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The present invention relates to a nore efficient process for producing | ow
vol ati | itwp 2nesgissgpaal ity gasol i ne bl endi ng conponents bycudispgs®piiiid
reactant streans. Mre specifically, the present invention relates to a
process for producing |low volatility, high quality gasoline blending
conponents wherein al kyl ati on between isoparaffins and olefins in the
presence of an ionic liquid catalyst occurs at high effective I/Oratio
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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 aconsequence, 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 capable 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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Publ i cati on 2006/ 0131209, was devel oped that is capable of converting the
undesirabl e, excess isopentane into desirable and much nore val uabl e
| ow- RVP gaieabiwmssdabendi ng conponents. The contents of UPEI/USat08/084114
Application Publication 2006/ 0131209 are incorporated by reference herein.
Thi s al kyl ati on process involves contacting isoparaffins, preferably
i sopentane, with olefins, preferablyethylene, in the presence of an ionic
liquid catal yst to produce the | ow RVP gasoline bl ending conponents. This

process elimnates the need to stare qr of herw se use isopen an
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acid are necessary.to initially fill.the reactor. The.sulfuric aci,d plant
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saf e than t he H2SOfualekousaisadvantages 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 withdrawl of
spent acid for off-site regeneration. Then the spent sulfuric acid must be incinerated
to recover SO,/SO;3 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 H,SO4 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%);



process. Mddern HF processes often require additional safety nmeasures such
as water spray and catal yst additive for aerosol reduction to mnimze the
pot ent i alwbane@vmds446The ionic |iquid catal yst al kyl ati onpPpramsees/ogulfill s
the need for safer and nore environnmental |l y-friendly catal yst systens.
Benefits of the ionic liquid catalyst al kylation process include the
followng: (1) substantial reduction in capital expenditure as conpared to
sul furic acid and hydrofluoric acid alkylation plants; (2) substanti al
reduction in operating .expenditures as.c red to sul furi bd al kyl ation
plants; (3) substa b'f‘gﬁlbsltzg’@ﬁﬂ}’ fezﬁﬁc?%caiaﬁsg%'Uipr‘ff}tgr@%?ylai}%&frg}fipot entially
by 90%; (4) acomhsd@otsuElliyadi@glany catal yst make-up rate (potentially by
98% conpared to sul furic acid plants); (5) a higher gasoline yield; (6)
conpar abl e or bet t@) apighgugasolipayieldy (Cct ane nunber, RVP, T50); (7)
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reference herein. SUch catalySts are chloroalumnate |iquid catalysts
conprising an al kylonsufsgid ¢atalgsts pyecifosallyruseditl idsheoalkglatien prpress dbsoribed ired

i m dazol i um hald de._of ,the gengrgl f.or d B. respect.iyvely. Such
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hydrocar byl sapslidatioh Bablyatiosl 2006/0ES5i88¢, wailficials diyodhogpodaydd bsubkkdricet ed
i m dazol ium hal i de of the %ener al formul as A and B, .
herein. Such catalysts are chloroaluminate liquid catalysts comprising an alky!l
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.
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respectively. (A (B)where R=H, nethyl, ethyl, propyl, butyl, pentyl or
hexyl group and X is a halide and preferably a chloride, and R and R2=H,
met hyl , ewbybg/gssapyl , butyl, pentyl, or hexyl group an@#CrRuSec@sBsamd R2 nay
or may not be the same. Preferred catal ysts include

| - butyl - 4- et hyl - pyri di ni um chl oroal um nate (BMP), 1-butyl-pyridinium

chl oroal um nate (BP), |-butyl-3-nethyl-im dazolium chloroalumnate (BMM
and 1-H pyridinium chl oroal um nate (HP). However, the ionic liquid catalyst
has uni que properties, which requires that the ionic liquid catalyst

al kyl ati on process be further devel oped and nodified to achi eve superior
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5,347,064 (Chilidyveldihm)chRipchI@RidEe @p)Dbi | auto refrigeration alkylation
process published at page 243 of the third edition of Petrol eum

