WD 2006/ 094009 PCT/ US2006/ 007171 1 LI QU D PHASE AROVATI CS ALKYLATI ON
PROCESS FI ELD OF THE | NVENTI ON [ 0001] This invention relates to a process
for the production of gasoline boiling range notor fuel b(é ih; reaction of
light ol ef VA2MEMA®ar onatic  hydrocarbons in the Iigbfd"BR%Ecross
REFERENCE TO RELATED APPLI CATI ONS [ 0002]y This application clainms priority
fromU S. Application Serial No. 60/656,946, filed 28 February 2005,
entitled "Liquid Phase Aromatics Al kylation Process. [0003] This

appl i cat i onLIGUIEPHASHE AROMA DEISIADK YAANTODEPROCESSeri al Nos. , and , of
even date, claimng priority, respectively from Applications Serial Nos.
60/ 656, 954, 60/ 656, 955, 60/ 656,945 and 60/ 656,947, all filed 28 February
2005 and e F N “Gasoline Production By defin

Pol ynmeri zation", "Process for Making H gh Cctane Gasoline with Reduced

Benzene Co ", aavapor Phas romatics Al kylation, Process"” and "O efins

Upgr adi ng ss". e d a t or further
i g AP0 s THERR bR Seleles iR PGy, 5F. 6 RSP b, Psrieon

details of Bdikng GRicekbtor IfREICHY athe dreRERGE BT colehfd IR Qomstict hey are

referred to in this application. BACKGROUND THE 1 NVENTI ON [ 0004] In

recent yearkydreqathong ihiadignidnbage. and regul ations the have limited the
anount of benzene which is permssible in petroleumnotor fuels. These
regul ati ons have produced substantial changes in refinery operation. To

conply WO 20R658 REFHERINTE WePRECAGEDLAPPL CAYIONG hese regul ations, sone

refineries have excluded C6 conpounds from reforner feed so as to avoid the
production of benzene directly. An alternative approach is to renove the

b enfene f ro[Hb&Zh]e r’ﬂIié) ra%&ﬁ%ﬂtcefiin{stpﬂio%it; Ak cbgy Application Serial No.
( 60/656,946, filed 28 February 2005, entitled “Liquid Phase Aromatics
- Alkylation Process.

[0003]  This application is related to co-pending applications Serial Nos.
. , and , of even date, claiming priority,
respectively from Applications Serial Nos. 60/656,954, 60/656,955, 60/656,945
and 60/656,947, all filed 28 February 2005 and entitled respectively, “Gasoline
Production By Olefin Polymerization”, “Process for Making High Octane
Gasoline with Reduced Benzene Content”, “Vapor Phase Aroﬁmtics Alkylation
Process” and “Olefins Upgrading Process”.

C Reference is made to the above applications for further details of the combined,

integrated process described below as they are referred to in this application.

BACKGROUND OF THE INVENTION

[0004] In recent years, environmental laws and regulations the have limited
the amount of benzene which is permissible in petroleum motor fuels. These

regulations have produced substantial changes in refinery operation. To comply



means of an aromatics extraction process such as the Sullfol ane Process or
UDEX Process. Well-integrated refineries wiwth aromatics extraction units
associated with petrochem cal plants usually have the ability to acconmopdate
t he benzene IW&’B‘&@?@% by diverting ex{ract ed benzene F%T’B%i(“ﬂ%‘b’h@m cal s
uses but it is nore difficult to neet the benzene specification for
refineries without the petrochem cal capability. While sale of the
extracted benzene as product to petrochem cals purchasers is often an
option, it haswithethedes pshufiions)Csonle kéiferies hBve ex@hdddoCpr@eietnd wha Wil | add
nmore value to it and, in some cases, transportation nmay present its own

di fficulties irefereriford saiastotauoid theproduetipnadf henzephditectly. Ah allemetives a

hazardous material. . .[:0005] The repoval qof benzene is, however, acconmpani ed
by a decrease %ﬂrP%aﬁPolﬁagt 5'8?%#%6_ E%gf?‘? o0} HESOHERY n%élﬁérf 1%#“5?_8;%@ e ring
aromatics nmakem@ansPef bk iaYEmAHVt xitraslidrO ProcessPiuel Ut the Bullf§laneCPfdcadsNorPr OCcesses
have been proposed for converting the benzene in aromati cs-containing

refinery strealPE¥ Rrogess.esWelltipteprated ksfingriesatithc sromatics stregtionemitsand et hyl

benzene which de I gh t ang., bl en 0 ents. One
process of thi éssg(?%gé vi\‘/‘g‘g1 ﬁ%tgoc"hma "H 8%%%2“3?\%@&%335? Sﬁﬁ'fflghfg‘ﬁ "&r@g@ whi ch,

li ke the cl oseihy befienediniidlions By ddiecting estRtedl bdndbrdt @epbtbedniitals @adsal yst in
a riser reactor to, al kylate benzene in reformate to fromallcylaromatics

such as t ol uen®t itrifempisrdigiirait\oaness the bepzene speeifigation fop sefinepiey Withowiat ent s
Nos. 4,827, 069; ; 6 & f1: 4 . ]|99 ] pr obl em
facing petrol %%%Fgﬁﬁ%?%ég%%mﬁ%%ﬁ%%né&ﬁ @x%agfe]det S f‘(f}"gras;.e)et rgﬁ‘{qem cal

f eedst ocks i s pdmthenhicals pashasergist oftdnedn oytionf-itlHae vhendisadvantaginbf ddingt i on of
catal y§ic cracking processes in petroleumrefining in the early WO

2006/ 094009 PP 0ePOdReery Wiy P grdd mere yaligpi@nttsansh 18| e, gases,

articul arl 4 ' : becane
p Y | e lbortiuSh sy, | est ?fm% Mﬁglflﬁcs inReR) ngulg:émgﬁsﬁ' a

avai l abl e in copious quanti omcatalytic cr
refineries. Whhemitahelassedlagh hamardous nimitefaly usef ul as

C)

[0005]  The removal of benzene is, however, accompanied by a decrease in
product octane quality since benzene and other single ring aromatics make a
positive contribution to product octane. Certain processes have been proposed
for converting the benzene in aromatics-containing refinery sireams to the less
toxic alkylaromatics such as toluene and ethyl benzene which themselves are
desirable as high octane blend components. One process of this type was the
Mobil Benzene Reduction (MBR) Process which, like the closely related MOG

) Process, used a fluidized zeolite catalyst in a riser reactor to alkylate benzene in
reformate to from alkylaromatics such as toluene. = The MBR and MOG
processes are described in U.S. Patents Nos. 4,827,069; 4,950,387; 4,992,607
and 4,746,762.

[0006] Another problem facing petroleum refineries without convenient
outlets for petrochemical feedstocks is that of excess light olefins. Following the

introduction of catalytic cracking processes in petroleum refining in the early



petrochem cal feedstocks, the refineries wthout petrochem cal capability or
econom cally attractive and convenient nmarkets for these olefins may have to
use the excess light olefins in fuel gas, at a significant econom c |oss or,
alternati vel y,‘”‘b@gﬁ’}‘@f“ﬂm the olefins to marketabl e I'iqui dPPFBRIOLITIA nunber

of - different polynerization processes or producing liquid notor fuels from
cracki ng off-gases evolved followi ng the advent of the catal ytic cracking
process 11 but at the present, the solid phosphoric acid [ SPA]

pol ymeri zati on C ' | | Ge rization
process for t h(lawf)ﬂrg’ogﬁg% ia(;)nrgilgg%ﬂg%egrgggiasoﬁﬁgﬁgﬁtﬁé}kﬁfg‘é@s 5%23{5?1‘}}%‘1;!,:\/6“ its
own dr awbacks, pfopykné,y butylenbe bemere avalablentr cbpibiee quattities oo ematalyifc t he f eed

cl osely because_al.though a,limted water, content_is required f cat al yst
activity, the E&f _%sﬂgg%f%ﬁ%wef-he%kséhréé Ffinge pree Jughia et o2 hat "t he
reactor may pl ygrothbbical fféédbfaﬁks?ttﬁageﬁﬂéfﬁs "Wt ?ﬁgmggﬁcm' gﬁﬁt&' Gult to

renmove without drilling or other arduous operati nvers I'f the

feed is too drgconomicallyattiactive atd posvenienh marlkets firahesstolefimduay haye tos
activity and jncreasing t. ssur rop acgross t.he reactor., Environnental
regul ation ha¥*a pc"aﬁﬁ%ei‘ghﬁﬁgieﬁﬁs d?gfﬂglsé% 5? ac?’ﬁE‘be‘H_ﬁ BPBPPISIPF O t hese
non-i nt egr at edaltdrRdtiveBy, lcBSvepty the siéfirlsClo! MArkbtBle AR PROURME \WARGMb&! FSSUT €
(usual ly neasured as Rei d Vapor Pressure, RVP) of notor gasolines

especi al |y i n difksrent npppdymenization gprpcesecss for pragincing eliquid| mofor i fugls pfroml ens ar e
nost noted, po t.ially creatin need. for additional. olefin utilization
capacity. [OOOéir]e’Elc Pﬁaﬁﬁfe&s@"ﬂ"?ﬂéﬂP%ﬁ‘; aﬁ\’/ﬁﬁﬁﬁﬁﬁﬁ'ﬁ@ﬂffﬁ’ﬁ BP’é‘ﬁF*‘? or ready
markets for beizgntheOpresoateths édlﬁh¢hdab1ﬂﬂcn§cia NsPaf GoBymenatic pfocBdsobl enms

fromt different directions and Tor these plants, processes which would
enabl e’ the exeawinsshemopismpariantyefinraypelymerization prasassdor b praslugiioned abl e

products woul dlﬁg . g&%&a%%.pr%ég%sé%gg/%%?e?\(}%’g%%)%gc%/ﬂgﬁgmeﬁe[d0008] The

fluid bed MBR Procéss uses a“s osi 1 eatal yst,
preferably ZSMoontrel the weatsricobenzefithe fead @ldsslydeedvé altlsougdh aNignited af-ters

content is required for catalyst activity, the catalyst softens in the presence of
excess water so that the reactor may plug with a solid, stone-like material which
is difficult to remove without drilling or other arduous operations. Conversely,
if the feed is too dry, coke tends to deposit on the catalyst, reducing its activity
and increasing the pressure drop across the reactor. Environmental regulation
has also affected the disposal of cracking olefins from these non-integrated
refineries by restricting the permissible vapor pressure (usually measured as
Reid Vapor Pressure, RVP) of motor gasolines especially in the summer driving

season when fuel volatility problems are most noted, potentially creating a need

i !
e’

for additional olefin utilization capacity.

