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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
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makes the HF alkylation more dangerous than the HoSOj4 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,SO4 and HF
alkylation plants;

30 (3) substantial reduction in operating expenditures as compared to H;SO4

alkylation plants;
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S perehabslity rahd A¢liabilidy Stdided opersiimgcosts, 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 %.
As 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
stirring and 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 5-10 vol % of ionic liquid catalyst is sufficient to catalyze the reactions

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

enemglify sulfuric acid and hydrocarbon feeds in a sulfuric acid alkylatlon 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
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 a very high linear liquid velocity is
required to emulsify liquid-liquid systems resulting in an prohibitively high pressure
drop across the static mixer.

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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SUMMARY

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
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
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20 nozzle can be designed or arranged inside 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

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 catalyst. More particularly, this
embodiment is an improved ionic liquid catalyzed alkyaltion process for producing
low volatility, high quality gasoline blending components.

30 The ionic liquid catalyzed alkylation process for producing low volatility,
high quality gasoline blending components comprises injecting at least one
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DETAILED DESCRIPTION
Definitions

As used herein, the term "isoparaffin" means any branched-chain saturated
hydrocarbon compound, i.e. a branched-chain alkane with a chemical formula of
CuHanio. Examples of isoparaffins are isobutane and isopentane.

The term "olefin" means any unsaturated hydrocarbon compound having at
least one carbon-to-carbon double bond, i.e. an alkene with a chemical formula of

C,Ha,. Examples of olefins include ethylene, propylene, butene, and so on.
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pressure control within the reaction zone, and al so
enhances the isoparaffin to olefin (1/0 ratio. BRIEF
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the effect of revolutions per mnute (RPM on dropl et
size distribution as estimated by a Visim x sinmulation
in Exanple 2. FIG 2 graphically depicts a conparison
of droplet size produced by a nozzle in Exanple 3 and

e e

t hgrolfétfonh & eRRfiah bétVee B réddyanty andehedicfaalpst. This process
saturated hydrocarbon conpound, i a branched- chain

al ioxplyeninjesting éh?el&ﬂlécéreaﬁf@mﬁ@né1i_epi'dec\5miz>ﬁr+§1r015béhﬁﬁaé§e Frleast
! gﬁlgefallgc%&fe' il aatregctioi%ﬂé Aiger 20LLT ORI %o pm‘?dettﬁé gl‘oduct.

nmeans any unsaturated hydrocarbon conpoun
havi ng @he ligud treastaatscad Hignid aiatpst bambeloestel thongh aisingle
an al kene with a chem cal fornul a of. ChnH2n . Exappl e
o g s e Bere a1 W e PR disaid TSER i A getlyst
ONcaf¥ORREEATHBLE ABIEAIL) bEnb/ZRAIRNS th@RAATIN zoRe PIIPEBESWords,
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| getinder BRAIRN Sadhils bhdiligEld catBhy Whicl i te@nkchiehésighter,
each nozzle. Liquid reactants are not injected through

ongompefficient WAL | i qui d catal yst is injected through

ra eZﬁFZL?‘é gréeﬂeg%lﬁc:'dgnl}?llgf t(lzlgiflg}ﬂ);gr?&&?rﬁg aﬁ'ch?tiula Gﬁallyktoééhq’lave 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
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
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,

separating both phases in a downstream process will be difficult.
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outside of the at |east one nozzl e. According to

anéirmaiangeysbe throughdhgatdeass gnerozglescl osed her ei n
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partlcular cataly
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B B S o PIRRRS LY Bl 22119,

20I n | ' qU'Iﬁmfo%ﬂPihn BRdn@1d 19Nk, e 1 stCiteadopataffid RBe at least one

process involves injecting the at |east 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/O) ratio throughout
10




i soparaffin, the at |east one olefin, and the ionic
liquid catal yst through at | east one nozzle so that

waQ bwoass4beast one isoparaffin, the at | east onECOUSf0D$1084132
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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
Jeast 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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product containing low volatility, high quality

gasol i ne bl endi ng conponents. The process can further
conprise renoving the product conprising gasoline

bl endi ng conponents fromthe reaction zone and
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M r Miziurg thdreofsi ze of the nozzle(s), etc. Therefore,

i n one enbodi nent of the process as described herein,
the majority of the al kylation reaction occurs outside
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one enbdoiindiquid catedystaome M@(lsk)w‘amen theasto s prpeass as described

