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gasoline was limited because of its high volatility. As a consequence, the

problem of finding uses for by-product isopentane became serious, especially
during the hot summer season. Moreover, as more gasoline compositions
contain ethanol instead of MTBE as their oxygenate component, more
isopentane must be kept out of the gasoline pool in order to meet the gasoline
volatility specification. So, the gasoline volatility issue becomes even more
serious, further limiting the usefuiness of isopentane as a gasoline blending
component.

The process of the present invention solves this problem by converting
undesirable isopentane to low-RVP gasoline blending components by
alkylation of the isopentane with a refinery stream containing ethylene using
an ionic liquid catalyst. Other olefins, such as propylene, butylenes, and
pentenes can also be used to convert isopentane to make low RVP
hydrocarbon product. By reducing the excess isopentane, the burden of

storing isopentane and/or concerns for isopentane usage are eliminated.
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additional safety measures such as water spray and catalyst additive for

aerosol reduction to minimize the potential hazards.

Although these catalysts have been successfully used to economically
produce the best quality alkylates, the need for safer and
environmentally-more friendly catalyst systems has become an issue fo the
industries involved. The ionic liquid catalyst of the present invention fulfills
that need.

In addition, implementing the present invention relieves a refinery of the

problem and waste associated with excess fuel gas production. It does this

by using ethylene in, for example, offgas from a FCC unit as the source of
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gasoline volume produced at a refinery is increased. In addition, the net
amount of fuel gas from the FCC de-ethanizer is reduced, thus lowering the

burden on the fuel gas processing equipment.

Furthermore, the present invention includes a new paraffin alkylation process
which can produce alkylate gasoline, the most desirable blending component
in gasoline, in an environmentally sound manner far superior to the
conventional alkylation process. In comparison with the conventional
processes, the process according to the present invention offers the following

significant advantages over conventional alkylation:

- Substantial reduction in capital expenditure as compared to sulfuric acid

and hydrofluoric acid alkylation plants
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process according to the present invention a refiner
conducted with ionic liquid catalysts and none are conducted using sulfuric

acid or hydrofluoric acid catalysts.

SUMMARY OF THE INVENTION

The present invention provides an integrated refinery process for the

production of high quality gasoline blending components having low volatility

comprising:

(@)  providing a first ethylene-containing refinery stream;

(b)  separating a C,. fraction from said first stream to produce a second
refinery stream richer in ethylene than said first stream;

(c)  providing an isopentane-containing refinery stream;

(d)  contacting said isopentane-containing refinery stream with said second
refinery stream in the presence of an ionic liquid catalyst in an
alkylation zone under alkylation conditions; and

(e)  recovering high quality gasoline blending components of low volatility
from said alkylation zone.
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preferred olefin is ethylene. The preferred source of ethylene for conducting a
process according to the present invention is offgas from an FCC unit, which
may contain up to about 20 vol% of ethylene. This stream may also contain
propylene, butylenes and pentenes. The FCC offgas is preferably passed
through an ethylene extraction unit to produce a Co fraction, which is rich in
ethylene, typically about 50 vol%, and a lighter fraction, which is rich in

hydrogen. The Co. fraction is fed to the alkylation reactor.

Another feedstock to the process of the present invention is a refinery stream
which contains isoparaffins, preferably isopentane. Refinery streams which
contain isopentane and which may be used in the process of the present
invention include, but are not limited to extracted isopentane from an FCC
unit, a hydrocracking unit, Cs and Cs streams from crude unit distillation, and
extracted Cs and Cg streams from a reformer. Analysis of an extracted
pentane sample from one refinery showed the feed stock to contain 86.4%
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A large number of liquid or solid acid catalysts are known which are capable
of effecting alkylation of isoparaffins such as isobutane or isopentane by
olefins such as propylene, 1-butene, 2-butene and isobutylene. The catalysts
which are most widely used in industrial practice are concentrated sulfuric
acid and hydrofluoric acid alone or mixed with Lewis acids such as boron

trifluoride.

Those processes suffer from major disadvantages: hydrofluoric acid by virtue
of its toxicity and its high degree of volatility; and sulfuric acid by virtue of a
substantial volumetric consumption of the catalyst requiring burdensome
regeneration. These reasons have motivated the development of catalysts
which are solid or which are supported on solids such as aluminosilicates or
metal oxides such as zirconia treated with sulfuric acid. However, solid
catalysts are generally found to present a low level of selectivity and a low
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Of(CaHg“N{p‘;ﬂgﬁﬁbb?l AYr%ltéirF%Mé faG PREARGYeRNad cdlstalyst to
catal fy requi ring burdensome
modify the catalyst activity and selectivity. Commonly used halides for such
purposes include NaCl, LiCl, KCI, BeCl,, CaClp, BaCly, SiClz, MgClz, PbCly,
CuCl, ZrCly, AgCl, and PbCl, 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 ZrCls.

HCI or any Broensted acid may be employed as an effective co-catalyst. The
use of such co-catalysts and ionic liquid catalysts that are useful in practicing
the present invention is 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 ionic liquid catalyst system inciude IVB
metal compounds preferably metal halides such as TiCls, TiCls, TiBR3, TiBRy,
ZrCls, ZrBrs, HfCL4 HfBr4, as described by Hirschauer et al. in U.S. Patent
No. 6,028,024.
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usedund gbod pordadtibetween the reactants and the catalyst. The reaction
temperature can be in the range -40°C to +150°C, preferably in the range
-20°C to +100°C. The pressure can be in the range from atmospheric
pressure to 8000 kPa, preferably sufficient to keep the reactants in the liquid
phase. Residence time of reactants in the vessel is in the range a few
seconds to hours, preferably 0.5 min to 60 min. The heat generated by the
reaction can be eliminated using any of the means known to the skilled
person. At the reactor outlet, the hydrocarbon phase is separated from the
ionic phase by decanting, then the hydrocarbons are separated by distillation
and the starting isoparaffin which has not been converted is recycled to the

reactor.

Typical reaction conditions may include a catalyst volume in the reactor of
5 vol% to 50 vol%, a temperature of -10°C to 100°C, a pressure of 300 kPa to
2500 kPa, an isoparaffin to olefin molar ratio of 2 to 8 and a residence time of
1 min to 1 hour.
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the present invention is disclosed in U S. Published
Pat ent Application Nos. 2003/0060359 and 2004/ 0077914.
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catalytic activity of ionic liquid catalyst system
include 1 VB netal conpounds preferably netal halides
such as TiCl3, TiCl4 1TiBR 3, TiBR 4, ZrCl4, ZrBr4,

FWAC&a‘falyé‘ﬂfs%tém éﬁ%&@ro'f BrRehikn Ehlbﬁ@é‘éh'@h &bgdh chlbfde
U.S. Patent 028,024.1t is especial %;é npor t ant
S fi

t @¥stsec! Qrwac'q»\@%@@t%wgrwﬂeﬂ@laﬁ'@ﬂ b ispeRaries Aod oleies in
alidnid ﬁ}dldb"(cﬁlf)rdaﬁﬁﬁiﬁé@flf)m{?ﬁ%m Hiis BFé?é/rlre,ed1 eTheAci EdHfbe used

process pr esent 1 nv i‘'on woul d not ave e_en
c 68 &1 @esabdlystio eRkansadbe rarstien rae Eonelampiasheatkytaton bé