[0007] Refineries without their own petrochemicals plants or ready markets
for benzene or excess light olefins therefore encounter problems from two
different directions and for these plants, processes which would enable the
excess olefins and the benzene to be converted to marketable products would be

desirable,



from sources such as FCC or coker fuel gas, excess LPG or |ight FCC napht ha.
Normal Iy, the MBR Process has relied upon |ight olefin as al kyl ati ng agent
for benzene to produce al kylaromatics, principally in the C7-Cs range.
Benzene is cOYR®PYY and |ight olefin is al so upgradedCTHYYLBI e
concurrent with an increase in octane $al ue. Conversion of i ght FCC

napht ha ol efins also | eads to substantial reduction of gasoline olefin
content and vapor pressure. The yield- octane uplift of MBR nakes it one of

the few gasol i pRggef o Lot 4 | y ﬁﬁﬁ'ﬂ'. Iy
beneficial in pet élol egjlrlnyrﬂgl?ﬂi %?%g | 8%%8‘]%8 #Eﬁat@%&%’cggéﬁ o&ge\aller, t he
MBR Process r eqatelyst] preferablydESMLf, ¢o copvertcbenesrretodilkyliromatics wsiigoslefids ch di d
not favor its godespread application in times of refining. margins.

i gh
The MBR pr oces &o8} $rGss such-ssife® OTF@ﬁSéP‘étﬁﬂﬁiﬁcﬁﬁéfPéq;Wﬂ?@g naplthact ane

ratings coul d i VRS ' ctor

whi ch did not N%\?g?&%ﬂggspreggpcgﬁ ?#%%#ﬂqg%ggﬁggﬁg}@ﬂg%g%géﬁs have
al so been propbeesnt & predicaralkilatonetips, ghvineipallpin thexCeCsrangé.i Benxenolsefi ns and
gasol i ne; processes of thi.s kind have often_ functioped by the a|kylation of
benzene with of@fe E‘go?n klﬁ]?}rdagﬂylF fonppegdad: © 8840 %1§°n‘ﬁ’§"teﬁ"al'(8L o form

| ess toxi ¢ al KylohdaOdhl btark \ahiY. TR Persib SRR VOO HRARAS 6RARS alsd fHads g Nd are
described in U S. Patents Nos. 4,950, 823; .4,975,179; 5,414,1/72; 5, 545, 788;

5, 336, 820; 5, 4subs@ntalaedudiiod cF, @8dineldlef) rorit| axdt vaperepiessnven The giddses are
technically attracti t | i ke the. nd R processes, have
encountered t hg"t?ﬁ‘es’éﬂ&&ﬂ{]% ﬁ%’i&f‘ﬁ@% ’gw %FI\@HFJF%HF“‘EE%B?G?@@ ee, sone
capi tal expenditatis@ctusl} é‘é&@fnié’é(ﬂg%néﬂckﬂ‘i@%&ﬁ)lelﬁﬂfﬁﬂﬁi agai nst themin
present circunstances. 2006/ 094009 PCTIUS2006/ 007171 5 [0011] For these

reasons, a refinery process capable of being installed at relatively | ow
capital cost a avi t he idity to alkylaje e (or_ot.h
aromatics) w tﬁ’g?ﬂe oﬁ%ﬁ ﬂlﬂ %ﬁﬁg ﬂggc%%ngﬂva' 1 qtl% ﬁ@ge%gg%f Rt nzene
speci fi cati onscorsilef#s Sapial expcndithrey 8l faét6r Whidh didodbt Fevarnies wideypreadonatic
application in times of tight refining margins. The MBR process also used higher

temperatures and Cs+ yields and octane ratings could in certain cases be
deleteriously affected another factor which did not favor widespread utilization.
Other refinery processes have also been proposed to deal with the problems of
excess refinery olefins and gasoline; processes of this kind have often functioned
by the alkylation of benzene with olefins or other alkylating agents such as
methanol to form less toxic alkylaromatic precursors. Exemplary processes of
this kind are described in U.S. Patents Nos. 4,950,823; 4,975,179; 5,414,172,
) 5,545,788; 5,336,820; 5,491,270 and 5,865,986,

[0010)  While these known processes are technically attractive they, like the
MOG and MBR processes, have encountered the disadvantage of needing to a
greater or lesser degree, some capital expenditure, a factor which militates

strongly against them in present circumstances.



conpounds and be econom cal ly acceptable in the current plant investnent
climate. For sone refineries, the reactive renoval of C2/C3 ol efins could

al leviate fuel gas capacity limtations. Such a process should: Upgrade C2
and C3 ol ef i nWX 2006074981 gas to hi gh octane bl endi ng gaBoI/V§ie6AHEHease
flexibility in refinery operation to cohtrol benzene content in the

gasol i ne bl ending pool Allow refineries with benzene problens to feed the C6
conponents (Il ow bl endi ng octane values) to the reformer, increasing both

he hyd L on, f h f d the, bl .00l .
Benzene pr oducdi n' (e ESeoRRSPE. f FEBREY pufiés eHhIE, S e tBE GooedlEoty v ¢
gasol i ne produglativ€lgdowichpital 00t andihaing the cREUbATY talkylRté Heffent ¢ortRdr Of

olefins fromthe fuyel gas, to_ increase capacity in the fuel system
facility. For 4omatios)iWitl the olefinsi wonldnbe jbenefinial dtoamestygaseling dreszene i n

severity in sope. . refiner rocess, _F hvdr ocracker ker. .etc.

[0012] The nec"g’g%‘ﬁ%t’%’f% &%@%ﬂ%gﬁeﬁﬁifﬁ% ."Sfﬁ‘* |“§&? g‘ﬁ@‘r%’&’éﬁey oMeEtE; xed bed
catal ytic uni tconfporndd Bad fleUedbnbmitally RRciRdIA i QRS covélt plantMeXestiehtVBR Fi xed
bed aromatics al kyl ati on processes have achi eved commercial scale use in the

petrocheni cal §himsate;. Hofesapsrsefineries cths sreagtiver emoval of ieénselefing spuldy Mobi |

Q1 Corporati | 1 cal y is a lowcapital
cost process %@Fﬁ%@%%%@@%ﬁ%é%%%ﬁwgm transal Il ryl ation
catalyst to react refiUpgypddCpnd €heoletird frobefueEpss foohigh @dtane bleadingchem cal

grade cunene. Processes fQr cunmene manufacture using various nol ecul ar
si eve catal ysts have WE20WE 004009 PCTI US2006/ 007171 6 been described in

the patent literature: fn%amiﬁ iHre?ﬁne?% Ztl%%%o Sy Scoitficess for

maki ng})petrochem cal cunene fromrefinery ene and propylene using a
fixed bed of ZSM 12 catlthsgdsoliheDlerdiiPpod?62 and U. S. al so descri be

Allow refineries with benzene problems to feed the Cg components

(low blending octane values) to the reformer, increasing both the
hydrogen production from the reformer and the blend pool octane.
Benzene produced in the reformer will be removed in order to
comply with gasoline product specifications.

Have the potential, by the removal of olefins from the fuel gas, to
increase capacity in the fuel system facility. For some refineries
this benefit could allow an increase in severity in some key

refinery process, FCC, hydrocracker, coker, etc.

e

[0012]  The necessity of keeping capital cost low obviously favors fixed bed
catalytic units over the fluid bed type operations such as MOG and MBR. Fixed
bed aromatics alkylation processes have achieved commercial scale use in the
petrochemical field. The Cumene Process offered for license first by Mobil Oil
Corporation and now by ExxonMobil Chemical Company is a low-capital cost
process using a fixed bed of a zeolite alkylation/transalkylation catalyst to react
refinery propylene with benzene to produce petrochemical grade cumene.

Processes for cumene manufacture using various molecular sieve catalysts have



processes for making cunene fromrefinery benzene and propyl ene usi ng ZSM
12 catal ysts. The use of other nol ecul ar sieve catal ysts for cunene

manuf acture has been described in other patents: U S. escri bes
use of a zeol MOPHM® catalyst; U S. 5,149,894 describ gﬁﬁ#gﬁ%@gﬂof a

catal yst containing the sieve material SSz-25; U S. 5,371,310 describes the
use of a catalyst containing the sieve material MCM49 in the
transal kyl ati on of diisopropyl benzene with benzene; U.S. 5,258, 565
describes the beén @dscribeddihahy phteptoftbatudé:for bXienp1e, QV.8, 3,785,883 abschbdda36 to
produce petrochem cal grade cunene ,containing l'ess than 500 ppm xyl enes.
[0013] The pet PECRBHPEHIakingpeirachesticy) comens; femgatinery benzgne and propyleney t o
above, do not t ' e, ref knekd es
wi t hout petroéﬁg ca capa@f?gN%?%%éxpﬁg}ESE%EQ%gé%%@%%ﬂggﬁ%)%%gﬁ eir
products are f pocessey formking fftienk et Feflheiybdnueesen 6}yl @Bing IZEMd t i oOn,
ot her problens_may be encountered in the context of devising a process for

not or gasol i nelpedalysts; dhe uimelkotheranelesidar siqvs eptplysis for caneng megpiartiregr at ed,
smal | -t o-nmedi u ' liner L.es. . h ' olcef L ns:.f romthe
cracker cont ai %i'é’%@?déﬁ‘féﬂcgﬁg %ﬁ%p‘iﬁ%ﬁ%ﬁﬁ' g’ggﬁ?#%ﬁmétcgbésﬁehéfgﬂhﬁe%%ﬁ efins
and if any probetsgatalyst; ©J.9e5,149 890 dascribds \thatider afcl datadyst conthifingabesiewry for it

to consune both of, the | S ol efins. Propylene is nore reactive than
ethyl ene and m#w@ﬁﬁ?-é’é?ﬁ@ %971,?%%5%?9%8@ Mseeh? salyak cqniaupg the
tenperatures tLak e{fylENACNILD Meaf! ?&‘%ﬁe fa'i‘fbne:}fh&ilst%ﬁ{bg?ﬁiﬁeﬂéné%ﬁﬁes (by

transal kyl ati on or di sporportionation ause of t 1's not possible
with existing benzers JSeStRd8|56§i descrilies thdtuse f @ocatalystdoataining thezgieveon of

et hyl epe and propyl [ process usiing.a.m xed ol efin feed frogm the
FOCL. Whi le i NIV edRaPraRos, PeLoF iics) FFefe cHmishe RNMEDE 1656 1 ev e

by hi gher terrpgogsg%?{ RR& ation, the thernodynanm c equilibriumfor the WO
2006/ 094009 PCT/ 200%/ 007171 7 propyl ene/ benzene reaction shifts away from

cumene at tenperatures above about 260C (500F), with consequent | oss of
this product. [0013) The petrochemical alkylation processes such as those referred to

above, do not lend themselves directly to use in petrolenm refineries without
petrochemical capacity since they require pure feeds and their products are far
more pure than required in fuels production. In addition, other problems may be
encountered in the context of devising a process for motor gasoline production
which commends itself for use in non-integrated, small-to-medium sized
refineries. One such problem is the olefins from the cracker contain ethylene
and propylene in addition to the higher olefins and if any process is to be
economically attractive, it is necessary for it to consume both of the hightest

R

olefins. Propylene is more reactive than ethylene and will form cumene by
reaction with benzene at lower temperatufes than ethylene will react to form
ethylbenzene or xylenes (by transalkylation or disporportionation). Because of
this, it is not possible with existing process technologies, to obtain comparable
utilization of ethylene and propylene in a process using a mixed olefin feed from
the FCCU. While improved ethylene utilization could in principle, be achieved
by higher temperature operation, the thermodynamic equilibrium for the



S R simemessu e SRR

[00141 In co-pending application Serial No. (claimng priority of
Application Ser. No. 60/656,945, entitled "Vapor Phase Aromatics Al kylation
Process"), a process is described for alkylating light refiner omatics
streans contiP A06eP4¥8nzene with the light ol efins (et ﬁ;FF@ﬁ%“?“’%F‘?Lw ene)
fromthe FCC unsaturated gas plant (U§GP). The process described in that
application has the objective of utilizing the different reactivities of
the ethyl ene and propylene by reaction over two different catal ysts under

condi tions apmrgwléﬁv&nhéhcefbﬁbﬁoprlﬂﬁk iway | forh Ndutnen@Yat telBerafifeseioven of both
the ethyl ene an &ogé! ene is optimzed Wwith assured benzene conversion.

