| ONI C LI QUI D CATALYZED ALKYLATI ON W TH ETHYLENE | N ETHYLENE CONTAI NI NG GAS
STREANS This application clainms the benefit of U S. Provisional

Appl i cat iwo 2000583/ 359, 739 fil ed 50on 06/ 29/2010. FI ELDPOF/URRH 1I0M7ENTI ON
The present invention relates to al kyl ati on processes using ethyl ene

contai ning gas streans, 10 BACKGROUND OF THE. | NVENTI ON Due to

i ncreased supply and decreased demand, isopentane is abundantly avail abl e
in nodern refhReS L&ﬁﬁ@m@ntzzgmiu@mwme% 1fmrmlg+<;ymt: pomrTefyiipsgpent ane
with ol efins have used |arge gquantities o otentially hazardous
concentrated sul furic and hydraNIGHHING §é§d§F§§V%%talyst These
conventional catalysts are, however, ineffective in the al kylation of

i soparaffins, such as isopentane, with et hyl ene. lonic |iquids may be
used. as caffaisyspigaiion sharp Sudendaof DonSrovismeb Litmigaticsdpataf £1.m0 %Ry | at i on.
U.S. Patent /Ng ,7,ﬁg§p 455 to Chauvin et alL discloses alkylation with
olefins 20in t e presence of an ionic liquid and a copper conpound. U S,
Patent No. 6,028,024 to HirschdEuBrORTHBINY ses al kylation with
olefins in the presence of an ionic liquid and a G oup |IVB netal conpound.,
U S. Patent No, 7,432,408 to Tinken eta!, discloses a. process for

al kyl ati ng H@em&m&iﬁhﬁﬁmusﬂmgﬂamkehhyﬁgmmﬁﬂﬂnkmbemv@asummmmngmmethyIene
extraction un|t However, ethylene enrichnment, e.g., via cryotzenic
distillatiof-“4'% costly. 25 There is a need for nore efficient alkylation
processes that consune excess and/or |ow value feedstocks in the production
of high val ue al kyl ate product . ‘*“%1 &,frlendly and highly
effective catal ysts. 30SUVMMARY> HE PR L According to one
aspect of the present invention there is provided an alkyl ation process
conprising contacting, in an alkylation zone under al kyl ation conditions,
an ol efin cont ai AN f@tafsa*sﬂiw@amae%ﬁ%kaffdmdrfbl%% fwa?%ﬂfﬁa%bua%m 45 yol %

ol efins wthyannik$Ppaidh fdfReddd LhEVRNSSEPCEsAs raMily@Nio of septntinc atal yst
conposition to provide an al kyl ate product. According to anot her
aspect OF t kistipy eyenicdilpgensanbicsiherientatly @ﬁ@moaeepiaﬁnw%yv icowdpr ocess

compri si ng GORLAGHNGids hiba®ys! KL ALIn0M A0 8atEe hre@howkh 8L @Rective in

the alkylation of isoparaftins, such as isopentane, with ethylene.

lonic liquids may be used as catalysts in various reactions, including isoparaffin
alkylation. U.S. Patent No. 5,750,455 to Chauvin ef «f. discloses alkylation with olefing
20 in the presence of an ionic liguid and a copper compound. .S, Patent No. 6,028,024 to
Hirschauer ef al. discloses alkylation with olefins in the presence of an ionic hiquid and a
Group IVB metal compound. U.S. Patent No. 7,432,408 to Timken ef o/, discloses a
process tor alkvlating isoparaffins using an ethylene-enriched gas from an ethylene
extraction unit. However, cthylene enrichment, ¢.g., via cryogenic distillation, is costly.
25 There is a need for more efficient alkylation processes that consume excess
and/or low value feedstocks in the production of high value alkylate product using

environmentally friendly and highly effective catalysts.

30 SUMMARY OF THE INVENTION

According to one aspect of the present invention there is provided an alkylation
process comprising contacting, in an alkylation zone under alkylation conditions, an

olefin contaimmng gas stream containing not more than about 45 vol% olefing with an
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5condi tions, an ethyl ene containing gas stream containing not nore than
about 45 -vol % ethylene with an isoparaffin in the presence of a catal yst
conposi t iwA 202/q988i de an et hyl ene conversi on of at | eaPCTAlISoU/0EES4
According to a further aspect of the present invention there is provided an
al kyl ati on process conprising feeding an ol efin containing native offgas
into an 10al kyl ation zone in the presence of an ionic liquid catalyst
conposi ti onsouhiemaiinakhesalt 9as: 1%91@%@!11[1%@{@@& QR8s AN p@d@métanéﬁ( el %

ol efins; and contacting an isoparaffin with the ionic liquid catal yst
conposi ti onPi¥¥the al kyI ation zone under al kylation conditions to provide
an ol efin Converﬁl&%iﬁ’; to%10f|beiad§§ec,@@i‘}!‘!t L% 111@i1%tmg§iﬁﬁkm O THE

DRAW NGS Figure 1 schematically represents an al kyl ati on process and
system acceéikyizhgn proconecras peecophctinein gp akaiation fpe nodao ﬂffk} lnen

Figure 2«is. el J Gui d

Catal yzed 20 D R S AR b P R AR 2 i g
stream accetdicngwito diano@dméfmasiﬁ)egftmma thecaphesenmtposinvetiroride BETAI LED
DESCRI PTI O\Idg:iey—l(lv%mﬁlﬂylgil}r&g}lb f'S'EOm QRresent invention provides new and

i nproved process 'oni ¢ 11qui d. catalysts for the alkylation of

i soparaffins, suammm mﬁanheanmuwiu}te mdaaefﬁmm@ﬁn@umhreaﬁpremh@d ane. Using

hi ghly effec ment a uid catal ysts,
the bt ecent 7B FoL T B R Ryt bR P e b BT ™ stch ae

I sopent ade, abyiatibesdh ede ptcl%rﬁ@bfxﬁﬂomf h@mdb‘ii’kﬁge»Gﬂn@&‘ﬁiﬂm@@ﬂﬁa{hmﬂxﬂg gas to an
al kyl ati on zgne or reactor ?iOCO t‘al Qg aln |on|ic | i UI d cat al %s )

non-1 i m ting"eXLPFES POHE T BIBF FIREdnt AT hi HG S od¥ Cﬁﬁvc teripricsE® f&t’i‘\}‘e
refinery of figasaic S&lﬁ@uﬁ&yun@ﬂh@%ﬁﬁﬁeﬁt@hh@ l.ebezaenhadraing et fgasiohs @m a
fluidic catalytic cracking (FCC One advant age of al kyl ati on
processes oft'HE “"Bf’é%‘ér‘r‘t’m'”ﬁ"éi‘é‘rﬂf“b}hdﬁi éb@t‘*‘ﬁ?f 81 i mi nation of |arge vol umes of
potentially hazardous concentrated mneral acids (H T and 11250, 4.),

Anot her advantage of processes of the present invention is the use of nore
active afd BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 schematically represents an alkylation process and system, according to
one aspect of the present invention; and
Figure 2 is a graph showing ethylene conversion during ionic liquid catalyzed
20 isoparaffin alkylation using a dilute cthylene containing stream, according to another

aspect of the present inventon.

DETAILED DESCRIPTION OF THE INVENTION

25 The present invention provides new and improved processes that use tonic liquid
catalysts for the alkylation of isoparaffins, such as isopentane, with oletins, such as
cthylene. Using highly effective, and yet envivonmentally friendly, iomic liquid catalysts,
the present invention enables the alkylation of isoparaffing, such as isopentane, by the
direct injection of a dilute olefin-containing gas to an alkylation zone or reactor

30 containing an jonic hquid catalyst. As a non-limiting example, the olefin-containing gas
may comprise native refinery offgas, such as unprocessed ethylene-containing offgas
from a fluidic catalytic cracking (FCC) unit.

