [itii Icﬁ"tf%?&"(%{&a#égr}'fjmber, RVP,
T50); 5(7) significant en{iycignicgrheaitiantsatenithdndrrdgosid@intageansion of alkylation feeds to

include isopentane and gthylene.: igher activity: electivity of t, lgnic liquid
catalysts specifically usﬁ%ﬁ‘f %F%%T@ﬁm%%c@géﬁgﬁﬁgfﬁ Ilbﬁo%%% Fggt%aﬁ%ﬁg%ﬁgs’aﬁgan Publication
2006/0131209 are disclfSdughetasivatan soppphivatioheetyation 2006/0135839, which is also

incorporated by referenggic Jiquid catalysts specifically useful in the alkylation process described in

U.S. Patent Application Publication 2006/0131209 are disclosed in U.S. Patent

10 Application Publication 2006/0135839, which is also incorporated by reference
herein. Such catalysts are chloroaluminate liquid catalysts comprising an alkyl
substituted pyridium halide or an alkyl substituted imidazolium halide of the general
formulas A and B, respectively. Such catalysts further include chloroaluminate
liquid catalysts comprising a hydrocarbyl substituted pyridium halide or an

15 hydrocarbyl substituted imidazolium halide of the general formulas A and B,

respectively.

(A)



herein. Such catalysts are chloroaluminate liquid catalysts comprising an alkyl substituted pyridium
halide or an alkyl substituted imidazolium halide of the general formulas A and B, respectively. Such

catalysts fugthesipoliddeghloroaluminate liquid catalysts comprising a hydgegashylesuRstityted pyridium
halide or an 15hydrocarbyl substituted imidazolium halide of the general formulas A and B,

respectively. (A) (B) where R=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group and X is a halide
and preferably a chloride, and Rl and R2=H, methyl, ethyl, propyl, butyl, pentyl, or hexyl group and
where Riand R2 may or may not be the same. Preferred catalysts include
51-butyl-4-methyl-pyridinium chloroaluminate (BMP), 1-butyl-pyridinium chloroaluminate (BP),
1-buty1-3-methyl-imidazolium chloroaluminate (BMIM) and 1-H-pyridinium Ioroark_xjminate (HP).

However, the ionRELRTELMRIEY haYhiBReEr SR BE R PFEH ETRURREE i8N ft cataly st
alkylation processréfertipiiheclevidiopad RnandBgHighiathd, aahit yepyhdnioylgpaaiheblerding

partioulary, the (BB EEIG A SE MIRAATE B 8 oL oS TS e ARG o ibcarbons and
catalyst, sufficierit-tntigtfdeiadthphpacidiretwe el dhe hydresaBdiR) ahthdgtglystigood temperature and
pressure Contro"cﬁ{bgo%lmggei&()&ﬁ;ifﬁ%&?yﬂ?jriﬁ]eg{ﬁ)iﬁﬁggzdﬁum chloroaluminate (BMIM) and
1-H-pyridinium chloroaluminate (HP),
However, the ionic liquid catalyst has unique properties, which requires that
the ionic liguid catalyst alkylation process be further developed and modified to
10 achieve superior gasoline blending component products, improved process
operability and reliability, reduced operating costs, etc. More particularly, the ionic
liquid catalyst alkylation process requires uniform mixing of the hydrocarbons and
catalyst, sufficient interfacial contact between the hydrocarbons and catalyst, good
temperature and pressure control, and a high isoparaffin to olefin (I/O) ratio. In
15  addition, alkylation by means of the ionic liquid catalyst is an exothermic reaction
requiring the removal of heat generated.
An alkylation process disclosed in U.S. Patent No, 5,347,064 (Child et al.)
and an ExxonMobil auto refrigeration alkylation process published at page 243 of

the third edition of Petroleum Refining--Technology and Economics by James Gary

20  and Glenn Handwerk offer some attempts at improvements in general alkylation
reactions, although the reactions are sulfuric acid alkylations.

The Child et al. process separates an olefin feed stream comprising at least
three olefins into intermediate streams enriched in propene, 1-butene, and 2-butenes,
respectively. Then a first intermediate stream enriched in propene contacts at least

25  one isoparaffin (e.g. isobutane) in a first reaction zone at a reaction temperature
specific to propene to produce a first alkylate product, a second intermediate stream
enriched in 1-butene contacts the at least one isoparaffin in a second reaction zone at
a reaction temperature specific to 1-butene to produce a second alkylate product, and
a third intermediate stream enriched in 2-butenes contacts the at least one isoparaffin

30  in a third reaction zone at a reaction temperature specific to 2-butenes to produce a
third atkylate product. Segregation of the olefin components prior to alkylation

4



‘15addition, alkylation by means of the ionic liquid catalyst is an exothermic reaction requiring the
removal of heat generated. An alkylation process disclosed in U.S. Patent No. 5,347,064 (Child et
al.) and an ExxonMobil auto refrigeration alkylation process published at page 243 of the third edition
of Petroleum Refining-Technology and Economics by James Gary 20 and Glenn Handwerk offer some
attempts at improvements in general alkylation reactions, although the reactions are sulfuric acid
alkylations. The Child et al. process separates an olefin feed stream comprising at least three
olefins into intermediate streams enriched in propene, | -butene, and 2-butenes, respectively. Then a
first intermediate Gifgameitiched joatitperiaceniagihatritiasiiAbeneisaparaliia (6.9. isobutane) in a
first reaction zone,at a relgction tem eraﬁijrets'pec' ic to propene to produce a first alkylate product, a
second intermedi S8 SRR 5 R A Y BT RR S htacts the at least one isoparaffin in a second
reaction zone at a reactifin:tErxpatdtinig mpeesti oriiads b tdafri depdcoidcerecgelednsbbdkytate product, and
a third intermeclate stream snrichechin ailuiches copiacise.ah least anesaparafin 30in  third
reaction zone at a reaction temperature speciiic to 2-butenes to produce a thir agfky ate product.
Segregation of thetrekafintbaimpionesenpriopus-sikpd tok ieapio\aly atiopareiatadiynbyhincreasing the
ratio of ”'emethy'f?%%%%ﬂ&%gm%‘@é'?@ﬁ&%@ 51*1?&38@11&%@%8 BIRRHE he %@&oﬁ@é‘i"%’éﬁ%pmcess

ed and a recycl é t

mixes an olefin fe ‘ ed isobutane stream to form a combined stream an en divides the
combined streamalfindesé eadsirelaane raternibe Aceaion at ot stiklediank reactor at various points

along the horizontal lengif,gf the FeReer T RRPEIL BRebia prialkec.tin FacHoR Belwaen the olefin
feed and isobutane enters the reactor at one point on?!;(‘g.é{l While the Child et al. and ExxonMobil

process result in &tarbanisHS BRI GHN AHBIS S HBkY AR PIRTSFE TR AIRFEIRSN process for

