WO 2009/08$451PCT/US2008/084132 IONIC LIQUID CATALYZED ALKYLATION PROCESS
EMPLOYI%I&% % AND SYSTEM IMPLEMENTING SUCH PROCE% TI;I Iz_(I)DlgOF ART 5The
process as described hHerein relates to nozzle dispersion of liquid reactants A’ qdldﬁgﬁgﬁyst to
produce a reaction product. The process as described more specifically relates to an ionic liquid
catalyzed alkylation process utilizing nozzle dispersion to produce a product comprising low volatility,
high quality gasoline blending components. 10 BACKGROUND Modern refineries employ many

upgrading unit processes such as fluidic catalytic ¢ ' gr ' wﬁ[ kylation,
and paraffin |some‘%fi€+;&%lgpe§u‘§trr%¥g‘éﬁ&%ﬁ&%ﬁ%@ﬁa‘wg ﬁg%ﬁ%gn?gun of 15isopentane.
Historically, isopentanengegsza isskalilieSYeTiNG DMPREMENTI NS SHHEmARGCEHS§h octane rating
(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 becgxygg pf (¢ Mgtivolatility. As a consequence, the problem of finding uses 20for
by-product isopentanefg:'came serious, especially during the hot summer.seasqn. Moreover, as more
gasoline compositions %ﬂ%%%@ﬁﬁ@ggj“ %ﬁeyf\ﬂféé?%’s ?hneol%ﬁyéséjr?ﬁieo%)r%nqﬁ 1rlgént, more
isopentane had fexbarke phéligafdhetgasolingrpdaidm cratsico prebicthelhasutivesyatatitigribpd cification.
Thus, gasoline volatility became an even more.seriou g@l g' imited. the usefulpgss of
isopentane as a%%%ﬁ%&%%%%r{g ﬁtgescgmaﬁéﬂlé}ﬁt%qm%%o 56 ?I@)ﬁ t%g;rr% p ocgsss, whichTs disclosed in
U.S. Patent ApplisatiediBblicatiorp2aieA04d sariettimepdsagplioalietiily Wwaghdwadibped whereby
undesirable, excess iso%?nt eis %onvegted into desirable and much more valuable low-RVP gasoline
blending compo%sr?llél.’el' SRS B IRE 200 publication 30incorporated by reference herein in their
entirety. This alkylation process involves contacting isoparaffins, preferably isopentane, with olefins,

preferably ethyle&g (,Jﬁ éR OUND
Modern refineries employ many upgrading unit processes such as fluidic

catalytic cracking (FCC), hydrocracking (HCR), alkylation, and paraffin
isomerization. As a result, these refineries produce a significant amount of

15  isopentane. Historically, isopentane was a desirable blending component for
gasoline having a high octane rating (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. As a consequence, the problem of finding uses

20  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. Thus, gasoline volatility became
an even more serious problem and limited the usefulness of isopentane as a gasoline

25  blending component.

A novel alkylation process, which is disclosed in U.S. Patent Application

Publication 2006/0131209 ("the '209 publication"), was developed whereby
undesirable, excess isopentane is converted into desirable and much more valuable
low-RVP gasoline blending components. The contents of the 209 publication

30  incorporated by reference herein in their entirety. This alkylation process involves
contacting isoparaffins, preferably isopentane, with olefins, preferably ethylene, in

1



the presence of an ionic liquid catalyst to produce the low-RVP gasoline blending components. This
process eliithaté%d¥eieed to store or otherwise use by-product isopentaPeTARE2elR1B4A88s concerns
associated with such storage and usage. Furthermore, the ionic liquid catalyst in this process can also
be used with 5conventional alkylation feed components (e.g. isobutane, propylene, butene, and
pentene). The ionic liquid catalyst distinguishes this novel alkylation process from conventional
processes that convert light paraffins and light olefins to more lucrative products such as the alkylation

of isoparaffms wittylefing.andihe Ralvmerzation otlQqleling. Fac wn%!?]}g tgg@ngﬁgetﬂﬁeﬁﬁost

extensively used processes is the alkylation of isobutane with C3-05 ole ‘ e gasollrllﬁe cuts with
high octane numb&REIRIRFRISerl T BBIsgahebminns thtispcdrisce e araihsiovisatfsrieyapiodeR SO4)

and hydrofluoric a@é@é&@&%@é}@t&ih&e@g%&%ﬁ@g\s@m@g%ﬁrmﬁ?&g@gqﬂai{t;gggg use of H2S0O4
X

and HF 15catalysts. Extremely large amounts of acid are necessary to initially fill the'reactor. A H2SO4

plant also requiresFATEaFRdbAiGRE dinpidisatrirdnchistances a0 als keteseywitbration, which
involves incinerating &, fBRAL S RASOrEEFRURT Q%@Q@g%&ﬁﬁ%'@ﬂﬁg%@%@g& Vhile an HF

alkylation plant has on-site regeneration capability and daily make-up of is orders of magnitude
less, HF forms ae®&BfM8dAerosol formation presents a potentially significant environmental risk and

also makes the HF alkylatiggimRigaiacaionshanbeiiiesa alodpinnialiyis jsruidemfom

additional safety measures associated with modern HF alkylation processes such as water spray and

catalyst additive foOS8FIESPALBIRSFSRESTHA' enfikary dihb ataiiBrangiliah plefiasty sueiebipatsuch
disadvantages anghisdiisstheRpae Rk RiReL IOk SRHRIARL WHOr s1emYY aMBR Ny e pdiv.aaalyst

systems. Benefits of the ionic liquid catalyst alkylation process include the following: (1) significant

environmenth, he QBRI HRISa AtkgEhe mosh Xipatiyishinrsed Beaerisescatiarbyieiaitte as
compared to H2SQétanshtikialkylation plants; AU subsiantiakrRruaion sepertnsaxpenditures as

compared to H2S0O4 aIkyIati?én plants; (43 substantial reduction in catalyst inventory volume

(potentially by 90962 Vevers# L GBuysRtianabativiRiomRassires SRIY WA Sotd kHahPp\20d o,
compared to H2SQdAplafiisYic acid (HF) catalysts.

Numerous disadvantages are associated with the use of H,SO,4 and HF
15 catalysts. Extremely large amounts of acid are necessary to initially fill the reactor.
A HySOq4 plant also requires a huge amount of daily withdrawal of spent acid for off-
site regeneration, which involves incinerating the spent H>SO4 to recover S0O./S0O;
and preparing fresh H,804. While an HF alkylation plant has on-site regeneration
capability and daily make-up of HF is orders of magnitude less, HF forms aerosol.
20 Aecrosol formation presents a potentially significant environmental risk and also
makes the HF alkylation more dangerous than the HaSOy alkylation. This is evident
from additional safety measures associated with modern HF alkylation processes
such as water spray and catalyst additive for aerosol reduction. The ionic liquid
catalyst alkylation process overcomes such disadvantages and fulfills the apparent
25  need for safer and more environmentally-friendly catalyst systems.
Benefits of the ionic liquid catalyst alkylation process include the following:
(1) significant environmental, health and safety advantages;
(2) substantial reduction in capital expenditure as compared to H,SO, and HF
alkylation plants;
30 (3) substantial reduction in operating expenditures as compared to H;SO,4

alkylation plants;



(6) higher gasoline yield; 5(7) comparable or better product quality (Octane number, RVP, T50); (8)
expansion of a%&l‘?tsi(s)%{eeds to include isopentane and ethylene; and (9) higher activistgy and selectivity
of the catalyst: onic liquid catalysts specifically useful in the aIkyIatioan CEEWESR bied in the
'209 publication are disclosed in U.S. Patent Application Publication 102006/0135839 ("the '839
publication™), which is also incorporated by reference in its entirety herein. Such catalysts include a
chloroaluminate ionic liquid catalyst comprising a hydrocarbyl substituted pyridinium halide of the
general formula A below and aluminum trichloride or a.hydrocarby| substituted imidazoliym halide of
the general formula B $RISRPSAR Al GRGPRIAT R ARt BYHepArE e {BARHBLAILIIRE &) onic liquid
catalyst, 1 molar equivaleaitiuaregatavcaehsttvied Ry Aoikeap habdpdsteduutirpbadsssubstituted
imidazolium halide can be ¢comhined with 2 molar equivalents aluminum trichloride. Such catalysts
further include SERARSFEA ik ﬁ?&sh'quid catalyst comprising an alkyl substituted pyridinium halide
of the general formula(é)b@gwgagbﬁmmwp trichloride or an alkyl 20substituted imidazoliurn halide
of the general formula B below a %glu inum tri hIorid?. Tq prepare this c?\[ mnate ionic liquid
catalyst, 1 tholar equi %‘PHIEWI% %‘[i%f@& hi h%z]‘zc SIRYPEDs %ﬁe tazolium halide
can be combined with @ yegiaheguivatdhidasibifeudntiricielorid ésopBitanswheé rehryRed -dndnethyl, ethyl,
propyl, butyl, pentyl or |.group.and X is a haloaluminate and preferably a chloroaluminate, and RI
and R2=H, methyl, eth@l% v gﬂ‘&}l},’ %%%?ﬁegﬁh%&ﬁ é@%ﬁﬁ?ﬁﬁépwmre Riand R2 may or may not be
the same. Preferred chteriodlgniihatelymscsheciificaiabetaline ihdetkshatiph-procesh depgridiedum
chloroaluminate, (B| -hutyl-pyridinium chjoroalymjnat P), 1-.10 butyl-3-methyl-imidazolium
chloroaluminatet}§?3%:%t)’aa}’r?%?%{E @?ig%ﬁ%g)n%ecﬁ%oﬁdggpn%%rgt? agai-i’(j?tlén &?xg%é??ionic liquid catalysts
have unigué pr@pesies3seidniterigte sshticat duthemddyislefrantonoaiftiedeyiorrdmpsicnd&taly zed

B ouon ProcegRiRg REkIS SRR SRR L AR ORISR SR TR RQLATBARS, ImProved

comprising a hydrocarbyl substituted pyridinium halide of the general formula A
below and aluminum trichloride or a hydrocarbyl substituted imidazolium halide of
the general formula B below and aluminum trichloride. To prepare this

15  chloroaluminate ionic liquid catalyst, 1 molar equivalent hydrocarbyl substituted
pyridinium halide or hydrocarbyl substituted imidazolium halide can be combined
with 2 molar equivalents aluminum trichioride. Such catalysts further include a
chloroaluminate ionic liquid catalyst comprising an alkyl substituted pyridinium
halide of the general formula A below and aluminum trichloride or an alkyl

20 substituted imidazolium halide of the general formula B below and aluminum
trichloride. To prepare this chloroaluminate ionic liquid catalyst, I molar equivalent
alkyl substituted pyridinium halide or alkyl substituted imidazolium halide can be

combined with 2 molar equivalents aluminum trichloride.