One advantage of alkylation processes of the present invention is the elimination

of large volumes of potentially hazardous concentrated roineral acids (HF and HoSQ4).
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selective ionic liquid catalysts. Still a further advantage of processes of
the present invention is the elimnation of the prior art requirenent for

t he cost|woeryeasc separati on of ol efin-contai ni ng gagCItuse@n®44784 pr ovi de
an et hyl ene-enriched fraction. 5Accordingly, the present invention allows

t he production of high value, low volatility gasoline blending conponents
wWith increased efficiency and at | ower cost. In an enbodi nent, the
present i nV@Jﬁb!h%d@ﬁxgélged@%m@és@&e&%%%}r&gﬁi 1@43&%@’& itRdsk soRakatensdusi ng

ol efins such as ethyl ene. Such rocesses#grow de ai kyl ate products useful
as gasol i nesBtendivg lEorehsitss Sl g fatheerpotirsreritrropiecedbed<o! t he present
10i nvent i onconyvent thk‘”ﬁﬁﬁhﬁ@&kﬁhg%ml QW; x%aﬂ@*%&lﬁlﬁ‘{'&)@tﬂ@u& Q:hlgh val ue

gasol i ne bl endi ng conponents, such di rret hlé pent ane and trimet hyl but ane,
by al kyl at i eatstion h@ohférovpfémiameawsmwz@ttﬁw% af cthpricancridigd Brdicgont ai ni ng
ref i ner ys st reanmy;, SUche BLOGEs WoPePEFLOLIRG ik 3 alky L athap zone
under ﬁyl a??g}riim*éoh{} ?{eoér;]ls ?%ﬁioﬁg %‘Pitsgﬁc}éigﬁbtﬁaﬁ %8%'5&39 él%ll]lg%l gt al yst,
such as a claii@hmaibimﬁmlat(@@wit%c&wth I!}Glflvdwd Ericensubientyodi ment , ol efins ot her
t han et hyl ene, ch as pro n nes L€ . al so be used
for the al kyl ati cf)lne"né‘ %Qgﬂmggr/gﬂg ?CBFR n% l%t nvpa? ‘Spl&:“?ﬁ O?%kﬂr?%duct

Advant ageousdoyz;miﬁ:heumga«ﬁeinﬂa smhmrethvdma uses plm;ctd&ecm‘hdm haitaerpr a@fusts such as

i sopentanc. at _nay be presen ies in excess her eby reducing
or CBr T nat P Co At e o B R St Jhet St Tl e TR et RSN al o S0The
present1ﬁnveﬂkaM¢ahﬁma&ﬁhme&cpfmbhaﬂﬁ1&@&a@nabe&awmmhgamﬁﬁﬂﬁuﬂmgj gas
production, for exanmpl eth rocessed

Dl of 1 ne cont AT GBSt G T Sopt ST bRy PRk SRTSr S ses.

Accordi ng t @ofiRandSPeGEhy e e c@reﬁb}@d’h% chi¥iangir@enaeghefhidh @aRERL Ni Ng gas
stream useful for isoparaffm alkylation may be relatively dilute with
respect to Pt *‘br‘éﬁfﬁwé By dikBé’(‘ﬁ? F%‘héy‘diro‘ﬁt‘%‘ﬁ’t“m tioes ShipE BresqnRe ghfn

25embodi MeNntonid MRiPLLSiisn sGNNI RIRG 1ORSa:S IdaRAM B J8NLER ddYm&RNt ai N not
nore than about 45 vol% ol efins, in sonme enbodi nents not nore than about 35

vol % ol &Pi nglefipnotbtrism Sntkoai wehtsristermoie ?ﬂ?&rﬁ“éﬁﬁ)‘ﬁ@e?-Bﬂd\)’o%ﬁ%béluéﬁdl ns, in
a sub- enbodggq}gg&}mgmm@ %o{sé}g%h @&95‘5& \%Qm%ﬂ% d?(ﬂy%'u%f;b(ﬂn%t &E\%i‘a%o@ﬂ?t&ﬁ?r

sub- enbodi nent not” nore than about 15 vol % ol'efins. 30Accordi ng"to one
aspect of t hesp eventonimyentiostbon hatcotiefieh wewpaliticngaigasy wrreamafay
corrprl se of &ﬁ‘z%mﬁﬂ?%?@thQIcfog?c%imB%B@ élli{iggfﬁlg%&%m&%g{;@%ﬁ <t$1goc d% Qd' ment,
such offgas may generally cohtain more than about 45 vol % et Yl ene, in
sonme enbodi wEnek nastialyor e t han about 35 -vol % et hyl ene, in ot her

ent bodi gents not han t oV thyl en 2.5 odi ment not
mor e thgﬁ about ’E]goélo&]\%l g‘wtnﬁ&?ﬂ o%icsgl ék?ns*ﬂ 0 mgdmigx qg%bodl?ﬂrgnt not mor e
t han about j}ﬁxdu@io% Bt bvgﬂh@hebv bmwﬂbzémodammoucwaéot@hea‘cnmfn@mgtga& ni ng gas
stream may c r a A such of fgas may
e ueed ar SPUBLEEoGH AR bR et Rt B s S Rt or T

al kyl ati on e:fmmﬁmpa’ratfﬁn sﬂﬁ;1&11811{5@\aﬁ’adr}sm@&m#@n@-pa&fﬂlaﬂi@ﬁ%o@frfdgas such as
5FCC uni t off as nP]Y %o cont ai n substantl ?I anount s_of various ot her
gases, such“ wely difute with respect to 1S oletin {e.g., cthylone) confent. For example, inan

25  cmbodiment, the olefin containing gas stream may generally contain not more than about

45 vol% olefins, in some embodiments not more than about 35 vol% olefing, in other
embodiments not more than about 25 vol% oletins, in a sub-embodiment not more than
about 20 vol% olefing, and in another sub-embodiment not more than about 15 vol%
olefins.

30 According to one aspect of the present invention, the olefin containing gas stream
may comprise offgas, such as offgas from a refinery process. In an embodiment, such
offgas may gencrally contain not more than about 45 vol ethylene, in some
embodiments not more than about 35 vol% ethylene, in other embodiments not more

than about 25 vol% ethylene, in a sub-embodiment not more than about 20 vol%

I



hydr ogen, nethane, and nitrogen, as well as ethylene. Qther olefin streans
contai ning ethylene, such as coker gas, nay also be used in practicing the
present iwW0ent2wm23By usi ng offgas for the al kyl ati on ofCrasp@anaidsfas, such
as excess refinery isopentane, the overall volune of gasoline produced per
unit of crude is increased. in 10addition, the net anmount of fuel gas from
t he FCC de-ethani zer can be reduced, thus |owering the burden of fuel gas
processi Ng eaVicRIBRY in Mofublr L:DLMbBERRE dot Bh:d B RoBSBNIY, BMEREE OR 2hS t hat

t he expensive step of ethylene enrichnent of dilute olefin streanms (e.g.,
FCC of f gas) chlydiperiaopiel coraiaing gindced napropadsedeat ipnea Fhfesdnt

i nvention, Q'H;t%’viotsgﬁ g@é’hr ﬁ%tis Hl‘%lﬂ/ l}si: Aal EQQS{%@@Q}@E% %qj ﬂﬂéﬁ) @'i_eglase,gﬂcﬂfdg%nt ai ni ng
gas streanms and excess quantities of 1sopentane. Additionally, the present

i nvention ak$picatfovse thdsinget sopariiies. comveentbonalc. ekydraciion. fekd
components, F@E’qﬁit%ﬁg?&ggxgﬁm &;Eu%ﬂb’éuﬁﬁﬁmapﬁﬂ%@ 16, 306h s SRRPLRNE ¢k Qs PFOduce

hi gh quality gasoline I ng conponents. ese processes harness the high
activity andlydetmcticthiney siof nifragsicasivous dibgatal Yetoldinstlcosed sherei n, such
as al kyl substjtut ec ridini um and, i m dazol ium. ggthro | um nat es.