_converting isoparésﬁ(?ﬁ@mdsqkﬂie&fmﬁhg presrRes-ehand anitd inpicicatalyst. SUMMARY Provided |
is a process for producing low volatility, high quality gasoline blending components from a number of

isoparaffin feed streams, olefin feed streams, and ionic liquid catalyst streams. It entails providing an
isoparaffin feed sgeMINVCQRIPrising isoparaffins, an olefm feed stream comprising olefins, and a

catalyst stream comprising ioni¢ Jiquid catalyst and subsequently.splitting at least the reactive olefin
feed stream for feed intég1 {%éﬁysgé%%ﬁ”f&ﬁ%i }c(S’F Eﬁqgfﬁﬁi%ﬁo?ﬁé' é%ﬂ?gﬁlgéﬁgﬁgﬁ‘ﬁﬁﬂyagﬁ?ﬁepﬁty of isoparaffin
feed streams, oletiizddag stnepmsnaniiccatatysthstredinepihdsplith grebat |ebdiilfesdlefin feed stream

and introducing the, spI feed:siteais; 2% SERAAIS.NLY RORMUTRE 53108 4006 Aoy for beter
control of the reaction.

stream comprising isoparaffing, an olefin feed stream comprising olefins, and a

catalyst stream comprising ionic liguid catalyst and subsequently splitting at least

the reactive olefin feed stream for feed into the reaction zone, or splitting all the feed

streams into a plurality of isoparaffin feed streams, olefin feed streams, and catalyst

streams. The splitting of at least the olefin feed stream and introducing the split feed

streams at separate entry points into the reaction zone allows for better control of the

reactiorn.



In a first aspect, there is provided a downflow process for the production of low volatility, high quality
gasoline blending components comprising: (a) providing an isoparaffin feed stream comprising
isoparaffins; (b) providing an olefin feed stream comprising olefins; (c) providing a catalyst stream
comprising an ionic liquid catalyst; (d) splitting the isoparaffin feed stream, the catalyst stream and
the olefin feed dtredrstritspactitipie isaparadid feduratfearmsocatalifsttibtreards g ofdfiwfeed streams;

(e) feedi iple.| raffin; t treams and olefin feed streams into a
leaﬁ%@%@&%@ﬁ? %qgh%e@f%&ﬁ?é%iﬁﬁgﬁjé%??ﬂp a Sd%%\'/nwardly direction to contact all the

reactor at differént ong eng
feed streams ukdarrakdiagon conuitidhs feepivdn aprpdistt g aopprisfigthe low volatility, high quality
gasoline blendi Q : %ﬁl ting the low,velatility, high quality gasoline blending
components fro@&%@%%ﬁoﬁfgﬁe@&éﬂ }ég%%ﬁs%ﬁgr‘é‘%% 1E)Sr’ovided a process for the production of
low volatility, hif#t qualitigascliféybistding components: compligingd catalys) providing an isoparaffin

feed stream comprising | r- X roviding an,alefin feed, stream camprising.olefins; (c)
providing a catgﬁ?s%ﬁé%%g%\q%%ﬁ%%?ﬁgaﬁe%r%%%llqu’|(§h ceact&é%/lgts;% Stre?&} %%(ﬁt |re1901 Sé;l%%%ga?gﬁ?#feed
stream antbthiaildiplin fepat afiie dnedrmtocamuitipitalsopsiratimsfest dtiafesbsicbatefin feed streams;  (e)

feeding the multiple iseparaffin feed streams.and olefin feed streams.into a reac ratfdi rent feed
sites for each is%?)a?%ﬁ?n‘? an%%FeﬁﬂRq?été%ggﬁzf;%%veh&ﬁse{rg?ggsfe%éﬁe% tt %633}5%3 P(ta%%ns ?gféem into the
reactor tetmentantalkthedsedistidzmst dectbsitdk platigrilcolwdittbng theprodide ia prdsiustveadihyprising the

fow volatify. g §alibi ganaia e g, comRRRIANLCHIRIAING 513 BIBHY. Nioh qualty
gasoline blending components from the product.
comprising the low volatility, high quality gasoline blending components; and _
(f) isolating the low volatility, high quality gasoline blending components from the

product.

In a second aspect, there is provided a process for the production of low volatility, high
quality gasoline blending components comprising:

(a)  providing an isoparaffin feed stream comprising isoparaffins;

(b)  providing an olefin feed stream comprising olefins;

(¢}  providing a catalyst stream comprising an ionic liquid catalyst;

{d) spiitting the isoparaffin feed stream and the olefin feed stream into multiple

1soparaffin feed streams and olefin feed streams;

(e) feeding the multiple isoparaffin feed streams and olefin feed streams into a reactor
at different feed sites for each isoparafﬁn and olefin feed stream while also feeding the
catalyst feed stream into the reactor to contact all the feed streams under alkylation
conditions to provide a product domprising the low volatility, high quality gasoline blending
components; and

(£} isolating the low volatility, high quality gasoline blending components from the
product.