That process AWepEIGSCi(H0G°E) withrenseguensdossiof this predesds at ures as hi gh as about

350C (about 660F) which does inpose sone extra econom c penalty conpared to
a process capable of operating at |ower tenperatures. In addition, the

l'arger vol une [eeRIpCi dhed-pehdifig WpplivhtiB&fal Neper at i on mayclamkify prlidhty unit
capacity with smaller volune exi st isgg units are converted to this process.
f

I't woul d t her effkrplisetionstar, M) 69/656,9991 entitled [V apas Phaseohwomaticnd ylationvwer

tenperatures i »d | L, Chi €. I I 10015] we
have now devi S%a&éag?&%@gogéssmlh;ﬁg%}&g%&;g%eaw%@ﬁggﬁ%%mgﬁﬁﬁku omthe
cracker (FCCU)conmidisg bendene editf the lighe okffiky (ethyleie, Progytene fiend terFCCef i nery
sources to produce gasoline boiling range products, The process achieves
good util i zat i4psete Pl (R GE): o Rbe migeest Hescppebip thafarplieationbasthe s ni xed
olefin feed frgem.t E‘%Hé e tids OPTh ' ' nder
conditions favo zg Pgo?gﬁt e ﬁei (‘Iﬂlﬁg%tﬁtl %h@dg'{m%ot h %ﬁ%@fgﬁ%ﬁ%{’ﬁ@&k B , the
present proceeactienabtietwot differcef ¢atedysts timdee oomlityonsiapprogeistelto pachirdefirene

speci fy cati on whi | e ki ng good_use of the m xed olefins fromthe FCCU.
The prbcess i <2 ¥896 Qﬁﬂ%lmﬁww@mﬂépﬁoﬂy at "ihxed bed

G nont 1y sui CARTE) Pepeff cbarertbh e prdoite Pitia e AR, oy PR ner i es:
in fact, bei ndemperefusdsi ascliigh lae\abpute3WOC «alpoud G68F) whichwlpehimppe samed i n
extra economic penalty compared to a process capable of operating at lower
temperatures. In addition, the larger volume associated with vapor phase
operation may make limit unit capacity with smaller volume existing units are
converted to this process. It would therefore be desirable to offer a process

operating at lower temperatures in the denser liquid phase.
SUMMARY OF THE INVENTION

Ny [0015] We have now devised a process which enables light refinery olefins
from the cracker (FCCU) to be utilized for the alkylation of benzene from
refinery sources to produce gasoline boiling range products. The process
achieves good utilization of both the ethylene and the propylene present in a
mixed olefin feed from the unsaturated gas plant (USGP) while operating under
conditions favorable to the utilization of both these olefins. Thus, the present
process enables the refinery to comply with gasoline benzene specifications
while making good use of the mixed olefins from the FCCU. The process is



existing | ow pressure units with a mniml amount of nodification. [0016]
According to the present invention light olefins including ethylene and
propyl ene, X ed fromthe FCCU of f-gases using matic
stream such a@oezg‘#@?ﬁé{’te whi ch contai nsg benzene or ot he?&sdlj%g "e@'H}n
arematic conpounds, e.g. xylene, as the extractant. The sol ution of

di ssolved light olefins 1is then passed to a fixed bed reactor in which the
aromatics in the streamare alkylated with the olefins in a liquid phase

reaction, to fepefated gos fikedbedyprobdss vhidhoregiirds Galy im2€Dcdpitall dullhy andHaO' F]
product cont ai ni egq‘akyl aromatics. The reaction is carried out in the

presence of a @S’E 6 S Emipenith S(E‘Hﬁlﬂﬁl%smﬁﬂmmf’ﬂoiﬂ smaB-tmm«;dummw of

zeol ites. [ r S he
aromatics aI Ky oer? gl(r)l?aty bghg%crglr?ég?pl ngp%sﬂfergﬁfo?ﬁ 3 ﬁ ne?pe;ag{ i ns and
benzene to rmtonstggsompmsm uaits witawnﬁnmiamuﬁwfe.dadmhbﬁact ion. [0016]

Figure 2 shows a process schematic for the aromatics al kylation wunit for
converting mxed light refinery oI efins and benzene to notor gasoline in a

DESCRI P11 o ORI | NVERTHBR © At Bseh o 08 RIRBCREARE Mol ' or

an ol efi n al kydtslt propylene, tare sexisdmmdﬁﬁbm the (ROCY ioffigdseonsing a lighy arematic A stream

of off-gases fromtheflu cata c cr.ackin un|t F i ncludi ng |ight
mi xed ol ef i ns, SHEHTH; T r@g “C%é}b é‘ CCHJ)‘?/\B“EGW 64009
PCT/ US2006/ 007éo¥ﬁpou%dgo %%EX%}I%H@)&S WelhtraQaR, Fhe %lﬁﬁbxﬂéfcﬁﬁglvgéﬁlgﬁtfdléﬁasas wel |

as light paraffins et hane, propane) I nt o absor ber
through |ine 1is then mseﬁntq o fixed bed neamtnr onl whichthe drométicsan dhestreans aneeam

o omat 1 9t odRABFR I NSRS e DI Fopck PP ToRE S et PoYEes | The
conponents in safige FEE 0fF000DP 681D 400" F " Srofhitl c‘bﬁfaﬁﬁﬁg akylaromatics. The

reaction is carried out in the presence of a catalyst which comprises a member of
the MWW family of zeolites.

DRAWINGS
[0017]  Figure 1 shows a process schematic for the aromatics alkylation unit
for converting mixed light refinery olefins and benzene to motor gasoline in a

liquid-phase, fixed bed reaction.

{0018] Figure 2 shows a process schematic for the aromatics alkylation
) unit for converting mixed light refinery olefins and benzene to motor gasoline in
a two stage, fixed bed reaction with initial liquid phase reaction.

DETAILED DESCRIPTION OF THE INVENTION
Process Configuration

[0019] A schematic for an olefin alkylation unit is shown in simplified from
in Figure 1. A stream of off-gases from the fluid catalytic cracking unit (FCCU)
including light mixed olefins, typically C, and C; olefins (ethylene and



R

by the aromatic stream mainly the |Iight paraffins nethane, ethane, propane
and butane pass out of the absorber through line 13 and can used as
refinery fuel gas. The m xed ol efi n/ benzene charge passes to heater 14 and
then to guar WO E698act or 15a. The guard bed may be ofEFYFHRYBH™ he swing
cycle with two beds, 15a, 15b, one bed bei ng used on stream for contam nant
renoval and the other } on regeneration in the conventional manner. If
desired, a three-bed guard bed system my be used with the two beds used in
series for comnjrepyleiehtwitlersourl C, adlefiishend [Hatadfileds Ofell @ Chght apdreifins Wth a
three guard system used to achieve |ow contam nant |evels by the two-stage

series sorpti drethapg ethans, Ropamepisded mie abrorher AP throvgh begyhl i Whitk#ist ep cycl e
f: ti ' ' . L.an. F th
quar @ bed. ¢ netesEARs i hile dlam coblafing Bihp S Alerhil ol pe ™ O™ 1 "¢

al kyl ati on red@t bt the @bsorbesrihe Higuidearomaticistrdasi dofbsf the dlefiss Etetivels it h t he

benzene and Ottge?r siﬁg,gl eri ng aromatics over a fixed bed of alkylation
catal yst to fibg ROt ipdl-gesss.r dBe somponsnts im thec'Cfr offcgases whish aramat sébedhr oduct

passes throug | . %ii:ﬁﬂ@ ' ' [ t ol into

| i ght ends, rrgynt%/&l%lng%f %&%%&rl’glﬁ [ %/ﬁgl}%ﬁn%g@ng?%tgmaﬂﬁ ﬁ’jﬁ %g%&?eact I on,
and the desi r dditaak pydsannoafithe @bsorberdhirongh line 13wndgas akédes rbfindry figl gmnge.
[0021] The alkylatjion reaction is carried ouf in the |iquid pha t
relatively m'klﬁ’ﬂ %ﬁ‘g&lﬁéﬁ?%"%ﬁl’% BRsSeRe it be equQﬁ‘_E‘LﬂP_ Woﬁ”ﬁﬁfss?fr equi red
to handl e heateacid! 1385Fhe AREHEN Rl be @Eﬁteﬁ%ﬂ B8R Wing Sychl With fw@BEds, W th no

di l uent passing through the reactor, utilrzatiod of reactor capacity
i s achi eved. Tha, Ifbebre bedibsiiy aelcir0Sa00i0t CoRaMBRDRBIG8l7dndlthe othass of

al kyl ation catalysts f.or .this reaction ste the catal ysfs based on a MWV
Wosol| Lo, ae CAGEETPEER dh iR PO Bubeanl TR a o PRt & Ber-Hod RGBT d bed

wi Il normal |'y sheerh Rfays BeTRscdadith Yife! twoi5edld vséll fohRrigd fotl dhntedindn aGhdal as a
matter of operating. convenience but this is not required: if desired

anot her cat al yad therthisd becbon regenaratiany 8ithortheeei svard systemotsed feachjese pwray used,
typically a cheapet . Hatkilad SRY RRalsage: Serfls USitbtci?! @Y Blas G pass
sequentially through a three-step cycle of: repeneration, second bed sorption,
first bed sorption.

[0020) From the guard bed, the reaction mixture of olefins and reformate
passes to alkylation reactor 20 in which the mixed olefin feed is reacted with the
benzene and other single ring aromatics over a fixed bed of aikylation catalyst to
form the desired alkylaromatic product. The alkylate product passes through
y line 21 to fractionator 22 in which it is separated into light ends, mainly light
| paraffin by-product from the alkylation reaction, and the desired alkylaromatic

fraction in the gasoline boiling range.

[0021]  The alkylation reaction is carried out in the liquid phase at relatively
mild temperatures and no diluent or quench is normally required to handle heat
release. Accordingly, the equipment is simple and, with no diluent passing

through the reactor, full utilization of reactor capacity is achieved. The preferred



anot her .process or an alum na sorbent. The objective of the guard bed is to
renove the contam nants fromthe feed before the feed cones to the reaction
catal yst and ' ‘fhat this is achieved, there is w ' of choice
as to guard %&%a?&?{/sts and conditios useful to th&%%@ﬁ n Feed
[0023] The light olefins used as the feed for the present process are
normal |y obtained by the catal ytic cracking of petrol eum feedstocks to
produce gasoline as the major product. The catal ytic cracking process,
usual I'y in theclassrofi dkylation datakysts by this renctierk step ateHB€)catatystscbdsed sh abl | shed
and, as is wel wn,. progduc | arge quantities of light olefins as well
as olefinic gamé?hﬁasﬂvﬁ%iﬁ‘g such as cycle oil which are

t hensel ves subject to further refining operations. The olefins which are
primarily useful in the present ({)rocess are the lighter olefins from

et hyl ene” up t ol082A] eneThex¢atalysigised incthh guardeed oill ormallypbe the samenatalysty al so
be included in e Rro Wy hey ca eperally be incorporated directly
Thto the gasoredn HRIEAR dkeratiiat aARE 5F Shdtatmk RuapEk B Biiietton © o
octane. The pregsiest: iPdesfes andthertatilysy oRshrbetit 80 RMbVe icEntefaianistfroth ke Operate
readily not only wth butene and propyl ene but also with ethylene and thus

provi des a val fabmey useditupicelly ¢ Recapeh@uard behsabentifig TrwdicaRlysbfopr oduct to
the desired gagplip ro&EPgP%:allflf}iﬁlﬁtsgfb%P{é ??ﬁgiﬁb Stiveebt i8S big §LRIY

availability in l'ardge quantities | in , mxed ol®rin streanms such a
FCC O f - Gas strcemns tiid yoitmainaytsdomh dhe feed B2 Qo @8 406@s RECTHa 182G1Mm1 007171

11 et hyl ene, pr | ene and, but enes). . b sed, nversi o f, the C3 and C4
o efi n fracti OIS g PREGELbR] e in Poienads Heth is 00e xaugty 8 choigt for o | he
branch) chai n &fard bell Gidlystadd QflERHoRs WA o Bi€ers® hi ghly desirable in
gasoline fromtihe view point. of boiling point and octane. Besides the FCC

unit, the mxed olefin streans may be obtai ned fromother process units
i ncl udi ng cokeﬁf \ﬁiestgreakers and thermal crackers. The presence of

di ol efins whic eﬁgy Be found in some of these streans is not

di sadvant ageous since catalysis on the MW fam |y of

[0023)  The light olefins used as the feed for the present process are normally
obtained by the catalytic cracking of petroleum feedstocks to produce gasoline
as the major product. The catalytic cracking process, usually in the form of fluid
catalytic cracking (FCC) is well established and, as is well known, produces
large quantities of light olefins as well as olefinic gasolines and by-products such
as cycle oil which are themselves subject to further refining operations. The
olefins which are primarily useful in the present process are the lighter olefins
from ethylene up to butene; although the heavier olefins up to octene may also