A kyl ati on procbb oS8 UG R AT BB o T e R B D Dot e e

di scl osed, for eRanphesifian foohmoliyticowhedpddSiiRPgtveritas Nogess/iebBty 707 to Harri s
et ad., the,di§§%o i i,ncor nce

di scl osure of which is incorporated, by reference hereininits
ont rety.  AcOBTEI v Wt e e PR P < TSR o
ol ef i n- ¢ONt aiidiiing theaki Nery stitaam ey the USedetasiar teadstOckd, fias
isoparaffin. al kyl ation, Exanples of such 25streans, include, wthout
i tati on, e TegaRion SREF e RS P IHIR at UL DEHIE ShPF facn
pol yol ef i n gas@tdsnethtiht oMepSve b irel Ranelrichocol ehiine untik sefhgasg, I n an
entbodinment, an olefin for use in processes of the present invention
conpri ses e?h&fﬁﬁ%ﬁT%Wé@ﬁ@%ﬁ?@ﬁﬁ“§ﬁﬁ#@e.of ethyl ene for conducting a
process accor di ngrobQsdshe iRHESeRtnI-AVANLIQNME: 3irfatL LA foR%: direm an FCC
unit. TyplcaILy, the ol efin containing offgas or gas streamfor use 30with
t he predent clchUEARBRRAYSEomE ardT ethiranEcH! ivepiert raditepdlystiBst antial |y

as descri bed heh 61.8aRAVG, oBHGDHOTIAASH RL B8 iRLECATE TR Ye-ALSQp&aRk A1 N
ol efins other than ethylene, such as propyl ene, butylenes and pentenes.

Anot her f eedstige kufon Pppplees sedensfaod hebpries erirodupy Bigh menity gasalivcef i nery
stream whi Chy.Gent Al NSk ROPRLAL L1DScsMRARI N 1iSPRENIANG: sRER RS Yorid F €ans
whi ch contain ’ ’
Hiquid catalysts disclosed herein, such as alkyl substituted pyridinium and imidazolium
20 chloroaluminates. Alkylation processes using chloroaluminate tonic liquid catalysts are
disclosed, for example, in commonly owned US Patent No. 7,531,707 to Haris ef al,, the
disclosure of which is incorporated by reference herein in its entirety.
According to an embodiment of the present invention, an olefin-containing
refinery strearm may be used as a feedstock for isoparaffin alkylation. Examples of such
25  streams include, without Himitation, FCC offgas, coker gas, olefin metathesis unit offgas,
polyolefin gasoline unit offgas, and methanol to olefin unit offgas. In an embodiment, an
olefin for use in processes of the present invention comprises ethylene. A convenient
source of ethylene for conducting a process according to the present invention is native
offgas from an FCC unit. Typically, the olefin containing offgas or gas stream for use
30 with the present invention may contain cthylene at concentrations substantially as
deseribed heremabove, Such offgas or gas streams may also contain olefins other than
cthylene, such as propylene, butylenes and pentenes.
Another feedstock for processes of the present invention is a refinery stream

which contains isoparaffins, notably 1sopentane. Refinery streams which contain
-4



i sopent ane and which may be used in processes of the present invention
include, but are not limted to, extracted isopentane froman FCC unit, a
hydr ocr ackOreg1unese23 C5 and C6 streans from crude unit dip€Tiusk@ttiognts4 and
extracted C5 and C6 streans froma refornmer. An isoparaffin-containing
stream for use with the present invention may al so contain 5ot her

i soparaffins such as isobutane. |sobutane may be obt ai ned, for exanple,
from hydr oci@gkig HDlLRH Qlay WRYsd8n PMEG&RASEhe present inveh @ ﬁdhdﬁe‘wm%& atal ysts
that may be useful in practicing the present invention may conprise, for
exanpl e, a EIIBPIGEI Rtz PORIEnT FqupdT ot eplridt dreorkias et &ls snafi de and an
organi ¢ hal ide.galt, ch'i’lﬁmn%@Ji aft@l | &&x%&»@@q anfd% béém&m o A3, The
preparation of 10 chloroalumnaté 1onic [iqu catal ysts i's described in
commonl y owdedstwaSHinpenehtinNg ca f496¢ 4l fh@l@k@rm‘rqmm piay disedngsur e of

whi ch i SS' n%@[ P%E&?ﬁ%b%“l{ %ﬂ%ﬁ&ﬁ? &ﬁfﬂn@ 1&3? h'e )ﬁiafﬁ s&'i’f &me le, from Exarrpl es
of ionic I|qU| cat a hat may be usef I'n pract|C|ng the present

i nvention i mdhwedmusem pr@@airﬁadﬂﬂra@m Al C13 and an organl c haI ide salt of
bropyl bt yl - peAry Ok R haog vl bR B R ety T 2y

met hyl , et hybmpgeofpy bxantplit y bhlopentytaionniéxyld praphed éom d?hetalrmihﬁ&dmiay or may

putyl - pent I8 CBRESY B AT R R ke iy Bt Py BB be ¢ ne

same. Angexehiploalyhit@niosic ligGidictatye@isaleysibed hajonmmayibevisg e § tatcal Kyl at i on of
i soparaffin Lth et ene_froma di.l .olefin coptaining streamis
eyt pyr i it RS aEn i G RS RO RIREC Py gend s&tlSE T

entirety.

Exaroples of 1onic hiquid catalysts that may be useful i practicing the present
mnvention include those prepared from AICHE and an organic halide salt of the general

15 formulas A, B, C, and D

Ry R
\ R »?‘//\ O | 4 X E \ X
@ Ne [ ® N Nl
N/ \2/ Y- RB/ \ Rs Rg/ \\Rg,
| X ‘ .
R
A 8 C i

wherein R = H, methyl, ethyl, propyl, butyl, pentyl or hexyl, X is halide, each of R, and
20 Ro=H, methyl, ethyl, propyl, butyl, pentyl or hexyl, wherein R and R, may or may not
be the same, cach of Rs, Ry, Rs and Rg = methyl, ethyl, propyl, butyl, pentyl or hexyl,
wherein Ra, Ry, Rs and Rg may or may not be the same. An exemplary tonic Hguid
catalyst that may be use for alkylation of isoparatting with ethylene from a dilute olefin

containing stream is 1-butylpyridinium heptachlorodialuminate, Formula L

25
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(1) Processes of the present invention nay be perfornmed with or

w thout a netal halide co-catal yst, such as NaCl, LiCl, KC, BeCl2, CaClz,
BaCh, Si GY@. 2005928, CuCl, _AgCl, and PbCh (see, for exa&gplusoiRoevsck and
Evering, Ind Eng. Chem Prod Res. Develop., Vol. 9, 77, 1970), as well as
G oup I VB netal halides (see, for exanple, U 'S, 5Patent No. 6,028,024 to
Hi rschauer et al.). FICL may al so be used as a co-catal yst. The use

of FICL as a co-patalysk ﬂwpmemmwtnydlawa ;Qki@hﬁ@@a%m SRk Aake 1onic
liquid for ethylene al Tlation with |so%entane is denonstrated in comonly

owned U.S. Patdsre-cNslys73uB2s Heg! LiHedi SePbskittd:: SrCnbich: MsClredrlpor at ed by

reference herei n,i Pud{ &oL0L! L8l Yk, AQLLKENBSLHILALL EON S(hl;g 201 £ 1 qui ds,
al kyl ation according fo the present invention i$ genera 'y bi phasic and

takes pl ace LaveletheY 4lnd. 87§ 606), pnwelhes Gioguilds nsteabaideshies. satcatynie.d) -8l kyl ati on
‘reactiopn ”@XteQ%\P%GBEQB%Q}Ez&ﬁwuefﬁ‘é;‘ijﬂ hydr ocar bon phase using a batch

system a sem -batch systemor a continuous system with one reaction
stage. ' The i sopHtafify péshe andaol efianis). Emhbefﬂﬁt&od@eeﬁdwmmbﬁhe

al kyl ati on zon her ,separately or,. opar, fflnlolefln
ol o 1t o ya g iE] 9 FRALAREYafufis BeRuibH: S TR LBPRRERIL A €
advant ageougtmonsnatbdhm aroamgmiyf asxmmiabmmemm ”*5405” %&dh@&m@mutemmmmange from

about 2 to a.5e }/ e isoparaffin is introduced first
then the ol éif“’ﬁ“}m&f w?ﬁ‘“%?fitfr%}%? ]i“é’ “63?‘" ffin and ol efin. Catalyst volume in
the readtor is typt @&Ediymunmtxhﬁmﬁ@lﬂgﬁisf:li@ﬁhtﬁb&%tm&ngmh%nt‘ﬁlxﬂﬁwmie% and
usual Iy from abou %o .20 or I rr| be used to
onsur e good RRTACE DB el T FERL RIS Sad TRATTBRIE. G Ud ot ar yot