%RﬂaHQ'anhteYh nd My 3‘[ Q&Baav@ﬁs (’%mp‘?eté |rggllﬁjﬁ'¥nutes in

P ns- I sopar Ins a nost reac
i rﬁhf} pigbends qfiiGsinitge gémcaldf jrl(}hltbﬁmocoandualbtkalsesrﬂlace
a Lf ace b
Dol | AL FULRSBOIah TS Shal T8 A L e
| iofjorét )l Fhedvroduant Iselac‘quaswas dompardiae ththay st c&ﬂnroalummate

sg(ml% Rg&oc&]’t@é{ﬁtﬂben?)rege%fuglrﬁc#,nuous_ system using one

ac or aliphatic alkylation.
The |soparaff|n and ol efin can be introduced

separate é atsam'xture. The nmol ar rati o between
%gof%sép %;ﬁt?qlfrﬁ '"Md the olefinis in the range 1 to
1@0?chbﬁ’ga fev(aﬂmk?ratéd\r‘@’me&,gﬁ@y@ﬂldh ri)rﬁcéihetorr@ﬁ%ﬁ}e%ﬁ bR S50,
re era e n n_a seni-batc
&@mffe f@\f} %ﬁf,ﬁep@q *ﬁﬁﬁ%ﬂﬁ&bﬁlgpf%t then the
olefln amxture of isoparaffin and ol efin.
tal%dt voI une. in the reactor is in_the range of

eRRYCYBRIING ﬁ?féTeéY étl'i?%m ised e ap Siydenst E rqp@pg/ppg to
5@6[\1@(‘8% a %, 0R4 @S néﬁ i éth?gné STﬁ@EHyﬁa‘?w'e%%tr%cﬁ&?Uﬁﬁhégo‘)d

contact between the reactants and the catal yst
r &vpigally somperigrst ftnierebi@an ape/or distilpdiop satienn seEGHian

+LaBfmenk £BEGR rléﬂhﬁgsﬂ@arh%?%mn?gog n%&wtﬁﬂ@@ct;ed g

pressure can be in range from-at
Distillation Zone. Streams enriched in ethylene and lsopentane are contacted

in the presence of an ionic liquid catalyst in a Reactor under alkylation
conditions. Then the catalyst and hydrocarbon phases are separated in a
Catalyst Separator and the catalyst is recycled back to the Reactor. A portion
of the recycling catalyst is sent to a Slip Stream Catalyst Regeneration unit.
The hydrocarbon phase is sent to a Distillation Zone to recover unreacted
isopentane for recycle, and the alkylate product is collected at the bottom. As

needed, the alkylate product can be treated to remove any trace impurities.

The reject stream from the Ethylene Extraction Unit now has higher hydrogen
purity. Further upgrading of the reject stream can be achieved by recovering
pure hydrogen gas with use of a H, Recovery Unit if desirable. The H,
Recovery Unit is typically comprised of a selective hydrogen-permeable
membrane unit and/or pressure-swing adsorption (PSA) unit.
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pressure to 8000 kPa, preferably sufficient to keep
the reactants in the |liquid phase. Residence tine of

WO e@ehZaT8s in the vessel is in the range a fewGHUNMWIT045707
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to hours, preferably 0.5 mn to 60 min. The heat
generated by the reaction can be elimnated using any
of the neans known to the skilled person. At the
r/egttfcess atdokding td the prysendinaetion gifeas a réfines eprasidrable

he..i oni c se by, d fi
iU AR Fpar o S pa e B Bpb P derp o goppgrents
Sdfa/ety:m%cﬁrﬁpt{eﬁroaftfyl selattihg bolhake sodrcbeénlefionusad fed i s
cle 0 ere d t
3t astdand, PR i Sftion, ASIURRERABRS KPS, o6
tcoRlianes Yithand erﬁtaﬁwrmo@fnaymcinauai%@; ode pr memjr e
of 300 kPa to, 2500 kPa, an |sopar

Ol tar copeLginG T GoRE o6 SIFGESTE Y el Lgataly S Fop example,

hmefczéfreato@\' QEBLrisSAIVE dn&fl pRSpyRING bR \@he lahalor de
and hydrogen chloride (hyt rochlorlc aci d)

cherieesi angl the ESoRPRING CPBAINGTI #tgeenp@@a@fﬁor@nmlsapetﬁﬂﬁs
' EO#II?[Q”]& H‘Ia'ygfylé' eﬁll'?_yoététﬁ‘ Wah %ﬁh}{’éﬁertétp‘?od&ﬁ'achibh %@ﬂaﬂé)csl S

erre used as a co-cat al yst to
egdmlhne btehding @amppoentr a& @4 olpth cerxaiifidesireamemay Ry isiaten

Ofnd 59 fmﬁ\% dtldn @()lb%ﬂe BoseritCor tﬁé’l? Wt@ﬁé% 'Cﬁher
ey e zfiha

conple nutes 1 n the presence of

abxstions arhd bmbmamw\srveﬁbeuaonan@guwraﬁmqralge@e@ﬂm hour to
1 hour tine (500C and autogenic pressure of -965 kPa
and feed ratio of -A). The product selectivity was
cmh@wlahrir@ d)@rrtplmtareﬁllustnhtmeozilthmi)meret imeamition] huj@reinot

hout, .t i
<R RRGRar o Fuey REPGREFRSIE PR B AP

t@laim@!/vﬁﬁﬁmlloam enbodi nent of the present invention is
shown in Figure 1. An ethylene-containing refinery
streamis fed to an Ethylene Extraction Unit to

EXAMPLES

Example 1: The Preparation of N-Butyl-Pyridinium Chloroaluminate lonic
Liquid
N-butyl-pyridinium chloroaluminate is a room temperature ionic liquid
prepared by mixing neat N-butyl-pyridinium chloride (a solid) with neat solid
aluminum trichloride in an inert atmosphere. The syntheses of butylpyridinium
chloride and the corresponding N-butyl-pyridinium chloroaluminate are
described below. In a 2-L Teflon-lined autoclave, 400 gm (5.05 mol.)
anhydrous pyridine (99.9% pure purchased from Aldrich) were mixed with
650 gm (7 mol.) 1-chlorobutane (99.5% pure purchased from Aldrich). The
neat mixture was sealed and let to stir at 145°C under autogenic pressure
over night. Then, the autoclave was cooled down to room temperature,
vented and the resultant mixture was transferred to a three liter round bottom
flask. Chloroform was used to rinse the liner and dissolve the stubborn crusty
-10 -



separate a C2+ fraction rich in ethylene. The Ethyl ene
Extraction Unit is typically conprised of nenbrane

wapeabor37¢ sti |l ation col unm separation equi prePCT/US2005/045707
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second refinery stream containing isopentane is fed to
stillation Zone. Streans enriched in ethyl ene and

i Bwé‘ﬁfttﬁﬁ’ba(g}eée(%@ﬁf‘%étdéa of thetliner. pPeeeplt sargfersed. ithmi ¢
| i@ was é’drﬁé@htrét@d at %ﬁ&é@ﬁre@&%ronaé Kot te'\/Q;E‘orahor {ina hot

conditions. Then the catal yst and hydroc rgr bon
aates &gty 42 EuNoE excens elllgride, Separcie®pyridine alhdetf@at al yst

| ShIbRFR @ﬁ’sebal% db‘?alﬁ&?taﬁes%‘ﬁd BFodgAt \Wgzrsfdrfﬁ% nglt[a{eldeo
recycling catalyst I's sent to
R@@é@iéfﬂaﬂn et aggtane amearﬁg:pﬁtamoartmmnurprm@at threegtt cdiahng
t f
Dol o BEAIChQ, PG RS bt R R Y efln
batetery evaporatertzsye 7t5liegna(88)% artekeisbobhﬂa@tasm@prbduttr&aéred
h from
¢ BEERR SRRl ahd T NVER S 1o R e b g i
p Mebhuttyl pyﬁdmtdmechldxpnggmd ng p@sehd&&oﬂnﬂpﬁﬂﬁe@héfﬁbﬁéﬁﬁd l{?}ﬁ
PRSI, (RS RaR e RS b rehotab SR e o
t yticqttiad ummnt p;g;dthlmﬁ chlosied and laMl@ythgd QG@{hLM%HBﬁ&% e
ne unit. a o) ressure-swing adsor ption

IR RA gt 15 e S louliegoocedire. SPesEhvpHRiRBmAhionde
offreparea ak @bbied e@B6é)deiAdeR X Uik unt ¥t 8d°tioF 25 REGS

are gasol i ne bl endi ng conponents

o? Qﬁ?{:’@?%ge%MWJetﬁ@T?UMPK@lW|C|’1k§’”6%t3rf‘3tdﬁ@90§6@r3@§ of

OfeRidiiy 8bstFBSlwh R frdhkedpdtireno 3 Iflt)@ hundred grams t(2 .91 mol.
paraffin-containing feedstock. Al kylation-reactions i

aeEfB? Fpe & th'ﬁyrﬂqﬁ@umrféﬁ@wﬁ WaHe dRnFiererisy a Bel oo heater énl
i | B rARfeA atfBEhedd 1V &lb{/é’ Bog Oﬁﬁerv%vgq g §5a 8o 7b

ferent ionic |1 QUI cat al ysts or e

Cﬁqwdé@isi mw%gd:N%@%@%@omyde@rmam@pwm
| n| ng
SHtL A TR PR AT bR PERR A SR0) B
arqagztim.e@nw alhthetAlGl: aves adolegr tbd uesiltanghangierdodiamelidbid was
left to gently stir overnight in the glove box. The liquid was then filtered to
remove any un-dissolved AlCls. The resulting acidic N-butyl-pyridinium

chloroaluminate was used as the catalyst for the alkylation of isopentane with

?

ethylene.

