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As environmental laws began to place more stringent restrictions on gasoline
volatility, the use of isopentane in gasoline was limited because of its high volatility.
20  Asa consequence, the problem of finding uses for by-product isopentane became
serious, especially during the hot summer season. Moreover, as more gasoline
compositions contain ethanol instead of MTBE as their oxygenate component, more
isopentane had to be kept out of the gasoline pool in order to meet the gasoline
volatility specification. So, the gasoline volatility issue became even more serious,
25  further limiting the usefulness of isopentane as a gasoline blending component.
An alkylation process, which is disclosed in U.S. Patent Application
Publication 2006/0131209, was developed that is capable of converting the
undesirable, excess isopentane into desirable and much more valuable low-RVP
gasoline blending components. The contents of U.S. Patent Application Publication
30  2006/0131209 are incorporated by reference herein. This alkylation process
involves contacting isoparaffins, preferably isopentane, with olefins, preferably
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process. Modern HF processes often require additional safety measures such as

water spray and catalyst additive for aerosol reduction to minimize the potential
hazards. Thus, the ionic liquid catalyst alkylation process fulfills the need for safer
and more environmentally-friendly catalyst systems.
25 Benefits of the ionic liquid catalyst alkylation process include the following:
(1) substantial reduction in capital expenditure as compared to sulfuric acid
and hydrofluoric acid alkylation plants;
(2) Substantial reduction in operating expenditures as compared to sulfuric
acid alkylation plants;
30 (3) substantial reduction in catalyst inventory volume (potentially by 90%)
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One technique that has been used in general alkylation processes is the

recycling of effluent. For example, ExxonMobil's auto refrigeration process

20  described at page 243 of Petroleum Refining--Technology and Economics (3rd
edition) by James Gary and Glenn Handwerk involves recycling catalyst and
isobutane to the reactor where alkylation between the olefins and isobutane takes
place. U.S. Patent No. 5,347,064 describes an isoparaffin-olefin alkylation process
wherein recycled isobutane is added to a series of alkylation reaction stages. U.S.

25  Patent 4,225,742 discloses an HF alkylation process of isoparaffins with olefins
wherein an alkane stream substantially free of alkylate (the product) and comprising
principally normal C; and Cq4 paraffin hydrocarbons is recycled to the reaction zone.
However, the industry continues to strive for improved, more efficient processes in
order to lower the cost of products, and in particular when using an ionic liquid

30  catalyst.
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minimizes undesired side reactions. One can also use a lower quality of feed while

20  maintaining the high I/O ratio within the reaction.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic illustration of a first embodiment of present invention
having an external loop for recirculation of primarily isoparaffin.
25 FIG. 2 is a schematic illustration of a second embodiment of the present

invention using a horizontal reactor with recycled vapor of primarily isoparaffin.

DETAILED DESCRIPTION
The present invention provides a process for the production of low volatility,
30  high quality gasoline blending components. According to the broadest aspect of the
present invention, the process involves recirculating a portion of at least one
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isglosg(:t eg r?fél{a%% Cf,ha% llr”rg‘ége %Pes%ﬁ%ggraﬁf i@ Bquit 2 8RNsPRRhin at least
one alkylation zone under alkylation conditions. The term "alkylation zone" refers
to the physical area in which the alkylation between olefins and isoparaffins occurs.
20 Interaction between the olefins and the isoparaffins under the influence of the
catalyst provides at least one product stream comprising the gasoline blending
components. The at least one alkylation zone may be a single alkylation zone or a
plurality of separate and distinct alkylation zones.
The process thereafier requires that at least a portion of a recovered stream
25  comprised primarily of isoparaffin is recirculated to the alkylation zone. By
primarily isoparaffin is meant a stream of at least 50 volume % isoparaffin, and in
another embodiment at least 70 volume %, and in yet another embodiment at least
90 volume %.
Referring to Figure 1, a process is depicted which uses an external loop for
30  recirculating a stream comprised of primarily isoparaffin. The hydrocarbon feeds 1,

comprised of a isoparaffin feed and an olefin feed mixed together, is split and
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20 Another embodiment is shown in Fig. 2, using a horizontal reactor.
Isoparaffin 21 is injected into the reactor 22 at a first nozzle 23. Catalyst 24 is also
injected at nozzle 23. Olefin 25 is injected into the reactor at multiple olefin
injection points 26, which increases the internal I/O ratio and provides improved
mixing inside the reactor. The horizontal reactor is generally run at low pressure so

25  that reaction heat is removed by isoparaffin evaporation. The generated vapor
provides extra mixing inside the reactor, and the isoparaffin vapor is removed at 27
and fully condensed in a condenser 28 and recycled 29 back to the reactor 22.
Product is removed at 30.