25 (A)
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150perability and reliability, reduced operating costs, etc. One of the unique properties of an ionic
liquid catal%st IS its much higher activity in catalyzing alkylation reactions than conventional sulfuric
acid and hyd‘?&ﬁﬁ%{?ﬁ:’%sclid catalysts. In conventional alkylation process%grfwgﬂ%lpéﬂﬁ%ely low
catalyst activity, a large amount of acid catalyst has to be used in the system, for example, 50-60 vol
%. 20As a result, the acid catalyst forms a continuous phase in the alkylation reactor while the
hydrocarbon reactants (i.e., isoparaffin and olefin) form a dispersed phase or small droplets
suspended in the acid phase. In this liquid-liquid dispersion, a large interfacial area between the
catalyst continuous phase and the hydrocarbon dispersed phase can be achieved by conventional
emulsifying techniques, such as high speed 25stirringzgnd static mixing. In contrast, in the ionic
liquid alkylation process, a much smaller amount of ionic liquid catalyst is needed to catalyze the
reactions with high selectivity. Usually, a 5- U\Q@/}ol—\dbr!ic liquid catalyst is sufficient to catalyze the
reactions between isoparaffin and olefin. Under spich conditiong the hydrocarbon phase forms WO
2009/085451PCT/US2008/084132 a contintious phase Iﬁfi ionic liquid forms a dispersed phase
or small droplets suspended in the hydrocarbon p his liquid-liquid dispersion requires highly
intimate contact between the catalyst and the hydrocarbon phases Due to the low inventory of ionic
liquid catalyst in the reactor system, a large interfacial area Sbetween the two liquid phases cannot be

achieved by comimntiar-HmulsHyingihetprispiesbiduie perifye datgs vlansity siffexeisce between the
ionic liquid catalyst and hydrocarbo se, ionic liquid droplets,.if nof small enough, will quickly settle
down and be saiéig 3@@%?8@31@?1%5%%&%&%%&@1?3%ﬁ’fﬁégsth %né /¢ dﬁegpﬁt&%' e between
the phases thatppg buffitipsity catabzé theuplkytbtiber: WeadiRp nfanaliynduecibth@gelatively large
vol % of hydrocarbon phase i reactor, good mixing s required to ho enize the hydrocarbon
ohase and achBo DTSR ORI Sy A0 B ZE e 2 S ¥ orature
gradient throughgrid ithierecdimoalimmded BVIR) Jitpbidtgagadsidirdtioyl alilomoptangssti¢ €BRy k- intimate
mixing of 15the hydrqgcarbons.and catalyst, sufficient interfacial contact.between. the hydrocarbons and
catalyst, r#z\imgﬁgls?d%eggﬁsﬁnélg%ﬁlbuu |§r1%,?(§83§3 %%ﬁ%fﬁgﬁr@gn %?elgsﬁyélcggﬁ%%l, and a high
isoparaffin to oleflorgdid)yratioe THR)ionic liquid alkylation process is also a highly exothermic reaction

necessitating prompt ch?\;[vever, ionic liquid catalysts have unique properties making it necessary to
further develop and modify the ionic liquid catalyzed alkylation process in order to
achieve superior gasoline blending component products, improved process
15  operability and reliability, reduced operating costs, etc. One of the unique properties
of an ionic liquid catalyst is its much higher activity in catalyzing alkylation
reactions than conventional sulfuric acid and hydrofluoric acid catalysts.
In conventional alkylation processes, due to relatively low catalyst activity, a
large amount of acid catalyst has to be used in the system, for example, 50-60 vol %.
20 As aresult, the acid catalyst forms a continuous phase in the alkylation reactor while
the hydrocarbon reactants (i.e., isoparaffin and olefin) form a dispersed phase or
small droplets suspended in the acid phase. In this liquid-liquid dispersion, a large
interfacial area between the catalyst continuous phase and the hydrocarbon dispersed
phase can be achieved by conventional emulsifying techniques, such as high speed
25  stirring and static mixing.
In contrast, in the ionic liquid alkylation process, a much smaller amount of
ionic Hguid catalyst is needed to catalyze the reactions with high selectivity.
Usually, a 3-10 vol % of ionic liquid catalyst is sufficient to catalyze the reactions

between isoparaffin and olefin. Under such conditions, the hydrocarbon phase forms
4



removal. 20WO Patent No. 98/31454 discloses a reactor system using a static mixer to emulsify
sulfuric acid and %drocarbon feeds in a sulfuric acid alkylation process. It also discloses several

sulfuric aciwglf&ﬂ %?ﬁ}rocesses using a high speed stirrer to emulsify fedds!’ Hm%%sr‘”ﬁs well

known that a high speed stirrer is not energy efficient in emulsifying a liquid-liquid system. This is
especially true for the ionic 25liquid catalyzed alkylation process, where a small amount of much
heavier and more viscous ionic liquid phase must be emulsified in a light hydrocarbon phase. As for
the static mixer, it is also well known that a very high linear liquid velpcjty is required to emulsify
liquid-liquid systERTEIRSRIRBATE MBF&HHHQ&?;‘%%%FE&%SBFW%’E’%Q R Pﬁ’.f?ésr. 30Above
all, the ionic liqyigeaialyzadml kyldiearpeRGassdS BrldNiquR IgeRSS graisnpadetdophey conventional

alkylation processes. There remains a need, 5 howeyer, to emulsi e ionig liquid,and the
hydrocarbon pHRYESS SCRIBGEOFHIFSRE T ¥56@Ri3é\é?‘1}fﬁgrﬁﬁa§é8 pga@%alﬁt%e ?%cé/]i' 4

era §t|8ﬁrproduct
quality and reagiimeRPEotobiShateatNest 31606 Ladiér iandarvebng) disctfzes theause of several

achiove arSincRERESH BIa NAHIbEENS SoaP SELC R o AT ST A atire i
addition to a regheaiiaqia. lePipesty tatdmnedialifforcaxa tipoivhahe oniack petet tktand
soparatiin, hed LT EEESTe S E L0 HETTLL IoLRLIN Sin g SHAREr Hhica main body of
patalyst yvhere ﬁm@lkﬁtﬁtj@serg&agﬁ@d. froentae M@mmm;had;e,admétiqgrinlaivmhmmg fres_h .
e spit nio & SOTBE GBS RETET AL CERS 2 PO ST g o e R b e,
and the reyclegbisdpayafiimlty fhieawozdle selabiy hargzvid ¥ oéhsﬁmh@uphaﬁlaaintﬂn@ isoparaffin and
through at east R VBB S o BT e e B U O ol
wherein the feeghntfiriescarepoxititedofitiehaluaprbpmzhate andd entferredemiprystoraapdienieen impart
certain benefits&g&@&jl{;luﬁ the reactor. _

Thus, the ionic liquid catalyst alkylation process requires intimate mixing of

15 the hydrocarbons and catalyst, sufficient interfacial contact between the
hydrocarbons and catalyst, minimal residence time distribution, good temperature
and pressure control, and a high isoparaffin to olefin (I/O) ratio. The ionic liquid
alkylation process is also a highly exothermic reaction necessitating prompt heat
removal.

20 WO Patent No. 98/31454 discloses a reactor system using a static mixer to
emulsify sulfuric acid and hydrocarbon feeds in a sulfuric acid alkylation process. It
also discloses several sulfuric acid alkylation processes using a high speed stirrer to
emulsify feeds. However, it is well known that a high speed stirrer is not energy
efficient in emulsifying a liquid-liquid system. This is especially true for the ionic

25  liquid catalyzed alkylation process, where a small amount of much heavier and more
viscous ionic liquid phase must be emulsified in a light hydrocarbon phase. As for
the static mixer, it is also well known that 2 very high linear liquid velocity is
required to emulsify liquid-liquid systems resulting in an prohibitively high pressure
drop across the static mixer.

30 Above all, the ionic liquid catalyzed alkylation process is a unique process as

compared to other conventional alkylation processes. There remains a need,
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20 catalyzed alkylation process, there still exists a need for an improved alkylation process for
converting_isoparaffins_and olefins in the presence of an ionic liquid catalyst. SUMMARY 25Disclosed

herein is aﬂv%%{;]gg‘%}ocess for a liquid/liquid reaction. More particularly?ﬁ?ggl%%)gﬁ%é?é?n is an

improved ionic liquid catalyst alkylation process for producing low volatility, high quality gasoline
blending components. The improved process for a liquid/liquid reaction comprises injecting liquid
reactants and liquid catalyst through the same at least one nozzle. Thus, the liquid 30reactants and

catalyst may bath be injected through one nopzzle, twg nozzjes, three nozzles, etc. The at least one
nozzle injects tHEWENAH FRSEIIHLYS E’é’fﬁ{}}gf’fﬁtﬁnﬁl %‘e\% %@b%%@g%ﬁsﬁ'&?’?%@ﬂ)%%%l%
reaction zone, whigseithaJigendieattanissearidnrthkpeienso didcheuitivychadtalysida form a reaction
product. It has been found that by employing the at least one nozzle and controlling the reaction in the

at least one nof?Fét,“gne can obtain excellent mixing, interfacial contact, and reaction between liquid
reactants and 5liquid ¢aglPatent NAGEG 08 Tanidesyaseiptist ugdh ehbigde iduidspbeds in the at

least one nopzzle, dispersin il liquid reactantg and Jiquid catalyst through the at least o ozzle
croates & SoneWHAITFRERELITRE FODTE RS T oE e e ot SR
greatly enhancestsixing sitifee s eadtantssarin astaky st Bin crehs eslattd nfebiatioontartdratween the