.

be included in the processing, they can generally be incorporated directly into
the gasoline product where they provide a valuable contribution to octane. The
present process is highly advantageous in that it will operate readily not only
with butene and propylene but also with ethylene and thus provides a valuable
route for the conversion of this cracking by-preduct to the desired gasoline
product. For this reason as well as their ready availability in large quantities in a

refinery, mixed olefin streams such a FCC Off-Gas streams (typically containing



zeolites takes place on surface sites rather than in the interior pore
structure as wth nore conventional zeolites so that plugging of the pores

is | ess probl %@%@B atal ytically. Appropriate adjust a=any B pﬁ process
"t ons wi 1O e R

conditions w co- condensation,products to be pro

ethylene, normally less reactive than 1T1ts inmedi ate honol ogs, is |ncluded
in the feed. The conpositions of two typical FCC gas streans is given bel ow
in Tables 1 and 2, Table 1 showing a light FCC gas stream and Table 2 a

st ream f r om whethilehéiepropyiphe and baiendsd @imy becusede dConveisivm gfithe (lamd €or use in

e oS Y, G B s bl L oS R ety o
Pent ancs 0.7 0 HHSH ?%%ﬁcé%ﬁu%%@?%?%%@ A e
Propene 18.7 Piewppoint dithoiling paidndroetae. Besidedvthe [RGE umig rike fuxed oleffdut ene 8. 1
VI 2006/ 094009 PCT/stfggyo ogtglyn%g Jfrom1 gther process units including cokers, visbreakers
and thermal crackers. The presence of diolefins which may be found in some of
these streams is not disadvantageous since catalysis on the MWW family of
zeolites takes place on surface sites rather than in the interior pore structure as
with more conventional zeolites so that plugging of the pores is less problematic
_ catalytically. Appropriate adjustment of the process conditions will enable co-
‘} condensation products to be produced when ethylene, normally less reactive than
its mmediate homologs, is included in the feed. The compositions of two
typical FCC gas streams is given below in Tables 1 and 2, Table 1 showing a
light FCC gas stream and Table 2 a stream from which the ethylene has been

removed in the gas plant for use in the refinery fuel system.

Table 1
FCC Light Gas Stream
Component Wt. Pct. Mol. Pct.
Ethane 33 5.1
Ethylene 0.7 1.2
Propane 14.5 15.3
Propylene 42.5 46.8
_ Iso-butane 12.9 10.3
) n-Butane 33 2.6
) Butenes 221 18.32
Pentanes 0.7 0.4
Table 2
C5-C4 FCC Gas Stream
Component Wit. Pct.
1- Propene 18.7
Propane 18.1
Isobutane 19.7
2-Me-1-propene 2.1

1-Butene 8.1



n-Butane 15.1 Trans-2-Butene 8.7 Cis-2-butene 6.5 Isopentane 1.5 C3
Oefins 18.7 C4 Adefins 25.6 Total Aefins 44.3 [0024] Wiile the catal ysts
used in the pr Sikoohlopcess are robust they do have seq&ﬁﬁg%&%wﬂgp certain
contam nants (the conventional zeolite geactivators), especitally organic
conmpounds with basic nitrogen as well as sulfur-containing organics. It is
therefore preferred to renove these materials prior to entering the wunit if
extended catalyst life is to be expected. Scrubbing with contam nant

removal washes such as cadsButene NEA or ot hExl ani nes or aqueous wash |i quids
wi Il normally reduce the Jiifse2-Butenel to ah7acceptable | evel of about 10-20
ppmv and the nitrogen to (is-ddmtdnevel s at &hich it can be readily tol erated.
One attractive feature alisopentefe present pgocess is that it is not unduly
sensitive to water, maki B Olefih$#sSs necessggy to control water entering the
reactor than it is in SPg4ujehfis Unl i ke Spfg the zeolite catalyst does not
require the presence of Wﬁﬁﬁtna?morder'tqﬁpyintain activity and therefore
the feed may be dried before "entering the uUnit. In conventional SPA units,
the water content typically needs to be held between 300 to 500 ppnmw for
adequate activity while, at the sane tinme, retaining catalyst integrity.
The present zeolite catal ysts, however readily tolerate up to about

) o T8y
1,000 ppmw wat &024) t h8(kle the criplysts Besrkin sroRresegbiprocqsp AT Tohyst theylodade i vi ty,
depending on ! SRARAYUIE - cefbATBbiEmiRAR. (R0 RhvitioR Al ARG ddcififrd)l ON
olefin feed, an aromatic stream contal ni ng enzene is fed into t process,
as described abspeelall¥ivirganic ceapoundy vatnbasicrmitrogdress wilthgh sulfirmpntangt i ¢
O o e Bikafts Y MR fréfireel & rolbd et Hateridls pFOR 6 chiering the

unit if extended catalyst life is to be expected. Scrubbing with contaminant

removal washes such as caustic, MEA or other amines or aqueous wash liquids
will normally reduce the sulfur level to an acceptable level of about 10-20 ppmw
and the nitrogen to trace levels at which it can be readily tolerated. One
attractive feature about the present process is that it is not unduly sensitive to
water, making it less necessary to control water entering the reactor than it is in
SPA units. Unlike SPA, the zeolite catalyst does not require the presence of
water in order to maintain activity and therefore the feed may be dried before
entering the unit. In conventional SPA units, the water content typically needs
to be held between 300 to 500 ppmw for adequate activity while, at the same
) time, retaining -catalyst integrity. The present zeolite catalysts, however, may
readily tolerate up to about 1,000 ppmw water although levels above about 800

ppmw may reduce activity, depending on temperature.
Aromatic Feed

[0025] In addition to the light olefin feed, an aromatic stream containing
benzene is fed into the process, as described above. This stream may contain

other single ring aromatic compounds including alkylaromatics such as toluene,



13 et hyl.benzene, propyl benzene (cunene) and the xylenes. In refineries with
associ at ed petrochem cal capability, these alkylaromatics will normally be
removed for hi r e use as chemcals or, alternati e sold
separately foﬁ%’gﬂ'}é@gis. Since they arg already consi dé?t%sﬁ']@}s‘“%oxi c than
benzene, there is no environnmental requirenment for their inclusion in the
aromatic feed stream but, equally, there is no prejudice against their
presence unless conditions lead to the generation of higher al kylaromatics
which fall outtiythentdne, papylbengencamement) whd cthe atydendf dBS iréfafekies iwitigasol i ne,
for exanple, durene.. The grmun of .benzene in this streamis governed

mainly by its &59Fialed BeiEpc ?’B@ét Sepbilitys thesg lkylaromaliess (will saermally | be
typically cont & b vl 1.2 n I njqrum of 12
Vol (o1 5 mor e aoied o MERG Rihe tog 48 chel OB Ch BieriR iy R ™
benzene. Nor nebéparattlficfonmich ssesr cSinoé théyhere slteadproondiddred desa tokic aham from t he
reformer which,is a r&ggy.source_of Iigrt aromatics.. Refornmpte, streans nmay
be full range PEZSPmIIEE i§ ngnpuvikpnmepta) seqparement for, et inclysigne &5 B heart
cut reformates Heabd ' : | eSS of

i ghter hydrocgrro-ll)n-%gg,%?{/%i ca'Pgﬁleggdglygﬁlaehygb%ﬁ?{e?&&e Hgﬁﬁwﬁ%ﬁ&

hydr ocar bons anulessregriditzons unad to fthé gendrationhgfi higher dlipleromatigpivdadh fall ess t han

about 15% C7+ hydr,ocarbons. These reformate fee usual |, ontain very | ow
Sount s of eul PHFEIRE FeiiTine reearinl whidh B5%, SndSE IX eateie, SRGKEPREY | ot i on

prior to refor firefe. SThd BaburithF beRsnb i fifis &aR3AY isRBvahaTRGinlf By Isburée t he
present process contains an acceptably I ow | evel” of sulfur for conpliance

with current s@nd processiglistomt busris mgsboames wikk typieadlyccoptaimeainsashiabouttdy pi cal | y

conme fhoma fixed, i ed or_. movin d reformer. The most useful
ref ormat e frac?@brﬁ?%n% egﬁ?&@i}ta PRBY he e?fﬁ??'sﬁ’l 3 B}D& &pé‘bﬂﬂgm%ef or mat e
havi ng a nar r ogpegifichily@bdud 00 &ol. Pe B 60BvdlO% MRhzént/ NOrnhilRS teGain thirse bf act i on
is a conplex m xture of hydrocarbons recovered _as the overhead of a

dehexani zer coftinfireaBuREt PeaFirears from Hiepefaraar which it aiready. sowtve of dighosi ti on
wi Il vary over ardnfafitd © %Pcﬁ'ﬂqucngu'gﬁﬂsr] Iﬂa)PLHéb%Il Olfange reformates, light cut

reformates, heavy reformates or heart cut reformates. These. fractions typically

contain smaller amounts of lighter hydrocarbons, typically less than about 10%
Cs and lower hydrocarbons and small amounts of heavier hydrocarbons,
typically less than about 15% C;+ hydrocarbons. These reformate feeds usually
contain very low amounts of sulfur as, usually, they have been subjected to
desulfurization prior to reforming so that the resulting gasoline product formed
in the present process contains an acceptably low level of sulfur for compliance

b with current sulfur specifications.

{0026] Reformate streams will typically come from a fixed bed, swing bed or
moving bed reformer. The most useful reformate fraction is a heart-cut
reformate. This is preferably reformate having a narrow boiling range, i.e. a Cg
or C¢/C; fraction. This fraction is a complex mixture of hydrocarbons recovered
as the overhead of a dehexanizer column downstream from a depentanizer

column. The composition will vary over a range depending upon a number of



WO 2006/ 094009 PCT/ US2006/ 007171 14 factors including the severity of
operation in the refornmer and the conposition of the reforner feed. These
streans will usually have the C5, C4 and | ower hydrocarbons renoved in the
depent ani zer ¥RFUOani zer. Therefore, usually, the Re¥VYPLEMN P ef or mate
may contain at least 70 wt. % C6 hydroc‘ér bons (aromatic and non-aromatic),
and preferably at least 90 wt. % C6 hydrocarbons. [0027] O her sources of
aromatic, benzene-rich feeds include a |light FCC naphtha, coker naphtha or

pyrol ysi s gasofichfs Rdfudfigdhe SiveRly cTOpPLEEsn ff théfe?omRiek a5d th\ggé%f&%@&gﬁ i ng

important or significant in normal refinery operation.
range, these béezeeiermer cfieed.r Bhest ctrcams rwillonsnally yhave the Hag #C¢ end desderby an end

boi ling point pf,abaut 120C (250F).,, and,preferably.no  higher than about

110C ( 230F). pﬁ%%?ﬂi@%,@ﬂ‘é 1, !)’ﬂijpﬁné‘%'g"?%‘f febisbizge ThemioreprialoC ( 100F.
and 212 F)., apg HeRrt-QuiefirRhfRhyy Qalaif 8 lehdt 90 WANBT Hydforarbbls @rorhatic150F. to
200 F) and even nore preferably wthin the range of 70 to 95C (160 OF. to

200 F). [00291amfnoncayomets); anstprefsfabiywas leagh9wt. Y€ahydrocarbonef or mat e streans
are given in Tables 2 and 3 below. The refornmate shown in Table 3 is a
relatively nore paraffinic cut but one which neverthel ess contains nore

benzene than t{t(qu Ut Ofher fat@ 6f ardRiatiBObénzem-NG Yeedd inchitleCa Highstceat e for
the present al kyl ation process. WD 2006/ 094009 PCT/ US2006/ 007171 15 Table 2

C6- C7 Heart Cubéphiimoeeket saphiienergprdysisenoline Bt seednetber sonsas ofgrompizas. i - C5

0.9 will be less important or significant in normal refinery operation.