It should be appreciated that the olefins and isoparaffins need not exist in

30  separate olefin feed stream(s) and the isoparaffin feed stream(s). Rather, the olefins
and isoparaffins can be mixed or otherwise combined to form one or more

7



reacted and substantially only isoparaffin remains of

the reactants. The effluent 8 is then punped via punp
w@2a0b/08i4gh a heat exchange 10 in order to renDRET/US2008/084125

reaction heat and help control the tenperature in the

reactor 7. Sonme part of the effluent can be separated

and renoved 11, while the renmaining portion 12

cgnprised primarily of isoparaffin, is recirculated to

t react.or /.. Addi ti.0

¢ ne P ERRR Lo GRS TRl IRERl o ABoR foc@ it

of JomprRE theyat IGepateadléfimiced Bemaadihbiacleastane édopaatfin/feed

high /O ratio and i nsure product quality by enpl oyi ng

a k@M | /Oratio in the feed, which is nore cost

ef fecti Vﬁ}kéﬂf‘i%n _riseﬂ:{d‘fﬁgrﬁﬁc,el%aﬁftglﬁ alfvlwﬁqelfs,fiit 1 rRLLONS 16 Rnove heat

char ged 1 ratio to remain ile the ratio of

Snevfrgmakktiadedss opeaal by liion zome byl sefermeaan irherdenigenaintaigy the desired

exanple 8:1, or even 6:1. This results i e

S AR RByES U PR oo i B Ry AY Bl for
sh Or‘élﬁlolvﬁlfg_':shgh redctioiShdd@ ad M@inkARAL dbnti@E tiwreaction temperature in
I soparaffin 2 1 is injected into the reactor_22 at

at a .
fi ribe alkolation zome. @ag micthod of goolygdhe af Ieat epg allfylation zone involves
nozzl fi iS. LOi ' t t
her gy EAEA Doty (LB b B RS SRE B0
10t hethiduighran Rastl n©heattéxohanger. prloy indgwdiinplusiradd aadddisgpssed above

KNI L NAR T EN AT M.

I enpyER e ¥ dpddh 2t his BUBBArAdeFiBied TR EigdeNRhd@idtheat is removed
vapor provides extra m xing inside the reactor, and

t heinssogpbaisoparatiaporapostiow ishirthaelkylatiand Othrjcgnventional
e
12ppr eci areénéhakirtieted peftiohsofapgodwogesaal(f) may beweaterbby any

exi st in separate olefin feed strean(s nd the.

i solsarvat sapAration iechiidag H Qyler IRSEPRIRLS %%%@Sghn& blfading, gomponents

SR Gy O 6 L RSMOP et

| eakydrocuebdryphaseavhidncdmprises tineasted snparaffins and the gasoline
blending components, are first separated. Next, the gasoline blending components

20  are separated from the remainder of the hydrocarbon phase. A variety of feasible
separation methods are known in the art. An example of a useful method of
separating the gasoline blending components from hydrocarbon phase is distillation.

The present process employs an ionic liquid catalyst. Ionic liquid catalysts
are well known in the art.

25 The process can employ a catalytic composition comprising at least one
aluminum halide and at least one quaternary ammonium halide and/or at least one
amine halohydrate. An example of an aluminum halide which can be used in
accordance with the invention is aluminum chloride. Quaternary ammonium halides

which can be used in accordance with the invention are described in U.S. Patent No.