HaC, Ha

e%
Cl
N

N AlCl4/AICY
I N H3C/\/\Cl NS 2 Equiv. Alcl3 g\ 4 3
T = L N .
Z neat solution, 145 °C ' = “/\)

@ aoutogenic pressure
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gasol i ne bl endi ng conponent. A C4 olefin containing
stream may be isol ated and used for the al kyl ati on of

w0 s@btHEme, | sopentane or their m xtures. O hePCT/US2005/045707
vari ations and conbi nations wll be apparent to

r ners, gener The foll om ng exanpl es are

I%%gg ?‘1 %@t'ﬁpé%@rﬁmi"?ﬁ%‘htl on, but are not

| nbepetiethet 4hd étm’léné bstch %)k?%hbﬁ’ﬁ/ab @yMyWatkW@E@thm at
I whi ch 1 ow. EXAMPL

E%ég%ﬂf‘-:/g HEWFFF%@SQ? %Q%ng SINdRE Hlipgen Fyrqgspheiedma glove
ClioRr @abutatiaaé Gedsaives EhaLE with Ry il Ry Eétglefg‘ aHl an(51ydrous

chl or oaI um_nate is a roomtenperat ur i oni
S priggparEgeny Nriakionipvieers iRepaesipd pyd transfeued thi boodi enda

S i@l ¥k vBeREd %9 rérd ﬁ"'eHn?etﬂglghé b% Wag rlﬁtpo%u By e

i nert at nosphere. The synthes yr| n| u
chvesseldd hg@utqgﬁ@lcmesse:s@ofrm NgsIe bsueylb/ -rlpys ta2000Ra to

et PO RPH B Ak ing b {18 B s PFRE cakdh et e s
p;ﬂul“tcmlewe @®edbe peactop bfag: hastrdng g?mgﬁlt rgm?fhég pld%?/o&reur .
10 Ryl B A0db {5 ohyrbiofiRar R e aRBriae)

m@nilrexe amd stiriuntilahe Méi;@nemieps RW I@l%ﬂi TO RPLSTRErE tﬁé/ef
t.ocl.ave s.coql ed down to room

sl 7 SBBeed B B AR R MR et renored: dhgeiociave

t na‘rheﬁe:bbied downaotrbdre gerhpdraturd Q@Iﬁ?iakt@bﬁlfg"&d&lgaménl a gas
i ner and disso

Chl f t nse the
bl BB PR AR Der Sartirts Fespd ansBieatheres! e siabe
15 ofsysthe frarmeny rémsieingldast maBséRNtrRGoldHa rér!a B8RS the
C ngra ed at . reduced gressure on a rotary
o PRI

T SXGETS SREN ARG PERSDHIEAR top while i eensr derye liquid-
C It eiyisd g_ adéls bAARE BEHAMT THE AH &{é@eﬁg‘ﬁﬁeﬁ f&ie{%%ﬁfa& %HB saved

r| nse. The obtai ned tan solid product was
plPlianel@iseyT e Rastenvphageiineitisr regysledrier fartbier use or neutralized

PRAEI b AL EREniEACRNER T HRAMSHULE PUHRS RBLENNe is usually

20  done by gas chromatography analysis.

Example 3: Batch Alkylation of Isopentane in Butylpyridinium
Chloroaluminate without Applying Any Additional Pressure (Only
the Autogenic Pressure of the System)

25  Ethylene (9.5 gm) was alkylated with isopentane (103 gm) in 20 gm
butylpyridinium chloroaluminate ionic at 50°C and the autogenic pressure in a
closed 300 cc autoclave fitted with an overhead stirrer and a cooling coil. The
reaction was allowed to stir at ~1200 rpm until no significant drop in pressure
was noticeable. Table 1 below shows the reaction results.

30
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and addition of diethyl ether. Filtering and drying
under vacuum and heat on a rotary evaporator gave 750

w@eo6887dyi el ds) of the desired product as an pET/USHWE/@5707
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shinny solid. 1H NVR and 13C-NWR were ideal for the

d sired N- I ridiniumchloride and no presence of
i SRR %%%éﬁl%ﬁ IBYPaNAREAR Aupdiygidinium

N but yI pyr ighigtbaitimiiz® EOALBILMAE PR38fR NG PFELNBY of HC
slowy mxing dried N-butylpyridiniumchloride an8
anhydr ous éfSLg?rﬁ;‘i’T%%Yﬁ toride (AICI3) according to the

f Ohé aydcheh BbQEEHEE ﬁépe-aqé% iNal? Wldﬁfff h(?]lc'ﬂ (198 gll?\ B4 ’ﬂfas {ime

repared as descri bed above ed" undér ‘vacu
a?‘ g% Was aden as ﬁ&og@@alystdpr@mote&wdn 4P2 \fegnee r
( [ ri iy
B O s U e rpdo A R5EAR S0 end G
gP®EsUTe2nd 112A8 Irp syfringhd f@rreectloN-\fmﬁtyrrpmaiedlwhamno further
chy e‘%gur@%régﬁ\ﬁsh ASHRY r\ﬁﬂh?—f& 2re%c’t (i:;t
nitrogen nDsp ere Ina
( 8x@Bermit.. Yalié 1etopdsivayes t}bemelsamsd)fﬂdeﬁleact(cﬁe. 99% f r om
Al drich) were added in small portions (while stirring)
to control the tenperature of the highly exothermc
reaction. Once all the Al QaBlewas added, the resulting
amber - | ooki ng3dtclyAlkgiatias of Bbperitangamd Eshysdner over ni ght
in the gl ovewtoButyIheidirigrichiosiuiirene Ciatdygted to
renmove any un-di ssol ved Al'Cl Exahpg 3 € Exhinplds aci di ¢

N- but yI - pyr Rdagtidhm chl or oal WwithahtHolaSwaneiEias t he
catal yst foica/bg al kylation of | Ssppentane sm th

et hyl ene. Exasmpe(°’@) Batch Al kyl agg on Run Bsocedure
| sopent ane sedtieg prssine, ked ch abky! atiopoy@s typically
run at SmCEmmgmag@.ﬁ-é iphol ef i nygrol ar ragrgo of about

4. Under ni ReQ&ifh BfER@REre in %gl ove box, an
aut ocl ave veus$@ o,nas charged with ionic i qU| d

cat al yst ang¢,anhydrous isopent aneg.I The autocl ave was

then seal edcand transferred to a od and fixed to
an overheadcggtirrer. Then, ethyl eé{i;? gas vvag.‘oi nt r oduced

to the c, 705 63.3
Cs 8.9 a1
Ce 6.2 7.1
Cuwo 3.5 4.2
Cure 34 43

The results from isopentane/ethylene alkylation are excellent and most of the
products are in the desired alkylates range where Cys constitute the major

fraction of the product mixture. Very little heavy products were produced.

Example 4 shows that addition of HCI as a co-catalyst enhances the activity
of the ionic liquid catalyst and changes the product selectivity. When HCI was
added as a co-catalyst, the reaction was done at much shorter time
(completed in 5 minutes) and slight change in product selectivity was

observed.
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vessel . The autogenic pressure of the vessel usually
rises to 2000 kPa to 24000 kPa dependi ng on the anount
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the reaction begins stirring (-1200 rpm, the pressure
qui ckly drops down to -900 kPa to 1100 kPa. The
reaction is allowed to continue and stir until the

P ERSSBIES: drBHdch AIQyIQtldfrP@f lb@pe}@aﬁ@:’@id gingrne W@ Gthef ri ng
is stopped and the heating mantle is quickly renpved.