reactants and catalyst, minimizes r.esigﬁnce t{ime déstr{bution within Jf'he r‘?‘%‘&ﬁ%‘dﬁ%‘ rgnglcpermits

good temperatﬂf?ém wa E@E%Eﬁ%“@olﬁ‘t?o \1/\t/]i n‘lnotﬁéereue?clt?gnigct)er{g?%%c%?dalng to an embodiment of the

process as desptinedhensint hewazribéd)ycaochemeiimd Heicasbompatbiiesofrdifmedtliquid rates to
obtain relatively,d Sunifprm, RISk S 2RIl AN, Lwd. CRIDN R QRIS SRS S RROLRAR, e droplet
10 recycled isoparaffin containing catalyst into a main body of catalyst where the
alkylation reaction occurs. More particularly, a first conduit containing fresh
isoparaffin, a second conduit containing fresh olefin, and a third conduit containing
recycled isoparaffin are split into a series of conduits that carry a portion of each of
the fresh isoparaffin, the fresh olefin, and the recycled isoparaffin to the nozzles.
15  Each nozzle is constructed such that the isoparaffin and olefin pass through a
centrally or axially disposed feed nozzle and the recycled isobutane passes through
at least one subordinate or auxiliary feed nozzle next to the centrally disposed feed
nozzle, wherein the feed nozzles are located within a cap or mantle.
While the teachings of Vanderveen impart certain benefits to the HF
20  catalyzed alkylation process, there still exists a need for an improved alkylation
process for converting isoparaffins and olefins in the presence of an ionic liquid

catalyst.

SUMMARY
25 Disclosed herein is an improved process for a liquid/liquid reaction. More
particularly, disclosed herein is an improved ionic liquid catalyst alkylation process
for producing low volatility, high quality gasoline blending components.
The improved process for a liquid/liquid reaction comprises injecting liquid
reactants and liquid catalyst through the same at least one nozzle. Thus, the liquid
30  reactants and catalyst may both be injected through one nozzle, two nozzles, three
nozzles, etc. The at least one nozzle injects the liquid reactants and catalyst into a

6



size is too big, there will be insufficient interfacial area between the phases. If the droplet size is too
small, sepa:]%tinﬂ%gg%b ghases in a downstream process will be difficult. In another embodiment of the
process as descti ad Ziﬁérein, the at least one 20nozzle can be designed o?%ﬁg%&éja’{?ﬁ%}aé the reactor
to achieve the greatest back mixing in the reaction zone or overall reactor outside of the at least one
nozzle. An efficient ionic liquid catalyzed alkylation process requires good mixing and a great deal
of interfacial contact between the hydrocarbons and catalyst. Since the improved process for a

liquid/liquid reaction achieves excellent mixing 25interfacial contact between the liquid reactants and
catalyst, a partiéﬁ?ﬁ?"%‘i’r?&@&irﬁ@ﬁ’feo%léqm%FS%‘B“;B?58%?3‘%};’5}%&5?%?@?&{%% %@ncﬁli Kles alkylation

of isoparaffin angd plgfiniribeoprprance at ansivgia lisuid talpbysénlyhng noricaldebst hie embodiment is
an improved ionic liquid catalk%z d al altion,pro,ceig forgwoducing Iqw voIatiIitydbrtli%? quality gasoline
blending comp £ 285 FARYS f&‘gig{ﬁde@ﬁﬂﬂ?iad 1Ry ISR P B eSS G S ow volatility, high

quality gasolinedyentidinchaampanentacanopiiaes inj¢etngiot leastcondigsidparafiintsankbast one olefin,
and an ionic liquid catalyst through the same at least one nozzle. Thus, the at least one isoparaffin, the
at least onesole;ii‘r‘ﬂ,”é Ha%ﬁé’%nic liquid catalyst may all be injected through one nozzle, two nozzles,
three nozzles, etc. Therahdpgsitheefisopayafiistdidptiehsgiotiquibipsedndinttie wrmdiquid catalyst are

all in liquid form The nozzle(s) inject the three liquids into a.reacti e e lon conditions,

where the at Ied%?%% iﬁ%ﬁ?ﬁlﬁ#ﬁg&ﬁ‘&éé"' c&a gtéleema% 18%6&5113%#%?: t'ﬁ?e &r%ggcn{l:tg g(%ﬁgg@?onic liquid

catalyst to form popridicieteompoisingithin dalatilepshigl ouedle gisoknebgndiedy soesponénts.

Among other factors, injecting.the, hydrocarbons an S [ least one nozzle
rgﬁ%f/e 19, G ydrocarbons and :%%Eﬁ% 31%&%%%%%8%@%,

enhances mixingl%sfstﬁ rocarbons’and-catalyst, increases inte contact between the
hydrocarbofis anckrakelysitenfiinlizesizeshttncentihnerchistaiathod dthliystheiaugenresAengSermits
good temperatuje anf preseure. sqnit ol v e fsaclon 4o AN Als sokANESSdhe Isoparafin to
olefin (110) ratio.l}il?irSPaspechrOW es a process for ‘the production of a réaction product, comprising:
injecting a plurajitesiticcicire betamis thadeantiomicoliguid catalyst through at least one nozzle into a

reaction zone under reqgligp CoNEIiRns, RUBIRIE IEAIABPIRUNSLpEIRILAGA loast one nozzle

is vertically oriented facing do ardly into the reaction zone; wherein both the plurality of liquid
reactants and theoioicsliqaicheatadyoepsionsivrsupitie Eattfe%&eéﬁ@ﬁ@;fﬂ@afﬁ(?m@m@!ﬂéfﬁbbduces |
fonic liquic atalysdyppiet ot ahaut i A FAGiRAssed sl sia e ipgic sk erlaliispily present in
an amount 5 vol% to 50 vol%. A second aspect provides a system for the production of low
volatility, high quiditjsgesdlipetivtesvitibednspEiciens eirrprisiea betyaca faaphatszoHdre (b) two
or more reactiorycells within the (astiop.zone, yiereinAtiaast snerseparafin.izseantsd with at least

one olefin in the presence of an ionic liquid catalyst under alkylation conditions to produce a product
comprising the Ig#tiiltility, high quality gasoline blending components, wherein the ionic liquid

catalyst is present in afAmoRt efpyAIKeL? HAMORBcess afQeatIRABIRAGINAREIR VaRically oriented
downwardly within each of the reaction cells such that the system comprises two or moreknozzles;
20  nozzle can be designed or arranged inside the reactor to achieve the greatest bac
mixing in the reaction zone or overall reactor outside of the at least one nozzle.
An efficient ionic liquid catalyzed alkylation process requires good mixing
and a great deal of interfacial contact between the hydrocarbons and catalyst. Since
the improved process for a liquid/liquid reaction achieves excellent mixing
25  interfacial contact between the liquid reactants and catalyst, a particular embodiment
of the improved process for a liquid/liquid reaction involves alkylation of isoparaffin
and olefin in the presence of an ionic liquid cataly.st. More particularly, this
embodiment is an improved ionic liquid catalyzed alkyaltion process for producing
low volatility, high quality gasoline blending components.
30 The ionic liguid catalyzed alkylation process for producing low volatility,

high quality gasoline blending components comprises injecting at least one

7



(d) a first conduit leading to the nozzles for injecting the at least one isoparaffin and/or the at least one
olefin through all of the nozzles; (e) a second conduit leading to the nozzles for injecting the ionic
liquid catalyst through all of the nozzles, wherein the nozzle produces ionic liquid catalyst droplets of
about 10-100 microns; (f) at least one exit conduit leading away from the reaction zone; and

(9) optionally a third conduit leading to the nozzles for injecting the at least one isoparaffin and/or the
at least one olefin through all of the nozzles. A third aspect provides a process for the production of
a reaction product, comprising: injecting a plurality of liquid reactants and an ionic liquid catalyst
simultaneously tisrpaga{Tat. etlsagrmaokdia.ints aréewitdimzshesahds o esntitionsas provide a

reaction product, whelein th. gl aast cugore sdperinatic arniad facinadoaardhy pto the
reaction zone; wherein both the plurality of liquid reactants and the ionic liquid catalyst pass through
the at least one Hazileatdetheraal Yeamosteé throvglcesdawiezlietitoceranises.droptarezafabout 10-100
microns; and wherei 190IG liqui IS i 9 - 9 IEF
DESCRIPTION B T A s s H T minute
(RPM) on dropletrsizi idaiéiqﬁd@tfomas’ﬁmimtédwme@ﬁhﬁis&mﬁcmﬁw@ﬁ_ﬁm@@ﬁm@@one FIG.2
graphically depicis . ORRAIPIREAIONSYSiaS feduead B A pesiern RXsmae R aftkatoplet size
produced in a stirred reactor in Example 2. DETAILED DESCRIPTION Definitions As used herein,
the term “isoparaffinsinfaaimstanprbrersheldichwinic At catHyst e 050 r¢ CoPIPEURIMPESIAL
branched-chain %K@p&é@{ﬁ ahqgﬁﬁgwgﬁ&%@g{ggﬁ{g%mms of isoparaffins are isobutane

h "Olefin" mean ’

and isopentane. The tefm ns any unsaturated hydrocarbon compound having at least
one carbon-to-carbon dbuiokgtseinet, factoan alieahagiits hyshesaibansordutatdy e nil Sroeshfiples of

olefins include efhylene; ORKIENS, UGS, AGSQAD FEAEESrocarARSRIING IR s broadest aspect,

a process as disclosed herein produces a product from a reaction between liquid feactants and a liquid

catalyst. This proeesssen/oiigstrdigeeangeheckiea thabredecamaniud eatelist mvdtEcthe same at

least one nozzle g leation s st iradioncansiions iR Jqiadurk-o T liquid

reactants and liquid catalyst can be injected through a single
pressure control within the reaction zone, and also enhances the isoparaffin to olefin

(1/O) ratio.