Ref i ni ng- Technol odYovesver, Eeoieoiti loglidbeatdzsides @igye piogeteawhitaredwsesthaf f er
sonme attenpts, at | nprovenent.s J.n_general al | r ' .«.al.though the
reactions ar Zhesmn*c Ehe %%%&Stzfil l%l/?taln iPBRES %}ﬁ*{lﬁ% #egjég)tp gg%ﬁd %}rggtcﬁeegsté separ at es
an ol ef i nof eedhist¢ apRtieOFA3LIitd blendihg taapdnchhpreduak,diprs/ed ptazesnt er nedi at e
streans enriched in propene, 1-butene, and 2-butenes, i ..
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 alkylate product. Segregation of the olefin components prior to alkylation
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respectively. Then a first internediate streamenriched in propene contacts
at |l east one isoparaffin (e.g. isobutane) in a first reaction zone at a
reacti on wenpevmsuse specific to propene to produce a fiPCTtUSa008BANLL
product, a second internediate streamenriched in 1-butene contacts the at
| east one isoparaffin in a second reaction zone at a reaction tenperature
specific to 1-butene to produce a second al kylate product, and a third
intermedi ate streamenriched in 2-butenes contacts the at |east one

isoparaffin i.n a third . reactiopn zone at I ' ratucre specific to
2 butenes 1o Benso el s Py Jrikeets B alp o ki BIPAAREIS 120 o1
conmponents prdiplethytheRhiteli@tHeaimyrie prsacal kyl ate quality by increasing the
ratio of trienethyl pentanes to di nethyl hexanes in the al éé{)at e product. The
ExxonMobi | pr ocessTh keewnipby repsess mikes apqletn feedgnd agcydebispbHanst r eam t o
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streans that en a continuous-stirred tank reactor at various points
al ong t he 5horgdtzams that krtaga borsinubhestirediatuy readtheataeriduup@tstatongdhal yze t he

ti bet th | efin feed [ .
ot only. VRGN IRER A hasEapt PR L N6t e SEEPECtEet fecortai n

benefits, thefenstdelilan§Xoblitinded&8ehd RhctdfatiofB poMedniyl kyl ation process for
converting isoparaffins and olefins in the presence of an ionic liquid

cat ?! yst. SUMVARY WihdyithieGhildetal pnd Fasenilobil prasassarsdt insartaia barefitit y, hi gh
qual ity gasol %E%fsgggggs%sp%%%é@rgazng%p O\Eeqioa]lrﬂﬁatfbgmgg{es {‘or'cﬁmi%l;" n feed

streans, ol ef IFoni ¢ Tirqui al yst stre It entails
provi di ngiean isgmpaifiaé hhdoitfedinghé peserncospan Binigliqudpatalyst i ns, an ol efin
feed stream conprising olefins, and a catal yst stream conprising ionic
liquid catal yst and subsequently splitting at | east the reactive olefin
feed stream fg)mvﬁ\ng{{, nto the reaction zone, or splitting all the feed

Provided is a process for producing low volatility, high quality gasoline
blending components from a number of isoparaffin feed streams, olefin feed
15  streams, and ionic liquid catalyst streams. It entails providing an isoparaffin feed
stream comprising isoparaffins, an olefin feed stream comprising olefins, and a
catalyst stream comprising ionic liquid 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
20  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
reaction.
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
25  at separate points in the reaction zone, a higher effective isoparaffin/olefin (1/O)
ratio can be achieved and controlled. A higher 1/O ratio results in better selectivity,
as side reactions are minimized, and thus an overall better alkylation reaction is

achieved.

30 BRIEF DESCRIPTION OF THE DRAWINGS



streans into a plurality of isoparaffin feed streans, olefin feed streans,
and catal yst streanms. The splitting of at least the olefin feed stream and
i ntroduciwg 200908s4abi t feed streans at separate entry poiPRTAIS2080841he
reaction zone allows for better control of the reaction. Anong ot her
factors, it has been discovered that by splitting at |east the nost
reactive hydrocarbon reactant, i.e., the olefin, and introducing the split
feed streans at separate points in the reaction zone, a higher ef fective

i soparaffin/olefi tio .can be achi eved, and A.higher 1/0
ratio results in BFeI%’JE %é&?&al“\‘ho?w GQE fnﬁg YRy tg%gy(g'?(‘éarﬁ? eﬁﬁlzeg and
thus an over %tﬂea&% "sﬁl[t aﬂh kijb@bd Snthre8 AGFdrom ihjecdsiipoamed. BRI EF DESCRI PTI ON
OF THE DRAW NGS is a schematic of an enbodi ment wherein the