The aut ocl &x/EorPa! um@%em Eiguidde@a®st room t enper at ure

USSRt c%ld%@é]hmrﬂﬁtéﬁ@hic Ilqmﬂ%tal?stémﬂh gagﬂéhﬁary\@ﬁmﬂfrﬁh’m ofnd
the reactor is vented weat hered to relieve the

s patiramalidg el G0 Pérrﬁgmmh@geag%alkm@wmlﬁm g aPig dielow
| 2oRpHcRNAS bRy ithdresIfs B ISk W PR OIBRe P aREINANS
ph ase is on top while the dense ionic [liquidcatalyst
plcfbl@@allsm@ﬁtetlwéc hadid eatalypie QuieplaasemmeniuTear eEgrreds
| \T t

S d AP LS FRFS Eoy” Bim A8 PO I HLPE]
CH ety ef-mathal- md@zoﬁum NBWMbdmn&t@utyhnwklw@smmcgmpmﬁTaMé)
i b

R by SheefPaF NSRS} CiRBY £32'Y 3hd autogenic
Blptgdspgeratda fleed p’a@fﬂrmlefm molanadte o4, ro2@ giydphiyliggd fory
Aﬂ$ t| onal Pressure (Only the Autogenic Pressure of

sten) Et hyl ene (9.5 gn) was al kylated with

i sopentane ( 103 gm in 20 gm butyl pyri di ni um
chloroalum nate ionic at 5@Me and the aut ogenic
pressure in a cl gaath ARPateh sfusqeintare didtted Wi th an
over head sti Ehglenangtha/=tioak iOmpregluminald€atagaet i on was

dIdatwedd tomakd theat - 1200 rjpmBmi il BPySi jgriBMA ant BMWP

I chpresaminateagalysit | ceabl . Tabl g 1 bel ow shows| t he

Il amting Pressard, kBa Exanpl e 4:208at ch 28Bky| atd1éh of | 1920

|| Emplaf Rressure, KBat v pyri di ni @ga Chiljor @&l uni vd@ e af 69

Aut ogeni ¢ Pressure in the |Presencle of HJQ as a

CEtdérad Qoiversion 65% 95% 55% 95%
Product Selectivity, wt%
Cs. 2.6 0 3.0 0
C. 3.3 3.6 2.4 3.6
Cs 3.8 4.3 2.7 4.2
C, 65.8 65.6 69.1 68.8
Cs 9.9 9.8 9.2 9.7
C. 7.3 6.5 7.3 6.4
C1o 5.5 4.7 4.3 4.3
Cis 1.6 3.4 1.9 3.0

The results above indicate that conversion of ethylene and product selectivity
are affected by the catalyst selection. A chloroaluminate catalyst made with
tributyl-methyl-ammonium is less active than the other three catalysts.
Chloroaluminate catalysts made with hydrocarbyl substituted pyridinium
chloride or a hydrocarbyl substituted imidazolium chloride shows high activity

and good selectivity.
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The reaction above was repeated in a fresh ionic
liquid (19.6 gm but this tinme HC (0.35 gn) was added

W@32008/0z04cat al yst (pronoter) with 102.7 gm i SOPENUS2IV5/045707

10

15

and 9.7 gmethylene. The reaction was run at 500C and

aut ogeni ¢ pressure and 1200 irr The react
Rt e A R Fﬂ@g {r@@tgwg g reaction

nebéi@@tﬂ}hl & ett}?férfé ér@lattcﬁhemﬂﬂaspsemewgs ﬁ@ﬂfcbrﬁ%ﬂhh xa 100 cc
exotherm c bel ow shows the results of

r eertintensly stipdtank 5%310&7 A 0998k PgR OBFOP%B%%?%%M%@
EHMhr%ﬂﬁaé’VeH ko ﬁét rléb&?éf wﬁméﬂmg@?o%k@fm%w pa6 ﬁanCaAahMﬁ&

l e Reaction Wt hout
i mmtgaiawmw rr%g to tipajeastyr 8@ astegopf ﬁaefp%%f@me@ng kPa

20ECG A% 0B B (BAEBEUA Sl Bl dFbriRoARLS T BlRas

76d8edb®. tBe @svces@(@ nn@@rﬁa’@ crf qatahrﬁé tq HEHI tT§1ef%V@?ﬁge
| ?@%?(ﬁe%tcg'ﬁﬁ{e%p% M RIh&Br REEs EX¢ BhbRRE WA dodRSt

40 minutes. The outlet pressure was maintained at 2300 kPa using a
backpressure regulator. The reactor temperature was maintained at 50°C.
The reactor effluent was separated in a 3-phase separator into Cy4- gas;
alkylate hydrocarbon phase, and the ionic liquid catalyst. Operating

conditions and yield information are summarized in Table 3.

Table 3
Continuous Alkylation of Isopentane and Ethylene

Temperature, °C 50

Total Pressure, kPa 2300
Catalyst Volume Fraction 0.15
External I/O Ratio, molar 4.0
Olefin Space Velocity/Vol. of Cat (LHSV) 1.1
Catalyst to HC! Ratio, molar 10
Residence Time of Reactant, min 40
Conversion of Ethylene, wt% 95

Selectivity of Converted Products, wt%

C.. 4.3
n Cs+ neo C; 2.1
Ce 4.2
C, 78.6
Cs 1.4
Cs 7.0
C10+ 24
Total 100.0

C, Product Isomer Distribution, %

Trimethylbutane/ total C;, 0.2
2,3-Dimethylpentane/ total C, 49.0
2,4-Dimethylpentane/ total C; 48.6
Other-Dimethylpentane/ total C; 0.1
Methylhexane/ total C, 2.1
n-heptane/ total C; 0.0

Sum 100.0
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products are in the desired al kyl ates range where
Cr7Sconstitute the major fraction of the product

Exanpl e 4 shows that addition of HCI as a co-catal yst
enhances the activity of the ionic liquid catalyst and
changes the product selectivity. Wen HC was added as
a Bus ewatl%procemsm@m}t sedectivan thanes 8, oLBs csMrirar

ut es ht change in
| B ] EbEftol s R Sahp B lene APeis o Bsedtate
AI gqsbka’te mdlcafes It@@ﬁeﬁéam nﬁﬁébrgémhﬁ{ﬂ BeMidd¥Frdh RS angd
roal te Lo ui d tal yst O her
o BB TbAReGe (DR fneth o Havmpad Jereifhkenssarer nar y
ardﬁsnablmsum@ﬁfdi&.‘nd}ﬁbcttér% ?é’éd’lm@@ﬂ R R ﬁbtf\h‘?e%%@ﬁvely).

al kyl ati on chem stry. Table 2 bel ow conpares
al kylation results of isopentane with ethylene in

di fHeeriyeiRdcatddrosrealict Wt Qinb e é‘eda’ré’da“ dpdé}ﬁ’ér?é I Sigher

QJat ernary ammoni um or am ne sal
hg1alkyiate apsalingm (366 ffaqﬁqu‘miwronerb% of thpyatkytitei unn
u
Hﬁg. ’*J%“ﬁ T Bl P -eh o G UM AT oles e
e bagedeonaBr conmpdaitior dndtesaad mhmmm@amﬂpure
f ratio of
W‘Jﬁ#@%ﬁg"ﬁ?gﬂ.{?@%ﬁor"nﬁéf‘ﬁ%ﬁﬁé Al i @i Bl Rlmbers
AIWB Maasrregfat ['sopent dnt iaodieg kevek trervéxttapMatddag sl 00%.

t T I
T 334 4R 40BkEn 601l Ry TRE TSRS RORME DRl e
arreolaf flendiegl BY0,1T50 aret ElOnstresedaaiddDSinASTM D2887
C@lrﬁu@@lducmtiﬂﬁt ‘1% catal yst nmade with

amoniumis | ess active than the other
three catal ysts. Chloroalum nate catal ysts nmade with
hydr ocar byl substituted pyfaib?légi um