A first aspect provides a process for the production of a reaction product, comprising:
injecting a plurality of liquid reactants and an ionic liquid catalyst through at icast one
nozzle into a reaction zone under reaction condiﬁons to provide a reaction product, wherein the
at least one nozzle is vertically oriented facing downwardly into the reaction zone;
wherein both the plurality of liquid reactants and the ionic liquid catalyst pass through the at
least one nozzle and the nozzle produces ionic liquid catalyst dropiets of about 10-100

microns; and wherein the ionic liquid catalyst is present in an amount 5 vol% to 50 vol%.



nozzle into the reaction zone or, alternatively, the liquid reactants and liquid catalyst can be injected
through a plurality of nozzles into the reaction zone. In other words, there can be more than one
nozzle leading to the reaction zone. However, in either case, both liquid reactants and liquid catalyst
are sent through each nozzle. Liquid 10reactants are not injected through one nozzle, while liquid
catalyst is injected through a separate nozzle. It is important that the liquid reactants and liquid catalyst
are injected through the same nozzle. In this manner, the liquid reactants and liquid catalyst contact
one another in the nozzle chamber before being sprayed into the reaction zone. Nozzle injection

achieves good mixing @necimedramaticoiodees Slsasitaefriibapndudinaahle ¥e gl iglyst, which
in turn achieves (%Q%egamg ﬂf‘;ﬁg{g 58@1%91’3nts cmlﬁbggg]gmbodiment, the liquid reactants and

liquid catalyst can have a short residence time within the at Iéast one nozzle. This may be
accomplished by sendiffg #&afiigiR #edgitants and liquid catalyst through the nozzle(s) at a relatively

high flow 20rate and/or5jqg, REZZIR(SLAGRIANGAIQRAAIER IBSIRIJERESIHBRLTA IEXAIDRIe, a nozzle

with a shorter chamber or smaller chamber has a shorter residence time than a nozzle having a longer
chamber or largéopaeatiieis TEaREdasitich BethaerPteHuiberBEsEasEsCA Ml IRfifdlcaidyst is

exothermic, a shoft fesidaRGE, AR HNB G ARSI Ruis:e snrcial dssisable A Reshaps necessary

for the nozzle(s) to rétain 25their structural integrity. In another embodiment, the at least one
nozzle can haveveifiditgionghcabiatiseoiing bl sadnggam nanestto Bhte GRIRERlisdrm droplet

sizes of the "qUiga&ﬁ:ﬁ'tyéthEQHﬂ% sizg s RPoFapL4f thesdrapiat size is too big, there will be

insufficient interfacial area between the phases. If the droplet size istoo small, 30separating both

phases in a downstreaf$)stosassonfineaziristically ongrjed davmsrehipbdiviciichid Beleast one
nozzle can be designgd 5&1@@9&9@1%@%‘%?%&@%%3@% achisve.the @eatest back mixing in the

reaction zone or overall reactor outside of the at least one nozzle. According to another aspect, the

process as disclosed héde{jroaerdstd Bdinsdadhs parsten Apriretingibmab R Bf liquid reactants

and catalyst. Mojg, sneeifically ihe PEORSSE MIodHassdauLyalal iy nhigh gyality gasoline blending
components by reacting at least one isoparaffin and at least one olefin, both in liquid form, and an ionic

liquid catalyst. The proéeka savoNeondeddersiing Brifereenes Kupaiering the WoisdidBe olefin, and
the fonic liquid catalyst traugh at Isast oRe1Aneazlesothaliig-allraRonsisarpnaftinathe at least

one olefin, and the ionic liquid catalyst pass through the same nozzle. The at least one nozzle may be
a single nozzle ckephitiraligbefhbyAed YORto, three, four, etc). However, no matter how many

nozzles are utilized, thegtlaastiong ISePavaliin. iheiRLleasl IRsOIslin.RRdhedenigdquid catalyst are

sent through the nozzle(s) together. Typically, the at least 15one isoparaffin, the at least one olefin,
and the ionic liquid Cata(l@s?ﬁtﬂéﬂﬁig’c%éaird conduit leading to the nozzles for injecting the at least

one isoparaffin and/or the at least one olefin through all of the nozzles.

A third aspect provides a process for the production of a reaction product,
comprising:

injecting a plurality of liquid reactants and an ionic liquid catalyst
simultaneously through at least one nozzle into a reaction zone under reaction
conditions to provide a reaction product, wherein the at least one nozzle is vertically
oriented facing downwardly into the reaction zone;
wherein both the plurality of liquid reactants and the ionic liquid catalyst pass
through the at least one nozzle together and the nozzle produces ionic liquid catalyst
droplets of about 10-100 microns; and wherein the ionic liquid catalyst is present in

an amount 5 vol% to 50 vol%.
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simultaneously through the at least one nozzle. This process is significantly different from the
nozzle structure and arrangement for producing high octane alkylate described in U.S. Patent No.
3,696,168 to Vanderveen, where catalyst is not nozzle injected. 20If more than one nozzle is used, the
at least one isoparaffin, the at least one olefin, and the ionic liquid catalyst can be injected through the
multiple nozzles concurrently. For example, if there are two nozzles, the three materials can be
injected through the first nozzle at the same time as the three materials are injected through the
second nozzle. 25The spray action of the nozzle(s) breaks the at least one isoparaffin, the at least one

olefin, and the idRRIFJURESIRIST TR NI RFIFBIeRRMEINGTS, the nozzle(s) achieve in superior
mixing and interfacial cpptag mggq&t@%ﬁttée[ﬁéte%@tigpp&;&ﬁ%l{p?@gmqg@mfzgg, and the ionic

liquid catalyst than mixing and interfacial contact achieved by conventional alkylation processes. Such
superior 30mixiriyamel Fisrfaziabeommas veEnRedPy mbreBHicERLEIGTIHI fEaREch. Additionally, the

nozzle(s) provide high isgparaffipia.QlefiMHe) JU BN BidNg AegeirRZ0Re ARd geod

temperature and pressure control throughout the reaction zone. Once'the at least one isoparaffin,
the at least one biefraBplg thenbaAtenighiire e &nipjsidred aspstigHniesrrl8st one nozzle, they
enter a reaction zone under 5alkylation conditions. Here, the at least one isoparaffin and the at least
one olefin react in the presence of the ionic liquid catalyst to produce a product containing low
volatility, high qUBRY SHsBERhE®BRaBHYId6Mponents.  The process can further comprise removing
the product com@"é’f%gi&%soline blending components from the reaction zone and isolating the
gasoline blending 10components. The alkylation reaction between the at least one isoparaffin and

the at least one olefin ifsaverdhrraibtiheriene liserartien anepnaisl Wewchsbebamnatwistke nozzle(s),

the temperature f $he. NRzZIe() R e taioriigha s el seveiabahindgrinodha.igastion
selectivity. This situation can be avoided by m|n|m|2|ng‘ the 15reaction that takes place within the

chamber of the foHets) Eramplampieonraliisasqenée firbisanesaene isoparaffin, the at least
one olefin, and the ioniefigyig calyst-withinsthenezsietsl AN bR MIBIMIZEH RLNCHERRIRGLhe flow

rate of
{east one carbon-to-carbon double bond, i.e. an alkene with a chemical formula of

C.Hs,. Examples of olefins include ethylene, propylene, butene, and so on.

Process
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the at least one isoparaffin, the at least one olefin, and the ionic liquid catalyst through the nozzle(s),
shortening the length of the nozzle(s), minimizing the size of 20 the nozzle(s), etc. Therefore, in one
embodime too?({?%’gfﬁéscless as described herein, the majority of the alkylaﬁ"éf%%gﬂ%lﬁs&%rs outside
of the nozzle(s) and within the reaction zone. The nozzle(s) are positioned within a reaction zone.
In one embodiment, the nozzle(s) are disposed within a single reactor Additionally, the nozzle(s) may
be 25arranged in any manner within the reaction zone. The reaction zone can comprise a plurality
of reaction cells provided that at least one nozzle (i.e. one or moge ozz({) s%is contained within each
AR50

reaction cell. Such reaff6RTEEE Rl BERRSHARRE WRRTRE S aH BEGAGR8 between a
plurality of reacigesiuthedposietsicAbReceh aguityRadneluding aleantrdoilivst 3a%Hsreghiask reactor(s)
(CSI'Rs). If the nozzle(s) are positioned within jn.a CSTR, they inject the hydrocarbons into a
bulk liquid phasB&tHss Hyes EﬁﬁﬁBEﬁW&ﬁ?ﬁ&ﬁﬁﬁ 6‘&43?9&%?6&9%&%1&4‘@ étf'c ta5E%e nozzle(s)
mix the hydrocashensandisrtalysicaswelasthe Rulkitiguichdhhsee © pydidedibensduct. The at least
one isoparaffin can comprise ispbutane, isopgntane, oy mixtures thereof. The at least,one olefin can
comprise e%nylene, pro@%j 1 ﬂ?@ﬁ@nﬁéﬁéﬁgu%ﬁq{%%ﬁ esgméll]g%% (%lrlﬁ% qﬁisou@é?alyst lonic
liquid catalysts atexelhknthyndictiie ache e ravatsdg, destinbetrbenaimscan énpotbyatabestalyst
composition comprising.at least one aluminum halide 15such as aluminum chloridg, at least one
quaternary amriBRTGTHERHSE RSP &TLLEY Bt BRAS A LIBH S R A M b el S
compound. Sucthar€eadalystmorntiasitionr astkitslprdipgratide reaisciosstt inbd&Rgtaneither 5,750,455,

which is incorporated by reference in its entirety herein. Alternati jonic liguid lyst can be a
pyridinium or im?ﬁ%ezg]lﬁ?{r‘nl} %§58%°& ckﬁoarll(;c]a‘hqu%‘l% éa#c‘)(?ltlgﬁ?q%%l%{. @%uséen %Ar%(q:l Iﬁal%al%s f?ﬁg een found
to be muchimoreaffedt\wedmndhanpikphtionghisopenzae ahdésopitbensalyishieinjgeied than aliphatic

fauic catalyst cat B B B b ton
pyridinium haliderefrjtet2é gemegh forsuiz Ackelowatidsatanimonthir ibalodiseeaa® andhigwshluminate
ot AR SRS KA
reaction zone. Nozzle injection achieves good mixing and interfacial contact :
15  between the liquid reactants and liquid catalyst, which in turn achieves a better,
more efficient reaction.
In one embodiment, the liquid reactants and liquid catalyst can have a short
residence time within the at least one nozzle. This may be accomplished by sending
the liquid reactants and liquid catalyst through the nozzle(s) at a relatively high flow
20  rate and/or using nozzle(s) designed to shorten the residence time. For example, a
nozzle with a shorter chamber or smaller chamber has a shorter residence time than
a nozzle having a longer chamber or larger chamber. If the reaction between the
liquid reactants and liquid catalyst is exothermic, a short residence time within the
nozzle(s) is especially desirable and perhaps necessary for the nozzle(s) to retain
25  their structural integrity.
In another embodiment, the at least one nozzle can have dimensions
compatible to the feed liquid rates to obtain relatively uniform droplet sizes of the
liquid catalyst. Droplet size is important. If the droplet size is too big, there will be
insufficient interfacial area between the phases. If the droplet size is too small,