The reacti okt RAPEfaitsh enaTRY pbifphald yiidhed hnirddadoh ange vlih@vabout -40C to
+150C, and usual |y from about -20C to +100C, The pressure can_ be in the
range from é?t‘ﬂ‘fﬁ%ﬁﬁé‘iﬂi E&““ﬁ‘r‘é%%ﬂr"édfv%“%‘ﬁ%‘i]’t“%@é@‘“ﬁijﬁ“ IS0 §d%‘y5|‘bal |y

sufficient %?@ﬁ;@@%mcﬁ@@%@m SerbdictdBid bWk G BBS8e RS EGenES & me of

reactants in the vessel may be in the range of a few seconds to hours, and
typi cal 'Y f pomivabgat Toe sonrtiealeBo mela ratphetyRisally gdbreratedd bydahe i eact i on

can be el i m;pat:gd By @MY RS KM 1R Bgy Qt'iotutzﬁml hﬁi&f@ﬁ% S rQMU et, the
hydr ocar bon phase nmay be separated fromthe fonic liquid g ase,
Lo}

hydr ocar bon&togeghantat teé%ip dicgtibhicatysen, tha rrdpamiin uﬁi@@ﬂ%ﬂéﬂ Hihsmibar af fin(s)
recycled to r a { J nclude a
cat al yst voloﬁ%h:?n n’?ﬁ@g rcgal?:alp aratt an-{%%%galgg%%%@% ¢ qg%clt fgﬁ %ﬁ“

t enper at ur e irothe f@gﬁfﬁaﬁm@b@ut%@@ottao”ﬂl‘@@‘@ argl pucébéu‘meﬁonmn dtroutt03000.kPa to

2500 kP%O aRy; n}é@?g‘ﬁ) P%Eg n vy uaty t‘o@ ugldem a&ugogﬁ)aﬁ!‘i u';rﬁlmt Ru‘%ié)ymlép@%%m a¥ cpa 1§ iongnd a

resi dence ti
hquid L.at.;'iy st,

The reaction temperature may typically be in the range from about
-40°C to +150°C, and usually from about -20°C to +106°C. The pressure can be in the
range from atmospheric pressure to about 8000 kPa, and is typically sufficient to keep
25  the reactants in the liquid phase. Residence time of reactants in the vessel may be in the
range of a few seconds to hours, and typically from about 0.5 min to 60 min. The heat
generated by the reaction can be eliminated by any means known in the art. Atthe
reactor outlet, the hydrocarbon phase may be separated from the ionic hiquid phase, the
hydrocarbons separated by distillation, and any unconverted isoparaffin{s) recycled to
30 the reactor.
Typical reaction conditions may mnclude a catalyst volume in the reactor of from
about 5 vol% to 50 vol%, a temperature of from about -10°C to 100°C, a pressure from
about 300 kPa to 2500 kPa, an isoparaffin to olefin molar ratio from about 2 to 8, and a

residence time from about 1 min to 1 hour.
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As a non-limting exanple, a catalyst systemor conposition for the

al kyl ation of isoparaffins using dilute olefin streans according to the

i nvent i orlvorzalz/o892pri se a chloroal um nate ionic |iquid PETABAMILO#7BON W t h
a HCl co-catalyst, The use of HCl as a co-catal yst nmay enhance the reaction
rate, e,g., by a factor of >6 under conparable 5conditions, wth conparable
product selectivity, A catalyst conposition of the invention may further
include an al kyl ADakid8mRIQIRERS e, AARERELSSmANdoySliRM S Qle fi@a@lnky! ation
of isoparaffins using ol efin-containing gas streans, according to an

enbodi ment SPPYRENprEsEHieg AYERtIcoRS &wugidsrtgﬁéﬁmm\éamﬁy negsPEBERtted in Figure
1. The ol ef ipscont Al 1@91;91%1%&%% LERIMIRY wSQMREd %% BralhX Uik &< ofr O0Rg or nore
olefins with one or nore ot conponents, such as one or nore non-
condensabl e cangihlgst nii@ﬁé‘ﬁlbﬁﬂ@@é‘ieﬁw%%%tae@ o) b\h@hﬂ@éﬁﬂén@aim @ngagbieas used

herei n 1 6f S68,difd AASEaH S IRIRIE wicHUER. B8R, O eyt fomrhem cal
or petrol eum processi ng, that ‘1S ROt rea ily ‘ondens y cooling at

t ypi cal refmnﬁﬁvﬂwodeﬂ¢@n@kﬂ@xhﬁnﬁ@@@@@ such gases include nitrogen,

met hane, hydr 0gen prc?‘*@:% aglal;i ps»?e%l %Ir %)gaﬂg/iation ot isopaI'ar%ﬁx%nasglrgt%s?eqﬁl%%ggainiéoh €

ol efi n-cont ai ni ng gas P eam nay conprise a et nery gas stteam “For

exanpl e, i nganstenbodiameiitg iotah@thﬁfﬁﬁﬂ-(ﬁd@tgﬂésﬂi&tﬁg\ ega'e;x mscmtmy corrpri se

of fgas froma refl uni ' cata .c cracking
(FOS uni ¢ e SR P B8 Dbl Bh e sh e ht Srtar A U ce r cam oy
conpri sép natomva m@t ofcdivg wihk fgas nﬁdr@ﬂﬁ*a&ﬂoﬁ@&ﬁmm fuch Ihamaemﬁm mmatl ve of f gas”
and "raw offg1 %}S‘. ed herein are 20, s % ﬁé may, .b ?

i nt er change&bt aq;m GNYRT S 8PPy ald™ (THEY THR OB ARG AT rf“fjﬁ“drhé’fcé‘?““t@aseous
material pradugeds ascdl Shideaahdiattd-duid Man aNenieN offiteicpatyrel-aium ref i ni ng or
chem cal processes. By " nggl ve offgas” is nmeant offgas derived froma
process, sué“’rf’“éé"aﬁd‘l%‘toﬁfi‘tf“’ ERtOPE R Ak PGy WHEF BT PREPEFP§HS  has not

been treat ed, QL iRHAEEBS LG, nhlno, hldto@nBANGMHOL QickAEI Ch the offgas in one or
nmore ol efi n"conmponents, 25l n an enbodi ment, the ol efin-containing gas

stream Ay cont al'riertpiasnat THETHHeRPRIEHRE SRR TEET BERI 2P
general | y- ¢onhaimy; Bk DL DARBROU AR 1V QG NV €08, Ly SO se

enbodi nents, such an ethyl ene-containing stream nay contain not nore than
about 35 vobfigasfem ryfiect vaaradibeutit, 38chas hoidiotaripiceraboet F00) wot %s or not

more than aboyt 1%l IhEL KL 08 ol il BIRALLTBAL o bR QLA b gent ai ni ng

gas stream 30may coftaln one of nore non-condensa ases, such
net hane, hydffegdmm or Fii xoitr Bs: tthver gofve ofigadnod hfew \Eﬁ;bi()dib rtrethhci @crhee

ol efin- Egnt %&El@fﬁ%g%%%d%ld&t%ad% gei%w% ?‘%%b?og? E’Q}gn r&?‘i’ gs ’In[x]%rb uga{ﬁeim% uch as

ni t rogen. contain at
| east about 153108 tvghs%msm?msmﬂmroémcb(adu snémﬁmaﬁu;lrgam oaﬂnomtpcﬁ;ﬁamlc%mrgf one or

ore gases ¢or cgnlzcsaﬁ px%m@!:(;[ﬂr %genﬂamw oikilg__,aseis AR o@éa@[ 8958 53 argr%(gg gsr; seuscht her eof .
as fluidic catalytic cracking, wherein the offgas has not been treated or processed, e.g., in
a marmer to corich the offgas in one or more olefin components,