Product Properties of Alkylate Gasoline
from Isopentane and Ethylene Alkylation

Average density, g/cc 0.69
Average molecular weight, g/mole 104
Average RVP 25
|Average RON 87
Blending RON 91
Blending MON 84
Simulated Distillation, D2887, °C

T-10 wt% 76

T-50 wi% 88

T-90 wi% 119

The product property data shows that by employing the process of the present
invention, high RVP isopentane (20 RVP) was converted to alkylate gasoline
having a low RVP of 2.5. The high-octane (91 blending RON) and excellent
boiling point distribution are other desirable features of the gasoline blending

components prepared in accordance with the present method. To achieve the
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chl oride or a hydrocarbyl substituted i m dazolium
chl oride shows high activity and good

w@eloenti7wyd ty. Exanpl e 6: Conti nuous Al kyl ati on BET/US2005/045707

10

15

I sopent ane Wi th Ethyl ene Eval uati on of ethyl ene

ChoRiAsRek f REFIER AR D Do go 0y Rel P sAPe T

| SRRMUBA elative tetHiyloen €, jietd.ur e was fed to the reactor
whil e vigorously stirring at 1600 rpm An lonic liquid
catal yst was fed to the reactor via a second inlet
pQ&émél@r@eboﬂﬂths‘m C?Itl@t}bnlcﬁ |36PeHidne itrePropaieher . A

s amount of anhydrous HCI gas was added .to the
pP&py@e@iwai'owtarlscrp&m%ledﬁrasc%%@r%a via? Biilpr praggdure to
a‘t‘r%”[ 88scribed 'irfj!‘?ﬂé?ﬁplé 'Gr@(cfegtf dlﬁél@ntcrﬁﬁt’éﬁ%nmmbﬁmeﬁé used.
feeds and cat al was a 40 m nutes. The outl et
pBdsvaiaeraigf rﬁepﬁmtanfh agd afopz@@e rRipIre, W fecgto the reactor, at
b r T

O EREH ISR ELR T voEof SREYRL A STRRLR S belms g
i worditiorsiansieyiele rderatagioniant presantegas TakiFRy| at e

hydr ocar bon phase, and the ionic liquid catalyst.
Operating conditions and yield information are

summari zed in Tabl e 3. Tallabledd Conti nuous Al kyl ation

of | sopent &BmtiancLsAkylbgoreofTepyretarteuars, POCYIB0e Tot al
Pressur e, leRpeit@@, T©at al yst Vol ume Fraction100. 1 5

Ext er nal [|Tofl Redsisare, Baar 4.0 O ef i n Space290
Vel oci t y/ \GatalysifVoltane Fialitiv) 1.1 Catal yst to %I| Rati o,
mol ar 10 ¢roeii@Ratjoymaldr React ant, min 40 &bnyver si on
of Et hyl erfefimBpacgsyelocity/Vol. of Cat (LHSV) 4.4

Residence Time of Reactant, min 24

Conversion of Propylene, wt% 100

ISelectivity of Converted Products, wi%

C.. 3.6
Cs 2.3
C, 1.4
Cs 74.2
Ce 2.9
Ciox _15.6
Total 100.0

C: Product Isomer Distribution, wt%

Trimethylpentane/ total C; 36.5
Dimethylhexane/ total C; 54.8
Methylheptane/ total C; 8.7
n-octane/ total C, 0.0
Sum 100.0

The hydrocarbon product was distilled to generate n-pentane and higher
boiling alkylate gasoline (30°C+) fraction and properties of the alkylate

gasoline were measured or estimated, and reported in Table 6.
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waeial73r@0. 0 C7 Product |soner Distribution, 9 CT/US2005/045707

10

15

20

25

Selectivity of Converted Products, wt% C4. 4.3 n C5+
neo C5 2.1 C6 4.2 C7 78.6 C8 1.4 C9 7.0 C 1| o+ 2.4

Tri met hyl butane/ total C7 0.2 2, 3-Di net hyl pent ane/
total C7 49.0 2, 4-Di m=:thyLr nt ne/ total C7 48.6

O her - Di net hyl pent ane/ to%—gﬁ—é‘ 0.1 Met hyl hexane/
total C7 2.1 PohepPasitidsodfalikylEte GaBolBum 100. 0Thi s

al kyl ati on propeespehtandiaghPyossdrecAlkylatiom that 78. 6%
of the copvatagedenwitgdyeé 1s C/ isoparaffins.| Detail ed
conposi t i [neetag@ndlectias wefght,fgmeleky| at e 1gasol | ne

i ndi cat esjavéragéRVPraction is nearly entinelyjderived
from 2, 3- Aaerdg@RONdi et hyl pent ane. 2, 3- @2net hyl pent ane
and tri- mBtemginglRQ@Mes are desirable isoférs for

hi gh- oct apendmgdiPNe (91 and 112 RON, ré8pectively).
The hydrogarbon product was distilled to separate

n- pent anesmaﬁﬂ@'ﬁiﬂ'aﬁ%‘? ID2887. &L at e gasol i pe (300CH)

fraction pnd propertl& b:@ the al kyl at e!'%aso|ine were

measured pr esti mat dd® O‘Fﬁe/gearch oct ane H mbef was
-90 wt% 169

The product property data shows that employing a process according to the
present invention high RVP isopentane (20 RVP) was converted to alkylate
gasoline having a low RVP of 1.0. The high-octane (82 RON), and excellent
boiling point distribution are other desirable features of gasoline blending

components prepared in accordance with the present invention.

Example 8: Alkylation of Isobutane with 2-Butene

Evaluation of C4 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 while vigorously stirring at 1600 RPM. An lonic
liquid catalyst was fed to the reactor via a second inlet port targeting to
occupy 10-15 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 8 minutes. The outlet pressure was maintained
at 100 psig using a backpressure regulator. The reactor temperature was
maintained at 0 °C using external cooling. 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. The operating conditions and performance are

summarized in Table 7.
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cal cul at ed based on GC conposition and research octane
nunber of pure conpounds assum ng volunetric |inear

whb@aetiitg? Bl endi ng octane nunbers were neasurBCI/ES2005/045707

10

7.5% and 15% bl ending | evel, then extrapolated to
100% RVP and average density were estimated using the
GC data assum ng linear nolar blending, T10. _T50 and

T90 wer e|TgpiadiyPa@iindyigtionsyindazsairs si mul at ed
di stil | affeethOleffabousces Pr oduct Pr eip@irices oftrans-Rpligee
Gasol i ne|feediwpEpSerieaane and Ft hylsewanal ky| atsplifane
Average fensity, g/cc 0.69 Average nol ecullar weight,
g/ nol e 1{Eetalsbrage RVP 2 5 Avel aBErvaia¢R7 | GGHRHPR RN
9 1 Bl enfiS3caCnCiamlasraig) at ed i stifPation D2487_ o¢
T-10 vt %4 76 T-50 wt %88 T-90 W % 119 The broduc
property Aq:!ﬂrvﬁlua'ﬁrf(ﬁﬁtf_oﬂhnt by enpl oyi &d the pr ol of
the pres{HM PRI SUING hi gh RvP | sdf%ht ané (20'Rp)
was convéréfﬂéd_t_o—alk#l-%e—ga&o ine Havingla I oW RVP gf
2. 5. The|HsBrace e 1S ondi ng RER) and—excatlent
boi | i ng p=igue! O a0y Bolet o ar ol ot hePdesifabhes:l
f eat ures %ﬁs'd?'?%hﬁ‘&%feiaﬂ%ﬁ{ﬁ?@nd ng—cSdponents—pldpares
i n accor gance—wth—t+he present{rethgd—TFotachi-eye
t hehi gh- SEEMHRNVEFon W f o abl e to Rai-ntdih CY
1 hyul nant aneo - cal ot 1 v+ 34y

2, 3- di mef i DRBtRRe Rt Yt

C5 11 15

Cé 24 18

c7 27 23

C8 82.9 79.8

Co+ 10.9 14.6

Sum 100.0 100.0

% tri-Me-pentane/ total C8 95.3 95.3

% Di-Me-hexane/ total C8 4.5 4.5

% Me-Heptane/ total C8 0.2 0.2

% n-Octane/ total C8 0.0 0.0

Research Octane 98.6 98.4

The results in Table 7 show that high octane alkylate can be obtained with n-
butylpyridinium chloroaluminate ionic liquid catalyst. With 2-butene, over 95%
of the C8 fraction is composed of trimethylpentanes having a RON of about
100.