. ) [0028] By boiling range, these benzene-rich fractions can normally be
characterized by an end boiling point of about 120°C (250°F)., and preferably no
higher than about 110°C (230°F). Preferably, the boiling range falls between 40°
and 100°C (100°F. and 212 °F)., and more preferably between the range of 65°
to 95° C (150°F. to 200 °F) and even more preferably within the range of 70° to
95°C (160 °F. to 200 °F).

[0029]  The compositions of two typical heart cut reformate streams are given
in Tables 2 and 3 below. The reformate shown in Table 3 is a relatively more
paraffinic cut but one which nevertheless contains more benzene than the cut of

Table 2, making it a very suitable substrate for the present alkylation process.



n-C5 1.3 CS napthenes 1.5
n-C7 2.1 C7 naphthenes 0.4 Toluene 17.7
3 Paraffinic C6-C7 Heart Cut Refp?ﬁ
n-C5 1.6 C5 nap

1-C7 8.5 n-C7 0.9 C7 n hthenes

32.0

0.3

.\ ,

. i -C7 8A
C8 aronmtics
74.0 Conposi
n--Co 14. 4

w4 tpsloBdhe

I-C6 22.6

i-C5 1.0

C6 naphthenes 1.4 Benzene

n-C6 11.2 C6 naphthenes 1.1 Benzene
i-Cs 0.4

9.3
Table 2
C6-C7 Heart Cut Reformate
RON 82.6
MON 77.3
Composition, wt.
cl.
i-Cs 0.9
11-05 413
Cs napthenes 1.5
1-Cs 22.6
n-Cs 11.2
C;s naphthenes 1.1
Benzene 32.0
1-C; 8.4
D-C-; 2.1
C; naphthenes 0.4
Toluene 17.7
1-Cg 104
n-Cg 0.0
C; aromatics 0.4
Table 3
Paraffinic C6-C7 Heart Cut Reformate

RON 78.5
MON 74.0
Composition, Wi,
pt.
1-Cs 1.0
Il-Cs 1.6
Cs napthenes 1.8
i-Cg 28.6
n-Cg 14.4
Cg naphthenes 1.4
Benzene 139.3
i-C; ‘8.5
n-C, 0.9
C; naphthenes 0.3
Toluene 2.3

n-Cg 0.0
78.5 MON
i-C6 28.6




Tol uene, 2.3 _ WD 2006/ 094009 16 PCT/ US2006/ 007171 [0030] Refom ate streans
will come froma fixed bed, swing bed or noving bed refornmer. The nost
useful reformate fraction is a heart-cut reformate. Thi s, i ferably

ref ormate haWP¥ON%®? r ow boiling range, i.e. a C6 or @F@W?@?ﬂfon. Thi s
fraction is a conplex m xture of hydrocarbons recovered as the overhead of

a dehexani zer col um downstream from a depentani zer columm. The conposition
will vary over a range dependi ng upon a nunber of factors including the

severity of opfeoa)i orRefornidestraaharwiiircondirdha foednes) iwing bed of Mevingef or mer
feed. These st reﬁa wil] usually have the C5, C4 and | ower hydrocarbons
removed in the égfgﬁpﬁrnﬂ%moaﬁaeﬁ%mﬁmez@%@ﬂwm beast-eut reforragte.yIhis ishe

heart-cut ref ] Js By 9 h r and
pref er abl y at TrocptsomaROhtt Syair6d okl dbhes, Ly P G KECA3 MR ¢
aromati c, benZBhefmetivn if eedmplerahitthee of hyidgdtarboa recovgréd icthe ovdtheadrdpht ha or
pyrol ysis gasol wl| be |ess

[ but, such, ot hef sources _of aropmatics,

i rrporta?':1 or & g&ﬁif’?‘%??f Fgluﬁlﬁlr yf&mg?%eﬁﬁ?moﬁré@g’w. HFO(P?ﬂmIB_ y LI i ng .
range, ese ki Y c [ y an en
boi | i ng poi nt o?‘ﬁ)g’ §8‘[‘ 1 o&%?ﬁ@?.ﬁ,ﬁgﬁ"d%@eﬁaﬁ@“ r?o aﬁ?%ﬁlgfr‘ ft an about
110C (230F). linclndisg thaseerityt o ofsvaticnni the nefornhaxl dnd the tompositietDofihd 100C
(100F. and 212 ., r in the rapge of 65 to 95 150F. .to 200 F and
in nost cases rﬁf“%"i‘i‘?ﬁwr}g‘ﬁgﬂlrrégf@esﬁm% %@Ilflg‘ﬂ’eF.ﬂ“’c 5 2‘(‘50 aad ORI or ber
[0033] The ar GaldcarbRettriiVid it fhd deHRhiaRbE! dMdSddbaRSiski] THERIGE usthil) one

anot her in the absorber. Cont act between the two feeds Is carried out so as
to pronote sdhpheotcaf refdroats ghll cohtein atsleast Thwtl Yq Ui diydrosaons; 29dr eam The

P e So B RS SRR B, e o et onel 1 desianed

[0031]  Other sources of aromatic, benzene-rich feeds include a light FCC
naphtha, coker naphtha or pyrolysis gasoline but such other sources of aromatics

will be less important or significant in normal refinery operation.

[0032] By boiling range, these benzene-rich fractions can normally be

characterized by an end boiling point of about 120°C (250°F)., and preferably no

higher than about 110°C (230°F). In most cases, the boiling range falls between

40° and 100°C (100°F. and 212 °F)., normally in the range of 65° to 95° C

(150°F. to 200 °F and in most cases within the range of 70° to 95°C (160 °F. to
B 200 °F).

Absorber

[0033] The aromatic feed and the light olefins pass in contact with one
another in the absorber. Contact between the two feeds is carried out so as to
promote sorption of the light olefins in the liquid aromatic stream. The absorber
is typically a liquid/vapor contact tower conventionally designed to achieve good



I nt erchange between the two phases passing one another inside it. Such
towers usually operate with countercurrent feed flows with the liquid
passi ng downwards by gravity fromits entry as | ean solvent at the top of
the tower whi [V¥O204®4WAs s introduced at the bottom of PCRSIRHEF™ 0 pass
upwards in contact wth the descendi ng"l iquid with internal tower
arrangenents to pronote the exchange between the phases, for exanple,
slotted trays, trays w th bubble caps, structured packing or other

conventional expedhaipe betwdd the Gio PRIsULHssiBg Bhelafothé thélfe itS WubE vl i ns

passes out fromthe bottomof the tower to pass to the alkylation reactor.
[0034] The degneuallyo operateh Withe coimtercumentr deeslofloms Isitht itke drquirhtriassing r eam

will depend pri L1y .0n th ont.act. t enper at ur d, pr ure, t rati o of
aromatic stredm Oar(# & igﬁé‘{ﬁlfﬁ%}m iy %S(rjlrﬁ%no@helngﬁﬁtﬂ%*‘)%tq?ﬁetWB%YVF@%WB and
the effectiverl@sgasdé idtdducsdnit s boteni 6M@E towdt t6 PRA PMwatd/ ifiTontB&With on of
olefin by the liquid feed streamw || be favored by | ower tenperatures,

hi gher pr essur & dasepndingdinmid with intemal temenanangewents Thprogfotethe exghangaper at ur e

d ' Li gui i,s illust d
brief1y 1 Tabpe e Heidayfof SR, Jotbadalt s AR YR cfus, RS
Tenperature, Peackety aethdreddnventfonal kxpedieatser Thé rich( $010dnt Acbinttbng ke
1172(170) 16 (60) 69 1724 (250) 41&’160&069 1724(250) 16 (60)_ 76 3450

(500) 41 (105) serhed glefigs pases outdrqng roefiihp towrrdo pagsttn theralkyiption
operating tenpgratyres and pressures sinmlar to those above, e.g.
tenperatures up to about 100 or 120 C, at pressures up to about 3500 kPag
e.g. up to about 2000 kPag, olefin recoveries of 50 to 90

[0034]  The degree to which the olefins are sorbed by the aromatic stream will
depend primarily on the contact temperature and pressure, the ratio of aromatic
stream to olefin volume, the compositions of the two streams and the
effectiveness of the contacting tower. In general terms, sorption of olefin by the
liquid feed stream will be favored by lower temperatures, higher pressures and
higher liquid:olefin ratios. The effect of temperature and pressure on the olefin
recovery the liquid stream is illustrated briefly in Table 4 below

Table 4
Olefin Recovery
P, kPag (psig) Temperature, Percentage Olefin
CE Recovery
1172 (170) 41 (105) 58
1172 (170) 16 (60) 69
} 1724 (250) 41 (105) 69
1724 (250) 16 (60) 76
3450 (500) . 41 (105) 69
3450 (500) 16 (60) 04

[0035)  Thus, with absorber operating temperatures and pressures similar to
those above, e.g. temperatures up to about 100° or 120° C, at pressures up to
about 3500 kPag e.g. up to about 2000 kPag, olefin recoveries of 50 to 90

percent can be expected with contactors of conventional efficiency. Sorption of



percent, can be expected wth contactors of conventional efficiency. Sorption
of WO 2006/ 094009 PCT/ US2006/ 007171 18 the heavier olefins is favored with
nost aromatic streans so that the |light gases |eaving the absorber will be
rel atively en™QWP t hese conmponents,. As noted in cSCHEIYRY  Aoplication
~Serial No. 60/ (claimng priority of Aplﬁl i cation Serial No. 60/656, 945,
entitled "Vapor Phase Al kyl ation Process"), propylene is nore reactive for
aromatics al kylation at |ower tenperatures than ethylene and for this

reason, the prehekRicr dlefing iPfavorad Sfith Mest REGHRMERRaHO 50 At Me light Eaxer abl e
for the subsequent |iquid phase al kélﬁatlon reaction which is conducted under

rel atively m | deavingdthe absesberwill kegglatively enricheddu thase compensstsy A% netp@r at i on
i1l theref . .t fi . i co St to th
ol kylation red S paiding ARpabR sliel NIF o) © | (BRI br RhARRR,, o [ o

sufficient ol efSefialtNo. 600655948, éditled ENapsrcPhiate Alkglaion PRddess™), SR6pyleddas t he
reaction conditions chosen. Normally, the ratio of olefin to aromatic

required for tmoTareastivg fo5premetics\glirylation atilowerntemperatisesoham ethyleng gnd: 1 (see

bel ow) and the il | e [ jrically
to achi eve thef(g‘gggrréﬁ'gﬁ’g% @mk%?(}%g? @%ﬁ@gﬁ°§’ale§?8$‘.%ﬁ§“°@3#?§’°§§% out of
the apsolr Iber Wﬁdnil thb&uaﬁmmﬁﬂtsl&;ti% phﬁoﬁg’kylaiﬁnl jeactiont Whichi i h:bﬁ:ﬂuctﬂdaiﬂchﬁ,
principally et en n.ch can be_used jjn a separate, higher tenperature

al kyl ation’ st eﬁé&%‘f‘% Eﬂfddiﬁ‘ilgmﬁ_n%h & “%a%_@?gdﬁ'?b_ﬂhs@fbﬁ SREFRRORWH npl i f i ed
process schemaifierefbR afdQh Mk bibioSof @@goyléftﬁﬁmﬁ abotnati3] ekl 18 Oud MRYIafbn Fi ure 1

with the sane conponents identifie e sane reference nunera In the
case of Fi gur eréactonolibe eatio dchieved sloidbe chozén so that fhierecin tsufficient olefin &bsor ber

assesyout of absorbe hrough Line 20, and, then, t hrough heater _ and/ or heat
Exchanber 21t GOTPS b heREa TP Ao LT s HRIOE ROPGRCPSHOTd wi (
addi tional ar Omhhﬁlli,%éjm&ihr&lwéﬁﬂ tb%qrﬁé’ﬁo%&ﬁiké?ﬂfo?m Vﬁgléylaﬁﬁn Ji&ﬁ%vﬂI bheat