hydr ocar bon f eed slfIIGaémi h schepiatic of prptherjcathodiment whires theioefiy ieagtantis ect i on
points. FIG g ?ndam %Pe%”%@k@g%ég%@%ﬂﬁ{o ROpadigent wherein the ol efin

reactant is ss[:ﬂ nummerous points into the reactor. FIG 3
gr aphi cal Iy depi ctEIG. B%raﬂﬁmlw depicts/the eﬁédtof DO mtitph atkiybriosetlectivityi t y.

FI GS. 4a and 4b | [ 1 d d ff
al ong the react o?rﬁmggaﬂ%é%gfquﬁ lcéﬁﬁéﬁl‘gg?téégglfigglgtb ?Ff?%‘ﬁ%g rqlgaglf’/é‘ GO
mul tipl & poi nfg ea@ﬁI J{%ﬁp\vmlﬁ-ﬁn%dﬁsﬁﬁﬁa&l _ﬁ@t’eﬂﬁf‘ﬁmlt{ﬂl@ﬁ&nﬂss provi ded

a process for t e production of low volatility, 'high quality gasoline
bl endi ng conponents by neans of al kylation of isoparaffins with olefins in

three food st PETAILIBPESCHRAION: T ™ ced ot Feam compri sing | Soparaff i ns:
(2) an olgfin feedinSéie@aBodin@t] thereds plovfded s;prevess o8 theeprodictioy of 1t r eam
tC ﬁgp 1E g::jng anvcl)lgt?lllt(}:/, Ilnig}? lcjlllleﬂlt}(E Zgg)lh)rlles %alengl?lg cgrrn(l)agr?esnsts lf)}l/J rrntegnesrof aﬂ( ?elltX)%sof splitting
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



streans into a plurality of feed streans, and introducing the split feed
streans into a reactor at different injection points. In one enbodi nent, at
| east t hewol2edwossf4eed streamis split and injected at diPCirarsesns/084114

i ntroduction points into the reactor. The process is further illustrated in
the Figures of the Drawing. Referring to Figure 1, a process is depicted
whi ch uses an external loop for recirculating a streamand nmultiple

i njection points into the reactor for the hydrocar bon feed. The hydrocarbon

ogether 1 5" gt BhaP el IuREEn iebr BERPF af e BliiRRTihy 6 it

the al kyl at i ORuBsRARiall 8hlyQboparaffin réAne£oMBE tdxefahs. the feed streans are
injected or fed into the reactor through nozzles. Effluent 8 fromthe
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e onplete
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is reacted and sugstantla l'y only isoparaffin remains of the reactants.

Anot her embodithresatalys anth ivanaraffirFbeing djecteslat ghedopend therelefin feediat various
| soparaffin 2 1.is cted |n the reactor 22 at a first nozzle 23.
Catal yst 24 |§°3’Itss%}°]il ﬁ’gé? t%ﬁéezaﬂoé' 23. Aefin 25 is injected into the

reactor atonul tipl evsad efilnof the ﬁﬁiltilplél ngaitmmm% thé olefinNthe @45 asiotche be
internal /O ratio and provides inproved m xing inside the reactor. This
sanme syst em c&fnlledand mq«ntam@émhewhe rr%aa&r@Famymghq%ff@awaieygk Byhd
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poi nts of the impedvied as sdiectivitiy ethanceddny dyeiding 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 Cg4 streams from crude unit distillation, and extracted Cs and Cg streams from a
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controll ed and maintained wthin the reactor at a very high effective

|l evel. By maintaining the effective I/Oratio within the reactor at a high

| evel , thwoabéwisatsbon is inproved as selectivity is enhaoras2ig/osdaed di ng
undesi rabl e side reaction. One of the feedstocks to the present process are
refinery streans referred to herein as olefin feed streans, each of which
contain olefins. Exanples of sources of the olefin feed streans include FCC
ngas, coker gas olefin nmetathesis unit offgas, polyolefin gasoline unit
of f gas, net han uni.t as, .. and r un|t
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thereof. In one enbodiment the isoparaffins are isopentane. Refinery