Example 9: Fuel Gas Reduction and H, Recovery Option

The process of the present invention can decrease the amount of excess fuel
gas production in a refinery by converting ethylene in FCC offgas. This
aspect of this invention is shown in this Example using a typical FCC offgas

data from a refinery, as summarized in Table 8.
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woe@pprsme al kyl ation with isopentane was perfRPCTER005/645707

10

15

above 40%relative to the total C7 yield. Exanple 7:
Conti nuous Al kyl ati on of | sopentane with Propyl ene

a simlar procedure to that described in Exanple 6
except different process faq)r,‘@gti ons were used. 8:1
nol ar rati o of isopentane—and propyl ene m xture was
fed to the reactBbuegl Gas R€Cliprasd ok t enperature and 7
vol % of catRégmery @ptinmumny Ethlylenpédigdation condi tions
and yield informati pn are presented in Tabfter &&. Tabl e
5{Conti nuous Al kyl af i typicaf FC€ opeXitemife. arfktRetipryt ene
The hydrocar bon pr odu@ffgases-ldi sExfraatignt di@Reseyeiy ¢
P-cpe?gsarmumgmmsgm boi Iz'gng al kyl &te gasol itAe (3Q0C+)
naction -and properties of the al kylate gasqlineiwere
neRedvction Bt Fusd Gaget ¢d, (BastFaFdpor t eggi n Tgbl &°6. Tabl e 6

Prloduct Prop [ of Al kylate Gasoline fro
I u%&wgﬁ@daﬁ&%é@p)l ene ﬁl kyl at i ond Aver ageg]gensi ty,

a/ O.gl Avetr.a e | ecul ar weight, g/nole 119 Average
R\ &a_ .s (.379 182 Bl g@?ng RQON, 79 Bl endjng MON 78
Si ated Distillatijon, D% , deg £, T-10 wy%s 107 T-50
weigh 111 T-90 wt % 164 P ' '

)

0. 0 0
CO, 0.4 0 0
cO 0.3 0 0
H., 35.8 44.0 0
Methane 275 33.8 60.4
Ethane 10.6 13 23.2
Ethylene 15 0 0
Propane 1.2 1.5 2.7
Propylene 25 0 0
n-Butane 0.1 0.1 0.2
Isobutane 0.1 0 0
Butene 0.1 0 0
Cs: 0.3 _02 _04
Sum 100 100.0 100.0

This refinery generates 26 million standard cubic feet (MMSCFD) of fuel gas
from an FCC unit daily and the stream contains 15 vol% ethylene. Using a
process according to the present invention results in converting the ethylene
stream into high-octane gasoline blending component by alkylating the stream
with isopentane or isobutane. The amount of fuel gas from the ethylene
extraction unit is reduced to 21 MMSCFM, thus lowering the burden of fuel
gas processing equipment. In this case, approximately a 19 percent reduction
of fuel gas is feasible.

Extracting ethylene or the C,. stream will improve the purity of hydrogen in
FCC offgas as shown in Table 8, from 36% to 44%. Further upgrading of the
reject stream can be achieved by recovering pure hydrogen gas with use of a

hydrogen recovery unit such as a pressure-swing adsorption (PSA) unitora

-20 -



The product property data shows that enploying a
process according to the present invention high RVP

w0 swpemzane (20 RVP) was converted to al kyl at ePHES100F1€45707

10

having a | ow RVP of 1.0. The hi gh-octane (82 RON), and
excel | en okl,i ' [ j [

FESraBr unfesy SPRLREI Gubihon bRhe: Bhenaioen recovery
phe paweadt of fiuel gas iedoeedsubstantiallyp irethimeasenvie tn & %

Ex | : Kyl at i f ! i - -
go it ofebps et befead R R hellehR Sl hfdison,
xS areml of inydeodedlyasacandret ienovauisd.y Consideraw thankry

reactor. 8:1 nolar ratio of ,isobut - ene
seendenmER e floRs Bt 5 T At ek BELH
SIrbdvidting aat skhae GRYdroenliorfinetiés uhabemdiid yiiehgs f ed
to the reactor via a, s COE% i nl etdg\ort .tlarbget innqhéo
JeeupiPn R T dlRgenProRYcHRN ekt adaPesHl'P PY MBI "o
anbydii fiRnt¥d a@asgiRBnagsterighly debgaeocess. The
average residence tinme (conbined volune of feeds and
catal yst) was about 8 m nutes. The outlet pressure was

w&& al D RGmBloud 08RG HIhE BredeRBIRYELBE StHich dregiakaibRIin

e reactor tenperature was maintained at 0 0C using
elighé phitale teasbings@nd EHEPPERE E¥aMBlEs dgasiitefdereBp %t ed
i 2 iHin Hat f hé Yiafh £ the
et e RRRIAERRSALRI IR bl of 1B R KR e
Deveritioacnapbg pesicticashotbervasedppaee sgagbralidepiddesipil yzed
usin romat ogr aphy. Research Cctane nunber was
c T%ﬁ‘f@?ég‘é érged on GC conposition and Research Qctane
nunber of pure compounds assuning volunetric |inear
bl endi ng. The operating conditions and perfornmance are
summari zed in Table 7. The results in Table 7 show that
hi gh octane al kyl ate can be obtained with
nbut yl pyri di ni um chl oroalum nate ionic liquid
catalyst. Wth 2-butene, over 95% of the C8 fraction
is conposed of trinethylpentanes having a RON of about
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100. Exanple 9: Fuel Gas Reduction and H2 Recovery

Option The process of the present invention can
waelewomzFe t he anount of excess fuel gas produck@€DOSI0NS/@45707

refinery by converti ng ethylene in FCC offgas. This
t _of t invention is shown in this Exanple

| ~CC offgas data froma refinery, as

summari zed in Table 8. Table 8 Fuel Gas Reduction and
H2 This refinery generates 26 mlljon standard cubic

fleet ﬁwﬁeﬁ@}e%ﬁflﬁﬁ@pr@%sﬁ@@hﬁa aredocional igkaualiyy and
the Sgé@&m\emg’@oﬂ&m\éﬂ{s%eﬁﬁ@bﬁ%laﬂh@'cﬁ%pﬁsﬁbocess

according to the present Invention resul
converting the ethylene streaminto high-octane

gasol ihe bheodidi ﬁ@g&@g@ﬂ& -cBY ﬁJrl@veﬁhérg%tr%Q;austfeam

with |sopent ane “or tane. e “anoun gas
fromthe et hyI ene extraction unit is reduced to 2 1

or oce&gs)l ng qu Wﬁeé 89, le:‘ﬁ?rp %%es@u?ﬁrs{ &?éang% n%rod};ce a4

percent r ed&mdmﬂflr@‘ry Stoedm galserms eﬂgMehham sa"mtﬂr@eirearg

ethyl ene or the C2+ streamw || inprove the purity of

hydrogen in FCC offgas as shown in Table 8, from 36%

to 44%) Fuptohieinggroisapkmgnestorithiingeptedry stregram can be

achi eved by recovering pure hydrogen gas with use of a
hydrogen recovery unit such as a pressure-sw ng

adsor pa) onccere&A)qglmid isOferidrRItTRdIfing mfeﬁner;Bytr@amrwftn s
extracti on of fgrlene and. h dro en recover

oount - of PO GeEnere ST ML SR SR e B T gt satayst

case, up tmadn §Watrcﬁdmtsmaeoéakﬂmin ERRItAR: DR
realized relative to the base case. In addltlon 9

MMSCFD of hydrogen gas can be recovered. Consi deri ng
the vesy stdch h@m«mélwgﬁma& bleRingalohasetB 2k (A €

associated with roducti on and storage of
hydr ogen |M0?*8FY?E@?”|S@§3' alkﬂ@“%‘e@é‘ﬁlts of fuel gas

2. A process according to claim 1, wherein the ethylene-containing

refinery stream comprises offgas from a FCC unit.