30  separating both phases in a downstream process will be difficult.



liquid catalyst can be prepared by combining 1 molar equivalent hydrocarbyl substituted pyridinium
halide or h%o%g I%Jlbstituted imidazolium halide with 2 30molar equivalénts alum})ngm trichloride.
The ionic liquid catalyst'can also be (1) a chloroaluminate ionic liquid cataK/ rtr'g]osr%\ggﬁs%é%n alkyl
substituted pyridinium 12 halide of the general formula A below and aluminum trichloride or (2) a
chloroaluminate ionic liquid catalyst compirsing an alkyl substituted imidazolium halide of the general
formula B below and aluminum trichloride. Such a chloroaluminate ionic liquid catalyst can be

prepared by combining 1 molar Sequivalept alkyl substituted pyridiniurn halige or alkyl substituted
imidazolium halide to gl%%i’%‘a W&%ﬂﬁ%‘%f’ G FRAB i>é8.z% )C%%(ng%%ém R=H, methyl,
ethyl, propyl, bubtapgsiyheidbedy keraup andieciz ahbalralestinate mndHy éfetrbbaaiohlecaaluminate,
and R1 and R2=H, methyl, ethyl, 1 |, or hexyl group and where Riand R2 may or

5propyl, butyl, pent
may not be the SERETHERSHHE ﬂ&ffg%g%(ﬂ%?s?%lﬁfgéi’% B&Fitures of these chloroaluminate ionic
liquid catalysts. Preferradochitingatsanisvite iapied)checnately stsdisel dsdalibyieih prethyksyaidinium

cioroamigate G} by pyilolor o8P BE K APBDAEI S HkOszolum
chloroaluminate )ri,ll-lllf-pyrl infum
specifically, the process produces low volatility, high quality gasoline blending
components by reacting at least one isoparaffin and at least one olefin, both in liquid
form, and an ionic liquid catalyst. The process involves injecting the at least one
isoparaffin, the at least one olefin, and the ionic liquid catalyst through at least one

10 nozzle so that the at least one isoparaffin, the at least one olefin, and the ionic liguid
catalyst pass through the same nozzle. The at least one nozzle may be a single
nozzle or a plurality of nozzles (e.g. two, three, four, etc). However, no matter how
many nozzles are utilized, the at least one isoparaffin, the at least one olefin, and the
ionic liquid catalyst are sent through the nozzle(s) together. Typically, the at least

15  one isoparaffin, the at least one olefin, and the ionic liquid catalyst are injected
simultaneously through the at least one nozzle.

This process is significantly different from the nozzle structure and
arrangement for producing high octane alkylate described in U.S, Patent No.
3,696,168 to Vanderveen, where catalyst is not nozzle injected.

20 If more than one nozzle is used, the at least one isoparaffin, the at least one
olefin, and the ionic liquid catalyst can be injected through the multiple nozzles
concurrently. For example, if there are two nozzles, the three materials can be
injected through the first nozzle at the same time as the three materials are injected
through the second nozzle.

25 The spray action of the nozzle(s) breaks the at least one isoparaffin, the at
least one olefin, and the ionic liquid catalyst into tiny droplets. Therefore, the
nozzle(s) achieve in superior mixing and interfacial contact between the at least one
isoparaffin, the at least one olefin, and the ionic liquid catalyst than mixing and
interfacial contact achieved by conventional alkylation processes. Such superior

30  mixing and interfacial contact results in a more efficient alkylation reaction.

Additionally, the nozzle(s) provide high isoparaffin to olefin (I/0) ratio throughout
10



chloroaluminate (HP), and N-butylpyridinium chloroaluminate (C51-15NC4H9AI2C17), and mixtures

thereof. A metal halide may be employed as a co-catalyst to modify the catalyst activity and

selectivity. CORMERTYd5ed halides for such purposes include NaC1, LiCEGEASHEBI1EaC12,
BaC12, SiC12, MgClI2, PbC12, CuCl, ZrC14, and AgC1 as published by Roebuck and Evering (Ind.
Eng. Chem. Prod. Res. Develop., Vol. 9, 77, 1970), which is incorporated by reference in its entirety
herein. Especially useful metal halides are CuCl, AgC1, PbC12, LiC1, and ZrCl4. Another useful metal
5halide is AIC13, HC1 or any Broensted acid may be employed as an effective co-catalyst to

enhance the actRitFBFHRE BRAVRE B9 BbEEHRTIANE RS- BIFSHER S e tHE MRt e 5 Watalyst. The

use of such co-ggjalysts and ionic liquid catalysts that are useful in practicing the present process are
disclosed in U.S. Published Patent AEpIication 1QNos, 2003/0060359 and 2004/0077914, the

disclosures of which aféMerBmahleashoRs SRR it INAH PRt 2esties KRiediandts that may

be used to enhanegihakrtgtiepeviyOfhOe: iRALE Hauit eataialinatede MBIBE RIcamHaUNdS
preferably 1VB metal halides_ such as TiCI3, TiC14, TiBr3, TiBrj%éMZ%(P:fil% ZrBr4, HfC4, and HfBra as
described by HiRKHAHER SPREGORS: S IEGANE RIJeAS 8837 i dBR ahieHt %W?}Bb%g%rated by

reference in its egiitatytheriieAdkydation Gondbigdasatal yddhylpinheongitdnsiarmmiaintpioed in the
reaction zone. The molar r.%gro b&t}ween tge %tlllerf:dst one iso%ar ffin and the at least one olefin can be in
the range of 207 ianhﬁl Bﬂ A @’I&aﬂ? N }f 4te DEEREEH thie at least one isoparaffin and the at
least one olefin can beThebeotargesnfflrtheb0ohpriseaties dlignhativedtive comipr saigoebstlireen the at

least one isopargffin,and the at least one plefin can be in the.rapge of.2 to 20.Catalyst volume in the
T R e PR e Bl SR cor can be in

reactor can be i ﬁqgl%%’éngfa 256

the range b4 5 vethion2b80 vol%. The reaction temperature can be in the range -40C to 150C.

Alternatively, the reactign t erature can be in the range of - . 0 T re can be in
the range of atmosphelﬁgepa?lgggﬁrlg%egaﬁ?)naﬁ??ﬁ?etﬁﬁeaﬁjee ﬁtt%]%%ér%g%%&ﬁga%?f%éssure
sufficient to keeprithelefactasteeielthexkithidpbhadbioResidbradkylatieromeattapneimwitbinaghetion zone

can b 1 e ) SSRISE 1C H R BAt BSUPRER IR acians
hindering the reaction selectivity. This situation can be avoided by minimizing the
15  reaction that takes place within the chamber of the nozzle(s). For example, the
residence time of the at least one isoparaffin, the at least one olefin, and the ionic
liquid catalyst within the nozzle(s) can be minimized by increasing the flow rate of
the at least one isoparaffin, the at least one olefin, and the ionic liquid catalyst
through the nozzle(s), shortening the length of the nozzle(s), minimizing the size of
20  the nozzle(s), etc. Therefore, in one embodiment of the process as described herein,
the majority of the alkylation reaction occurs outside of the nozzle(s) and within the
reaction zone.
The nozzle(s) are positioned within a reaction zone. In one embodiment, the
nozzle(s) are disposed within a single reactor. Additionally, the nozzle(s) may be
25  arranged in any manner within the reaction zone.
The reaction zone can comprise a plurality of reaction cells provided that at
least one nozzle (i.e. one or more nozzles) is contained within each reaction cell.
Such reaction cells can be contained with a single reactor or can be divided between
a plurality of reactors. The reactor(s) can be of any type including a continuous-

30  stirred tank reactor(s) (CSTRs).
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Typical alkylation conditions may include a catalyst volume in the reaction zone of from 5 vol% to 50
vol%, a ter%)gr%tolépe oisfrom -I0C to 100C, a pressure of from 300 kPa to 2500 IcPa, an isoparaffin to
olefin molaF rafio of 216 'Sand a residence time of 1 minute to 1 hour. 5 SygféWﬁ?g??@%”’éﬁ?Sed herein
is a system for the production of low volatility, high 10quality gasoline blending components. The
system is based upon the reaction of at least one isoparaffin with at least one olefin in the presence of
an ionic liquid catalyst to provide a product comprising gasoline blending components. The system

comprises the following elements; (1) a reactipn zone; (2).two ore reaction cells; (3) two or more
nozzles; (4) a first cond 'ﬁ@&tﬂ??dﬁ%}tﬁ’éer%ﬂf%? hé’éé%ﬁﬁ%[go (&Y to the nozzles: and