ngl e react Add onal
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cells provided that at | east one nozzle
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t h&yased 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 chloroaluminate ionic liquid (such as tributyl-methyl-
ammonium chloroaluminate). The ionic liquid catalyst can be (1) a chloroaluminate
ionic liquid catalyst comprising a hydrocarbyl substituted pyridinium halide of the
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
molar equivalents aluminum trichloride. The ionic liquid catalyst can also be (1) a
chloroaluminate ionic liquid catalyst comprising an alkyl substituted pyridinium
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hydrocarbons into a bulk liquid phase of the
hydr ocarbons, ionic liquid catalyst, and product. In
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Hydr ocarbons The at | east one isoparaffin can conprise

i sobut ane, isopentane, or m xtures thereof. The at
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byt ene entene, .~ or m res 001 G111 Oyl
CheBRS of AR SR i A LS ok SRR ipThRIChANE, |
ar&l(ira'ilﬁmﬁl{awm& lapidlesslyitkempheing iaf] atlgyhsusfitunyd isnidazolium
cat al yst conposition conprising at, | east on um num
hahalide ok the wengralfopm i dhbd v gpd alél,mla‘emﬁ%%l&?mg% g‘lucg]a

q Lo . I .
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[ .S, Patent No.. 5 750, 455, whi,ch.is incorporated by
r gfagpg%grqofprieggwglﬁp‘{sro tag}mﬁg?r@itﬁ?hq%l{leér natively, the
ionic liquid catalyst can be a pyridinium or

i m dazol i umbased chl oroalum nate ionic |liquid. These
ionic |iquids have been foundAb be much nore

effective in the al kylati on-qf isopentane and

i sobutane with ethyl ene d phati ¢ ammoni um
chloroal um nate ionic I|i
tributyl-nmethyl ammoni uni | chl orolgl um nate). The ionic
l'iquid catal yst can be ( oroal um nate ionic
liquid catal yst conpri sing hydr o&ar byl substituted
pyridi nium halide of the general formula A bel ow and
alumnumtrichloride or (2) RR chloroalum nate ionic
liquid catal yst conprising a hydrocarbyl substituted
i m dazolium halide of the general fornula B bel ow and
alum numtrichloride. Such a oroal um nate ionic
liquid catal yst can be prepared by conbining 1 nolar
equi val ent hydrocar byl Reubsgi tuged pyridinium halide
or hydrocarbyl substitutedN#rd oIiuH1haIide wWth 2
mol ar equi val ents al unixnum fri chl mri’de? The ionic
liquid catal yst can al so be

wherein 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 Riand 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 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 (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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chloroalum nate ionic liquid catal yst conprising an
al kyl substituted pyridiniunmhalide of the general

WO 20p0$51A bel ow and al uminumtrichloride or (BJT/EHS2008/084132
chloroalum nate ionic liquid catal yst conpirsing an
al kyl substituted i mdazolium halide of the general
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Agd, Pbd 2, Lid, and 4. Anot her useful netal

hallde is Ald 3. HCI or any Broensted acid may be
ffectlve co-catal yst to enhance the
ag?llééxyﬁzong(fson?’)zo%

he Cat al yst by boosting the overall
acidity le:ylhﬂi‘rﬁ) ¢omditionb b@uhsih@aied 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 isoparaftin 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 can 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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catal yst. The use of such co-catalysts and ionic
liquid catal ysts that are useful in practicing the
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Application Nos. 2003/0060359 and 2004/0077914, the
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oredisyie s morediaiel (B e A PR o FRAnfRA™ 2 second
|| eysiadit RAEER to BRSAdFeRS fantli(FPar0dxif @Gt WadingAwal €rom the
reacti on zone can be in the range of a few seconds tq

hogeefionvisne Bhe faagtignazang inglydes thesiwgeqrdrore irgastigh cells and two or
r e@%e%tz?lek gldbé}gecf t?l?ég.\ltg l?} tﬁﬂgﬁi GARoRGeddt B?@elfs%ﬂ&?thgf each

At on conditions
i nehetita @llcah@ingsat leastl anemorzie.t Fier axenpld, the ystam a@h hbvcnmree