30 5,750,455, which is incorporated by reference herein, which also teaches a method



conprise the at |east one olefin feed stream and the

at | east one isoparaffin feed stream Al kylation is a
wez@vlgwund c reaction. Thus, it is necessary toPCEIB2068/084125

heat fromthe at | east one al kylation zone by sone

means in order to maintain the desired reaction

tenperature or tenperature range. A variety of nethods

are available for renoving such reaction heat and

mai Nt ai ni ng_cont r.gl of .t he,r ' ] i.n. {he
Al 691 B PefizRE of e sHaioanSRab A, hERARRRE Hifluhd K
oneuR Iy dkiuacaOgluiiivae KeS;pasHiARCHhe at | east one
product stream (or part of the at |east one prod

.eam (or p ct
streanm) khsriewig hqgid qatalyst cynals et P ALY 1dfqﬁ0§um-based
et R odiFmidatd ons ifSurfdatb 8k inffth
o Bl R, Y| SELATRA e b g o

5al keffeativeoin thoalkylativobfsspanapand isobntan¢ withteihylenstthangaliphatic
as depicted. in Fig. 2,.reacti eat. . s. renpved .
Ry e R IUHE PArT B G Rf gmmonium
al kybiiaminat)Nghe Y Bl eR@lyst@inedschlGuslamasate ionic liquid
cool 1 ng jacket's, can also be used as are known in the

ar tcatalyse coroprising p hydiogarbpl s'ybﬁtitp@ﬁ p@fidi@i\gyp Bajligds; or a hydrocarbyl

stre s) ,may,; be. d . t]

¢ echT g s ik MG SterPX i oL ol can be o
10c0 mﬂkattﬁﬂhﬁiiﬁdt@mnt&iﬁq@d baslystaosiprising anslkyh sebst tydedopborstinium

stream(s). Cenerally, the catalyst.B a hydrocarpon . . .. .

oo ahim AR Lisd TBeGaTBHI<ED P PF GO g e auid

%Z)S(%Itdl?% gpa!&f%%bﬁgteg HBRAOHR M Sup cﬁﬁﬁsﬁﬁ% st separat ed.

asoli ne bl ending conponents are separated
f r om t hea cldomilutenatofonihlqui¢ datetyat dsorprisingsiehydrocpglyl substituted

of feasi.bl ar.ati.on .met,hods a | :
O SR P IERSAATE SR BRI LA bl st
1 sg aSi%inh%libhmﬁiaﬁgnmﬂmamtiae pregeratily a’lrlr b earldrequipphksehydocarbyl
istillation. The present proces oys. an i qani .
| i quibetitetedayyidinium dalide or drasatal %}}%ngi%gddf‘@d% imyhatideto 2
in the, ?&Jivalyﬁg alh G B @AY %éheﬁﬁtfﬁlrﬁ{ﬂésCA and B,
conposi tron conprising at least on
respectively;
a chloroaluminate ionic liquid catalyst comprising an alkyl substituted
20  pyridinium chloride and aluminum trichloride or an alkyl substituted imidazolium
chloride and aluminum trichloride preferably in 1 molar alkyl substituted pyridinium

chloride or alkyl substituted imidazolium chloride to 2 molar equivalents of

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

25 (A)

N



al um num hal i de and at | east one quaternary amoni um
hal i de and/or at |east one am ne hal ohydrate. An

we@apsa4of an al um num hal i de whi ch can be usedI/UR2008/084125

accordance with the invention is alum num chl ori de.
Quat ernary ammoni um hal i des whi ch can be used in
accordance with the invention are described in U S

Pat ent No. 5, 750, 455, which is incorporated by

ref grence herein, which also teaches a nethodfor the
prégération of the catalyst. An exenplary ionic liquid
catal yst is Nboutyl pyridiniumchloroalumnate (C HNCH
Al CI7) . The ionic liquid catalyst can also be a

pyr rHatQia i m dazol i um based chl oroal um nate ionic
i quid. fiese ionig liquid have been found to be much
nor X ef flecti veNiA t he al kyl ati on of isopentane and

i sobut an iLth ethyl ene than aliphatic ammoni um

chl oroalumnate ionic liquid (such as
tributyl-nmethyl -anmoni um chl oroal um nate). The ionic
liquid catal yst can be a chloroalumnate ionic liquid