streans Wwhi ckbmt%nbntengcmérlﬁoéméleaﬁd whi ch may be used in the process

i ncl ude, but are e it,
| sopent ane from anﬂV(ﬁrgsg P{a%rgésgc r%pﬁ%g thagi’ﬁ %g%gipr g@ﬁé ﬁﬁng %ley%nl t
distill atlioon,orﬁ&mrﬁnhmafaﬂledm%ataem 6 QiaterAars afrrrmml&melbbde‘mrd/orlaft ldasiobut ane

is included in the isqparaffin feed streans, .t be obtai ned, for
exanpl e, frofng@EHERhalelydsge uﬁinteé‘a‘@Plerﬁf;?ngE‘r‘ﬂ)‘BP‘@m@‘ﬂWh cﬁﬂge SH98i nent

the ol efin [ edodhicalith B8 ivenflh KifuRiliH] QMGHRNQudiinks AR GHilin hafi@gd
pent ane.
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 (CsHsNCsHoALCly).

The ionic 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 chloroaluminate 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 hydrocarby! substituted
imidazolium and aluminum trichloride preferably in 1 molar equivalent hydrocarbyl

30  substituted pyridinium halide or hydrocarbyl substituted imidazolium halide to 2



The present process enploys an ionic liquid catalyst. A |arge nunber of
ionic liquid catalysts are known in the art which are capable of effecting
al kyl at i omoaboyvmssg@ar af fi ns, such as i sobutane or isopenramaS2dng/osdiefins,
such as propyl ene, 1- butene, 2-butene, and isobuylene. The present process
can enploy a catalytic conposition conprising at |east one al um num hal i de
and at | east one quaternary ammoni um halide and/or at |east one am ne
hal ohydrate. An exanpl e of an al um num halide which can be used in
accordance with the.inv ntli on is aé;)&ri nuo\r’\)?I chl ori FIF aternary anmmoni um
hal i des whi cHPUAReBEvAIRIERRIPRIngR Bicpiaids ofiieespria! [RPERe b tPe described in
U.S. Patent Nggpestivedp, 455, which is incorporated by reference herein, which
al so teaches a nmethod for the preparation of the catalyst. An exenplary
ionic liquid cat alachorpalungirats joye iqHicraiphy sieompsisingsn sty sytesedcaH Al 20 7)
The ionic |jgui | 3 . i.di.n 1.1 h: based
chl or oal um né{yglldling%rlgghfbflééi%ﬂ&gqhﬁgé%gi&gﬁ}l%lw&fg c?%\%&ggiéér? ‘ﬁ@ﬂ%&ﬂ‘@ be much
mor e ef f e6t i whldridetahd ahinkiyhmtttichionde prefepehty ank nmid alkyd bulsatueedpytriditny | ene
that aliphatic¢_ appnoni chl qgroal um nat.e iopic lLiquid (such. as
tributyl - net qu%ﬁﬁ&}ﬁ‘@ﬁpw MifazA P‘@)C?‘P"FWQ t‘i’gt’i‘?‘ﬂarl qagtralenBAtal yst can be
a chl or oal um fghguhPRichlokEBF the GRAGYSIMERSA dndiH) Gespeltdpcar byl
substituted pyridinium halide or a hydrocarbyl substituted inidazolium
halide. Alternatively, the ionic liquid catalyst can be a chloroal um nate
ionic liquid %Ejlt al yst conprising an al kyl substituted pyridinium halide or
an al kyl subs( tuted i mdazoliumhalide. Mre specifically, the ionic
| i quid catal yst selected fromthe group consisting of: a

chl oroal um n | iquid catal yst conprising a hydrocarbyl substituted
pyri di ni um hall i de m'l ed in with alumnumtrichloride or a hydrocar byl

X-

10

(B)

R4
\(3/ i
X N— 2
\

and mixtures thereof,

15

where R=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group and X is a
haloaluminate and preferably a chloroaluminate, and R; and R,=H, methyl, ethyl,
propyl, butyl, pentyl, or hexyl group and where Rjand R, 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), 1-butyl-pyridinium
chloroaluminate (BP), 1-butyl-3-methyl-imidazolium chloroaluminate (BMIM), 1-