5 vol%to 50 vol % a tenperature of fro 10C to ,
S AUBARUS G MOBOBOREE, A6 D RERP ey SR AAR PR WO

t Oregétﬁi‘nl 1SRG w'itﬁtﬂVQ n8}z1és. IThe&ird@nauit RAHHENE thetriodBles

of 1 mnute to 1 hour.
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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System Al so di sclosed herein is a systemfor the

production of low volatility, high quality gasoline
Whk®@ndssagl conponents. The systemis based uponP@TiES2008/084132

reaction of at |east one isoparaffin with at |east one

olefin in the presence of an ionic liquid catalyst to

provi de a product conprising gasoline bl ending

conponents The system conprises the follow ng

[ oS dﬂ%t% %né %%eraw?r ? Cttl gtqgas? ?rgéf 1esg %%};MQ]OQVS tﬁ?ough fthe ﬁl'tSt conduit

C o plthie tnok-ged] ithegohio lighil dagatyst ﬁSWS ftrpugh the sesvnd condiiii to the
| eading to the nozzles; and GL%?n exi

| eBEFAS anbipeft iastone olefiadlavsinoygh ther hgg F@r&ﬁ%ﬁ tgthe pprgles.
i ncl ude§n fhla% { ¥ o9 rde{ng'B@% S‘@ﬁ'xh{}f%mo‘iﬁké &n%%ﬁe‘ﬂfbd%lthm the
roug

nore nozz |spers out the two or
5 r ea&at:immeelkseh hsy siachert Hht nezalds qaezbctvmmald:seblherrtwommszontally

e noz For exanpl e he stem can h
£ hPEEREL 2k fte Vel AR St b Ferd 6 SE SRS
exapwh®ardly) €T $0781% 6alalb@vEoidtied £aal affle ¢k, 85 d@g’l@@s)
with two nozzles. The first conduit |leading to the

nozzl es The &lloxang expmples are pravideddo beigsalugtmtathe adyastages
h f ] | i
"Gl LR 8RS oPUE TSl s SlichIE ARERLESerc 1

10 i oexamplegate theaat @lly sd bd 'rbluaﬂrdnvraf artddheot hietihges. The exit
conduit |eading away fromthe reacti on zone renoves
t he product conprising the gasoline bl ending
conponents fromthe reacti pRAMPEESOPtional Iy, the
systemincludes a third conduit |eading to the
noExkmple 1THey Qlsfinand [sobhianel Adkydationt pr ovi des at | east
one isoparaffin and/or at |least one olefin to all of

15t he nozEvslsatidif oftCyeolsfys dlkpation withasobutane ean geifdrsned in a

' to th I the h b . e.
eig@?fg?%?weg;sbg%ﬁ@etéﬁ ngetgs )yi?I { %ﬁfg& rﬁ?@ BEHO'?%H% dst
coBiehd mdttbrel AN fod bd @ iréhcfRtviMShgdrb @i sﬁrﬁ'h? Wo edohepm.

second conduit. However, if the system has three
cor%@upms hlqsmlonatvgl;ysﬁ,ca €4 medifiedd; btttﬂ@ymdme@ ¢1illqmah@naate
i.t. betwe hr.eecondui t rd
P eihiy8E WA TR e e St Dot BfFes MRl Bgoub Fo-
20 c onslwbI% {10the heactnz 2| €8all dheurit on mwdrcqw}mlc@ts aay aﬁded to
flows through the second conduit to the nozzl es,

t heherogesy s Themnsrageaesidence Hins (pombingh velnmeah feds and
¢ o@&tgllygt) s hB&ut RAAALRS: 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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In the system as descri bed herein,

oriented wthin the reaction cells in any manner.
woomwhgsscan be vertically oriented or
If the nozzles are vertically oriented,
upwardly or downwardly. The nozzles

or

can face either
can also be oriented at any angle (e.g.,

i ent ed.

t he nozzl es can be

45

degrees).

The foll ow ng exanples are provided to better

il
pr

| ust rag gtél}l

ocess an system as
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I i tin EXAMPLES
Al %Feacél?fswnta%ﬁlu&w i

CA4 olefin alkylation wth
I sobut ane was perfornmed in a 100 cc conti nuously

The
hor i zonkGI/U§2008/084132
t he

le 1: C4 Aefin and | sobut ane
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added to the process. The average |[residence|tine