25 In an embodiment, the olefin-containing gas stream may contain ethylene. The
olefin-containing gas stream will generally contain not more than about 45 voi%
cthylene. In some embodiments, such an ethylene-containing stream may contain not
more than about 358 vol%, not more than about 25 vol%, not more about 20 vol%, or not
more than about 15 vol% ethylene. In an embodiment, the olefin-containing gas stream

30 may contain one or more non-condensable gases, such as methane, hydrogen, or
mixtures thereof. In another embodiment, the oletin-containing gas stream may contain
one or more inert gases, such as nitrogen. In an embodiment, the olefin-containing gas
stream may contain at least about 58 voi%, in some embodiments at least about 53 vol%,

of one or more gases comprising nitrogen, methane, and hydrogen, or mixtures thereof.
-7 -



Wth further reference to Figure 1, the i.-Aefin-containing gas stream or
of fgas, such as native offgas froman FCC unit, may be fed to an al kylation
zone (reawoan)2oodegsordi ng to one aspect of the present PAYAISRII0M4078he

ol efi n-cont ai ni ng gas stream contai ns ethyl ene, and the ethyl ene-contai ni ng
gas may be fed or injected directly into a 5catal yst conmposition in the
reactor, wherein the catal yst conposition nay conprise a chloroal um nate

ionic |iquid cat@liySther reference 886RQNUihe k@RALALRIR 51 LeaMJrsrddsso fed. to
the reactor (alkylation zone). The olefin streanlanéjt he |soparaff|n stream

may be intr serlice us6pAEa &1y 25 Rt Uphetpdndedio, gtk yidien sprioactand

i sopar af fin gt HGERAMTEE & ?mmfms 1@@%%{,&;&;0& cem feit. cdn@éﬁﬁdgﬁkhg&i' nto the
l0reactor. In the'rc.a.c the olefin and isopara.ffin streans may be

cont act ed i foittes @h‘é@@n@@ tmdbﬁ@nq otiagning @@ﬁ@y@aﬁ@l of StieqRfidrectsl ikid at i on
condi ti 0gs 1.9,pLQ¥k ‘?m?d?; Akl atg Me 9}5% V&JP‘% co %94?@6&%& ﬁ@%@?m nmay

conprise, for éxanple, |sopentane, ut'ane, xtures théreo
Typi cal ly, &hop%hmamé~msm$bwddambbw avallable |n nmodern refineries from

various upgradi NQ RIOG pgxsaffm glijrggm?ss 3,1<0 igd go tg? w%tgx %%%%8 2 zao%{é n%%e

hydrocra. cki ng, an ara

i soparaffi nu&ttmemmmmd ﬂnfexséfwgedxmmsttelam mz@d@tmﬁrodﬁm@rmmdelsnmb Iﬂ&twc@:mrziﬂne or
unit. t 0..an pre

o e § n- cont AE L Peatr RS At Fot R RS Bl bRV SR velfry to che
al kyl at 1ion zgnﬁ;|mthh&a@me&enmen@ﬁdaamm@ﬁngmhh@mmgbeamakyaﬁmiWMere t he

of fgas may be cont act %#ln und t,ZOaIk%latlo condi tions
in the pres8fee ot Fnémfc hﬁ“tdﬂaf’i&‘& é%ﬁ YL CBHPYEIT PR 67 pravitde an

al kyl ate pr geuct: Whi Rogdtarah efdam ;ﬁ@snmrﬁas@rio@fmapielﬁaﬁﬁza@@@umﬁa&%r Under the
al kylation conditions within the reactor, the isoparaffin

i sopent ane) "HEyTehEeEPky DRFGHY PR RS éwfimy(w@idgiﬁ in é‘t’ﬁy“l‘é‘r{é’)?“‘t"o form an

al kyl at e pr duct.istt Jakligodscgasokidias bl endiang, £ QrRRNE Ny AkKiRE adyci ng
hi gh oct ane, Iom1vo|at|I|t%% 25cl ean- burnlngﬁ%asollne Aﬁkylatlon
&

processeéd oPFHE FNREEHON ANt TIOR Y heserphassieaTry belfkyiodie product

toget her w th unieactedishsparalfins, may be found in the |l ess dense
hydr ocar bon phase. The nore dense i onic liquid phase (catal yst) may be

separ at ed from theconfitl Bearbisat ghasmosent iavaeparavicgn-ceuneingcaral yst,
separator, Ehc%'é ﬁati]')e oifg&? m%? B@Eeﬁtdﬁgaiy to the alkylation zone in the presence of an

ionic lguid catalyst, where the offgas may be contacted with an isoparaffin under
20 alkylation conditions in the presence of the jonic hiquid catalyst composition to provide
an alkvlate product with an olefin conversion of at least about 65%.

Under the alkylation conditions within the reactor, the isoparaffin {e.g.,
isopentane) may be alkylated with the olefin {e.g., ethylene) to form an alkylate product
suitable as gasoline blending components for producing high octane, low volatility,

25  clean-burning gasoline.

Alkylation processes of the present invention may be biphasic. The alkylate
product, together with unreacted isoparaffins, may be found in the less dense
hydrocarbon phase. The more dense ionic liquid phase {catalyst) may be separated from
the hydrocarbon phase in a separation zone (catalyst separator, Figure 1). The separated

30 ionic liquid catalyst may be recycled back to the alkylation zone. A portion of the
separated catalyst, which may be partially spent or deactivated, may be fed to a
regeneration zone {(catalyst regeneration unit, Figure 1} to provide reactivated catalyst,

and at least a portion of the reactivated catalyst may be fed to the alkylation zone.
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30ionic liquid catal yst may be recycled back to the al kyl ati on zone. A
portion of the separated catal yst, which may be partially spent or

deacti vatwo2reaps2e fed to a regenerati on zone (catal ysPCrageoaoai7son unit,
Figure 1) to provide reactivated catal yst, and at |east a portion of the
reactivated catal yst may be fed to the al kyl ati on zone. The al kyl ate
product and unreacted isoparaffin(s) nay be recovered separately fromthe

hydrocar bon phaseggdyi ?d&amob{@ah@nuemq i$R8ra bR ) Blay WRYecBErELQYSLEE tO the
i soparaffin stream | at e Fro uct may be treated as appropriate to

renmove any fiogcEe Ryfsererone %%»Amyw Fﬁﬁﬁ*@ﬁ%&ﬁ@éi§%bﬁiﬁ§‘ﬁﬁ%mﬁ hctor, e.g,
carried by ineflgag .t ese! ﬁbﬁh@m%&%¢9b§%lHc&&ﬂk%b&bﬂﬂﬁ&éﬁx%%i@%ﬁl may be
recovered, for exanple, by condensation; and then recycled to the reactor.
Accor di ng t@fa@mewagq@@ct&n@ﬁl bitekan pR/RKHINEGRY, reamtorol. Bf ¢ iMrhgasgrages stream
e.g,, of gga% th%gf&“ﬁ" &t&gmg ta.s MRLS itlg&a@e ;@P-Rg}ed‘l}%; é’)Qi ‘}eehhé’ln%&ﬁm& 91 -?' rectly
into an fonic iquid catalyst can be considered ato |sopara%

al kyl ati on ﬁuarabtbékgb@pdbmocess 10W t hout belng bound by theory, a two
step alkylation Vi n h o3 ows. In a
first step, an af c%?&l {E)Oél(: atpcct e 1{1%%{1011 10”?%1&83)1931%% l% ;rtrbgm dzb ns an

i onic Iiquidﬁgbaamﬁ&nMymnmnwbw@mﬁnma@i1M@mﬁm@mwlmyﬁe&ﬁymﬂmmamnuﬁgu@as wth
the ionic liquid catal yst, the alkyl halide being readily soluble in the
oni 11 qut ddrtar et torSired s bantRoe afo PR S R e BFBtict rmy be
provi deddby "v‘ﬁidﬁhﬁﬁﬁ:ﬁﬂgﬁ@uﬁm‘ﬁy hedy Ca twioGttipa ighaise resofidutitranving ctllky mhal i de with

an |soparaff|n | at.i on condjtions. Wt ect to the second step
o SR Al et Bl I aEl o e onch L oD% i Lol STBRES Dol fatPRod Phe?