5caﬁﬁﬂy§W“E Pﬁ@ﬁng a hydrocarbyl substituted

R B TG FroBY BRSSP0 LR S ing X
catlallgimizate dod pacfetablyroetllorvhluatizate, anil &, land RydH, methyl, ethyl,
BT, Bl o i B RIS 2B Rarf iy oot be the

Morgnepecifically, the ionic liquid catalyst may be
sel ected fromthe group consisting of: a

10chl or oal Rrefenabtle thedpimie ligniguiathlyshiseselested dinmp Hiesirowp epnsisting of 1-

- bt i i S
o CHGG e UM M | BB R8RSl P oo
i m diderohluthinaO BB utidHhethehintidazbéiupr dil@balbhiindte (HMIM), 1-
B st g R AT T N

to (%Sgtﬁh@mggg%@ly)al ents alumnumtrichloride of the

gener formulas A and B, respectively; a

15chl or oal Amatalthelidomiay bk eupiayed as akysatalyshormedifigthaatalyst

al kyl. substitut.ed pyridinium chl ori and al um num

rr e B PRSIy B e R Py or FRE B 8 Nact,
LiCl, KCI, BeCl,, CaCl,, BaCl,, SiCl,, MgCl,, PbCl;, CuCl, ZrCly, and AgCl as
published by Roebuck and Evering (Ind. Eng. Chem. Prod. Res. Develop., Vol. 9,

77, 1970). Preferred metal halides are CuCl, AgCl, PbCl,, LiCl, and ZrCly.

20 HCI or any Broensted acid may be employed as an effective co-catalyst to

25

enhance the activity of the catalyst by boosting the overall acidity of the ionic liquid-
based catalyst. The use of such co-catalysts and ionic liquid catalysts that are useful
in practicing the present invention are disclosed in U.S. Published Patent
Application Nos. 2003/0060359 and 2004/0077914. Other co-catalysts that may be
used to enhance the catalytic activity of the ionic liquid catalyst include IVB metal
compounds preferably IVB metal halides such as TiCls, TiCly, TiBr3, TiBrs, ZrCly,
ZrBr,, HfC4, and HfBr4 as described by Hirschauer et al. in U.S. Patent No.
6,028,024.

10



chloride and alumnumtrichloride preferably in 1
nmol ar al kyl substituted pyridiniumchloride or alKkyl

W@ wg8i4ue ed i m dazoliumchloride to 2 nolar PCT/US2008/084125
equi val ents of alum numtrichloride of the genera
formulas A and B, respectively; (A X(B) and m xtures
t hereof, where R=H, nethyl, ethyl, propyl, butyl,
pentyl or hexyl group and X is a hal oal um nate and

pr ef er ahl .chl or,.0al unm nat.e, . = y
Gty Vg oS i By o PR g Rl o, The
Ri atarRetidTBotweén 1ReYNsopataftieand e iefin. is B &b earglelof 1tth1&00, for

ionic liquid catalyst is selected fromthe grou
c oRxameplE ragvantageouplytiy thesangs hip i%yqug‘pni;,]ydmhe range 2 to 20.

chi L,pat il TV LAY 1%, preferably in th

C hCRlAR YRR ﬂiegg?%m’i i3 Bﬁg‘b?f%’%g?ﬁ'gtzg‘}y":w{i 070 yolop; preferably in the
5 chirage @f Gvoitatie 5O BdMPA) The reattigmyteingieraiurercan be in the range -40°C to

chloroal um nate (HP), and N-but vyl i di_ni_ um .

i SPSaIpiATPTaD 8 (e CrAo S LD P TRl cam e dn e ggpee

be FRAPALANEFhAR RessreGaBAOY RLa, heefém@Blyfsyffidint G@k&ip)hé reactants in

activity and selectivity. Commonly used halides far

sucte liqnipphass. Ragidense tiae! reagtants inghy at legstppe alisglajion zone is in