( clo8% Gadolink Campbsitionl Catcwdatiensl yst) was| about 8

m g es. The outl et pres$ure wag grai ntai red| at 10012 07

pSjcg USiNg a backpressurg regul atgr. The 3gactor o4 18

5 s O B i 1 POV S A I X
II . e 1 ©all Ul Cl uciTit ScpPhdl III a

3- ; rat-or—i-nt-o-Clgas; %!a?e /AP bear bof2-! 37.1

ohtx®  and the ionic Lighid cat 83jst . Dettf|ed  21.3 19.9

cofgidsi tion of alkylate gasolind@as anal42ed usin@.5 8.3

gakCtihr omat ogr aphy. Resegrch Cc#éBle nunbed.2has 22.4 29.2

calgimat ed based on GC cpnposifppom] and Repearch qpbaje 100.0

nufrberof pure compounds|assum ng vol'umetri g TTnear

Ble ;“ G%slo 'I aleriluEéil Ze . |n|gTCO Ccil [J.I ?SS : g{ the

ef%@ Mu IQQL{IWP\N I a J\jst peJ Fr rmnr\o‘]? .eyRP!\v’!‘lanH 136
searghOgtane’| NQ@‘beﬁnd 200 RO#31pr 0ducd0-5¢ oper 1 S 88.9

we

re nmeasured at

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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these different m xing conditions. The results in
Table 1 clearly show that high octane al kyl ate can be

wobkiaosast onl y at hi gh RPM condi tions, indi catPCrus2008/084132
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uni form m xi ng of isobutane and olefin is required to
achi eve good product quality. Wen mxing is poor,
e.g., at lower RPM undesirable side reactions such as
ol i gonerization can domi nate and the heavy yield

i ncreases drastically, from4.8% C 1+ at 1600 RPM to
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Ar eg timated b Vi
botLFigure 1 and T3
stirred tank reactor will produce nuch finer catal yst
dropl ets. Wien the RPMincreases from 200 to 1600, the
nmean dropliglsly iffotn BSERARES ahd QabRI2ThRteatD@@herREMOOY the

154 m cron an theseC|f|C|nterfaC|da are nlgp
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| %grre%s%g h%h ?dote@ 1@?6 %g@ ﬁéaﬁhmlila@eg QIZBB%@&%E %Mlﬁx%st 1000

sighrtican uct qua Ity as
desrérbed 54 mlaommnhehezspebtfmemdrfaaall aaeagie ong prdsr phmaghitude

area will certainly dtoa

o e e L9 RS B0 AR Bt

CO{‘ iR t§EHer Heﬁgr hrdfkct@AGY Q5 deRriBedIEExdngAE LI Mideed, a larger
nmean hi gher ol efin conversion or a |lower, exit

ol mfelrfacmbarce wiill acrizonlyusridan adighsr masalripior sate pag highey oerall
react.i ons ch as
61 5 R PRSP Bk e MRIREIcRh i

t higiphdritefad donlvadsionroriadewed e olfﬁrt evneentedtion vehich m‘nsmierably
concentration. Exanple 3; Dropl et %ze Distri utlori
Pr @@t@@@qj&@«y@qﬁt@q@;gﬁ as ollgomerlzatlon hgomerlzatlon 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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Eval uation of the nozzles on phase di spersion was

performed in a cold flow unit. The experinments were
weordogued at anbi ent conditions using 2,2, 4- TPCTES1098/084132

Pent ane (TMP) as the hydrocarbon phase and fresh ionic

liquid as the catal yst phase. Two di aphragm punps were

used to feed the hydrocarbon phase and the catal yst

phase into a tubul ar reactor thorough a BETE nozzl e.
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I : faci ( o
aﬁ(rj | g elt 2&1 o E}‘gtlg% Ocagsa sy 'T[%',%u S %::Sg{r%ﬁ%d B%%%gﬂgtgg Bée%t described in

15 Al thridetiort Wizh @ﬁ&ﬁﬁS@n&ﬁﬂm&MS tiemodsit diils be Qpp?rdmhted ®iy tthose skilled

have been described in connection with cific

enﬂb@r: etk addigpapdeleipns,modifiratigns, ppd ?@15%“1893 R sBeFifically
gééfcﬁged fﬁa#r1 BE nBak Withdht @e&ghﬁlg%lﬁm tH&h&ItaB@Seope of the process

nodi ficati o and su utions not specifically

deand syseeth :mjefb\ed irathe appemnledmladmpar ting fromthe

spirit and scope of the process and system as defi ned

in the appended clains. That which is clained is: 1. A

process for the production of a reaction product,

conprising: injecting liquid reactants and |iquid

catal yst through at | east one nozzle into a
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reacti on zone under reaction conditions to provide a
reacti on product, wherein both the liquid reactants

waeohsgsi d cat al yst pass through the at | eastP@HES2008/084132

nozzle. 2. A process for the production of |ow
volatility, high quality gasoline blending conponents,
conprising: injecting at |east one isoparaffin, at
Ieast one olefin, and an ionic liquid catal yst through