3. A process according to claim 1, wherein the ethylene-containing
refinery stream comprises FCC de-ethanizer overhead.

4, A process according to claim 1, wherein the ionic liquid catalyst
comprises a hydrocarbyl substituted pyridinium chloride or a

hydrocarbyl substituted imidazolium chloride.
5. A process according to claim 4, wherein the ionic liquid catalyst
comprises an alkyl substituted pyridinium chloride or an alky!

substituted imidazolium chloride.
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reducti on and hydrogen production that are nade
possi bl e by using the present invention are
wa@e@niofizeant and hi ghly desirable. There are nPOEDS2085/045707
variations on the present invention which are possible
in light of the teachings and supporting_ exanples
tBscr DRSSP APHERG ' SATm or WhGPG LR RN I GucRAe! s

Wi t hi nsdldges ﬂ@ﬁﬁh@fgrddbﬁtoanﬂshﬁ{ﬁbﬂﬂbﬁﬂyﬁ%%th&lfﬁndmlum
erw se than as

i nventi i ced ot
speci f ‘F@%(P%’é%ﬁe R‘? B Tobutdxsiginiym sblopralsninaigHRP) S
CLAI MERB U3 netiVi-imitio@ i itk %ﬁ’lofo%idrﬁiﬁéﬁé BUARCSR for the

production of high quality gasoline blendi'ng
conponbﬁ'{’@yrmvrﬁg’hlo&@'%m&ﬁ (HR)y conprising: (a)
providing a first ethylene-containing refinery stream
(b) separating a C2+fraction fromsaid first streamto
pr oduc& PEOGEsE @aePrEiag iteeleim 41 fugthen eaneprising blerdingy trertégh

than sgigif %és%tmébl%ﬁ@iﬁ%; ?&koﬁérﬁg b ggscﬁl

i sopentane-<contal ni ng ery i ?8) contacting
sai d i sopentane-containing refinery streamwth sai d

sgcond,ref i ner J i h nce of. an io

B o RS o Gl 1 PR BR R s e R e on
condi t $toresn candriges)isapeomrentrgcihdgﬂmmaraFCt,yurgla%@bemane
bl endi nent.s .of w vol.a

o1 ky ! e ERar A oo et sba CaghEamE Raficrfrom
wher ei ahsihllmﬁor@bﬁmbé@ ei,an Wsaindi Crsticafisnadtnicetf®aih reformer.
conprises offgas froma FCC unit. 3. A process

according to claim1l, wherein the ethyl ene-containing

r of i neAyradeseaoeardinp o siapn fFGvhétemethb aHiZ Riui@¥AbRNSEdrther
4. A process acig@dl ng.to claiml1, wherein the ionic

i qui d“CAR"Ey ST ¥Sta hydrocarbyl substituted
pyri di ni um chl ori de or a

10. A process according to claim 1, wherein the first ethylene-containing
refinery stream comprises ethylene, propylene, butylenes and

pentenes.

11. A process according to claim 1, wherein the first refinery stream
contains hydrogen and further comprises separating a C,. fraction from
the first refinery stream which is richer in hydrogen than said first

stream; and recovering hydrogen from the C,. fraction.
12. A process according to claim 1, further comprising:
) providing a third refinery stream comprising at least one olefin

selected from the group consisting of ethylene, propylene,

butylenes, pentenes and mixtures thereof;
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hydr ocar byl substituted im dazoliumchloride. 5 A
process according to claim4, wherein the ionic liquid

W@ 2008/0yF49 conpri ses an al kyl substituted pyri dPEi/US2005/045707
chl oride or an aI kyl substituted i m dazolium
chl ori g?e) ocefl%s accor di ngq to claimb5, wherein
the i onfc IPréf IR Sefinesy Siqams cRmPRsig At IBastgineup

consi sti ng l@f)péraﬁmtsyélecﬂadrfﬁinh‘ﬂe'@ﬁﬂb dbdistRg of isobutane,
chl oroal um pat e %BI\/P%Ol i but yridini um

chl or oal uni 9PN ’%‘Uﬁ§¥heﬁe%t hyl -i mi dazol i um
chl or oal um nate BM l\/p and 1 W pyridi ni um
chl oroal um nate (H process according to claim

1, furfMer eVWting |Sﬁ§’ tblrcéﬁml fRyrihtiefingry Rtrearas with an ionic
gasol i ne bl gpgH S‘Qal?&rﬁﬁ’g'?s%e&id él\/\i]'ere P2 t'Lﬂ%‘er Sticytation

process according fo claim h

i sopent ane- e¥Wit@NAiag st ream conpri ses i sopent ane
extracted froman FCC unit, isopentane extracted from
a hydrocracking unit, Cand C6 streams derived from
di sti | ikt | ofecovermggdeoliiel hlerfingBormpahebls Bomeaemsecond
extracted f rmer. 9. A process according to
claim1, V\hge'?}g%t%nr%egl onic liquid catalyst further
conprises an HCl co-catalyst. 10. A process according

Ia| relnth flrst et hyl.ene- cont
reél nef ;ﬂqégh édg npgﬁg@ RSN C'ew&gﬁlrﬁﬁ?rygg reducing
blut y| efes gas droﬂenﬁcﬁmml s@ﬂxltan%opéi@@@@cmoﬁ@ﬂgfﬁjqwﬂ}t §asoline
claim erein t ery stream contains
hydr ogéﬁ'@ﬁ‘g @WH%’?‘SSEWH%@' ysceoﬁ'g‘?rbﬂ']%g a C2-
fraction fromthe first refinery streamwhich is
han_said first stream and

richer ,iin h dro e
recovef@ng )%I‘ &Qé”n I TEHRGTH Stream coppgisinghydrogen gnd C»-Cs
process accgefigng to claim1, further conprising:

(b)  separating a Cy. fraction from said first stream to produce a
second refinery stream richer in olefins than said first stream
and a third refinery stream richer in hydrogen than said first
stream;

(c)  providing an isopentane-containing refinery stream;
(d)  contacting said isopentane-containing refinery stream with said
second refinery stream in the presence of an ionic liquid catalyst

in an alkylation zone under alkylation conditions;

(e)  recovering high quality gasoline blending components of low
volatility from said alkylation zone; and

() recovering hydrogen from said third refinery stream.
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(f) providing a third refinery stream conprising at

| east one olefin selected fromthe group consisting of
weedhwhe1eg propyl ene, butyl enes, pentenes and PERUS2085045707

thereof; (g) providing a fourth refinery stream

r ing at least one isoparaffin selected fromthe
| gdﬁ%ﬁ%‘% PHPrond tsepin agwhqr%'aﬁ%eﬁw@namnmlmmr es
t her eOiFen‘"lnéﬂl)str‘égl‘ht &ﬁﬁér&GS %ﬁbé’s frbhrLe@pdfrourth refinery

streans with an ionic liquid catalyst in a second
al kyl ati on zone under al kylation conditions; and (i)

rqgov eNrﬁéihQ@ﬁ&idr&]ﬁg ) 8Qﬁjr\ g vﬂ%ﬂqﬁé‘{e@y eh@! '@okféﬂwmq he

second al kyl ati on zone. rovin

oper at fegeRfatieamesnyorises EQCecﬂ@ ﬁ@laynzeyoveeu@aﬁ ng f ueI

gas production and sinul taneously produci ng high

qual ity gasoline bl ending components of |ow volatility
cdfipr i imgihoq ach@dlng icdqzlalgw 333 fwhreseinrtied iomér ligust catalpst

gorc'r:p::c ?%'@ %{ r om sal d egk)?'idé%u?]o&ﬁ% g%dgar ating

secondhychfbca’fbylysubstrtdamlmldeh@mm chiolidd.i ns t han sai d
first streamand a third refinery streamricher in
hydrogen than said first stream (c) providing an

| 4@penAqnecessatedrdinggo tiafm ne,r\yh@rtern&aﬁmrﬁcdl)qlﬁ@eétél%ﬂ ng

sai d i sopent ane- cont ref | ner reamw t h said
second ‘?’ﬁ?”sﬁéﬁ'ﬂ % @?ﬁt' Lﬁg‘il Hﬁ'%'%@é’i’i‘g'd&or &R d'%hi ¢
l'i qui dstﬂlﬁﬁl&lt@tﬁitrmdézoamnaihl@yluétl on zone under al kyl ation
conditions; (e) recovering high quality gasoline
bl endi ng conponents of | ow

18. A process according to claim 17, 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) and
1-H-pyridinium chloroaluminate (HP).