Sa



Among other factors, it has been discovered that by splitting at least the most reactive hydrocarbon
reactant, i.e., the olefin, and introducing the split feed streams at separate points' in the reaction zone,
a higher effective isoparaffin/olefin (110) ratio can be achieved and controlled. A higher 110 ratio
results in better selectivity, as side reactions are minimized, and thus an overall better alkylation
reaction is achieved. BRIEF DESCRIPTION OF THE DRAWINGS WO

2009/085446PCT/ USZO%Q&%};%, facﬂ%-hlﬂés%é&ﬁ‘ﬁﬁl%%r%ﬁ%ﬂa?ggp% : ng@a;s%%z&ggsé

hydrocarbon feed stream is split and injected at three different injection points.

schematic of anofifepiérmBudinterhon e thesoldTmoleBtand ingprveing thfemBuferdeimansus points
into the reactor. SgGn2-geapiigally depicisiliesfied Aol ratioon alkylaianglesivitsy  FIGS. 4a

and 4b graphically illustrate and depict the effective I/O ratio along the reactor length when the olefin

feed is split and infétt&ammaahipredmiAeomietad AorishesdRIFERORs 4t indriterseleetivibht, there is
provided a process foddhe:pregiistioninfdawyolalithndigh eialitygesalingblgndingsemponents by
means of alkylation_of isqparaffins with olefins in the presence of an ionic liquid catalyst. The process
involves providind"‘fﬁjr‘fa‘ée ed streams: (1) an isoparaffin feed stream comprising isoparaffins; (2) an
olefin feed stream comprising olefins; and (3) a catalyst stream 15comprising an ionic liquid catalyst.
The process furthgr.i ifti | lurality of feed streams, and introducing
the split feed strgmgﬁﬁgﬁ%ﬂéﬁﬁiﬁﬁﬁmﬁg In one embodiment, at least the olefin
feed stream is split and injected at different introduction points into the reactor. The process is further

illustrated in the Figures of the Drawing. 20Referring to Figure 1, a process is depicted which uses an
‘external loop for -
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recirculating a stream and multiple injection points into the reactor for the hydrocarbon feed. The
hydrocarbon feeds I, comprised of an isoparaffin feed and an olefin feed mixed together, is split and

injected at thrga@iffargnt points, 4, 5 and 6, into the alkylation zone/reacti-{,}a.an8.e/pRodiment, the
feed streams are 25injected or fed into the reactor through nozzles. Effluent 8 from the reactor

generally comprises isoparaffin, catalyst and reaction product. Essentially all of the olefin is reacted, as
the 1/O (isoparaffm/olefin) ratio is maintained as high as practical in order to ensure complete reaction.
At the beginning of the reaction process the 1/O ratio is generally around 10:1 as injected into the

reactor 7. 30However, thecefiectivenatiadn e eATIRNiAINGHEaslAR RRRYESKaNre generally

1,000:1, or 10,000:1, or even higher, as almost all of the olefin is reacted and substantially only

isoparaffin remaif§esrie sl anthigiealsd idhembistrrae RiectR8WAINSFig. 2, using a horizontal

reactor. Isoparaffin 21 igigjegted kipthaitadcnsBer ahdishonszliers: Gawlbit Aadtuaso Sinjected at
nozzle 23. Olefin 25 is injected into the reactor, at multi}[éle olefin injection points 26, which increases

the internal 1/0 rafoiARY BHSSIAE QS HEPSTRYT RIS THIRIAR 178 P actor. This same system can be used
in a vertical reactor withRi® Gatalysicatig depiess d@ifir fieingfiljecten ab tikylapomnd tvevtefin feed at
various points along theE_J th of the.reactor. 10As a.result of the multiple injectiqn points of the olefin,
the 1/O ratio can be con rg?gd gnaﬁdn%ﬁfgf)né%ahmﬁiﬁﬁs%ﬁaéerggg%e At é sglr%;i/% ﬁ%ﬁ%@f@e&%@eﬁ%&gl. By
maintaining the efiectivetdtQengtiowhiehirhthaattmbtod & wiighdewskitdataiytaplspisiimproved as
selectivity is enhanced by avoiding undesirable side reaction. One of the feedstocks to the present

process are refinery streams referred to 15herein as olefin feed streams, each of which contain olefins.
Examples of souRRES 4iLED DESCRIPTION

10 In one embodiment, there is provided a process for the production of low
volatility, high quality gasoline blending components by means of alkylation of
isoparaffins with olefins in the presence of an ionic liquid catalyst. The process
involves providing three feed streams: (1) an isoparaffin feed stream comprising
isoparaffins; (2) an olefin feed stream comprising olefins; and (3) a catalyst stream

15  comprising an ionic liquid catalyst. The process further involves splitting the feed
streams into a plurality of feed streams, and introducing the split feed streams into a
reactor at different injection points. In one embodiment, at least the olefin feed
stream is split and injected at different introduction points into the reactor. The
process is further illustrated in the Figures of the Drawing.

20 Referring to Figure 1, a process is depicted which uses an external loop for
recirculating a stream and multiple injection points into the reactor for the
hydrocarbon feed. The hydrocarbon feeds 1, comprised of an isoparaffin feed and
an olefin feed mixed together, is split and injected at three different points, 4, 5 and
6, into the alkylation zone/reactor 7. In one embodiment, the feed streams are

25  injected or fed into the reactor through nozzles. Effluent 8 from the reactor
generally comprises isoparaffin, catalyst and reaction product. Essentially all of the
olefin is reacted, as the 1/O (isoparaffin/olefin) ratio is maintained as high as
practical in order to ensure complete reaction. At the beginning of the reaction
process the I/O ratio is generally around 10:1 as injected into the reactor 7.