I m dazoliumand alum numtrichloride preferably in 1 nolar equival ent
hydrocar byl substituted pyridiniumhalide or hydrocarbyl substituted

i m dazol iwo2heldsetet o 2nol ar equi val ents al um num t ri chiperiuseoosfos4ine
general formulas A and B, respectively; a chloroalumnate ionic liquid
catal yst conprising an al kyl substituted pyridiniumchloride and al um num
trichloride or an alkyl substituted im dazolium chloride and al um num
trichloride preferably in 1 nolar alkyl substituted pyridiniun1ch|oride or
al kyl substituted,i m dazo

trichloride JfPYHEDYER 8618@ %1?%{6 glpg agﬂg\l éut% S Sglc {%k&ﬂ&ri ng{eBal . nmd e

31r )(;Lgr:ﬁdt ?(er(@gﬁﬁ\r]]@%}@'plgzgﬁ;w tmet hgl e]'E hyl , bI propylh butyl pentyl or hexyl
is a hal oal umnate and prefera a chl oroa nate, and R and
R2=H, net hyI et hyh m lchpwe manbwmpbxyﬁ@wacwatﬁlé&w I@?%ﬂnhsﬁ%}a‘\xﬁere R and

R2 may or E{Qtt B &d eecn%/ BCofftn éé%h%ﬁ&% ﬂ)loiﬂicﬁ Iph?ﬁ%s‘*n@lﬁ&@i\ﬁi@t s

sel ected from group con st I ng pyridinium
chl or oal usi nati€l,(IBMPBeCL; GHCMI BWI&,I SIChi, MgCﬁ,hIPbezaCuﬁi HaCh, gR)gCl as

I-butyl-3-rrethl-|md zol i um or pal um nat e . ( BM dii

chl or oal uni nalt ftikmf{qﬁ%%(ﬁﬁﬁaﬁngﬁﬁ%%ﬁ‘ Lﬁ% ;g%{ye]' > Vol'd]

( CSHSNCAHOAI 244 me /%réfeﬁ@d mial helfieg Bk GECIeRRCORLIZS. @, art ZaAllal ySt to
modi fy the catal yst activity and selectivity, Commnléé\a%ed hal i des for

such purposes i ncl @konmg Brognstyd aciomay Be employed ey 0 € o cospiglyst tovg i 2,
02 S S el R S 0 W S0
Cud, AgQlo PRhfst®cathly§tl Thamde &f Suck 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 include IVB metal

compounds preferably IVB metal halides such as TiCls, TiCly, TiBr3, TiBr4, ZrCly,

15  ZrBrs, HfC4, and HfBr, 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 ionic 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 150°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



HCl or any Broensted acid nmay be enpl oyed as an effective co-catalyst to
enhance the activity of the catalyst by boasting the overall acidity of the
ionic |iouodbewssHs6at al yst. The use of such co-cat al yst ecarus2e080840114 i qui d
catal ysts that are useful in practicing the present invention are disclosed
in US. Published Patent Application Nos. 2003/ 0060359 and 2004/ 0077914.

O her co-catal ysts that may be used to enhance the catalytic activity of
the ionic liquid catalyst include I1VB netal conpounds preferably |IVB netal
hal i des such as Ti ﬁj Hf Br 4

as described by Hi ?%Q:lﬁ%{ﬁ%a}mg{l C%'?CF{I?W I{lfysmélyg?g%tamogwgulaﬁé{@’%eac e to the

| ow sol ubi |'i t yelRfof BYAI Br@IrI0oRS %, M thrapératurd 6L 02C t0] BPCNS breepae of $0071Pa

al kylation, |like nmost reactions in ionic liquids is generally blpha5|c and
t akes pl ace ato 3308 kPat sy isepagaffin te ﬁ@ﬁmneﬂlarda@? gfato Wénéétrﬁﬁll@@(“i"%tl&el&fl ation
reaction is g&ﬂﬁ{af hy [carried out in a liquid hydrocarbon phase, in a batch
system a sem -batch systemor a continuous system The nolar ratio between
t he i soparaffin andhd ftﬂ;lo@dn@‘ c:xmmpd;esmne piloeided g &urther {llusipatd @, present moacqsl e,
advant ageously jn the ran o 50, ref er abI h t o, 20.