€
exchanger 24, with sufficient heat being provided to bring the reactants to
the required t énfberangerad 015} ta ki (seelbglomdiand theconditionsin the absorber shapidr 22,

the |ighter ol gf i, BLEdOM AR! Lokl bE Reudd Gubised to al kylate the

[0036]  The unsorbed olefins which pass out of the absorber will be comprised
predominantly of the lighter olefins, principally ethylene which can be used in a
separate, higher temperature alkylation step carried out in the vapor phase.
Figure 2 shows a simplified process schematic for doing this. The layout is
similar to that of Figure 1 with the same components identified by the same
reference numerals. In the case of Figure 2, however, the unsorbed olefin
‘; effluent from the absorber passes out of absorber through line 20 and then.
through heater and/or heat exchanger 21 to vapor phase alkylation reactor 22
which is also fed with additional aromatic feed through line 23 passing by way
of heater/heat exchanger 24, with sufficient heat being provided to bring the
reactants to the required temperature for the alkylation in reactor 22. In reactor
22, the lighter olefins, predominantly ethylene, are used to alkylate the aromatics
in a fixed bed catalytic, vapor phase reaction which is preferably carried out over

a catalyst comprising an intermediate pore size zeolite such as ZSM-5 which is



in a fixed bed catal ytic, vapor phase reaction which is preferably carried
out over a catalyst conprising an internedi ate pore size zeolite such as
ZSM5 which is WO 2006/ 094009 PCT/ US2006/ 007171 19 nore active for ethyl ene
conver si on t h3P ¥R t ype zeolite fayored for the |FGUPFPHEEE reaction
In-reactor 10. Al kylaromatic product is taken fromreactor 22 by way of
line 25 to fractionator 16 now serving as a common fractionator for both

al kyl ation reactors. Catalyst System [0037] The catal yst systemused in the

l'iquid phase airoys adtivefooéthlbge EnveRivh thil Be MWW ejcdietlifeTavired fir@ Y one
based on a zeol,ite of the Wfam |y because these catalysts exhibit

excel | ent act i Jyig phase reapdiondn reastgr 30.0 lkylsramatip ipraduetiis yaken drom wsactorsi ng

| i ght ol efins, ' : ' ver, ssible t e other
moiecul ar si eviZ Boay Seiibe B3 RP¥BRol 16 b sABNEEFp opBARE mcfiotatbrdih g

cat al ysts basebothnlidfiohzeqsorslescri bed in U S. 3,755,483 and U.S. 4,393, 262
for the manufacture of petrochem cal cunene fromrefinery benzene and

propyl ene; catal ysts based on zeolite beta as described in U S. 4,891, 458 or
catal ysts base 3 as described in U S. 5,149,894, all of which are

reported to ha@g@éf@éfﬁ for the alkylation of |light aromatics by

propyl ene. MMV Zeolite [0038] The- MW famly of zeolite materials has

achi eved recognition ﬁﬁ@r@\/i ng a characteristic framewark structure which

pr es_en{s u][li ?u@o%dq : Fetisxeremarsad v the liguishhess alkylatip of thevrresset ogy 10
consists o o ; : - in

VR too di nenarara ORace BrerBahy ofy BAelTTn ool o7 MW AT BRGld | 10

di nensi onal pthese eatalystsexhibjir éxcellendf AdivitR fou fher desirgd sranmativealkgatidno each
ot her Yhrough 10. VR wi ndqws, .The cr al system of  the MWW.franework is
hexago)nal and ICP?P@WF”@E&& §letﬂnF’f‘i§B§‘¥ajfch¥Bp%F@' [Pilfe)]“?wﬁieﬁél??”fl dOP%e t he

zeolite, i.e.,othBemsbléchldtOsictd BatRsEAForOthid| 1R phskseC alltylaBi6h,| BRNARIgeeN the
pores. In the hexagonal plate
catalysts based on ZSM-12 as described in U.S. 3,755,483 and U.S. 4,393,262

for the manufacture of petrochemical cumene from refinery benzene and

propylene; catalysts based on zeolife beta as described in U.S. 4,891,458 or
catalysts based on SSZ-25 as described in U.S. 5,149,894, all of which are
reported to have activity for the alkylation of light aromatics by propylene.

MWW Zeolite

[0038] The MWW family of zeolite materials has achieved recognition as
) having a characteristic framework structure which presents unique and
interesting catalytic propertiecs. The MWW topology consists of two
independent pore systems: a sinusoidal ten-member ring [10 MR] two
dimensional channel separated from each other by a second, two dimensional
pore system comprised of 12 MR super cages connected to each other through
10 MR windows. The crystal system of the MWW framework is hexagonal and
the molecules diffuse along the {100] directions in the zeolite, i.e., there is no

communication along the c direction between the pores. In the hexagonal plate-



WO 2006/ 094009 PCTI US2006/ 007171 20 like crystals of the MW type zeolites,
the crystals are fornmed of relatively snmall nunber of units along the c
direction as a result of which, nuch of the <catalytic activity is due to
active sites VBEYFEY'Sn the external syrface of the cr‘i@t"%?F@“’%Fi”ﬂhe f or m of
t he cup-shaped cavities. In the interi 8t structure of certain nenbers of
the famly such as MCM 22, the cup-shaped cavities conbine together to form
a supercage. The MCM 22 family of zeolites has attracted significant

scientific attygatd i ' 7 b d ann t | eanovi s al. in
Sci ence 264, 1910- 911?% 0Fﬁtg%ml anﬁ%géolhg%g’e?iépegogﬁia{?%‘(ﬁ"t ami}ﬂf'%évggm |y

i ncl udes a nursbell mimbee of iunits alomgdhe aldirestiomhasas réBH of, wikEiyhaish ofGke 49, MCM
56, SSZ 25, ERB:-1,.IT .a t her,s. Lobo et al._ Al ChE Annyal eting
1999, Paper 2@?@?@0?&]%%21%?3?59{‘%%3&05@9@\68@? ﬁ@%fis_ %"erﬁlr\wgérs of the
MCM 22 fam |y critdil@iniBe fortfsaht AfHsHaPeeaViER S In (b LI sHRLhRVT cerldih €€
significant nenbers of the famly are MCM 22, MCM 36, MCM 49, and MCM 56.

When i ni ti al | ynemsbess (o€ she damily owrl asi MOM-82; thel oufi-shgped cavities odmbsint i ca,

al um na, sodi an exanet hyl ene i m rgani c,.teopl ate,. the

i n:Jt i al pfodhg&%qrﬁoﬁmymﬁ?e%@gﬁhgﬁz%’ﬁgg’, %@%ﬁﬁ%%% t he
silica: al um nRgmifidahPsciintifio@ttentidn sthee i&ﬁﬁﬁi‘ﬂ?ﬁiﬂ%}lﬂ&ﬂcﬂfﬁ%L@ﬁnoﬁc&ie@ﬂ. al um na

ratios greater than 20, MCM 22 precursor conprising HDonded vertically

al i gned | ayer@i%ﬁ?ﬂ@&ﬁéedﬂﬁré?%aﬂ%&hdudﬁbe later eacogmitionm dket Hba dawdily ayer s of
MC-56 are produgced at | ower sili.ca:alum.na .ratiQs. e erials may
be converted g‘(‘)ﬁ%&jegva\o ?%ﬁgrnﬁfﬁoklﬁ? %%’e‘?ﬂ%%aso#’gﬁf’gﬁmﬁhmt and on
cal ci nation, NICM 56288775, tRRRBI1ANTQAT, . andi bthévs LS8 UE hMIAChE! Al 36. The
as-sygt hesi zed MCM 22 Egrecursor can be converted directly by calcination to
MCM 22 whi ch MestiggAP?d Reper?92dl ci ned MCM 49, an i nternediate product
obtained by the crystallization of the randomy oriented, as-synthesized

MCM 56. In MCM 49, the |layers are covalently bonded with an interlam nar
spaci ng sl i ghtoogslgr e dhe relatiashipbetwden ifcivarious embetscif s M@BI422 family

have been described in a number of publications. Three significant members of
the family are MCM-22, MCM-36, MCM-49, and MCM-56. When initially

synthesized from a mixture including sources of silica, alumina, sodium, and

i

hexamethylene imine as an organic template, the initial product will be MCM-22
precursor or MCM-56, depending upon the silica: alumina ratio of the initial
synthesis mixture. At silica:alumina ratios greater than 20, MCM-22 precursor
comprising H-bonded vertically aligned layers is produced whereas randomly
oriented, non-bonded layers of MC-56 are produced at lower silica:alumina
) ratios. Both these materials may be converted to a swollen material by the use of
a pillaring agent and on calcination, this leads to the laminar, pillared structure
of MCM-36. The as-synthesized MCM-22 precursor can be converied directly
by calcination to MCM-22 which is identical to calcined MCM-49, an
intermediate product obtained by the crystallization of the randomly oriented,
as-synthesized MCM-56. In MCM-49, the layers are covalently bonded with an
interlaminar spacing slightly greater than that found in the calcined MCM-
22/MCM 49 materials. The unsynthesized MCM-56 may be calcined itself to



22/ MCM .49 materials. The unsynthesi zed MCM 56 may be calcined itself to WO
2006/ 094009 PCT/ US2006/ 007171 21 form cal cined MCM 56 which is distinct
from cal ci ned oM 49 in having a randomy orien t han a

| am nar struc% %gn the patent litergture MCM22 is gggg%a%}ggﬁﬂlun u. S
Patent No. 4,954,325 as well as in U S, 5,250,777, 5,284,643 and 5, 382, 742.
MCM 49 is described in U S 5,236,575, MM 36 in U S 5,229,341 and MCM 56
in US. 5,5 362,697. 100401 The preferred zeolitic material for use as the MV
W conponent of fqmecalmacchM@M Sy whioln is listieht £8m dalciredsMEMA2MIONE42 bat t he

MCM 22 may be ejt.her d fres t no t ,havi ng, been vi ous|y used
as a catal yst §? %taeﬁﬁ? e Py qégkg?fe*hﬁ?é’d HRERATD ‘be Igstg PafgBhener at ed

MCM 22 may  be ugesufMEM-D is BRErBEER USeHatbRt 1614 934 1236 GRIPAIF SPr OCesSes
for which it is known to be suitable but one formof regenerated MOM 22

whi ch has been3260Ad7:t 52864 ansh$,582%742 cCMGM-49ris dhestiped e biS. Sddeiisat i on.
process is he production of
aronmatics Sl%%yﬁég %%%%?40/ %égﬁgg ﬁﬁ%@gﬁg ‘ng reactions such as

al kyal tion and transal kyl ati on. The cunene production (al kylation) process

s described in U S Patent No. US 4992606 (Kushnerick et aI) Et hyI benzene
producti on proli8é8es Thepwisredizeelifiq materipldor weras theoMWW cusnp

4,547,605 (Kre

4,992, 606; 4,9 @%%%gmo‘ﬁ%&%’éﬁ ﬁgﬁgg%%f gﬂ‘f‘“ﬁ@?@ﬂm%ﬁks’q’éﬁ%ﬁf of
aromatic corrpousfedfreeh {thatvig, iod haviag bidnafrevigushy 856dSs @\tatalyst 6f @iensativelgonpr i si ng
MAWV zeol i tes such as PSH-3 or MCM 22. US Pat ent No. 5 334, 795 descri bes the
liqui d phase sWF%%‘F@WW%WaB@ﬁﬂé% BegenemtciMEM ﬂeum-aﬁmu 22

catal ysts may V. e

et hyl )lggnzene an% B&%g'%%g?%?r% ?é:ftsﬁgr&gfmc ﬂﬁgcﬁg%cte.gs%]}slaﬁlt %gﬁgﬁt | onal air
oxi dation tec hsmtahbsbutl ond ﬁ'rmt of tdfgesa'awdddm-ﬁh voliible thag ded¢n famndatoabe/st s.

ntermediate PR SefiSoifvect e prosent”condentation. procest 1 MOM-25 Which is

previously been used for the production of aromatics such as ethylbenzene or
cumene,normally using reactions such as alkyaltion and transalkylation. The
cumene production (alkylation) process is described in U.S. Patent No. US
4992606 (Kushnerick et al). Ethylbenzene production processes are described in
U.S. Pat. Nos. 3,751,504 (Keown); 4,547,605 (Kresge); and 4,016,218 (Haag);
U.S. Pat. Nos. 4,962,256; 4,992,606; 4,954,663; 5,001,295; and 5,043,501
describe alkylation of aromatic compounds with various alkylating agents over
catalysts comprising MWW zeolites such as PSH-3 or MCM-22. US Patent No.
- ) 5,334,795 describes the liquid phase synthesis of ethylbenzene with MCM-22.