chl or oal um aai®@id QNI Haicdigiss: bﬁb&lﬂkuﬁﬂ;’ﬂh@bih@i@né @(&lﬁiiﬁmwzzishmﬂﬂiﬂéﬁmlco form
tetrachloroaltlnlnate Al Cl4-) and dr|d$ shift fromthe

th
i soparaffin *@%ﬂ%ﬂémta%%ﬂhdﬁi%ﬁzméafﬁ@ f\{«t%a‘ ?hé“&‘éﬁ%?‘a%}df BEHYAL 42411 dn | eads

to the tertiabys a9 e&v\mﬁpbo&@bﬁwg@émt@a oht@é% 1!45thé)1|8n1@th&1ﬂ%hé§0par affin
in the reaction and, hence, the al'kylation pathway is ag parent fromthe

f or egoi Ag tﬁ%lvmp@r%@&sé@ldae«@érﬁaibﬁgﬁfﬁf@nwn@ﬂ@ ahEAt cqn#ii@ﬁ%u‘éﬁ &b & t he

producti on @fe Makh Qs sBiahMRALHEHIAS QhLNEH B ERALN G0, CRRRAREDESIBY, USI NG
conveni ently and abundantly avai | abl e feedstocks, e, g,, i sopentane and FCC

uni t of f gas acigGwhiclelvavoitdiony laxidersiw et em&iwpfé«ﬁefﬂﬁeﬁéramufmﬂ enri chnent of
such of f gas (as.p&l, £1Q£1ﬂ%€i (ATCIRY LQF ot A?Ji ?z%oﬁ%ﬁﬁ@sﬁa QSm%bqrngaﬁiﬁﬂjs' ng an

et hyl ene extractlon uni ation reactions 1 n accordance with
t he present(bmmemna@nﬂmayﬂ@ev&@@ﬁmnmebﬁhﬁcameﬁgﬂsMD&ekamkyLamnaﬁmiones

using tﬁ@ Sgno%ygdtbsqb 1(9 &Q of. t?p gg{d}ai?xﬂiﬂh%%&?ﬂ%’%&é hb{%rghhgﬁﬁgﬁiu%l the

i nvention i I sopentane wth

30et hyl ene, pﬁbﬂaexanple accordlng to one enbodlnent of the pr esent

invention, | SObu}t is 3,ppara nt from the foregoing that proce according to the present invention

enable the production of various high value gasoline blending components by using

conventently and abundantly available foedstocks, ¢.g., isopentanc and FCC unit offgas,

25  while avoiding expensive ethylene separation/enrichment of such offgas as performed in
prior art processes (for example, using an cthylene extraction unit).

Alkylation reactions in accordance with the present invention may be conducted
in one or maore alkylation zones using the same or different ionic hiquid catalysts.
Furthermore, the invention is by no means limited to the alkylation of isopentane with

30 ethylene. For example, according to one embodiment of the present tnvention, isobutane
may be alkylated with ethylene to produce a high-octane Cg gasoline blending
component. Also, the olefin-containing stream may contain propylene, butylencs, and/or

pentenes, which may be used for the alkylation of tsoparatfing inchuding isobutane,
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may be al kylated with ethylene to produce a high-octane C6 gasoline

bl endi ng conponent. Al so, the ol efin-containing stream nmay contain

pr opyl enayolzotydosdres, and/ or pentenes, which may be use®CTars2athe4@Bkyl ati on
of isoparaffins including isobutane, isopentane or their mxtures. QO her
variations of the instant invention may be apparent to the skilled artisan.
EXAMPLES 5 The followi ng exanples are illustrative of the present
invention, Budbed® oPkirnDl@RICiH:Pvdrialbids AR thde I EQNaink 3R ¥MRM: Reyond
what is contained in the clains which foll ow, 10Exanple | Preparation of

1- but yl pvr i dieritiiss Béiptrachl or odi al uminate ionic |iquid catalyst

| - butyl pyridi ni um heptachl orodi alum nate is a roomtenperature ionic liquid
prepared. by m xing neat 1-butylpyridiniumchloride (a solid.) with neat
solid alumnumtrichloride in an i nggMitldgsphere. 1-butyl pyridini um
chloridegand the correspondi ng 1- butyl pyridi ni um heptachi orodi al um nate
were synthesized as follows. In a 2-1. Teflon-lined autoclave, 400 gm (5, 05
mol ) of anhydr oushgpipHddingex :99::986 PusteivAbthe plajenweratinhXetdawinth 650 gm (7
nol .) of 1-¢hl or WLane.(99.5%pure, Aldrich). The. neat. m xture was seal ed
and stirred%gf%fg%éﬁégﬁgﬁgé%?%ﬁéﬁﬁ%ﬂarggsﬁégﬁ%§§fﬁ%§ﬁgﬁltffé%3%%%W?ng and
20venti ng t ldicaut ocl ave, the reaction m xture was diluted and dissolved in
chloroformand transferred to a 3-1, round bottom flask. Concentration of
the reaction m xture at reduced pressure on a rotary evaporator (in a hot
wat er bagh) to renove excess chl ori desantyids eacted pyridine, and the

chl orof orm sol vgnt gave a tan solid product. Purjfication.of th product
was done by di sS6F B 9 4 busiiavisdiniuin Senfachioredialyinaig donis ‘ 5¥ eci pi tating
25t he pure product through cooling and addition of diethyl ether. Filtering
and dryi ng under vacuum and heat on a rotary evaporator gave 750 gm (88%

yi el d) of the desPreWYprstuticrastamIBhrainHs e et rsyg ionriavghd 13C- NWR
were consi steptredbt Ritihendesbi@thydaRihyohidRWid 40l Wi &b dfuin@Ad noO
inmpurities were observed.. 1-butyl pyridinium heptachl ondi al um nate was

pr epar ed® by t&hEy indndpagataepbigre3 0 1ubieyyidsy T dilandmnd coiora@cadiae anhydr ous
al umi num trichl oriide.(ALGLAb ARSI dLA i g Lokl QWNY Rrocedung, The
1-butyl pyridi niam chl ori de was dried undef vacuum at 80C for 48 hours to
renove resi doal avggiae, 082Uty pyadd af anhudroeitodiod €249 L0 yigr dElciopieerand
readily absqrbs . LS rdoiafl foh-seFlve hyndr e grans. (2,91 nol . )
of the drie ‘g%uﬁg%ggﬁﬁgﬁﬁ?ﬁéggﬁF%@F%gmaﬁiﬁ‘%r%%?fgggg% ?%ggggﬁf eaker in
a nitrogen atsespdenéstirred at 125°C under autogenic pressure overnight. After cooling and

- ey
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20 wventing the autoclave, the reaction mixture was diluted and dissolved in chlorotorm and
transterred to a 3-L round bottom tlask. Concentration of the reaction mixture at reduced
pressure on a rotary evaporator {in a hot water bath) to remove excess chloride,
untreacted pyridine, and the chloroform solvent gave a tan solid produet. Purification of
the product was done by dissolving the obtained solids in hot acetone and precipitating

25  the pure product through cooling and addition of dicthy! ether. Filtering and drving
under vacuum and heat on a rotary evaporator gave 750 gm (88% yield} of the desired
product as an off-white shiny solid. 'H- and "C-NMR were consistent with the desired
I-butylpyridinium chloride, and no impuritics were observed.