(6) an exit conduiytrachfbanase ik Bgicd giarzenie higrieadion, 20nR nghidesihefwador more
reaction cells and t\@o or more,nozzles dis ersle throua}f}loﬁ he two or méJre r(g%ctions ciflls such that
each reaction calf COHihing SHIRALASH GYERAD §H§V§gﬂ§r‘?f’ SRR 858 184 ction cells,

each with one nerzlsulRs@idthiersexample, the system can have two 20reaction cells, each with two
nozzles. The first conduit leading to the nozzles provides the at least one isoparaffin and/or the at least
one olefin to all of the nozzles, while the second conduit leading to the nozzles provides ionic liquid
catalyst to all of the nozzles. The exit conduit leading away from the reaction zone removes the
product comprisii? r%eﬂ%goline blending components from the reaction 25zone. Optionally, the
system includes ifa“Conauit leading to the 'nozzles. The optional third conduit provides at least one
isoparaffin and/or at leaStecorideaktfim¢osapohiiia porztespiistheaysten sohehasdywe sortnits leading to

the nozzles, the hydro ans (i.e. isopar fin(asg and olefin flow threugh the first conduit and
Soronic i oot B Hon M AU SR R e
leading to te noxzesteies theeeofiquids are split between the three 15 conduits. In other words, the at
least one isoparaffin flows through the first conduit to the nozzles, the ionic liquid catalyst flows though

the second conduit to the nozzles, and the at least one olefin flows through the third conduit to the
nozzles. Ionic Liguid Catalyst

Ionic liquid catalysts are well known in the art. The process as described
herein can employ a catalyst composition comprising at least one aluminum halide
15 such as aluminum chloride, at least one quaternary ammonium halide and/or at Jeast
one amine halohydrate, and at least one cuprous compound. Such a catalyst
composition and its preparation is disclosed in U.S. Patent No. 5,750,455, which is
incorporated by reference in its entirety herein.
Alternatively, the ionic liquid catalyst can be a pyridinium or imidazolium-
20 based chloroaluminate ionic liquid. These ionic liquids have been found to be much
more effective in the alkylation of isopentane and isobutane with ethylene than
aliphatic ammonium chioroaluminate ionic liquid (such as tributyl-methyl-
ammonium chloroaluminate). The ionic liquid catalyst can be (1) a chlorcaluminate
ionic liguid catalyst comprising a hydrocarbyl substituted pyridinium halide of the
25  general formula A below and aluminum trichloride or (2) a chloroaluminate ionic
liquid catalyst comprising a hydrocarbyl substituted imidazolium halide of the
general formula B below and aluminum trichloride. Such a chloroaluminate ionic
liquid catalyst can be prepared by combining 1 molar equivalent hydrocarbyl
substituted pyridinium halide or hydrocarbyl substituted imidazolium halide with 2
30 molar equivalents aluminum trichloride. The ionic liquid catalyst can also be (1) a
chloroaluminate ionic liquid catalyst comprising an alkyl substituted pyridinium
12



In the system as described herein, the nozzles can be oriented within the 5reaction cells in any
manner. TWO”Z%Q&?SE%” be vertically oriented or horizontally oriented. If tlpglj?ggélg%}%dﬁ%ertically
oriented, the can tace either upwardly or downwardly. The nozzles can also be ofiented at any angle
(e.g., 45 degrees). The following examples are provided to better illustrate the advantages and/or
embodiments of the process and/or system as discussed herein. The 10examples are meant only to
be illustrative, and not limiting. EXAMPLES Example I: C4 Olefin and Isobutane Alkylation

15Evaluation of C4, olefin alkylation with,isphutane was.performed in, a.100 cg,cantinuously stirred tank
reactor. 8:1 mo ’F&tl‘b}gﬁ&%ﬁfﬁ% %]élixb é’r‘ﬁaar%@x {Jgrrénvr\l/%%l?gg@g ﬂ%iée r%é%?oar while vigorously
stirring at 1600 JRRxbalvminate iupiidigatdlystalgsCasipimodified dldpytstitidedumiditolioatuminate
catalyst, was fed {o,the.reactor via a seco inéet ort targeting. tQ. 19- 2015 vol% in the reactor.
A small amourﬁ‘gﬁ*%f% %ggq%f@a”sn Was abae 24 {6 ‘ih@“%%é%“eg‘sg‘? Cl(eélrlai%\iééragg‘fe&lrésidence time
(combined volushiafdeatdananitbaatdiysi) veasl phoat Saprepesd Byeoubstipeebsur@ivas maintained at
100 psig using 2 BackpresRure LR BIer - TN AR RLIRTBEIALI S Nan MAINARER ALAC using
external cooliné:.q% & réactor ertuent was separated In a 3-phase separator into C4- gas, alkylate
hydrocarbon pHasdileand tinelmriguivelichtodslsmbemilsdidorifsosition of alkylate gasoline was
analyzed using gas chromatography. Research Octane number was calculated based on GC
composition and Research Octane number of pure compounds assuming volumetric linear blending.
Summary 30 of operating conditions and performandésare summarized in Table I.

b\

10
(B)

Ry
@
n—"Fe

©

wherein R=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group and X is a

haloaluminate and preferably a chloroaluminate, and Ry and Ry=H, methyl, ethyl,
15 propyl, butyl, pentyl, or hexyl group and where R and R, may or may not be the

same.

The ionic liquid catalyst can also be mixtures of these chloroaluminate ionic liquid

catalysts. Preferred chloroaluminate ionic liquid catalysts are I-butyl-4-methyl-

pyridinium chloroaluminate (BMP), 1-butyl-pyridinium chloroaluminate (BF), 1-
20 butyl-3-methyl-imidazolium chloroaluminate (BMIM), 1-H-pyridinium

chloroaluminate (HP), and N-butylpyridinium chloroaluminate (CsHsNC4HoALCly),

and mixtures thereof.

A metal halide may be employed as a co-catalyst to modify the catalyst

activity and selectivity. Commonly used halides for such purposes include NaCl,
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WO 2009/085451PCT/US2008/084132 To study the effect of mixing on catalyst performance, the
RPM was k&geh%g}/églswo, 400, and 200 RPM. Product properties were measured at these different
It

mixing con Sne Bradle 1: Effect of Mixing on Alk late Gasoline Propertig KB 8t védtor stirring

1600 800 400 200 Uletin source 2-butene I-butene 0715 2-butene 0.15 2-butene 0.15 Acid volume
fraction 0.15

LiCl, KCl, BeCly, CaCly, BaCly, SiCly, MgCly, PbCl,, CuCl, ZrCls, and AgCl as

published by Roebuck and Evering (Ind. Eng. Chem. Prod. Res. Develop., Vol. 9,

77, 1970), which is incorporated by reference in its entirety herein, Especially

useful metal halides are CuCl, AgCl, PbCl,, LiCl, and ZrCls. Another useful metal
5  halide is AlCls. '

HCI or any Broensted acid may be employed as an effective co-catalyst fo
enhance the activity of the catalyst by boosting the overall acidity of the tonic liquid-
based catalyst. The use of such co-catalysts and ionic liquid catalysts that are useful
in practicing the present process are disclosed in U.S. Published Patent Application

10 Nos. 2003/0060359 and 2004/0077914, the disclosﬁres of which are herein
incorporated by reference in their entirety. 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, TiBrs, TiBrs, ZrCls,
Z1Brs, HC,4, and HiBry as described by Hirschauer et al. in U.S. Patent No,

15 6,028,024, which document is incorporated by reference in its entirety herein.

Alkylation Conditions
Alkylation conditions are maintained in the reaction zone. The molar ratio
between the at least one isoparaffin and the at least one olefin can be in the range of
20 1to 100, Alternatively, the molar ratio between the at least one isoparaffin and the
at least one olefin can be in the range of 2 to 50. As another alternative, the molar
ratio between the at least one isoparaffin and the at least one olefin can be in the
range of 2 to 20. Catalyst volume in the reactor can be in the range of 2 vol% to 70
vol%. Alternatively, catalyst volume in the reactor can be in the range of 5 vol% to
25 50 vol%. The reaction temperature can be in the range -40°C to 150°C.
Alternatively, the reaction temperature ¢an be in the range of -20°C to 100 °C. The
pressure can be in the range of atmospheric pressure to 8000 kPa. Alternatively, the
pressure can be any pressure sufficient to keep the reactants in the liquid phase.
Residence time of reactants in the reaction zone can be in the range of a few seconds
30 to hours. More particularly, the residence time of reactants in the reaction zone can
be in the range of 0.5 min to 60 min.
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Typical alkylation conditions may include a catalyst volume in the reaction
zone 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 isoparaffin to olefin molar ratio of 2 to 8 énd a

residence time of 1 minute to 1 hour.

System

Also disclosed herein is a system for the production of low volatility, high
quality gasoline blending components. The system is based upon the reaction of at
least one isoparaffin with at least one olefin in the presence of an ionic liquid
catalyst to provide a product comprising gasoline blending components. The system
comprises the following elements: (1) a reaction zone; (2) two or more reaction
cells; (3) two or more nozzles; (4) a first conduit leading to the nozzles; (5) a second
conduit leading to the nozzles; and (6} an exit conduit leading away from the
reaction zone. The reaction zone includes the two or more reaction cells and two or
more nozzles dispersed throughout the two or more reactions cells such that each
reaction cell contains at least one nozzle. For exampie, the system can have three
reaction cells, each with one nozzle. As another example, the system can have two
reaction cells, each with two nozzles. The first conduit leading to the nozzles
provides the at least one isoparaffin and/or the at least one olefin to all of the
nozzles, while the second conduit leading to the nozzles provides ionic liquid
catalyst to all of the nozzles. The exit conduit leading away from the reaction zone
removes the product comprising the gasoline blending components from the reaction
Zone.

Optionally, the system includes a third conduit leading to the nozzles. The
optional third conduit provides at least one isoparaffin and/or at least one olefin to
all of the nozzles, If the system only has two conduits leading to the nozzles, the
hydrocarbons (i.e. isoparaffin(s) and olefins(s)) flow through the first conduit and
ionic liquid catalyst flows through the second conduit. However, if the system has
three conduits leading to the nozzles, the three liquids are split between the three
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conduits. In other words, the at least one isoparaffin flows through the first conduit
to the nozzles, the ionic liquid catalyst flows through the second conduit to the
nozzles, and the at least one olefin flows through the third conduit to the nozzles.
In the system as described herein, the nozzles ¢an be oriented within the
5  reaction cells in any manner. The nozzles can be vertically oriented or horizontally
oriented. If the nozzles are vertically oriented, the can face either upwardly or
downwardly. The nozzles can also be oriented at any angle (e.g., 45 degrees).
The following examples are provided to better illustrate the advantages
and/or embodiments of the process and/or system as discussed herein. The

10 examples are meant only to be illustrative, and not limiting.