30  However, the effective ratio in the reactor, as the reaction occurs, can be generally



the olefin feed-streams include FCC offgas, coker gas, olefin metathesis unit offgas, polyolefin
gasoline unit offgas, methanol to olefin unit offgas, and methyl-t-butyl ether unit offgas. In one

embodimengifeigfiafeed streams comprise ethylene. A source of ethylgpe fanLgandycting the
process is offgas from an FCC unit, which 20 may contain up to about 20 vol % of ethylene. However,

other olefins may make up the olefin feed streams. Examples of such olefins include propylene,
butylenes and pentenes. Specifically, the olefins in the olefin feed streams comprise at least one olefin
selected from the group consisting of ethylene, propylene, butene, pentene, and mixtures thereof

25Another feedstacike the: RISSENt invertipnae elnsho sttgpgmelarddeharings isoparaffins
feed streams, each of which contain isoparaffins. Examples of isoparaffins include isobutane,

isopentane, and niBREARSFHERYY INBIRERBEBRNS A 1h6 Te8iaRiHins are isopentane. Refinery
streams which contain isgpefane-aodimeie s IRwhenusedindigs aeessifigiveieidut are not limited
to, 30 extracted isppentane from an FCC unit, isopentane from a hydrogracking, unit, C5 and C6
streams from cru éoﬁﬁff?ﬁgt%lg%'ﬁ’?%?ﬁ &% ?é&%@r%&%‘?%%%%éq%ﬁ] éafgiyé"‘éﬁﬁ%f‘ﬁi?isobutane
is included in she isppacdfitmiestt 3B edhintan byiljecakt aine theferaexampleyliiplmabyfitiocracking units
or may be purchased .., In.ne,embodiment, the plefin fesq pireams. anh nglude stydgne and the
isoparaffin feed strésms tBRtan Sobutane anadror isopentane. The preéjent procesps employs an ionic
liquid catalyst. A |argengunsbirtbé isaitdiqUitic staty stsare koveriadhie avewhitheactotaptible of
effecting alkvlation gldsaRarafling.uelirdsl 0s.aLiReeiana By ARINR.guTh af propylene, 1-

butene, 2-butene, and iscbuylene. The present process can employ a catalytic composition comprising
at least 10one alupsitinilpagidecderptt 36 4ae saetefuaternary ammonium halide and/or at least one

amine halohygrate. An example,@f ARl wiinp; hrlidenusiscanto Kkerd ik aes 4danes with the
invention is aluminum chloride. Quaternary ammonium halides which can be used in accordance with

the invention are #88HAHediaRdIPEIBEREH RGBS asY WRKAISEIsbG e itsdos réfdrence herein,
which also teachegannethqoibiorthe Pleparadiontintiie caialysh: Anigkemplahe igrigdiguiccatalyst is

N- improved as selectivity is enhanced by avoiding undesirable side reaction.
One of the feedstocks to the present process are refinery streams referred to

15 herein as olefin feed streams, each of which contain olefins. Examples of sources of
the olefin feed streams include FCC offgas, coker gas, olefin metathesis unit offgas,
polyolefin gasoline unit offgas, methanol to olefin unit offgas, and methyl-t-butyl
ether unit offgas. In one embodiment the olefin feed streams comprise ethylene. A
source of ethylene for conducting the process is offgas from an FCC unit, which

20 may contain up to about 20 vol % of ethylene. However, other olefins may make up
the olefin feed streams. Examples of such olefins include propylene, butylenes and
pentenes. Specifically, the olefins in the olefin feed streams comprise at least one
olefin selected from the group consisting of ethylene, propylene, butene, pentene,
and mixtures thereof.

25 Another feedstock to the present invention are refinery streams referred to
herein as isoparaffins feed streams, each of which contain isoparaffins. Examples of
isoparaffins include isobutane, isopentane, and mixtures thereof. In one
embodiment the isoparaffins are isopentane. Refinery streams which contain
isopentane and which may be used in the process include, but are not limited to,

30  extracted isopentane from an FCC unit, isopentane from a hydrocracking unit, Cs

and Cg streams from crude unit distillation, and extracted Cs and Cgy streams from a

7



butylpyridinium chloroaluminate (C5SHS5NC4H9AI2C17). The ionic liquid catalyst can also be a
pyridinium or imidazoliurn-based chloroaluminate ionic liquid. These ionic liquid have been found to be

much more gifegiivedaige alkylation of isopemane and isobutane with etiyderashatqaliphatic
20ammonium chloroaluminate ionic liquid (such as tributyl-methyl-ammonium chloroaluminate). The

ionic liquid catalyst can be a chloroaluminate ionic liquid catalyst comprising a hydrocarbyl substituted
pyridinium halide or a hydrocarbyl substituted imidazolium halide. Alternatively, the ionic liquid catalyst
can be a chloroahuninate ionic liquid catalyst comprising an alkyl substituted pyridinium 25halide or an

alkyl substit.utled }eﬁﬂgz@!iqm@ﬁ%%qg@@g@ﬁ@qggys&bmgﬁicﬁw@gﬁ@;@hﬁaﬁy@elected frpm the
Byt halice e LR SR LA HERTSFR B & R CARbyF SUSRRRGd midazolum and
aluminum trichloride préfesabbibdtiimetar taeoiedle fiel wdracays oyl BOslinbtittitgtypyasidinhem halide or
hydrocarbyl SUbStitUtegf%?“fleaﬁoéi}’e%alidn?aE% %OQ&E’I% £9 g/ailseontésn%ilur_ninum tric_hl.oride of the general
formulas A and Iéjq’?%asrpec%ve(fy; & chioroaluminate ianic ﬁqu caat%?yst comprising an alkyl
substitute_d p@rid_inium_ cﬁl@rﬁesmwg}mmumplw«smtﬂiécqtcam'dalktﬁl_lmbaiiateejri_miﬂazaﬁum SChI(_)ride
o s O E L0 A Bt e
respectively; (A) of@soparaffins, such as isobutane or isopentane, by olefins, such as propylene, 1-
butene, 2-butene, and isobuylene.
The present process can employ a catalytic composition comprising at least
10 one aluminum halide and at least one quaternary ammonium halide and/or at least
one amine halohydrate. An example of an aluminum halide which can be used in
accordance with the invention is aluminum chloride. Quaternary ammonium halides
which can be used in accordance with the invention are described in U.S. Patent No.
5,750,455, which is incorporated by reference herein, which also teaches a method
15 for the preparation of the catalyst. An exemplary ionic liquid catalyst is N-
butylpyridinium chloroaluminate (CsHsNC4HgALCly).
The tonic liquid catalyst can also be a pyridinium or imidazolium-based
chloroaluminate ionic liquid. These ionic liquid have been found to be much more
effective in the alkylation of isopentane and isobutane with ethylene that aliphatic
20  ammonium chloroaluminate ionic liquid (such as tributyl-methyl-ammonium
chloroaluminate). The ionic liquid catalyst can be a chioroaluminate ionic liquid
catalyst comprising a hydrocarbyl substituted pyridinium halide or a hydrocarbyl
substituted imidazolium halide. Alternatively, the ionic liquid catalyst can be a
chloroaluminate ionic liquid catalyst comprising an alkyl substituted pyridinium
25  halide or an alkyl substituted imidazolium halide. More specifically, the ionic liquid
catalyst may selected from the group consisting of:
a chloroaluminate ionic liquid catalyst comprising a hydrocarbyl substituted
pyridinium halide mixed in with aluminum trichloride or a hydrocarbyl substituted