19. A method according to claim 13, further comprising blending the high
quality gasoline blending components into gasoline.

20. A method according to claim 13, wherein the isopentane-containing
stream comprises isopentane extracted from an FCC unit, isopentane
extracted from a hydrocracking unit, Cs and Cg streams derived from

distillation of crude oil, or Cs and Cg streams extracted from a reformer.

21. A method according to claim 13, wherein the ionic liquid catalyst further

comprises an HCI co-catalyst.
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volatility fromsaid al kyl ati on zone; and (f)

recovering hydrogen fromsaid third refinery
wa@eweamr19t. A net hod according to claim13, wheCEUS20051@45707

et hyl ene-containing refinery stream conprises of fgas

frama, F u(git. és. A nmethod according to claim13,

wWRér ei fi PHBOLAFRATURG I BRI #i Wi reiarthe, is) elyleaampontaining

conpr i ffiBelyGHedfr &IMRRE @ty b%9|ené§but{7}eﬂ?@s¥ AR

accordi nrg to claim13, wherein the'ionic Tiquid

cat al yBE'&"¥tfri ses a hydrocarbyl substituted

pyridi niumchloride or a hydrocarbyl substituted

i m dazoliumchloride. 17. A process according to claim

163- wheresthod aecarding o elriguil @ fudheliopstprisivapr i ses an

al kyl substituted pyridiniumchloride or an al kyl

substituted imdazoliumchloride. 18. A process

accor digg tRsowiag @ third refinereitrearheompising 4tileast dne olefin

cat al yst i [ Sti f

bt vt - 4 oo @b BRAR LI, bR

1- but yI - pyriutyienasppehteoeahdimiiaes tH{dBeYf,

1- butyl -3-nmet hyl -i m dazol i um chl or oal um nate BM M and
1-/-/-pyridiniumchloroalumnate (HP). 19. A nethod

accor d(mg twodtiagmfadith faiintlyestreaangursisig 4tllendiong t he

hi gh qualit, asol i ne bl endi conponents into

gasol i ne. Q%O.&A%ﬁ%tsﬁlgategg@g? E\%rpdo‘l’ C@Tséﬁtt'ﬁg PaisoQuiapei n
t he i sopentisspentamietamidmningires theggorconpri ses i sopent ane
extracted froman FCC unit, isopentane extracted from
a hydrocracking unit, C5 and C streans derived from

di stil {ipti aneictieg vale teikd andfoufdh réMénCeredf LR an ionic
extracted from a reformer. 1. A nethod according to

2 : .
claim 13, WHIESARYH p sRFd lgiatipnzongiupder aligylatinsy
conprises ajnhiébng&emeat al yst. 22. A nethod according to
claim 13, wherein the first ethyl ene-containing

1) recovering gasoline blending components from the second
alkylation zone.

24. A high quality gasoline blending composition having low volatility

prepared by a process comprising:
(@)  providing a first ethylene-containing refinery stream;

(b)  separating a C,. fraction from said first stream to produce a

second refinery stream richer in ethylene than said first stream;

(c)  providing an isopentane-containing refinery stream;
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refinery stream conprises ethylene, propylene,

butyl enes and pentenes. 23. A nethod according to
w@b@onr3r® further conprising: (g) providi ng aP€TiugIH05/045707

refinery stream conprising at |east one olefin

sel ect fromthe group consisting of ethylene,

propyl Ele, #RHaAIRE]Id pReNiaNECORIINIRG KeTineassttarer wilh said

(h) providifgod Féﬁ%é%tfe%ﬁﬂ mehy ]pﬁats@ﬁ Fég’rchSh*qUQi @halyst

| east one isoparaffin selected fromt
consi st i ng iBRNS4YRlicRFeNe LUsepaitdtionaeadifoRs; ands

thereofg) (I r)ec&,%‘ﬂlhéﬁdm?ha‘ﬁﬁ) g%asbhr\é geﬁtﬁm chM%ner{tgg% & Y

streans 'with an 1onic cata PR ArSecon

al kyl at i on ottty frame said] %@h@nn@ondl tions; and (j)
recovering gasoline blending conmponents fromthe
second al kyl ati on zone. 24. A high quality gasoline
bl2endi Agoowepiten tai:@mrdihg\m Alginh @4 windraini thé eyhyemepanéeainihy

a proc @Q{m S oyidin first

et hyl eﬁ%ﬁc n al‘%m %Ogrh%rré% ggésﬁgr?weaaﬁ%:emt separating a
CZ+fract| on fromsaid first streamto produce a second
ref.d n tr mrich |nethleneth said first .
 Poan o iPos i P iha, S pBlsh ot et he 2iiang Containing
r ef i nerefinstyr straam(chmmrizet FOG o¢-efinter overhead.

i sopent ane-containing refinery streamw th said second

refinery streamin the presence of an ionic liquid

catral ysatcohiposifios bk()dr@lhg ah claPne4 L\ﬂlﬁ’@rél nath& Yorid iRy catalyst
condi tions; and %C recovering high quality gasoliné

bl endi ﬁ‘a“ercﬁ?ﬁcﬂw‘@ﬁ*( a5yl |Sawwﬁgpvmf#mw?%Qﬁd%rr@
al kyl ahjyd@rBcBYISubstituted imidazolium chloride.

28. A composition according to claim 27, wherein the ionic liquid catalyst
comprises an alkyl substituted pyridinium chloride or an alkyl

substituted imidazolium chloride.

29. A process according to claim 28, 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) and

1-H-pyridinium chioroaluminate (HP).

30. A composition according to claim 24, wherein the isopentane-
containing stream comprises isopentane extracted from an FCC unit,
isopentane extracted from a hydrocracking unit, Cs and Cg streams
derived from distillation of crude oil, or Cs and Cg streams extracted

from a reformer.
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25. A conposition according to claim 24, wherein the
et hyl ene-containing refinery stream conpri ses of fgas
WO e@ri0237FCC unit. 26. A conposition accordi ng POT/TEANH45707
24, wherein the ethylene-containing refinery stream
conpri ses FCC de-ethani zer overhead. 27. A conposition
actlor dAPMRSEPARRFZLINGVR clein 241 Weeredmthe idrigliquid catalyst
cat al ygi ' ¢ | substituted
pyridiniJﬁ?gﬂﬁ%ﬁ?ﬁéﬁgﬁdg&ﬁ§%%@%érbyI substi tut ed
i m dazolium chloride. 28. A conposition according to
clap m 247 el - HODLG: L lLgul t.al yst. conpri ses
el o ouioSieh BetctEnh L o Wie SR A B o el
subst i ethyledeiconiining fefineryHteamiem@Bes Atplarepopylene,

accordbagmhgsg$€b€@§§?smherein the ionic liquid

catal yst "I's se romthe group consisting of

1- but yl ~4- et hyl - pyri di ni um chl or oal um nate (BW),

1- butyl - pyridi ni um chl oroal um nate (BP)

1- butyl - 3-net hyl -i m dazol i um chl or oal um nate BM M and
1-/-/-pyridiniumchioroalumnate (HP). 30. A
conmposition according to claim24, wherein the

i sopent anecont ai ni ng stream conpri ses i sopent ane
extracted froman FCC unit, isopentane extracted from
a hydrocracking unit, Cs and C streans derived from
distillation of crude oil, or C5 and C streans
extracted froma refornmer.3 1. A conposition according
to claim24, wherein the ionic liquid catalyst further
conprises an HCl co-catalyst. 32. A conposition
accordi-ng to claim 24, wherein the first

et hyl ene-containing refinery stream conprises

et hyl ene, propyl ene, butyl enes and pentenes.
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