EXAMPLES
Example 1: C4 Olefin and Isobutane Alkviation

15 Evaluation of C, olefin alkylation with isobutane was performed in a
100 cc continuously stirred tank reactor. 8:1 molar ratio of isobutane and 2-
butene mixture was fed to the reactor whiie vigorously stirring at 1600 RPM.
An ionic liquid catalyst, a CaCl modified N-butylpyridinium chloroaluminate
catalyst, was fed to the reactor via a second inlet port targeting to occupy 10-

20 15 vol% in the reactor. A small amount of anhydrous HCI gas was added to
the process. The average residence time {combined volume of feeds and
catalyst) was about § minutes. The outlet pressure was maintained at 100 psig
using a backpressure regulator.

The reactor temperature was maintained at 0°C using external cooling,

25  The reactor effluent was separated in a 3-phase separator into C4 gas, alkylate
hydrocarbon phase, and the ionic liquid catalyst. Detailed composition of
alkylate gasoline was analyzed using gas chromatography. Research Octane
number was calculated based on GC composition and Research Octane
number of pure compounds assuming volumetric¢ linear blending. Summary

30  of operating conditions and performance are summarized in Table 1.
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To study the effect of mixing on catalyst performance, the RPM was

lowered to 800, 400, and 200 RPM. Product properties were measured at

these different mixing conditions.

Tabie 1: Effect of Mixing on Alkylate Gasoline Pmpérties _

RPM of reactor stirring 1600 800 400 200
Llefin Source Z-buténe]  Z-bulene] Z-buiene| Z-buiené
Acid volume fraction 0.15 0.15 0.15 0.15
Temp., deg C 0 0 0 0
External /O ratio, molar 8.0 8.0 8.0 8.0
C5+ Gasoline Composition Calculation

C5 2.0 2.9 1.2 0.7
C6 2.2 3.7 2.4 1.8
C7 4.0 54 3.5 3.1
C8 76.6 57.9 42.7 37.1
C9 8.3 16.7 213 19.9
C10 2.0 4.2 6.5 8.3
C11+ 4.8 9.2 22.4 29.2
Sum 100.0 100.0 100.0 100.0
C5+ Gasoline Property Estimation

Average Molecular Weight 116 119 130 136
Research Octane Number 93.3 90.5 89.5 88.9

The results in Table 1 clearly show that high octane alkylate can be obtained

only at high RPM conditions, indicating a uniform mixing of isobutane and olefin is

required to achieve good product quality. When mixing is poor, e.g., at lower RPM,

undesirable side reactions such as oligomerization can dominate and the heavy yield
increases drastically, from 4.8% C11+ at 1600 RPM, to 29.2% C11+ at 200 RPM,

Example 2: Droplet Size Distribution in Stirred Tank

The droplet size distributions of the catalyst phase produced in the 100cc

stirred tank reactor described in Example 2 are estimated by Visimix simulations to

evaluate the effects of the droplet size distribution on the product quality. Figure 1

shows the droplet size distribution obtained in the 100 cc reactor at different RPMs,

and Table 2 lists the Sauter mean droplet size and the specific interfacial area.
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Table 2: Effects of RPM on Mean Droplet Size and Interfacial Area (Estimated
by Visimix Simulation)

Parameter name Units 1600 800 400 200
RPM RPM RPM RPM

Sauter mean drop micron 154 265 478 077

size

Specific interfacial | m%m’ | 2340 1360 757 368

area

Obviously, from both Figure 1 and Table 2, increasing the RPM of the
stirred tank reactor will produce much finer catalyst droplets. When the RPM
increases from 200 to 1600, the mean droplet size decreases from almost 1000
micron to 154 micron and the specific interfacial area is one order of magnitude
larger. The larger specific interfacial area obtained at 1600 RPM contributes
significantly to the better product quality as described in Example 2. Indeed, a larger
interfacial area will certainly lead to a higher mass transfer rate and higher overall
reaction rates. In a continuous stirred tank reactor, a higher reaction rate means a
higher olefin conversion or a lower exit olefin concentration which considerably
restrains side reactions such as oligomerization. Oligomerization is usually
considered as a reaction with higher order than the alkylation reaction in terms of the

olefin concentration.

Example 3: Droplet Size Distribution Produced by Nozzles

Evaluation of the nozzles on phase dispersion was performed in a cold flow
unit. The experiments were conducted at ambient conditions using 2,2,4-Trimethyl
Pentane (TMP) as the hydrocarbon phase and fresh ionic liquid as the catalyst phase.
Two diaphragm pumps were used to feed the hydrocarbon phase and the catalyst
phase into a tubular reactor thorough a BETE nozzle. This nozzle, mounted on the
top of the tubular reactor which is filled with TMP, has two inlets, one outlet, and an

internal mixing chamber. The two liquids, fed from the two separate inlets, thus mix
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The results in Table | clearly show that high octane alkylate can be obtained 10 only at high RPM
conditions, indicating_a_uniform mixing of isobutane and olefin is required to achieve %oodé)]roduct

quality. Wﬁ‘XR A S@f)oor, e.g., at lower RPM, undesirable side reactions SULH4E ﬁ@’g erization

can dominate and the heavy yield increases drastically, from 4.8% C11+ at 1600 RPM, 10 29.2%
C11+ at 200 RPM. 15Example 2: Droplet Size Distribution in Stirred Tank The droplet size distributions
of the catalyst phase produced in the 100cc stirred tank reactor described in Example 2 are estimated

by Visimix simulations to evalyate the effects of the droplet size distribytion on the product quality.
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Table 2 lists the ‘it tak encfasnthpieb pze afwthéhesspedbicdripliéasiat dieaibiéh measurement.

2009/085451PCT/US2008/084132 Table 2: Eff cts.ofcl?tP on Mean Dro IeélfS' e and Interfacial Area
Its

(Esimated by Visimix SRSTERARE S DRSS RAT S RS0 19M B 1 200

dispersion effects, the droplet size distribution produced in a 300 cc stirred tank

5  reactor were also measured. This reactor is similar to the 100 cc reactor used in
Example 2 and has produced comparable, if not better, product quality when used in
alkylation reactions. The droplet size distribution measurement was conducted under
ambient conditions using TMP and fresh ionic liquid at 1800 RPM. Figure 2 exhibits
the droplet size distribution obtained from the nozzle and the stirred tank reactor.

10 The nozzle produces smaller droplets than the stirred tank reactor does with a
considerable amount of droplets less than 10 micron in size, which provides for a
very large interfacial area. A much higher reaction rate and better product quality
thus can be expected.

Although the process and system as disclosed herein have been described in

15 connection with specific embodiments thereof, it will be appreciated by those skilled
in the art that additions, deletions, modifications, and substitutions not specifically
described may be made without departing from the spirit and scope of the process

and system as defined in the appended claims.
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RPM Sauter mean drop size micron 154 265 476 977 Specific interfacial area 2340 1360 757 368 5
Obviously, from both Figure 1 and Table 2, increasing the RPM of the stirred tank reactor will produce
much finer catalyst ets. When the RPM increases from 200 to 1600, the mean droplet size
decreases from st 1000 micron to 154 micron and the specific interfacial area is one order of
magnitude 10larger. The larger specific interfacial area obtained at 1600 RPM contributes significantly

to the better prog‘uct quﬁ“}X as fggﬁgn%%d&nn@@r@%a ]g In u%t?g 2 Il%rlgr;,e:rr interfacial area will certainly

lead to a higher mass tra‘jrmsfer rate a%d_ igher overall reactioh rates. I a continuous stirred tank
reactor, a higher reactié¥eftite TnbEhy afigheicsiens BERVERIHE! f 1w erihaldfi éBhcentration
which considerahlyit hrestrainsiside: teaatiens suchdascligpmedizatienicOligbmesizatiorméstusually

least one nozzle is vertically oriented facing downwardly into the reaction zene;
wherein both the plurality of Hquid reactants and the ionic iiquid catalyst pass through the at least one
nozzle and the nozzle produces ionic Jiquid catalyst droplets of about 10-100 microns; and wherein

the ionic liquid catalyst is present in an amount 5 vol%s to 50 vol%.

2. The process according to claim 1, wherein the reaction product comprises Jow volatility,
high quality gasoline blending components.
3. The process according te claim 2, wherein the plurality of liquid reactants comprises at least

one isoparaffin and at least one olefin.

4. The process according to claims 2 or 3, wherein the reaction conditions are alkylation
conditions.
5. A process according to claim 3, wherein each of the at least one isoparaffin, the at Jeast one

olefin, and the ionic liquid catalyst are injected simultaneously through the at least one nozzle.