Cat al yst vol u%‘gi tﬁ}ﬁ a@Yf’é‘targQ fetﬁ’ﬁ Erg? F’éan?@ e rant rl?ﬁé’nb'f ‘ﬁﬁs% eﬂ/antdd‘o?o vol
% preferablyjnhidgdhe range of 5 vol %to 50 vol % Vigorous mxing is
desirabl e to ensure good contact between the reactants and the catal yst.

The reaction tenperature can be in the range -400C to 1500C, preferably in
the range -20C to 1000C. The pressure can be in the range from at nospheric
pressure to 8000 kPa, preferably sufficient to keep the reactants in the

| i qui d phase. Residence tine of reactants in the reaction cells is in the
range of a few seconds to hours, preferably 0.5 mn to 60 m n. Typi cal
reaction conditions may include a catalyst volune in the reaction cells of
5 vol %to 50 vol % a tenperature of -10C to 1000C, a pressure of 300 kPa

11



to 2500 kPa, an isoparaffin to olefin nolar ratio of 2 to 10, and a
residence tine of 1 mn to 1 hour. The foll ow ng exanples are provided to
further iwDusewvmsaect he present process and the advant ag@esTiusesoso8411he
exanples are neant to be only illustrative, and not |imting. EXAMPLES
Example 1: C4 A efin and |sobutane Al kylation Evaluation of C4 olefin

al kyl ation with isobutane was perfornmed in a 1000 cc continuously stirred
tank reactor. A mxture of isobutane and C4 olefins with varying I/Oratio
(mol ar ratio between isobutane and C4 olefins) was fed to the reactor while
vigorously stirring at 1600 RPM N-butyl pyri di ni um chl or oal um nate
(CsHsNCAHgAI 2C 7) i1onic liquid catal yskAMBLESIr chased and used as recei ved.
An ionic liquid catalyst was fed to the reactor via a second inlet port
targeting to occupy 5-10 vol %in the reactor. A small anount of anhydrous

t-butylchlori g)«g1 %E 1a@e@lehgghg@so%%gﬁ%%@baver age residence tine

(conmbi ned vol eeds and cata out 20 m nutes. The outl et
pressure vas mai nt Bvaledioatof TEI0o]lpln glkylatiog wathbsubkipme sew performapd iatadi000 The

reactor tenperatur.e was nmintained at 15C usin xt er nal, coql L ng.. The
reactor effl u%cn‘io%go‘§g’ ‘r"é?gé@ﬂ? ﬁ?ﬁohu%ﬁ‘xﬁ?%?ﬁ?@%ﬁné#Lfﬁﬁénstg%lﬂ_bol | ect
al kyl ate hydregamBaro PR foldrehtid b&HeGPRPORAdE 2 (X oldfiks) vk FeDRSAE | NE Was
anal yzed usi ng gas chronmat ography. To study the effect of I/Oratio on

reaction sel ewattoi while vigerausly stistingati 1600 R&M.eNeolsutplpkridiasmy eilprwaluminate 3 t o
L1 L Ke O B OAE BTR iy SV WSS RS AR '
rati o i ncyeeaswsaic lidigd esliystashsfed thube Seacior @ia a $88ondina penttaetinpcto@asgpywhi | e
e undest ed, RN ot BSHELS s Shin S TRSIES S SEALSASE. YDELLcHS
studi ed Y y
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 alkylate 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.e., C9+ components) decrease under the studied
conditions. As can be seen, such effects are especially prominent at low I/O 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.

Example 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 )
12



conditions. As can be seen, such effects are especially promnent at |ow
I/Oratio due to the high olefin concentration, which pronotes olefin

pol yrer i 280i2009/@6d60t her by- product reactions produci ngPaTAiISgeusHBOant
anount of undesired heavy products. Exanple 2: Effective I/Oratio with
multiple olefin feed injections The primary and desired reactions between
i sobutane and C4 olefins can be witten as: iC4 + &4 = i1C8 (1)Each nol e of
C4 olefin, thus, will consune one nole of isobutane. Due to the inportance