Ba(l 2, Sidl2 2 , I , AgCl  as
pulhs eRE o b ek GRGUE ety F o B0

10Prod. Ragpiceeaiylafion codditiond maginclidr DyatalPstefodumeth the at least
netal halides are Cul_, Agdl, Pbl 2, LiC, and.Zrd 4,
Haong F‘!ké(WOBlze’éen%fifé‘Hnéc‘ioéf%ﬁ‘é?O E{@gérf’p‘rws_@hag Ogﬁ"m i o
ef fl%?‘t('l Vae%rgég' RN 806 RPLRB00&Ph N i868araftih Yo Bfefihffolar ratio
catal yst by Boost Ing the overall acidity of the ionic
| | @fi2dba8and e a¢sidepst timEloé 1 msisutefto d dohr.co- cat al ysts and

tonic liguid catalysts. that gre,useful .in.or I.GL0g:
the pr oeiftoueh B ahtin i dEF SRE R AR BleeiLf Ao
15Pat@&trred 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 invention as defined in

the appended claims.
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Application Nos. 2003/0060359 and 2004/0077914. O her

co-catal ysts that may be used to enhance the catal ytic
w@eawwsi4yd of the ionic liquid catalyst includeP@¥BS2008/084125

nmet al conpounds preferably IVB netal halides such as

Tid , Tid4, TiBr3, TiBr4, zZrd 4, ZrBr4, H C4, and

Hf Br4 as described by Hirschauer et al. in U S. Patent

No. 6,028,024. Al kylation conditions are maintained in

th | kyl ation zone. The nolar ratio
bem):é%+$ﬁ§1r‘§@ggp in and the olefin is in the range

of 1 to 100, for exanple, advantageously in the range
2 to 50, preferably in the range 2 to 20Q. Catalyst .
vollume i/ prasessienihe grodustipmot led yolggdy.driglhayality@asglingblending

vol 9 1N the range of 5 vol%to 50 vol %
Thecg(;nggéﬁtgg&?@?r%%'ature can be in the range -400C to

1500C, pepfprevidiigyatileast dre dlefingfeed GG tamidG0Colefihg

pressure can be in.the range fr.om at nospheric. pressur )
Do 8000 (RFEFOVins Beh] gredvhare! B ted: S oRB G mpflaine 1Soparatting
react ant(g) ddhtdciifig ket 1chsthiR B i REd S@MHEWithAR: &fleast one
reactants in the at | east one al kylation zone is in

t hdsoparagén ffedstreawin theamersnearftrpupric lignidraatayst yn @1 gkylation
mn to 60 mn, Tvypi . al kyl at.i I 1] .

" eGSR T YRRl AL O HER ST ot an

al kyl at i(@yrezpodatirg toribaalkyModbzde Hlreuml mpaised of primarily
tenperatyre of from-100C to 1000C, a pressure of from
3005erefti, 2500 kPa, an isoparaffin to ol efin nolar

ratio of 2 to 10 and a residence tinme of 1 mnute to 1
hour. Al though the present invention has been

deskr i bekheimocunasotdingtonlain hrvdfesein ¢t defoGiedsiream comprise at

thereof, it .wll be.appreciated by.th killed in

t ndeF b ST el ey GRET heigfeRpieaning ey Ide RiRylell, putene
subshichbltanaisixigés weRef.f i cal |y described may be made

wi t hout departing fromthe spirit and scope of the

invention as defined in the appended clai nms. WHAT | S

CLA MED i QLS J)FS’JF Bh QY
voﬂati I it[%,pré?eéﬁa%aﬁﬁ%ﬁo (g%nof’imﬁée?{}ﬁendﬁ% g acl:orrponenliegm
congohipsis@gt least one isoparaffin selected from the group consisting of isobutane,

isopentane, and mixtures thereof.

4. The process according to claim 1, further comprising:
passing a product stream through at least one heat exchanger; and

removing heat from the product stream.