6. A process according to claim 3, wherein the at least one nozzle is two or more nozzles and
the at least one isoparaffin, the at least one olefin, and the ionic fiquid catatyst are injected

concurrently through the two or more nozzles.
7. A process according to claim 2, further comprising:

removing the product from the reaction zone; and

isolating the low volatility, high quality gasoline blending components.
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considered as a reaction with higher order than the alkylation reaction in terms of the olefin
concentration. Example 3: Droplet Size Distribution Produced by Nozzles 20 Evaluation of the
nozzles on phasg dispersion was performed in a c\)zﬁl\ﬁﬂ_ ni e 2 Gengucted at
ambient conditif)s?is usi(r%\gp ﬁ?ﬁ?ﬁg'ﬁﬁrﬁ;et{ﬁgﬂnzlgeo;}atlgﬁé ( A b%wa%sﬁ%r%é%%%r%é%%%%? Bﬁggg ale]r%g%rrbgsh ionic
liquid as the catalysiphtsesTiveidiaphsagh partpsallestiesdy toifatsd thetydrveamdly phase and the
catalyst 25phase into a tubular reactor thorough a BETE nozzle. This nozzle, mounted on the top of
the tubular reactor which is filled with TMP, has two inlets, one outlet, and an internal mixing chamber.
The two liquids, $ed frofh RFE G SEpainadiRIRE, InBesix H tsachBAntednSATBEISR @ 'ekit from the

outlet into the tubularfeactose RAPIBSWE e ltakemirapr he dap paddol ihereattantondraplet size
distribution measurement. To compare the nozzles with stirred tank reactors in terms of the phase

dispersion effects, the droplet size distribution produced in a 300 cc stirred tank 5reactor were also
measured. This reactonipsitiandeotded @0ctdrenctibrusethinaEasphe 2lefhdihadgprotitroed

comparable, if ngt better, product qualijty, when used in alkylation reac ig ﬁf“&@? Q{ é?Jetf‘Size
distribution meagﬁrgﬁ%f Wﬁgté%%%%@/ée B?fd)é?%/ﬁnegfér?tu 'lté%lﬁdﬁlegnesn%’sfnég] '%ng resh ionic liquid at
1800 RPM. Figure 2 exhibits the droplet size distribution obtained from the nozzle and the stirred tank

reactor. 10The ngzzle progliees smalsrdinalels ihanJhs Siedank feauian densydliagonsiderable

amount of droplets less than 10 micron in size, which provides for a very large interfacial area. A much
higher reaction fitendhel e Fproehing oUsRy BN saprHasxpeeiBl BrhBEHPthe process and system
as disclosed herein have been described in 15connection with specific embodiments thereof, it will be

appreciated by those skilled in the art that additions, deletions, mo?ific, tions, and sﬁrbstiﬁtions not

specifically deschbed el B hARS WIRFOCERBartiNGHOM bR SN AHEERENE BARETE8%s and
system as definggtin-the appamdedelaims. CLAIMS

a first chloroaluminate jonic liquid catalyst comprising a hydrocarbyl substituted
pyridinium halide of the general formula A and aluminum trichloride or a hydrocarbyl
substituted imidazolium halide of the general formula B and aluminum trichloride;

a second chloroaluminate ionic liquid catalyst compri sing an alkyl substituted
pyridinium halide of the general formula A and aluminum trichloride or an alkyl
substituted imidazolium halide of the general formula B and aluminum trichloride;

and mixtures thereof,
wherein the general formula A and the general formula B are represented by the
structures:

(A)



1.A process for the production of a reaction product, comprising: injecting a plurality of liquid
reactants and an ionic liquid catalyst through at least one nozzle into a reaction zone under reaction
conditions to provide a reaction product, wherein the at least one nozzle is vertically oriented facing
downwardly into the reaction zone; wherein bot rality of liquid reactants and the ionic liquid
catalyst pass through the at least one nozzle and the ngzzle produces ionic liquid catalyst droplets of
about 10-100 microns; and wherein the ionic liguid catalyst is present in an amount 5 vol% to 50 vol%.
2The process according to claim 1, wherein the tior? product comprises low volatility, high quality
gasoline blending components. 3. The process accprding toXlaim 2, wherein the plurality of liquid
reactants comprises at least one isoparaffin and at lleast one olefin. 4. The process according to
claims 2 or 3, wherein the reaction conditions are afkylation conditions. 5. A process according to
claim 3, wherein each of the at least one isoparaffin, the at least one olefin, and the ionic liquid catalyst
are injected simultaneously through the at least one nozzle. 6. A process according to claim 3,
wherein the at least one nozzle is two or more nozzle§3nd the at least one isoparaffin, the at least one
olefin, and the ionic liquid catalyst are injectqag concurrently through the two or more nozzles. 7. A
process according to claim 2, further comprising\.a%ram\% the product from the reaction zone; and
isolating the low volatility, high quality gasolige blending c ts. 8. A process according to claim
2, wherein the at least one nozzle is a plurality of w within a single reactor, all vertically
oriented facing downwardly. 9. A process according aim 2, wherein the reaction zone is
comprised of a plurality of reaction cells, and at least one nozzle is disposed within each reaction cell.
10. A process according to claim 3, wherein the at least one olefin is selected from the group
consisting of ethyleneinpfopylemshputeshel, pestehdugddpenkilired ehietastul. Aprédeds according to
claim 3, wherein the at least one ispparatfirn_i [ 0 ISt ' ,
sopontane. and M L B L e e e satayst
is selected from ¢hé ghotpRendiRingapfor may not be the same,

13. A process according to claim 12, wherein the first chloroaluminate ionic
liquid catalyst is prepared by combining 1 molar equivalent of the hydrocarbyl
substituted pyridinium halide or the hydrocarbyl substituted imidazolium halide with

2 molar equivalents of aluminum trichloride.

14. A process according to claim 12, wherein the second chloroaluminate ionic
liquid catalyst is prepared by combining 1 molar equivalent of the alkyl substituted
pyridinium halide or the alkyl substituted imidazolium halide with 2 molar

equivalents of aluminum trichloride.

15. A process according to claim 12, wherein 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
chioroaluminate (BMIM), 1-H-pyridinium chloroaluminate (HP), and N-

butylpyridinium chloroaluminate, and mixtures thereof.
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a first chloroaluminate ionic liquid catalyst comprising a hydrocarbyl substituted pyridinium halide of
the general formula A and aluminum trichloride or a hydrocarbyl substituted imidazolium halide of the
general formula B and aluminum trichloride; a second chloroaluminate ionic liquid catalyst
comprising an alk§! subtljmmwwmhrdm thadldienof 2helgeeier gl dopmialionid satalyghikitietrichloride or
an alkyl substituted |m|daz?I Ilgl %j—le general formula B and aluminum trichloride; and mixtures
thereof, wherein t?wnpglesﬁse?eﬁ ormu % the general formula B are represented by the structures:
(A) (B) wherein R1-1, methyl, ethyl, propyl, butyl, pentyl or hexyl group and X is a haloaluminate,
L A e el SR, B YL PeOYh QLREIN ATRUA 80d Mbere RIadR2 may or
may not be the same. 1 process ac ordlng to ¢laim 12, wherein the first chloroaluminate ionic
liquid catalyst is preparesity cohibieifigial mmmCéquateﬂﬂlgfa{ﬁ@diydmda@b?téﬁbsmgt@dﬁm?hd inium
halide or the hydrocaftyl SUdeEhé’t%glc”i' %%oé%% &&l%o%hggyg/ g%(p{oa&mmum
trichloride. 14. A process according to ¢ erelnt e second chloroaluminate ionic liquid
catalyst is prepaaédflay@mmbwmgwilmtéﬁ etlassilent obtveaaliyl alssticasedpyeidimuphidile or the
all substiutedypidagoliimRIde Vil MAIRL RIS RS alymipyRsligdn. fro herocess
according to claim C2 cdv"hereln he 1onic liquid ‘cata yst Is Selected from the group consisting of
1-butyl-4-methylspyridinizencchloroaluminate (BMP), 1-butyl-pyridinium chloroaluminate (BP),
1-butyl-3-methyl-imidazolium chtoroaluminate (BMIM), 1-H-pyridinium chloroaluminate (HP), and
Nbutylpyridinium chloroaluminate, and mixtures thereof. 16. A process according to claim 12, wherein
the ionic liquid catalyst fusttweedmiphis@scdndiol ebleatalyistilitg isproedds getdrdimyaedétsim 3,
wherein the at Ie&% tm%g%#?g%g in better mixing and interfacial contact between the at least one
isoparaffin, the at le stone ole the ionic liquid catalyst in the reaction zone as compared to an
alkylation process whefe)theeattisast@ite isoparaffin, the at least one olefin, and the ionic liquid

catalyst are not all injeg ﬁ?ﬁ&ﬁ ﬁg}g%e% & ALIRASHANGINCAZIGRNC IhE reRclion #qB8y d A system

for the production of lo igh q ty gasoline blending components comprising: (a) a
reaction zone: isoparaffin is reacted Wlth at least one olefin in the presence of an ionic iquid

catalyst under alkylation conditions to produce a product comprising the low
volatility, high quality gasoline blending components, wherein the ionic liquid
catalyst is present in an amount of 5 vol% to 50 vol%;

() at least one nozzle vertically oriented downwardly within each of the
reaction cells such that the system comprises two or more nozzles;

(d) a first conduit leading to the nozzles for injecting the at least one
isoparaffin and/or the at least one olefin through all of the nozzles;

(e) a second conduit leading to the nozzles for injecting the ionic liquid
catalyst through all of the nozzles, wherein the nozzle produces ionic liquid catalyst
droplets of about 10-100 microns;

(f) at least one exit conduit leading away from the reaction zone; and

(g) optionally a third conduit leading to the nozzles for injecting the at least

one isoparaffin and/or the at least one olefin through all of the nozzles.

o
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(1)) two or more reaction cells within the reaction zone, wherein at least one isoparaffin is reacted with
at least one olefin in the presence of an ionic liquid catalyst under alkylation conditions to produce a
product comprising the low volatility, high quality gasoline blending components, wherein the ionic
liquid catalyst is Ptesent irest srioURET eV 686 5OMRN ProdeyarREBBESHE nozzle vertically
oriented downwardly withingach lgmggtg,eaqq%&%Qéﬂ@ﬁ@_&gﬁglﬁyq{%md%ges two or more
nozzles; (d) afirst conduit leading to the nozzles for injecting the at least one isoparaffin and/or
the at least one siififfanrougti diroidhatiessiase nozzig i xspEdd Yo RERR TESRifeR S tHe nozzles for
injecting the ionigliguidl catalyst through, al of theinazzlesraherein hemerzig Rieducesignic liquid
catalyst droplets of about 10-100 microns; (1) at least one exit conduit leading away from the reaction
zone; and  (crpeh &g hirarepdlitiEading w8 6Pgles for injecting the at least one
isoparaffin and/qpihe atieashRna el trayah AlkakieAaZEERyLiuIcsessdasite production of
a reaction product, comprising: injecting a plurality of liquid reactants and an ionic liquid catalyst
simultaneously thvgugh delablsesenpseged s ahaaroh e srezlmed ReatiRgHComEficHe 6 brovide a
reaction productywheseinethe,at leaps@ngRsleds uericalheriented faaingdownyaidbainto the
reaction zone; wherein both the plurality of liquid reactants and the ionic liquid catalyst pass through
the at least one fdaleuBha il el thEchdzzle produces ionic liquid catalyst droplets of about 10-100
microns; arid wherein the ionic liquid catalyst is present in an amount 5 vol% to 50 vol%.
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