of highI/Orati,o as di ssed,in anpl e 1, excessive isohutane is always
used in alkyl E‘f’?}b Ofeecglccts‘f@ﬁﬁ?’%‘ﬁewgﬁfg&”m?é’nﬁ@?gf'iSBb‘ft?%q' uegtf’%&e react or
wi I i ncr easejf@goridi@e 6f Bich VO fitie Q5 isbBHed FOEXxBNAED] dkcedsBle isobud ign xt ur e
with an 8 nole Isobutane and 1 nole C4 olefin (i.e., I/Oratio of 8:1), if

hal f of a nol alvsiysused inatkybasion reastionsrebhe ¢ffastive I/Qopeo ssidegdlgaeaster willl | al so

be consuned. I Lts d tyr i I d 0.5
ol o of O of LRyst Ptk Rornls Baftublel Rolblaole, TofPhES il SO TAIES 2
be cal cul a$ edisobutafe mgbL tnole G¥ stedim (it.{ HOkatowof 8:¢pdf hadbfvframele.oldforhaa r eact or
systemwith olefin feed spljts into {hree iE;#}ec ions as sJIilﬁwn igﬁg{jégure 4a,
the ef f ecti vebpgnsonaimed. aaHgnelref elutars WibHER he coaiupedi Fhagesedt 8 as in
Figure 4b. Fo i CQRPRIh §% ol 6 &Bl&ﬁfrﬁé 3 0.4 folcdf u $1eﬁn,zorraﬁqm RltioHFIEEM

with only one o In injection Is also shown in Figure 4. can be seen,
with split ol efin Sedday efféntive demtio ehrh be caladated Grraaeaator sysighowith Bnewmes

hi gher than the overall J/Oratio in total, feed . wh.le keeping a high

ot fective 1/ opabverfi SnRate e Feanror P ERGe APt Tl WG Mool s aoi

avoi d the1hi gbkswmdEEuRYaPihe defettivedaAd kitiBongshe heagtor Wrgth cantel ijlosratetiat i on,
whi ch produce heavy undesired products. Although the present invention has
been descri beds imFigwtsride tHop gompanson, the effective I/0 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 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



preferred enbodi nents thereof, it will be appreciated by those skilled in
the art that additions, deletions, nodifications, and substitutions not
speci f i cavbypodessasbed nay be made wi t hout departing frecTiuseoosps4iia and
scope of the invention as defined in the appended cl ains. Wat Is d ai ned
Is: 1. A process for the production of low volatility, high quality
gasol i ne bl endi ng conponents conprising: (a) providing an isoparaffin feed
stream conprising isoparaffins; (b) providing an olefin feed stream
conprising o fiPS' g%%ﬁgroviding a catal yst stream conprising an ionic

li quid catal ydet s tting the olefin feed streaminto nultiple olefin
feed streans; (e) feeding the nmultiple olefin feed streans into a reactor

at different feed sites for each separate o] ef.in feed strea il e.al so

feedi ng the isopaddiresess Eidhapodysyion Oﬁé%Velﬁléﬁfnﬁlggﬁ%ﬁ%%s‘}mﬁ’ﬁwgﬁ‘%ﬂ%“{go

contact all the fe .under al kylation conditions to provide a
SR8 2B,

pr oduct conp??rgPor]n latility, high quality gasoline bl ending

conponents; and ({g) proadiag anisophraffirofred siream tomyrising ghpaadinst y gasol i ne

bl endi ng conponents fraomthe pr ct. 2. The proc according to claim1,
wherei n the react &) vl m%@PP?%’%‘I%?‘L%{EW@@&%&%&%SCess according to
claim1, wherein {}e:48&ak AlcalabysBstEART domiissneSdn ibhiediquahdatalgsact or . 4. The

process according to claim?2, wherein the rmlti,pleqtzJe i({1 streans are fed
into the reactor &) sdlittingteneleBn fasd stiparn dnte paliiRlg gladindeed f¥aMSact or. 5. The

process according é%&e%h?étg\]e lrlﬂul%‘l\ﬂg LRI OEsiRhafkiiftolaSed &8t dt Qiferédigeddeact or  at

at least 3 differ ' -
sites for each separate olefin feed stream while also feeding the isoparaffin and

catalyst feed streams 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

(f) isolating the low volatility, high quality gasoline blending components

from the product.