imidazolium and aluminum trichloride preferably in 1 molar equivalent hydrocarbyl

30  substitated pyridinium halide or hydrocarbyl substituted imidazolium halide to 2



X" (B) 15 and mixtures thereof, where R=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group and X
is a haloaluminate and preferably a chloroaluminate, and Rl and R2-1-1, methyl, ethyl, propyl, butyl,

pentyl, or heyyl Aelpsand where Rl and R2 may or may not be the 20sam@wrsFhsgigiably the ionic
liquid catalyst is selected from the group consisting of 1- butyl-4-methyl-pyridinium chloroaluminate

(BMP), 1-butyl-pyridinium chloroaluminate (BP), 1-buty1-3-methyl-imidazolium chloroaluminate
(BMIM), 1- WO 2009/085446PCT/US2008/084114 H-pyridinium chloroaluminate (HP), and
N-butylpyridinium chloroaluminate (C31-15NC4H9AI2C17). A metal halide may be employed as a

co-catalyst to moglify,G aakayel AGHHIY A SEIeRMIBILE QBN iRk Raklides for such purposes

include NaC1, )
respectively;

a chloroaiuminate ionic liquid catalyst comprising an alkyl substituted
pyridinium chloride and aluminum trichloride or an alky! substituted imidazolium
5  chloride and aluminum trichloride preferably in 1 molar alkyl substituted pyridinium
chloride or alky! substituted imidazolium chloride to 2 molar equivalents of

aluminum trichloride of the general formulas A and B, respectively;

10

15
and mixtures thereof,
where R=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group and X is a
haloaluminate and preferably a chioroaluminate, and Ry and Ry=H, methyl, ethyl,
propyl, butyl, pentyl, or hexyl group and where Rjand Ry may or may not be the

20  same.

Preferably the ionic liquid catalyst is selected from the group consisting of 1-

butyl-4-methyl-pyridinium chloroaluminate (BMP), I-butyl-pyridinium
chloroaluminate (BP), 1-butyl-3-methyl-imidazolium chlorealuminate (BMIM), 1-



5L1C1, KC1, BeC12, CaC12, BaCl2, SiC12, MgC12, PbC12, CuCl, ZrC14, and AgC1 as published by
Roebuck and Evering (Ind. Eng. Chem. Prod. Res. Develop., Vol. 9, 77, 1970). Preferred metal halides
are CuCl, Aggloidaeizsd iCl, and ZrCl4. HC1 or any Broensted acid pgayikesegmplayed as an
effective co-catalyst to enhance the activity of the catalyst by boasting the overall acidity of the ionic
liquid- 10based catalyst. The use of such co-catalysts and ionic liquid catalysts that are useful in
practicing the present invention are disclosed in U.S. Published Patent Application Nos. 2003/0060359
and 2004/0077914. Other co-catalysts that may be used to enhance the catalytic activity of the ionic
liquid catalyst indluged ¥Bimetal soatpnimds (PRfeiabiy-BiBy gt tiatidelsl suehasikie 13, TiC14, TiBr3,
TiBr4, ZrC14, 15@%%% F HfBr4 as described by Hirschauer et al. in U.S. Patent No.
6,028,024. %@ |I|ty of hydrocarbons in ionic liquids, olefinsisoparaffins alkylation,
like most reactions in |on|mleqa.lmngeaqebalmmmyaéi&mm@placmaiifhéhm@@ém in the liquid
state. The catalytlctal Iat'cﬁsef cu %enprgggdq%ﬁ &q sﬁbﬁéﬁ%&ém’&&@émphase in a

batch system, a SEMEBALE sys em or a Contintous system. T e molar ratio between the isoparaffin

and the olefifi is ihiGek&hdee61:1 Ca@ROBHH e T APl & 2lchalitsde S08H: HriHe AR 25t0 50,
preferably In the [RBAeh&dS fﬁo@@&@i&%&’%‘%ﬂ%‘hﬁ&eéﬁg%ﬁ%%éﬁ iiheeanes. of @ el % to 70 vol

%, preferably in e range of 5 vol % to 50 vol %. 25Vigorous mixing is desirable to ensure good
contact between THelftHbtabielemre thetahbahdes 315 ratdfd @ #E5H the range -40C to

150C, preferably in the (506 #9BI0A00E adi aerﬁpafesmn@ecb@ mﬂhﬁewﬁ@e:drm@tmmspheric

pressure to 8000 Oa, preferably sufficient to kee the react%nts in the li u"ldﬁ%hg |de{pce time of
reactants in the reBREsH E@@%"ifﬁﬁ@?ﬁr‘f@@%{? OEnds 153 yp a'BR/ ’g min to 60
min. 10 based catalyst. The use of such co—cataiysts and ionic hqmd catalysts that are useful

in practicing the present invention are disclosed in U.S. Published Patent
Application Nos. 2003/0060359 and 2004/0077914. Other co-catalysts that may be
used to enhance the catalytic activity of the ionic liquid catalyst include IVB metal
compounds preferably IVB metal halides such as TiCls, TiCly, TiBr;, TiBrs, ZrCls,

15 ZrBrs, HfC4, and HfBry as described by Hirschauer et al. in U.S. Patent No.
6,028,024,

Due to the low solubility of hydrocarbons in ionic liquids, olefins-
isoparaffins alkylation, like most reactions in jonic liquids is generally biphasic and
takes place at the interface in the liquid state. The catalytic alkylation reaction is

20  generally carried out in a liquid hydrocarbon phase, in a batch system, a semi-batch
system or a continuous system. The molar ratio between the isoparaffin and the
olefin is in the range of 1 to 100, for example, advantageously in the range of 2 to
50, preferably in the range 2 to 20. Catalyst volume in the reaction cells is in the
range of 2 vol % to 70 vol %, preferably in the range of 5 vol % to 50 vol %.