5. The process according to claim 1, wherein the stream comprised of primarily

isoparaffin is separated from effluent obtained from the contacting in step (c).
6. The process according to claim 1, wherein the stream comprised primarily of
isoparaffin is condensed from vaporous overhead in a horizontal reactor in which the

contacting in step (c) occurs.
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(a) providing at | east one olefin feed stream
conprising olefins; (b) providing at | east one

wo sopasafid i n feed stream conpri sing i soparaf fi PGT/USZIN8/084125
contacting the at |east one olefin feed streamw th
the at | east one isoparaffin feed streamin the
presence of an ionic liquid catalyst in an al kyl ation
zone under alkylation conditions to provide at | east
on rodyct st ream r |.ng. t :
e e
iSQﬁﬁﬁ@&framg&nmEha focess according to claiml1,
wherein the oIefln eed stream conprise, at | east

olefin 33e¢}’é%lpé]&nfl?%?dqnl‘fél“y+l6 GRS FOmgisig aotfydéqqqghyé Sbstituted
: f

D SO ULE0Es REOLE s D SR BRRIr e

isdbanamﬁAnmﬂdhdestﬂea%lconprlse at | east one

i sopar af fi d fro t.he u consi st fio

| sobut arfechpRgh@a e R B M1 pgiuted
Pr oGeRsniamaRAlidE Boart Akl sabsitdted itdidabeliunt BaIRIe ofithg@general formulas
passi ng a product streamthrough at |east one heat
exohangé#ﬂwaﬁﬂ“@thV|ng heat from the product stream
5. The process according to claim1, wherein the
stream conprised of primarily isoparaffin is separated
from)effluent obtained fromthe contacting in step

(c). 6. The process according to claim1, wherein the
stream conprised primarily of isoparaffin is condensed
from orous overhead in a horizontal reactor in
ontacting in step (c) occurs.7. The process
accprding {to claim1, wherein the ionic liquid

cat selected fromthe group consisting of: a
chl o inate ionic liquid catal yst conprising a
hydr oc sibstituted pyridiniumhalide or a
hydr ocdr byl substituted i m dazolium halide of the
gener aR

(B)

Ri_®

and mixtures thereof,

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

same.
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fornmulas A and B, respectively; a chloroalum nate

ionic liquid catal yst conprising an al kyl substituted
w@oassrtum hal i de or an al kyl substituted i n PeROB20081084125

hal i de of the general fornmulas A and B, respectively;

(A) (B) and m xtures thereof, where R=H, nethyl,

ethyl, propyl, butyl, pentyl or hexyl group and X is a

hal oal um nate and prefer abI y a chl oroalum nate, and Ri

h e%lez H’ e%%t%‘c%s z\il%‘gxt‘cp Xﬁo whereutl Yhe 101’% & 118%/1 dbca‘Patl)ﬁst is selected
sarfnd theTga C}ﬁ&(ﬁl@ﬁﬁﬁg af:p@n@mgnétﬁqubﬁimlam Ao futhidaie(BMP),
ionic liquid catal is selected framthe

corlsbuyl-pyidimium ‘MR‘W ugunais (RH). bprivddrmethyl- _ithidazolium
ch 'cﬂfo‘P ] R (‘Bl\?@&:)l +H- JngHEFJr% @leoh%'ll?}hfl‘lme HP), and N-

chl oro um nate uty ['Tum
chlbmmwrldmmatcﬂﬂc(rmmnatd H pyri di ni um chl or oaI um nat e
(HP), and Nbutyl pyridinium chloroalum nate. 9. The
process according to claim7, wherein the catal yst

furg her miﬁ?éde‘éﬁ&c@fhlﬂrﬁo &Qnﬁﬁtvﬂie)’fﬁﬁ thelddtal 0 QurfHeP 6GtHPrises an
according to claim1l wherein there are mul tiple

i njTéckdootmalyft. ol efin into the al kyl ation zone. 11. The
process according to claim1l, wherein there are

multiple injections of isoparaffi n into the al kylation
zon®. 1ZThePreceps acostingoaddioh Novieeein kiwrerard muitiple émjactions of

the | 0 ewl y added reactants injected into
t hel %lrk‘?Foatﬁ“ H(YLQ&‘?@ZP%W n the range of from6:1 to
10: 1.

11.  The process according to claim 1, wherein there are multiple injections of

isoparaffin into the alkylation zone.

12.  The process according to claim 1, wherein the 1/O ratio of newly added

reactants injected into the alkylation zone is in the range of from 6:1 to 10:1.
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