{-butylpyridinium heptachlorodialuminate was prepared by slowly mixing dried

30 i-butylpyridinium chloride and anhydrous atuminum trichloride {AICh) according to the
following procedure. The I-butylpyridintum chloride was dried under vacuurs at §0°C
for 48 hours to remove residual water (1 -butylpyridinium chloride is hygroscopic and
readily absorbs water upon exposure o air). Five hundred grams (2.91 mol.) of the dried

I-butylpyridinium chloride were transforred to a 2-L beaker in a nitrogen atmosphere in
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-10- a glove box. Then, 777.4 gm (5.83 nol.) of anhydrous powdered Al Ch
(99.99% Aldrich) were added in small portions (while stirring) to contro
t he t enpeweator#osf23t he hi ghly exotherm c reaction. OncePalliuseéig/oA7€L3 was
added, the resulting anber liquid was left to gently stir for an
additional 1 hour. The liquid was then filtered to renove 5any undi ssol ved
A1C13. The resulting acidic 1-butyl pyridinium heptachl orodialum nate may be
used as a catalystcfolnthe. 43411|$§'§ &t hon o@ﬁnﬂyﬁf?ﬂ@-{@x&e‘ré@ﬁw itbo.obef i ns

i ncludi ng. ethyl ene. Exanp 2 10Direct al'’kylation of isoparaffin with

et hyl ene i n4ddtli} atfec}%ﬁflga@d Uportions Anbilsopdtin ghergehitaleairagurneubt ri al
'SOparaff'nb%h%&%ﬁﬁu@ﬁ@ﬂ%@hﬂ'”%a@@t%@bﬂ@!%ngﬂkéﬂﬁnx%ﬂ%gl%%ﬂﬂQﬁﬂﬁane 4
vol % C6- F an %}vvasa | at ed a sinulated FCC offi zas

cont ai ni ng 2&s bl eethyliewesamdlitions vol Moty dibe fewd ¢rsisn itigsétchyitere and 21

wt % hydr ggen),, 0

stirred- ?anQﬁ}%%%$g$§§&ké ”g%%%wgﬁgﬁﬁﬁﬂqq§®%ﬁ§1§9a préggg%%ﬂggﬂgﬁﬁ PSTG

| oni ¢ | i qui chagét abeyist a Citalyldtnyihpsiky!dioi admohaptias efihoictds mkudinpat e, Exanpl e
1) was |njeq&eg at a rate of about 200 g/ hr, and HCl co-catal yst was
injected at "a’ ‘Fate ranging fromO0.4 to 1.1 g/hr, The isoparaftin feed rate
was 75 g/ hr and the offgas (olefin) feed rate was 2.2 g/hr, 20
corresponding to an 1/0O (isoparaffin/ oIefl ) nmolar ratio of 14 (with the
exception of the data point for the ?é?lh?HCl nol ar ratio of 6,75 (Figure
2) for which the ol pirbgiafkeRdot atigpamsiii Wik eaged: i n8liBeddthras correspondi ng
to an 1/0 nolar ratio of 3.7). The et hyl ene conversion for the

sinmul ated offgas was in the range from about 67%to about 85% dependi ng on

the HO flow rat ea ot lcoh@hiniBhaku kbbb afiamithk bshhaliedsc2aiin Figure 2.
(For conparative pur poses, the ethyl ene conversion in the absence of

hydr ogen ma§m3§§@6d%ﬂéﬁﬂk?%$War'E%ﬁ&w WB%%“)”?Hé“ﬁPéﬁﬁ@Fddﬁﬁ§|sted of

predom nant ki du il MEUEBeRfofdm&R123 8l Kagﬁ%m MU BIoThNRh 07 EoaPRNeNt
mostly derived fromthe |soparaff|n feed. The Cl10 conte % of the al kylate

was | esd3t hatysnogudngmerolgsleeaph dihe sistiony ssietipieddne [Phpbrtiarruar e

possi bl e 'nwéﬁéﬂhméﬂﬂ&ﬁﬁu§9£ﬁﬁﬁ@h@9§ﬂﬁ@@né9 R NG 8%aTP| Baicdgsqr | bed
herein. It is therefore understood that wthin the scope of the follow ng

clains, thecitpyent 1%?@:&%9%@1 prachivoduhotingr. dixgepHawaasicsisé el 4 fatalfl y
described or bk %Epé, h , EX?QH{‘?&: %a@aiygt was injected at a rate ranging from 0.4 to 1.1 g/hr.

The isoparaffin feed rate was 75 g/hr and the offgas (olefin} feed rate was 2.2 g/hr,

20 corresponding to an VO (isoparaftin/olefin} molar ratio of 14 (with the exception of the
data point for the olefin/HCI molar vatio of 6.75 (Figure 2) for which the olefin feed rate
was increased to 8.6 g/hr, corresponding to an /O molar ratio of 3.7,
The ethylene conversion for the simulated offgas was in the range from about
67% to about 85% depending on the HCI flow rate (olefin/HC! moolar ratio), as illustrated
25 i Figure 2. (For comparative purposes, the ethylene conversion in the absence of
hydrogen was >95% under similar conditions.} The product consisted of predominantly
a mixture of C7-Cy isoalkanes, with a minor Cyg component mostly derived from the
isoparaffin feed. The Cyye content of the alkylate was less than 5 %.
Numerous variations on the present invention are possible in light of the
30 teachings and supporting examples described herein. 1t is therefore understood that
within the scope of the following claims, the invention may be practiced otherwise than

as specifically described or exemplified herein.
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VWHAT IS CLAIMED | S: al kyl ati on process conprising: contacting in
an al kyl ati on zone under al kyl ation conditions an ol efin containing gas

st r eam combanryeeg2aot nore t han about 45 -vol % ol ef i ns WCThISa0tiogwpar af fi n
in the presence of an ionic liquid catal yst conmposition to provide an

al kyl ate product. 2. The process according to claim1l, wherein the gas
stream contai ns not nore than about 35 vol % ethylene and the isoparaffinis
sel ected framiines gf aupreoRsi sting of isopentane, isobutane, and m xtures

t hereof. 3: The process according to claiml, wherein the gas stream
contains not nore than about 25 vol % et hyl ene and hydrogen gas. 4. The
process accqrdi ng,t@yG h&%ﬁb&ms&@ﬁ&ﬁh@ &ﬁ&ugﬁsm%ka%?ﬁh&@ﬂ%@bﬂ&ant more than
about 20 vol % et hyl ene and at | east one non-condensabl e gas. 5: The process
accor di ng t elkglatipmeanditighetretipiin ¢vatagare & slem Comprises neat weatebfdas from a
fluid catal yfjhe [ claiml,
wher ei n the¥%%%O%ﬂ$§§E?%H%gg§%%y%€&ﬁgg%?“% gﬁﬁﬁloﬁ®§1gﬁﬁﬂEg%ﬂQ&%g% selected
from t he gr dupocdnsi gkylmgpokiuei t rogen, nethane, hydrogen, and mi xtures
thereof 7. The process according to claiml, wherein the catalyst
conposition conprises a chloroalumnate ionic liquid prepared from Al C13
and an orgafi ¢ h@hd gecesatdcogelcectionh 1, r\ﬂmdirhéegampdm@mﬁhim inngmé thgal t s of

t he general for hyl ,

b opat . but 1 BEKTH o ey R e et P e b et e o8 1Y ety
et hyl, propy%pubaﬁy$dmp@almﬁnﬁﬂuﬁe&&kpfmhere|n Rl and R2 may or may not be
the sanme, each of R3, R4, R5 and R6 = nethyl, ethyl, propyl, butyl, pentyl
or hexyl, wherein R3, R4, R5 and R6 nay or may not be the sane. 8. The
process accar di ngud @oskaidddingwherel N dheicat abystaconnest tdotrconpri ses 1-

but yl pyri di nj um_he tachlorodlal i m nate,
yipy about 25 wE) 156 ethylene and hv&r%m Zas,

4. The process according to claim 1, wherein the gas stream contains not more than

about 20 vol% ethylene and at least one non-condensable gas.