25  Vigorous mixing is desirable to ensure good contact between the reactants and the
catalyst. The reaction temperature can be in the range -40°C to_lSO"C, preferably in
the range -20°C to 100°C. The pressure can be in the range from atmospheric
pressure to 8000 kPa, preferably sufficient to keep the reactants in the liquid phase.
Residence time of reactants in the reaction cells is in the range of a few seconds to

30  hours, preferably 0.5 min to 60 min.

10



Typical reaction conditions may include a catalyst volume in the reaction cells of 5 vol % to 50 vol %, a
temperature of -10C to 100C, a pressure of 300 kPa to 2500 kPa, an isoparaffin to olefin molar ratio of
2 to 10, andggegigaregidime of 1 min to 1 hour. 5The following examplesigﬁfﬁg%i(%%dﬁg further
illustrate the present process and the advantages thereof The examples are MEant to be 3nly
illustrative, and not limiting. EXAMPLES Example 1: C4 Olefin and Isobutane Alkylation 5Evaluation
of C4 olefin alkylation with isobutane was performed in a 1000 cc continuously stirred tank reactor A
mixture of isobutane and C4 olefins with varying 1/0 ratio (molar ratio between isobutane and C4

olefins) was fed to the re@%%waﬂawgeagaﬁmiﬁam@z&@@%wstNaﬁésgg%%f}%;; ion

chloroaluminate (C5H5NC4H9AI2C17) ionic liquid catalyst was pufchas used as received. An
10ionic liquid cataf§4f WhS Ye it réd o arimpegessrainléf B dn 1aPGEAgrs veevb 3 ® kBaol% in
the reactor A smajbasspreQhanvsiarstb widchiondes was adaenp 1he Presess g ayeage
residence time (combined volume of feeds and catalyst) was about 20 minutes. The outlet pressure
was maintained afni%f)or)'sﬂj)‘brsing a backpressure regulator. The reactor temperature was maintained

at 15C using 15external Tholisigpwhihg teaeisieeiiypriwne sepamiedlinie.ouil gistidatiopeqiumns to

collect alkylate hydrocarbqn phase..Detajled composijtion of alkylate gasoline was analyzed using gas
chromatography. %85 Sc?@‘fﬁ%ge%%é]f’%rf:% ?&’t 5o gi%enn%%aigtc‘i?\%%? L SR fn 3R Bk dstock

was varied from 3imititgvhile keeping all other parameters constant.
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20Figure 3 shows the profile of alkylation selectivity vs. 1/0 ratio. It clearly indicates that, as 1/O ratio
increases, the desired products (i.e., C8 components) increase while the undesired heavy products
(i,e., C9+c crease under the studied conditions. As can be seen, such effects are
especially |C(J)r{(x):]g%r?(‘jsrji?{$ i%#c?w I/0 ratio due to the high olefin concentration, W%?W%’H?é%&lébﬁn
polymerization and 25other by-product reactions producing a significant amount of undesired heavy
products. Example 2: Effective I/0 ratio with multiple olefin feed injections The primary and
desired reactions between isobutane and C4 olefins can be 30written as: iC4 + C4 =iC8(1) 12 Each
mole of C4 olefin, thus, will consume one mole of isobutane. Due to the importance of high I/O ratio as
discussed in Example 1, excessive isobutane is always used in alkylation reactions. The effective 1/0
ratio inside of a reactor will increase as the olefin EXcANHpESd. For example, for a feed mixture with an
8 mole 5 isobutane and 1 mole C4 olefin (i.e., I/O ratio of 8:1), if half of a mole olefin has been
consumed, a half mole of isobutane will also be consumed. This results in a mixture with 7.5 moles of
isobutane and 0.5RIsele A8 SHe{inpachisobuiane Alkyiation Sych an effective 1/O ratio can be

calculated forsa reactor SyiRmioAtbOPWIBIRL ARHARIGHOSITROBUIRACIAL SIS MWt Qlefippfeed splits
e TectOg EnhRabeM HrelPla 180 L RE O R A G el ™ o2 e
illustrated :

varying /O ratio (molar ratio between isobutane and C4 olefins) was fed 1o the

reactor while vigorously stirring at 1600 RPM., N-butylpyridinium chioroaluminate

(CsHsNC4HoALCly) ionic liquid catalyst was purchased and used as received. An

10 ionic liquid catalyst was fed to the reactor via a second inlet port targeting to occupy
5-10 vol% in the reactor. A small amount of anhydrous t-butylchloride was added to
the process. The average residence time (combined volume of feeds and catalyst)
was about 20 minutes. The outlet pressure was maintained at 150 psig using a
backpressure regulator. The reactor temperature was maintained at 15°C using

15 external cooling. The reactor effluent was separated into multi distillation columns
to collect alkyiate hydrocarbon phase. Detailed composition of alkylate gasoline
was analyzed using gas chromatography.

To study the effect of I/O ratio on reaction selectivity, the I/O ratio in the
feedstock was varied from 3 to 11 while keeping all other parameters constant.

20 Figure 3 shows the profile of alkylation selectivity vs. I/O ratio. It clearly indicates
that, as I/O ratio increases, the desired products (i.e., C8 components) increase while
the undesired heavy products (i.c., C9+ components) decrease under the studied
conditions. As can be seen, such effects are éspeciaily prominent at low I/Q ratio
due to the high olefin concentration, which promotes olefin polymerization and

25 other by-product reactions producing a significant amount of undesired heavy

products.