{ easﬁwglsdaﬁaf g into a reaction zone under
al i'on con 1 0hs to provide a product conprising

the |OM/VO|atI|Ity hlgh guality gasoline bl endi ng
cofrponent s, h of .the at st one

i sbpar af PreFest ﬁé%&prP PHBﬁér??FTé‘P‘? ﬂrogaﬂd@m“%l%. c

liquid ﬁg&:ﬁhé’ ﬁ&ulalréac%%santdhfq%ﬂg&ta{l?ﬁ titbugleAEasPBf nozzle into a

nozzle. 3. process according to claim2, wherein
eauchctmm zohe under Ireastion oorelifigroa paMdena rep¢feonaprodluctist one

whoreio 2B S Bt i St ERbSEpeRE Hrbnge filesst one

prﬂﬁﬁﬁ§ according to claim2, wherein the at |east one
nozzle is two or nore nozzles and the at |east one
i soparaffin, the at |least one olefin, and the ionic

l IQUI d ﬁg)'i'@c!e&c‘for ﬁ{e?r.b@ic%iﬁh%ﬁ 16 D514l nltu M hgl'ftgléggblﬁlg%lendmg

re nozzle process ac claim
2 uﬁmkmhmscmmqpmuglng renovi ng the product fron1the

reaction. zane; and iso W V.0 at|I|t h.
ual |ty GG /gt oa G A= ek pbe S8R g apanud 1o
acéh%l?ét Rigrohih & 18dsibre ndBRI igioh ﬁeBﬁldﬁtzoh@ aﬁdergﬂ@ld’mﬁkbﬁdltlons
is a plurality of nozzles disposed in a si

n
r elqrrovidg a produeioeaisinectbe Hivmeolavlity) lalghﬂgahtmési%\nﬁ biending
reaction gone is conprised of a plurality of reaction
ceWFE‘”Sna at | east one nozzle is disposed within each
react i owhé&ein eacB of the i Rastshe dwparaflimghd @ ledsaom defin, and the

mhereln t he at ast negg efinis selecfed fromthe
gr 6§ t%%?aéi‘lb’ﬁgl d%asse‘?‘FBH e AtrshoreME< e ut ene,
pent ene, and m xtures
3. A process according to claim 2, 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.

4, A process according to claim 2, 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

liquid catalyst are injected concurrently through the two or more nozzles.

5. 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.

6. A process according to claim 2, wherein the at least one nozzle is a plurality
of nozzles disposed within a single reactor.
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thereof. 9. A process according to claim2, wherein
the at | east one isoparaffin is selected fromthe

wQ e@epsadnsi sti ng of isobutane, isopentane, anBCT/US2008/084132
m xtures thereof. 10. A process according to claim 2,
wherein the ionic liquid catalyst is selected fromthe
group consisting of: a first chloroalumnate ionic
l'iquid catal yst conprising a hydrocarbyl substituted
pyri di ni um hal i de of the general fornmula A and
alum numtrichloride or a hydrocarbyl substituted
i n7dazolAi proed3ahécdeding td dSingR neticadin filgy rebidtfonBona ¢k comprised of a
alumnumtrichloride; a second chl oroal um ate i onjc
| i Bluralite af regtion cedpmAndof kgstane apxa)e lssﬁﬁws‘? Yithig each reaction
pygdfdi ni um hal i de of the general fornmula A and
alun1nun1tr|chlor|de or an al kyl substituted
|n1dazollun1hallde of the general fornula B and

nlnu trichlori Xt,ures

pon B PRSP e BB A RGP pe B jsfetected

r eﬁ{)ﬁﬁtﬁﬂ bRfhpRYndifehgSIHT eﬂ%‘lé—ifeeﬁropflleﬁé Blutenb Ste@itohe Ririd, mixtures
nmet hyl , ethyl, propyl, butyl, pentyl or hexyl group
antheseofls a hal oal um nate, and R and R2=H, nethyl,
ethyl, propyl, butyl, pentyl, or hexyl group and where
Riand R2 nay or may not be the sane. 11. A process