[0041]  The MCM-22 catalysts may be regenerated after catalytic use in the
cumene, ethylbenzene and other aromatics production processes by conventional

air oxidation techniques similar to those used with other zeolite catalysts.

Intermediate Pore Size Zeolite



22 [0042] As noted above, it may be desirable to carry out a second

al kyl ation step using different conditions in order to react the lighter
portion of t feed, predom nantly ethylene, gna

aromatic feegﬁoghg%%ﬁ? case, the reacE5on S preferablvagggﬂwg’ T"dut in the
vapor phase under higher tenperature conditions using an different

nol ecul ar sieve catal yst containing an internediate pore size zeolite such
as ZSM5 which is nore active for ethylene/aromatic alkylation. This famly

of zeolites isj004mr acAenbiE®dbbvs, A maf Beaédmale&erﬁn-?Ioﬁea%écon%mgﬂaﬁiohy l'ess
t han about 0. 7nm and/or pore W ndows in a crystal structure rmed by

10- menber ed r i §{gusng, diffezant Qﬁ%ﬁlﬂ@m m; Cﬁd@'rtﬁ”éeﬂﬁéﬂ@ lightas porticst'ofibe olefint hat t he
zeolites in @ %ﬂggﬂl ea erture,in the
range of abou?t%gasI n‘#lx ‘ﬁ!ﬁe %Fe@gj Wg’ﬁform The
ef fective por ereaétion 19fprefemblytmn&t'aﬂuﬂ)ﬁa the&&pﬁrqﬂmslﬁbﬁ&rﬂﬁgﬂﬂﬂw epdm@r ption

t echni ques and ca]npounds of _kpnown m_ni pum ki netic di aneters. See Breck,

Zeol i te Mbl ecUfORAINGNSYLg an different molecular pigvepatplye rcoptpining en infrgmedistn et al

ool i tee are rAn SEEnERRIGth co A WiRIROWHR Rlive 1oF GRPhOuRE "

ZSM 11, ZSM Zaﬂqaﬁwﬁﬂlniﬁbhlﬂr&f&tdhﬁh/ﬁs ciarterized b \noeffeetive fire alkigtite. O
t hese, ZSM5 and ZSM. 11 referred for functional reasons while ZSM5 is
preferred as BEPEGLY Hessd é“ oyt O.domgy; pyd/on pare) widews in 2 ExyRBEFEICHITesCal e

from many SUp%hﬁédSb b6 Qn%ﬂ]bcigagulﬁ@t "I\ﬁ'etd\émgﬂatl{oﬂe'lntté‘iﬂ]ea fafd ]géré Kiz&¢ gent of

the catalyst or catd ysts use n the présent process 1s significant. The
aci d activity thit theabolites magueistiort genesallycexhitst awe effegtive qfore epbrinye inhthe al pha

scal eydescribed in | ysi Vol 278-287. ( this text,
t he ze?ol ite caff’%gey‘%q]aq"g?@gﬁgifcqs B ¥ hep Wh?ﬁi'gcﬁ die ‘%%éﬁeq'??g‘ﬂgl B-I]]@SECI’I bed
i n the publi caiffegfive poft the m’&esotaﬂﬂ%%saswc{ismg mks&oipﬁoﬂeasured
Fromthis nmeasurenment is conputed an "al pha" val ue vvh h characterizes the

catal yst for itedmiquge lahdgompeundstof knowrhminimem Kingtic éiaptcaprsz\zsez@cﬂ@gmog
PCT/ US2006/ 007Z2Ltite Molecular Sieves, 1974 (especially Chapter 8), and Anderson et al, J.

Catalysis 58, 114 (1979).

[0043]  The medium or intermediate pore zeolites are represented by zeolites
having the structure of ZSM-5, . ZSM-11, ZSM-23, ZSM-35, ZSM-48 and TMA
(tetramethylammonium) offretite. Of these, ZSM-5 and ZSM-11 are preferred
for functional reasons while ZSM-5 is preferred as being the one most readily

available on a commercial scale from many suppliers.

[0044]  The activity of the two zeolitic component of the catalyst or catalysts
used in the present process is significant. The acid activity of zeolite catalysts is
conveniently defined by the alpha scale described in J. Catalysis, Vol. VI, pp.
278-287 (1966). Tn this text, the zeolite catalyst is contacted with hexane under
conditions presecribed in the publication, and the amount of hexane which is
cracked is measured. From this measurement is computed an "alpha" value

which characterizes the catalyst for its cracking activity for hexane. This alpha



23 value is used to define the activity level for the zeolites. For the
purposes of this process, the catalyst should have an al pha val ue greater
than about 1.0Q; if it has an al pha value no greater than about 0.5, wll be
consi dered to WAW/B4¥et antially no acgi vity for crackifJU§eRME™ The al pha
val ue of the internedi ate pore size zeblite of the ZSM5 type
preferentially used for the ethylene/aromatic reaction 1is preferably at

| east 10 or nore, for exanple, from50 to 100 or even higher. The al pha

val ue of the Méalezeddd!ts defifé fieablivity 6@y forthd Bedlitds FofthRpRARRELFMiEON 1S
| ess critical although values of at l'east 1 are required for perceptible

activity hi ghdroegss, fass caiglyst shouldhevpprplphs welue grenter than abbut 1.6 if GwS] | n

addition to th i onRAL t t st _w.l | -usyal l ontain a
matri x nateri aleﬂnori Lai‘;r?ier |${ﬂ”cr§§%‘n ?bé’t'lg?'\g/e %eq(ﬁi)gflge@f#%ﬁ@‘feﬁ&’%‘aﬁ Ycat al yst
as well as to nprativitg fomeraclésg hédng.0 MRS ialpha AR VE R inkdrineSiatepdrb Giz6 at al yst .
H gh activity catal %sts nﬁf owever, be fornulated in the bi'nder-free form
by the use of Zeelite Eitke Z8M-5 &spreferentialljuesed forothe ethyleprieroraaticdeantion bed i n

U S. 4,908, 120.; rl terial s su tahkly incl ude alum na,
silica, silicaa um@rﬁl%lﬁsa‘?ﬁ?a[sgﬁ 3,} )ﬁ%olq%c rnf”%,mpéﬁﬁ%? ﬁbrtoilﬂgr"ja\eﬁf%w?rde

mat eri al s comihekiphae@hiervf tHeMW W ZedliRtpreforably u¥ed Biathé HauidiphysR réattion ySt s.
For use in the_preser_lt_%aﬁrocess, the level of MCM 22 or ZSM 5 type

(internediate poless siite) altagnghvalyes of gblepstyl amgaaquivedfpy Reareentibleadofivity wi | | be
typically from ° i nd in nost cases from25 to 65 % by
wei ght. I n manu ag%g?l‘é&o?%gy?mx\%ligg%ge(gat alyst, the active ingredient wll
typically be mulled with the matrix material using an aqueous suspension of
t he cé}al yst azlc[i] r}atrix,, after which the active conponent and the matrix
are extruded i M# i red shape, for exanple, cylinders, hollow
cylinders, trilobe, quadlobe, etc. A binder material such as clay may be
added during the mulling in order to facilitate extrusion, increase the
strength of th&045] nain seditivryto the zealitici campamant,t the cataliystrwidt useallydemitaimb| e

sol i state pr gRgLtl Ghselir YR RP904024008 PEILUSRO0 RTE T catatyst o

well as to provide the desired porosity characteristics in the catalyst. High

activity catalysts may, however, be formulated in the binder-free form by the use
of suiteble extrusion techniques, for example, as described in U.S. 4,908,120,
When used, matrix materials suitably incluide alumina, silica, silica alumina,
titania, zirconia, and other inorganic oxide materials commonly used in the
formulation of molecular sieve catalysts. For use in the present process, the
level of MCM-22 or ZSM-5 type (intermediate pore size) zeolite in the finished
) matrixed catalyst will be typically from 20 to 70 % by weight, and in most cases
from 25 to 65 % by weight. In manufacture of a matrixed catalyst, the active
ingredient will typically be mulled with the matrix material using an aqueous
suspension of the catalyst and matrix, afier which the active component and the
matrix are extruded into the desired shape, for example, cylinders, hollow
cylinders, trilobe, quadlobe, etc. A binder material such as clay may be added
during the mulling in order to facilitate extrusion, increase the strength of the
final catalytic material and to confer other desirable solid state properties. The



24 amount of clay will not normally exceed 10% by wei ght of the total
finished catalyst. Unbound (or, alternatively, self-bound) catalysts are
suitably produced by the extrusion nethod described in U S Pat

4,582, 815, t oVQR¥EM40¥ef erence is made for a descrlptldﬁ"@ﬁ”?ﬂ@"ﬁ%thod and
of the extruded products obtained by s use. The nethod described there
enabl es extrudates having high constraining strength to be produced on
conventional extrusion equi pment and accordingly, the nmethod is emnently
suitabl e for parRsliseiof @ldyNeilc Abtohothiatly \Witezl 1094 By Sidiglf fTthe Iotal in@skedt al ysts
are produced by nulllng the zeolite with water to a solids level of 25 to
75 W% in the ¢ Habgyndy(op,zl tegmg@elwseg honnd)atalysipare spitably Bredeceds sodi um
hydr oxi de. Fur d a 2,815. x
Product For matl?l{;ﬁﬁe[ %&@i&%}?{"tﬁ%& t eg;'@ p%np?otr (%\(T:Je:‘s%ﬁs%@lnsd n%eﬁh%

mechani st i cal |gfetiérfct dy matle fds:aadéslcnpﬁoﬂeﬂ(me phetieod anlhef the ektiided ipfodube f eed
react with the si e (ing aronma in the aromatic feed to _ form

hi gh- oct ane nLH%FCJSWI BS%TF?@ %M%%Wi@?ﬁcﬂb%@t%@a%m

et hyl ene- ar omgt, r Iﬂ%g ate pore
size zeolite catalyst g)é\%/ﬁﬁ eq%lrbggﬁ‘lgdeu%gégﬁgrsr% @g%aga %ﬁ“se@ﬂt’ gvored
over MWV W zeol dcterdinglyg tyestmethofl G émijneiithye smtablwﬁot)bﬁ)duaaglthd)mlydts ahichl ati on

andtransalkylatl n re i ons . between, th sadth olefins wll
predoni nate sifh# F’&Ex’ﬁ qb“di?&lystt%%wpﬁ‘?q\‘ﬁ?f@é&”g% e &¢ ‘It?ﬁ’l WalStRRi zat i on
whi ch occurs SRRLIVAGBIAETIviS, B e pfeBitelof 033890 D) Bf AR ifitbghy st and

preferential ly occupy the catalytic sites making ol e sel f-condensati on
reacti ons | esssuch iak sbdiutmohydroxide ashirtiney dedsils sref foi be émmdeunoﬁﬁt iPet MNo.e

present. React‘jeg)[{b é}gt es and thernodynam ¢ considerations also favor direct
ol efin-aromat i edctions. Whatever the WO 20061094009 PCTI OS2006/ 007171 25

Product Formation

[0048]  During the alkylation process, 2 number of mechanistically different
reactions take place. The olefins in the feed react with the single ring aromatics
in the aromatic feed to form high-octane number single ring alkylaromatics. As
noted above, the ethylene-aromatic alkylation reactions are favored over
intermediate pore size zeolite catalysts while propylene-aromatic reactions being
favored over MWW zeolite catalysts.