2. The process according to claim 1, wherein the reactor is a vertical reactor.

3. The process according to claim 1, wherein the reactor is a continuous-stirred

tank reactor.

4, The process according to claim 2, wherein the multiple olefin streams are fed

into the reactor at different sites along the length of the reactor.

5. The process according to claim 4, wherein the olefin is fed into the reactor at

at least 3 different sites.

6. The process according to claim 1, wherein the /O ratio within the reactor is
controlled by selecting the number and location of sites for injecting olefin feed into

the reactor.
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6. The process according to claim1l1l, wherein the I/Oratio wthin the
reactor is controlled by selecting the nunber and | ocation of sites for

i nj ecti ngwvol2edwassf4eed into the reactor.7. The process aecorusovg/osaic| aim 1,
wherein the olefins conprise at | east one olefin selected fromthe group
consi sting of ethylene, propylene, butene, pentene, and m xtures thereof.
8. The process according to claim1l, wherein the isoparaffins conprise at

| east one isoparaffin selected formthe group consisting of isobutane,

i sopent ane, gnd m t , - The AGHRCHnBHsd £ 16dsfbiB 1,
wherein the ?onigﬁﬁ%éﬁﬁg“ﬁgggﬁggﬁ°??“§2rQﬁ%ggp?§8n1thég%?oup consi sting of:
a chl or oal unphdinaeieoted ¢rom teighoupadoabigtng cioatinylewsd, prppaleny drudenes pgrtene,
substituted pyridiniumhalide or a hydrocarbyl substituted im dazolium
hal i de of thénﬁgﬁﬁPﬁﬁt@%?#LIas A and B, respectively; a chloroaluninate
ionic liquid catalyst conprising an al kyl substituted pyridinium halide or
an al kyl substituted im dazoliumhalide of the general  fornul as and B,
respectivel y38. (A) ThBpaodsyrcgendingstotctrimelo whergiethe iseperafiipy Wp,rlsétaﬁk‘fﬁs,t

propyl, butyl, pent or . hexy. r,ou ks 1] Ri and
R2=H, net hyl P& Sﬁ??‘&fﬁ’r%&?f}ed #Bﬁﬁ)t/}fe, rB@?"y‘féfS"%‘% @EEQ@@%{%@S é‘gﬁ%‘a@%r e Riand
R2 may or mayhiRRkesdBerebe sane. 10. The process according to claim9,
wherein the ionic liquid catalyst is selected fromthe group consisting of
1- butyl - 4- et hyl - pyri di ni um chl oroal um nate (BMP), 1-butyl-pyridinium

chl oroal um n%t’ € (%@e’pr&éegyécﬂ)r'ﬁﬁé"ﬁtéf‘éﬂn'f,@@?&@tﬂe‘«iﬂhic liquid catalyst is selected

from the group consisting of:

a chloroaluminate ionic liquid catalyst comprising a hydrocarbyl substituted
pyridinium halide or a hydrocarbyl substituted 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)
)
AN
N X
|
R
(B)
R1\g/\

15



chl oroal um nate (BM M, 1-H pyridinium chloroal um nate (HP), and

Nout yl pyri di ni um chl oroal um nate. 11. The process according to claim9,
wher ei n twe 2oexmb4ast further conprises an HO co-cat al yeCT/UB2008MBE1pr ocess
according to claim1l1, wherein the alkylation conditions include a catal yst
volume in the reactor of from5 vol%to 50 vol% a tenperature of from -
10C to 1000C, a pressure of from 300 kPa to 2500 kPa, an initial paraffin
to olefin nolar ratio of from2 to 10 and a residence tinme of 1 mnute to 1
hour. 13. The process of claim1l, wherein the feed streans are fed into the
reactor through nozzles.

and mixtures thereof,
where R=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group and X is a
haloaluminate and R; and R,=H, methyl, ethyl, propyl, butyl, pentyl, or hexyl group

and where Rjand R, may or may not be the same.

10.  The process according to claim 9, wherein the ionic liquid catalyst 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), 1-H-pyridinium chloroaluminate (HP), and N-

butylpyridinium chloroaluminate.

11.  The process according to claim 9, wherein the catalyst further comprises an

HCIl co-catalyst.

12.  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 1 minute to 1 hour.

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

through nozzles.
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