aceor di lAg)rbCEsS: badordid® 1o slhier 2j whdréia tiid atdeast one isoparafﬁn is

chl qor oal e ionic.ljquid catal yst is

coﬁ%?‘ﬁ‘?%é"‘l‘t grgwp@a%ﬁlwﬂéms @Ptapﬁéswa%@ép wlxtms thereof.
substituted pyridiniumhalide or the hydrocarbyl
substituted i m dazolium halide with 2 nol ar

eq UPval drprecass a@douﬁhgl tmelaim 2hviargiddhe ippic Iquid eatess is selected

ordg % to cl 3t”‘1Q‘ wherein the second
chIBFb F SRS PG T liquid catalyst is prepared by

conbi ni Agirsk cARrédludidteviahie Miquidf catdbgst adiiptisifig b ity diouirdel
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 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)

el N\
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pyridi nium halide or the al kyl substituted i m dazolium
halide with 2 nol ar equival ents of al um num

W@ eioghsasi de. 13. A process according to cl ai niPQOPS2008/084132
wherein the ionic liquid catalyst is selected fromthe
group consisting of 1-butyl-4-methyl-pyridinium
chl oroal um nate (BMP), 1-butyl-pyridinium
chl oroal um nate (BP), |-butyl-3-nethyl-im dazolium
chloroal um nate (BM M, 1-H pyridinium chloroalum nate
(HP), and Nbutyl pyridi nium chl oroal um nate, and
m xtures thereof. 14. A procegB)according to claim 10,
wherein the ionic liquid catalyst further conprises an
HC co-catal yst. 15. Afﬁreges ccording to claim2
wherein the at |east one no f%gﬂh@sulté in better
m xi ng and interfacial Xontact be en"the at | east
one isoparaffin, the at |ea e/ol efin, and the ionic
liquid catalyst in the reaction’ zone as conpared to an
al kyl ati on process where the at |east one isoparaffin,
the at |east one olefin, and the ioni¢ |iquid catalyst

1|qg§ isa

ar @hatsin BrH, mefhabedy ls_tm?@dglPPtYlhEeIg}élrﬁ% (AR
noﬁélt)gluhf%a‘?%%lhﬁ g\r}v%@%&% HEAG, ﬁt}lg’}q’ popyY SHugyT) fsé?ﬁ)(lit &r}?exyl group

producti on atility,; quality gaso

bl emtlivhereyapbReniag oc orpmosbathe s§mg. a reacti on zone;
(b) two or nore reaction cells within the reaction
zone, wherein at |east one isoparaffin is reacted with

at 1 easts QBEs@h&dording B E188n PO, 8sRAGE 1R fidhclilobinlihglélichic
cat al yst ‘under al kylation conditions to produce

; a
pr tiduidtcatadyrspisipsepaged biecanehining| lanelar equivaleryof fisdyidegparbyl

gasal i. | endi.ng ¢ ngnts, I ol &1 ith
o eoasep P PR RERST TS drb by Etek R IRRRORES Hlde i
CONmhblaeSuivillen® offaliRinavEickibridé.d) a first conduit

| eading to the nozzles for injecting the at | east one

i soparaffin and/or the at |east one olefin through al

of jbhe '&%r%l:@ﬁ Eacéo‘?aing 1S E1aR o GPRGEihtthd fGADENbDakuffinate ionic

nozzl es rinjecting the ionic liquid )
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.

13. A process according to claim 10, 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, and mixtures thereof.

14. A process according to claim 10, wherein the ionic liquid catalyst further

comprises an HCI co-catalyst.

15. A process according to claim 2, wherein the at least one nozzle results in

better mixing and interfacial contact between the at least one isoparaffin, the at least
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catal yst through all of the nozzles; (f) at |east one
exit conduit |eading away fromthe reaction zone; and

w@ govogdsonal |y a third conduit | eading to thePCDEZ1008084132
for injecting the at | east one isoparaffin and/or the

at

| east one olefin through all of the nozzles.

one olefin, and the ionic liquid catalyst in the reaction zone as compared to an
alkylation process where the at least one isoparaffin, the at least one olefin, and the
ionic liquid catalyst are not all injected through the same at least one nozzle into the

reaction zone.

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

(a) a reaction zone;

(b) 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;

(c) at least one nozzle 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;

() 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.
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