3. The process according to claim 1, wherein the gas stream comprises native offgas

from a fluid catalytic cracking (FCC} unit.

6. The process according to claim {, wherein the gas siream contans at east about
50 vol% ot a gas selected from the group consisting of nitrogen, methane, hydrogen, and

mixtures thereof.

7. The process according to claim 1, wherein the catalyst composition comprises a
chloroaluminate ionic liquid prepared from AICh and an organic halide salt selected

from the group consisting of salts of the general formulas A, B, C, and I

Re R
| o R SR " x ox
@ @ N ® N ‘
== S : 5 Ry AR
T X X H ¥Ry
R
A B C B
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9, An al kyl ati on process conprising: contacting in an al kylation zone under
al kyl ati on conditions an ethyl ene contai ning gas stream contai ning not nore
t han abowoO4B1vwF8et hyl ene with an isoparaffin in the pceasnea/oai7sa

catal yst conposition to provide an ethylene conversion of at |east about
65% 10. The process according to claim9, wherein the catal yst conposition
conprises a chloroalumnate ionic liquid catalyst. 11, The process according

to claim9, wheretnr g h@a}gf@sﬁ;@! @xﬁ?m @Qi”p%biﬁﬁ%rﬂaﬁ)l e isahfigasahem gd | ui d
catal ytic cracking (FCC) unit. process according to claim?9,

wher ei n t he FgasHsteiednst ﬁﬁﬁﬁwé@%wﬂdé@s@eﬂ YR & ybRf gasor mhthe gas
stream cont gj 0% SRAL Ao & s hanrabout, 3240 2e.8t ;B}x%ﬁ%m dedry The P ocess

according to claim'9, wherein the gas stréam contains not nore than about
25 vol % et hyiltesye Rs, R4 R: ThéRpreg esvaned b icngneo claim 9, wherein the gas
stream contai ns not nore than about 20 vol % et hyl ene at | east about 55
v-o0l % of a gas selected fromthe group consisting of nitrogen, nethane,
hydrogen, afd m Xtupresst ierdoR.to UiAh vdickyl &t cgnyprovessiconppiisisng:

feedi ng an NaGont al offgas into an al kylation zone in the
presence of? Ipmd mﬂi}%apm{}gmgﬁﬁ & & conposi tion, wherein the offgas

contains not nore than about 45 voI % ol ef i ns; and contacting an isoparaffin
W|ththe|0|cllgh\idcata n,zone under
8ne

re e e UL L LAhSERt SLISt (S9URASI Lyenn, ey sl il atLon,gone under
65% - 13 - aH{V‘@h&0&%@1@5&9&3@&@88&&131&1@%@&7 8é: 1mk6mi]hﬁxg[3ﬁ;ﬂﬁ;6&31ﬁ;@@01ﬁtdl ng to
cl aim 15, V\Qgrel n Egas COTTE%{I se}? unpro$§ssed of f froma f ui d
catal ytic craé%il/hﬁl‘( ?TEC)“ T FoPagafiy Sy Reit dicAP Ry N }Poﬁ%‘?“emtp “about 25
vol % et hyl eagemhiibaclhRviEiOE 858 I@6GOEEIAAY. t 0 claim 15, wherein the ofigas
contains not nore than

10.  The process according to claim 9, wherein the catalyst compaosition comprises a

chlorcaluminate ionic liquid catalyst.

i1 The process according to claim 9, wherein the gas stream comprises native offgas

from a fluid catalytic cracking (FCC) unit.

12, The process according to claim 9, wherein the gas stream comprises unprocessed

refinery offgas, and the gas stream contains not more than about 35 vol% cthylene.

13 The process according to claim 9, wherein the gas stream contains not more than

about 25 vol% ethylene.

4. The process according to claim 9, wherein the gas stream contains not more than
about 20 vol% cthylene at least about 55 vol%6 of a gas selected from the group

consisting of nitrogen, methane, hydrogen, and mixtures thereof,

i5.  Anpalkylation process comprising: feeding an olefin containing native offgas into
an alkylation zone in the presence of an ionic bguid catalyst composition, wherein the
offgas contains not more than about 45 vol% olefins; and contacting an isoparaffin with
the ionic liquid catalyst composition in the alkylation zone under allylation conditions to

provide an olefin conversion of at least about 65%
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about 20 vol % et hyl ene and at | east about 55 vol'N) of a gas selected from
the group consisting of nitrogen, nethane, hydrogen, and m xtures thereof.
18, The prwoesw/@swdr di ng to claim 15, wherein the ionicPCrgisea1o#i7ad yst
conprises a chloroalum nate ionic |iquid prepared from A103 and an organic
hal i de salt selected fromthe group consisting of salts of the general
formulas A, B, C, and D wherein R = H, nethyl, ethyl, propyl, butyl,
pentyl or hexyl, X is halide, each of Rl and R 2 = H, nethyl, ethyl,
propyl, butyl, pentyl or hexyl, wherein Rl and R2 may or may not be the
sane, each of- RslhqRpocoRBroandiRae saibt hyihercit thy pifeas coppiises ubipstrsedpe. ntyl or
hexyl, wher %F@ds%m Bﬁde?E?t 1@@9 CIBQGH@% QN R Mh n@frt B gorﬁﬂ%n ? ABrord Tzl NE process
accor di ng to ¢laim 15, wherein the isoparaffin |s sel ected fromthe group
consi sting @iﬁi‘m%bp@?ﬁtﬁhﬁéxﬂ i sobut ane, and mi xtures thereof. 20.The process
according to claim15, wherein the feeding step conprises contacting the
offgas with the ionic liquid catalyst to provide an ionic |iquid phase
sol uti on of {an eﬁ"}rsymtv*msamudémga@didm& e&ihnict’rﬁéa cﬁgit‘»aemthingn@tmmc denpri ses
contacting d 1.kyl.ati on | ns.d [ uj se solution of
cthyl hal it b R R A SO s S RS i

consisting of nitrogen, methmv_ hyvdrogen, and mixtures ﬂlereot

18, The process according to claim 15, wherein the ionic Haquid catalyst comprises a
chlorcaluminate ionic liquid prepared from AICkL and an organic halide salt sefected

from the group consisting of salts of the general formulas A, B, C, and I

Ry Ra
} o %wammfﬂq e tox
B N F:) N <
® y ® ,’ ~
N Ry \ Rs Ry \"Rs
R
A B ¢ B

wherein R = H, methyl, ethyl, propyl, butyl, pentyl or hexyl, X is halide, cach of R, and
R 2= H, methyl, ethyl, propvl, butyl, penty! or hexyl, wherein Ry and Ry may or may not
be the same, cach of R, Ry, Rs and R = methyl, ethyl, propyl, butyl, pentyl or hexvl,

wherein K;, Ry, Rs and R may or may not be the same.

19 The process according to claim 15, wherein the isoparaffin is sclected from the

group consisting of isopentane, isobutane, and mixtures thereof.

20. The process according to claim 15, wherein the feeding step comprises
contacting the offgas with the 1onic Hquid catalyst to provide an ionic hiquid phase
solution of an ethyl halide; and wherein the contacting step comprises contacting under
alkylation conditions the ionic liquid phase solution of ethyl halide with the isoparaftin

to provide an alkylate product.
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