Exampie 2: Effective I/O ratio with multiple olefin feed injections
The primary and desired reactions between isobutane and C4 olefins can be
30 written as:
iC4 + C4=—iC8 ' (1)
12



as in Figure 4b. For comparison, the effective 1/O ratio for a reactor system with only one olefin
injection is also shown in Figure 4. As can be seen, with split olefin feeds, the lowest effective I/O ratio
is about 3 tiggasflighedstan the overall 110 ratio in total feed while keeping-g Qigy@fgstive I/O ratio
throughout the reactor length. 15This will considerably avoid the higher order by product reactions,
such as olefin polymerization, which produce heavy undesired products. Although the present
invention has been described in connection with preferred embodiments thereof, it will be appreciated
by those skilled in the art that additions, deletions, modifications, and substitutions not specifically

described may 20pgmage: withow SepaninsHRrbReSPkiandiseonrg Ritihe. IMeniiogeas defined in
the appended claims. What Is Claimed Is: 1.A downflow process for the production of low volatility,

high quality gasol HEPBIERIMEf SEshIEh R pofinsuesg in Examnlsdvieire NG dtsutatriteed stream
comprising isopargiifiass (RRPievidingien Rigfinlieedriremrab M ising Risfin st foepsr¢iding a catalyst
stream comprising an ionic liqui talyst; ) splittin tlle isop %ﬁ‘in feed stream, the catalyst
stream and the OI%Qﬁﬁef’es&sz{Egé) ?ﬁﬁ‘tg ﬁ%lﬁﬁﬁg so%%r ﬁ%? %ﬁgt??g §?‘8‘§F§?y‘§'f%t?‘3am°§%d olefin
feed streamss  ifepieadingdhanmislideldopérafiiifeatbstfdamsit tathbfst stobaohefiandolefin feed
streams Into a reaclol 3&%‘5@%&%”%%‘]?5 Sé&%%ﬁ‘!?&%{ah]% '\%ﬂ%'?s8fbct§‘§o£%8%°c[ 'pn%sdr%‘é"uri%’é’?ﬁ%y direction to
contact all the feed stréams Under & ylation conditions to provide a product comprising the low
volatility, high quatitixgasstitie Tolendiesof ssobpsaenasddhd mole(DiiSélatiipthe doWQ ahdtiling, 1igh quality
gasoline blending companeRts ML IRR OIS can be calculated for a reactor system with known

reaction rates. For a reactor system with olefin feed splits into three injections as

10 shown in Figure 4a, the effective /O ratio along the reactor length can be illustrated

as in Figure 4b. For comparison, the effective I/O ratio for a reactor system with

only one olefin injection is also shown in Figure 4. As can be seen, with split olefin

feeds, the lowest effective 1/0 ratio is about 3 times higher than the overall I/O ratio

in total feed while keeping a high effective I/O ratio throughout the reactor length.

15  This will considerably avoid the higher order by product reactions, such as olefin
polymerization, which produce heavy undesired products. _
Although the present invention has been described in connection with
preferred embodiments thereof, it will be appreciated by those skilled in the art that
additions, deletions, modifications, and substitutions not specifically described may

20  be made without departing from the spirit and scope of the invention as defined in

the appended claims.

13



2.The process according to claim 1, wherein the reactor is a continuous-stirred tank reactor. 3.The
process according to claim 1, wherein the olefin is fed into the reactor at at least 3 different sites.
4.The process according to claim 1, wherein the 1/O ratio within the reactor is controlled by selecting
the number and location of sites for injecting olefin feed into the reactor. 5. The process according to
claim 1, Wiarkif Hienotelins comprise at least one olefin selected from the group consisting of
ethylene, propylene, butene, pentene, and mixtures thereof. 6. The process according to claim 1,
wherein the isoparaffins comprise at least one isoparaffin selected form the group consisting of
isohutarie, isopkedtamel] angdmixtsrés themwofluctichhe! procesksiaddoonidigigaobizipasblivberein the ionic

liquid catalyst i c 0 .roup consisting of: a chloroaluminate ionic liquid catalyst

compri?r%@ﬁ’w%ﬁ%@éﬁ% SU{JHSII l%gg yyridinium halide or a hydrocarbyl substituted imidazolium halide

of the general fo)prsteistidamuliB)parsfiefivaslsireamaconipreangiopasnidnig liquid catalyst comprising an

alkyl substitute Ik i ] imidazoliurn halide of the general formulas A
@()%J&% fﬂg _4@@%19 F20 gl s RS IS midags

and B, respecti
(c) providing a catalyst stream comprising an ionic liquid catalyst;

(d) splitting the isoparaffin feed stream, the catalyst stream and the olefin feed stream
into multiple isoparaffin feed streams, catalyst streams and olefin feed streams;

(e) feeding the multiple isoparaffin feed streams, catalyst streams and olefin feed
streams 1nto a reactor at different feed sites along the length of the reactor in a downwardly
direction to contact all the feed streams under alkylation conditions to provide a product
comprising the low volatility, high quality gasoline blending components; and

(f) 1solating the low volatility, high quality gasoline blending components from the

product.

2. The process according fo claim 1, wherein the reactor is a continuous-stirred tank

reactor.

3. The process according to claim 1, wherein the olefin is fed into the reactor at at least

3 different sites.
4. The process according to claim I, wherein the I/O ratio within the reactor 18

controlled by selecting the number and location of sites for injecting olefin feed into the

reactor.
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and mixtures thereof, where R=1-1, methyl, ethyl, propyl, butyl, pentyl or hexyl group and X is a
haloaluminate and RI and R2=H, methyl, ethyl, propyl, butyl, pentyl, or hexyl group and where Riand
R2 may or may not be the same. 8. The process according to claim 7, wherein the ionic liquid catalyst
is selected from the group consisting of 1-butyl-4-methyl-pyridinium chloroaluminate (BMP),
1-butylpgyridinitieghieroalsenimdiey BR) alxbityHBmie tihyl ehaitazolmprish lireakt nfrinaﬂef(BM M),