) [0047]  The principle reactions of alkylation and transalkylation reactions
between the aromatics and the olefins will predominate significantly over the
minor degree of olefin oligomerization which occurs since the aromatics are
readily sorbed onto the catalyst and preferentially occupy the catalytic sites
making olefin seif-condensation reactions less- likely to occur as long as
sufficient aromatics are present, Reaction rates and thermodynamic

considerations also favor direct olefin-aromatic reactions. Whatever the



I nvol ved nechani sns are, however, a range of al kylaromatic products can be
expected with varying carbon nunbers. [0048] The objective normally will be
to produce products having a carbon nunber no higher than 14 and preferably
not above 12 ¥HOPE®H4e npst val uabl e %asol i ne hydr ocar BEHYS26@07411 C7- C12
fromthe viewpoint of volatility including RVP and engi ne operation at
varying conditions. Di-and tri-alkylation is therefore preferred since with
the usual C2, C3 and C4 olefins and a predom nance of benzene in the
aromatic feed ivoled 3h & Bhis t aFINERE o t 10 to
14 are readily ac%vabl e. j&%ﬁ%ﬁfﬂatlﬁ%g&?feggﬂconposﬁl on opgépétl ng
condi tions andemqg@doﬂt}umrymgnmomnmhm slate may be varied with optinmum
conditions for any given product distribution being determ ned enpirically.
[ 0049] After separation of light ends fromthe final reactor effluent
stream the gamad) neThO bbjeblve RoHfAIL rvﬁﬂ%tto' odlﬁlsﬁ%éueer’ﬂamg asea&bcaper or

fractionator. Because of 1ts content of high octa nunber al kyl aromati cs,
it will nornal Pymberaehighergbamié amlumémbify nat abaygsi? sixesthel noft einablegher |

"ot nory bl enauihpe PRSePl i ey Crer shul e icvsynk SORIRE g 0050)

The present DFRGH’SSnd npidk adetatiofi’ atl 'Iréyﬁ?%hditlbhé’ ofDibidNG;-ARARRIE 150

operation at |low to noderate pressures eneral, pressures up to about

7,500 kPag (apsresatenpraferyed) smwe pithg fhenjuse b@z,a@?eqemt eC4 mdefas nend ar  of
ti h t t
oot 3 500 KEEbRARECE BE RESARC I e | EiEHe e BB bOEREE SR D 0P o ©

| ow pressure esborpfembers Iﬁfoesswueaom;tlhlafe toadily adhiesvable. aj@uﬁdﬂ,g)enm 15, 000
kPag Tjabout 10% WO 2006/,094009 PCT/ Q52006/ 007171 26 to 2,175
=

pref erfabl y 150¢ed somposition pagrating ennditopy andtypg of pait, he mpqiuct slﬁtsr %‘-’y be

sui tabl e. varied with optimum conditions for any given product distribution being

determined empirically.

[0049]  Afier separation of light ends from the final reactor effluent stream,
the gasoline boiling range product is taken from the stripper or fractionator.
Because of its content of high octane number alkylaromatics, it will normally
have an octane number of at least 92 and often higher, e.g. 95 or even 98. This
product forms a valuable blend component for the refinery blend pool for
premium grade gasoline.

) Process Parameters
[0050]  The present process is notable for its capability of being capable of
operation at low to moderate pressures. In general, pressures up to about 7,500
kPag (approximately 1,100 psig) will be adequate. As a matter of operating
convenience and economy, however, low to moderate pressures up to about
3,500 kPag (about 500 psig) will be preferred, permitting the use of low pressure
equipment. Pressures within the range of about 700 to 15,000 kPag (about 100



- 10051] In the liquid phase operation, the overall tenperature will be from
about 90 to 250'C (approximately 195 to 480F), usually not nore than 200C
(about 390F). The tenperature may be controlled by the nornmal expedi ents of
control ling f®ed0a68480? and operating tenperature or, ifPEEERIPEAYIPy dil ution
or. quench. If the additional vapor ph#8e step is used, reaction conditions
will be nore forcing over the internediate pore size zeolite to attain the
desired ethyl ene conversion as described in Application Serial No.

(claimng priog forei ! i i ' se
Al kyl ation Pr o8 247 ?,pﬁggrm%ﬁ%ﬁ ﬁ??"c’%o“?‘?‘)é“@%%?@*"?ﬁ‘g%?@? éé?%f*?ﬂ% to 620
F). 100521 Span@mmallybeistigabds) t he ol efin feed will normally be fromO0.5 to

5.0 WHSV (hr') and in nost cases fromO0.75 to 3.0 WHSV (hr""') with a val ue
inthe range of 1.0 to 2.5 WHSV (hr-1) being a conveni ent operating val ue.

The ratio of EbeAlifh ek pRh&! ifbritioh! alCRRRM R "QiifPde frofrOnt ent of

the feed, principally the benzene content whic s to be converted to
al kyl ar omat i csatzomt!90% o250 C (dppatxiimatelyf 1950 ¢o 4805F) tusuadlyarot mokectham2003Gder t he

Wil bofrom aDUR 0N Ths gmpSgiice by Fercolrlebybe po sxpedii of 1 10 2:1
by weight. No asgetingyRe@eae, ks oﬁ&ﬂﬁﬂé%pc?&?mcgrﬁﬂ%rﬁdfb i @fbgf:iﬁrﬁr  ood

produci ng a gasoline boiling range product froma m X
stream i ncl udi gusneh.hif Snaddiivnpl vrppt phase steg ia uséd; ueadtion oomditiansfvilicbest r eam

including single ring aronmati.c, conpounds, .whic rocess conpri Ses:
extracting Ii g’ﬁlf)reotllmé‘%?gr\%v%fpgﬁmg%@tf’ipﬂfecs%a@oﬁtlﬂg%ﬁ&ﬁ'“&MF’E#@IYZT%I ene and
propyl ene by ceuaRéRioh!a9\destiribe@ i/ ApSlcatibn SchisIMRSr at ur e (élh_iﬁﬂhﬁjﬁﬁ' a
press%re up to 3500 kPag, into a streamof |ight aromatic hydrocarbons

whi ch ‘cont ai nsApRlieetier: Sepial N BME56945: sMaper Phesm Abufationi PrgoessDy Sent ed
ol of i s, al ky) SEPRIE ohg B Ry A b O o it h t he oxtr act ed
ol efins dissolved in

[0052)  Space velocity on the olefin feed will normally be from 0.5 to 5.0

WHSYV (') and in most cases from 0.75 to 3.0 WHSV (hr"') with a value in the

range of 1.0 to 2.5 WHSV (hr™") being a convenient operating value, The ratio

of aromatic feed to olefin will depend on the aromatic content of the feed,

principally the benzene content which is to be converted to alkylaromatics and

the utilization of the aromatics and olefins under the reaction conditions actually

used. Normally, the aromatics:olefin ratio will be from about 0.5:1 to 5:1 by

weight and in most cases from 1:1 to 2:1 by weight. No added hydrogen is
) required.



the aromatic hydrocarbon streamover a fixed bed of a solid nolecular sieve
al kyl ation catal yst conprising a zeolite of the MNWfamly in a liquid
phase reaction at a tenperature of not nore than 250C, an aronatics:olefin
ratio from0.5:1 to 5:1 by weight and an olefin space velocity fromO0.5 to
5.0 WHSV, to forma gasoline boiling range product containing

al kyl aromatics including al kyl benzenesy; passing the stream conprising
unsorbed olefins to a vapor phase alkylation step in which the olefins in
this stream contact an additional streamof the aromatic feed to alkylate
aromatics in the streamw th unsorbed olefins in a fixed bed catal ytic,
vapor ph&daAMSction over a catal yst conprising an internediate pore size
zeolite which is nore active for ethylene conversion than the MW type
zeolite used in the liquid phase alkylation reaction, at a tenperature

whi ch i s hi gAeahiethdtbfor tphaducingedgdsoliddiboiling|ttinge pridasefrah kymbded dighsblefin t o
produce al kyl ate aromati¢s including al kyl benzenes. A net hod according to

2.
claim | in wieEhiream igleding icthviee ndt PreBviFReo At B slimrich arqreatisy feed etream. A
process accg&&kglg&ﬁﬁgﬁgﬂg%am%% é’(\@‘!p%gn&sh@h% fileld G, Rlefin feed stream

conpri ses ptocess according to claim! in which
t he zeolite ofrattivgg Mgl fodefink y fromnpt | defnic Mayt &#eanb .codprimnfoethgemondd ng t o

claim4, in which the olefinic.feed streamis reacte i.th.the aromatic
feed st eam FRPYIFRS %%@WE@O% isplatioprayademperaie W E’aﬁ&%@fld APTeSSWeHPer at ur e

from 150 t0 @386 kPag, i % (0 BEEGH: Honhit AydlodrBdm witibh Wil BdhgediET 1 NI C

feed streamis reacted wwth the aromatic ?,eed streamin the presence of the
MCM- 22 zeol i foem @ateatracs stream eortispey extracted ofefiosnnits atomaio b@lrodarbokseed hod
according to ¢claiml in. which %p romatic feed streamis a reformate

st r eam whi ch® TSATSCOHPTIFng fneorp ‘gﬁ%Weight percent benzene. 8. A nethod

accordi ng t oalyl@tidp the lafondlics ln tHRG&xBhQTRbAR Wigele Skir@AED Sl0RhRdR®IVedam 25 to
40 wei ght percent benzene.
the aromatic hydrocarbon stream over a fixed bed of a solid molecular sieve
alkylation catalyst comprising a zeolite of the MWW family in a liquid phase reaction
at a temperature of not more than 250°C, an aromatics.olefin ratio from 0.5:1 to 5:1
by weight and an olefin space velocity from 0.5 to 5.0 WHSV, to form a gasoline
boiling range product containing alkylaromatics including alkylbenzenes,
passing the stream comprising unsorbed olefins to a vapor phase alkylation step in
which the olefins in this stream contact an additional stream of the aromatic feed to
alkylate aromatics in the stream with unsorbed olefins in a fixed bed catalytic, vapor
phase reaction over a catalyst comprising an intermediate pore size zeolite which is
more active for ethylene conversion than the MWW type zeolite used in the liquid

phase alkylation reaction, at a temperature which is higher than that used in the liquid

phase alkylation step, to produce alkylate aromatics including alkylbenzenes.

2. A method according to claim 1 in which the aromatic feed stream comprises a

reformate.

3. A process according to claim 1 in which the mixed light olefin feed stream comprises

Cy to Cy4 olefins.



9. A nmethod according to claiml, in which the olefinic feed streamis
reacted wiwth the aronmatic feed streamin the presence of the MW famly
zeolite catalyst _at a pressure not nore than 3,000 kPag. 10. A nethod
according to claiml1, in which the olefinic feed streamis reacted with the
aromatic feed streamat a pressure not nore than 3,000 kPag. 11. A process
according to claim1l in which the integmediate pore size zeolite which is
nore active for ethylene conversion than the MW type zeolite is zeolite
ZSM 5.

4. A process according to claim 1 in which the zeolite of the MWW family comprises
MCM-22.

5. A method according to claim 4, in which the olefinic feed stream 1s reacted with the
aromatic feed stream in the presence of the MCM-22 zeolite catalyst at a temperature
from 150 to 250°C.

6. A method according to claim 5, in which the olefinic feed stream is reacted with the
aromatic feed stream in the presence of the MCM-22 zeolite catalyst at a temperature
from 150 to 200°C.

7. A method according to claim 1 in which the aromatic feed stream is a reformate

stream which contains from 5 to 60 weight percent benzene.

8. A method according to claim 7 in which the aromatic feed stream contains from 25 to

40 weight percent benzene.

9. A method according to claim 1, in which the olefinic feed stream is reacted with the
aromatic feed stream in the presence of the MWW family zeolite catalyst_at a

pressure not more than 3,000 kPag.

10. A method according to claim 1, in which the olefinic feed stream is reacted with the

aromatic feed stream at a pressure not more than 3,000 kPag.

11. A process according to claim | in which the intermediate pore size zeolite which 1s

more active for ethylene conversion than the MWW type zeolite is zeolite ZSM-5.