1-H- pyrld n| hlorgaluminate i f tylpyridinium hI oalum nate. % rocess
acoordig TS G R the Sy AL L b o B2 s
accorditigeteodlaim 1, wherein the alkylation conditions include a catalyst volume in the reactor of from
5 vol% to 50 vol%, a temperature of from -10C to 100C, a pressure of from 300 kPa to 2500 kPa, an
initial paraffin to olefin molar ratio of from 2 to 10 and a residence time of 1 minute to 1 hour. 11. The
processtof claiirhd prokeseavtheifegdostisanmts afefed ﬂlmi$bpaneﬂihwmmn@dgh aideziesnel2. A process
for the producdg)n Seﬁég%/vdv %%I@(é hrgh uall tgﬂasg# ‘qu! aq}%n mponent ﬁ&@ugéls%QgeBFOV|dlng an
|sopara1lfS Nfead stream compnsmg‘ﬁso ar ‘affins: providi Ing an ojle? s%ream comprising olefins;
providing a catalyst stream comprising an ionic I|qU|d catalyst; spllttlng the isoparaffin feed stream and
the olef feed sfream into mult le iso fiin tr lefin. f eding the
multiple |sopar1$herp teed sflr%cé)r%sn % &1%@1 %s%%a}r%ngs ?r%mltgggcﬂgiagc%} (z?‘t?dl egg%nt}%é?dg §tes for each
isoparaffie grciplefisifeeg stream while also feeding the catalyst feed stream into the reactor to

contact all the feqfl samAAdET A At SRNEIANS 0 Ao da ARIBMHAIERRRISnG the ow

volatility, high qu ity gaso Ine ng comp ohent S;
pyridinium halide or a hydrocarbyl subs&tuted imidazolium halide of the general formulas A

and B, respectively;
a chloroaluminate ionic liquid catalyst comprising an alkyl substituted pyridinium
halide or an alkyl substituted imidazolium halide of the general formulas A and B,

respectively;

(A)

VA

(B)
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(Nisolating the low volatility, high quality gasoline blending components from the product. 13. The
process according to claim 12, wherein the reactor is a vertical downflow reactor. 14. The process
according to claim 13, wherein the multiple isoparaffin and olefin streams are fed into the reactor at
different sites along the length of the reactor. 15. The process according to claim 14, wherein the
isoparaffi anstotefithsteems are fed into the reactor in at least 3 different sites. 16. The process

according to glaim 12, whergin: in i I 0 [ fr group
consisti‘ﬁ%leg??a%hy ’e%]gfh g?@gﬁgﬁgr %‘%ggr%?%’e %%%P,Bgr??g %)gll%%é%atpﬁé%?)%;g ﬁgﬂﬁl%?lrgé%%g; Ins comprise
at least®nanitBparbffmetbelected fronpiheytvl pavyisistingot obptameyisapdhtadel andnnixtures
thereof; ot b%fé%ﬁc%t%lgst is selected from the group consisting of 1-butyl-4-methyl-pyridinium
chloroaiuminate . ,1-butyl-pyridinium chloroaluminate (BP), 1-buty1-3-methylimidazolium
chloroaluminate (BMIM), 1-H-pyridinium chloroaluminate (HP), and Nbutylpyridinium chloroaluminate.

17.Th ' ' t isi I ' ' d catalyst

1o the renctor, T8 T BTl LU mcreases

along thbdength ofitfietiemetor-bu§]-Frogthybess distardidoroadiairmatef(BiHeh) cbmpibing recycling

unreacted.i i X h tor The. gt ' awherein the

R G S
I-H-pyridinium chloroaluminate (HP), and N-butylpyridinium chloroaluminate.

9. The process according to claim 7, wherein the catalyst further comprises an HCl co-

catalyst,

10.  The process according to claim 1, wherein the alkylation conditions 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 initial paraffin to olefin molar ratio of from 2 to 10

and a residence time of | minute to 1 hour.

11.  The process of claim 1, wherein the feed streams are fed into the reactor through

nozzles.

12. A process for the production of low volatility, high quality gasoline blending
components comprising:

(a)  providing an isoparaffin feed stream comprising isoparaffins;

(b)  providing an olefin feed stream comprising olefins;

(¢) providing a catalyst stream comprising an ionic liquid catalyst;

(d) splitting the isoparaffin feed stream and the olefin feed stream into multiple

isoparaffin feed streams and olefin feed streams;

(e) feeding the multiple isoparaffin feed streams and olefin feed streams into a reactor
at different feed sites for each isoparaffin and olefin feed stream while also feeding the
catalyst feed stream into the reactor to contact all the feed streams under alkylation
conditions to provide a product comprising the low volatility, high quality gasoline blending
components; and
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) isolating the low volatility, high quality gasoline blending components from the

product.
13.  The process according to claim 12, wherein the reactor is a vertical downflow reactor.
14. The process according to claim 13, wherein the multiple isoparaffin and olefin streams

are fed info the reactor at different sites along the length of the reactor.

15.  The process according to claim 14, wherein the isoparaffin and olefin streams are fed

into the reactor in at least 3 different sites.

16. The process according to claim 12, wherein:

the olefins comprise at least one olefin selected from the group consisting of ethylene,
propylene, butene, pentene, and mixtures thereof;

the isoparaffins comprise at least one isoparaffin selected from the group consisting of
isobutane, isopentane, and mixtures thereof; and

the catalyst is selected from the group consisting of I-butyl-4-methyl-pyridinium
chloroaiuminate (BMP), l-butyl-pyridinium chloroaluminate (BP), l-butyl-3-methyl-
imidazolium chloroaluminate (BMIM), 1-H-pyridinium chioroaluminate (HP), and N-

butylpyridinium chloroaluminate.

17.  The process according to claim 12, further comprising recycling unreacted isoparatfin

and catalyst to the reactor.

18.  The process according to claim 13, wherein the isoparaffin/olefin ratio increases

along the length of the reactor.

19. The process according to claim 1, further comprising recycling unreacted isoparaffin

and catalyst to the reactor.

20. The process according to claim 1, wherein the isoparaffm/olcfin ratio increases

along the length of the reactor.
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