WD 2006/ 094008 PCTJUS2006/ 007170 1 VAPOR PHASE AROVATI CS ALKYLATI ON PROCESS
FI ELD OF THE | NVENTI ON [ 0001] This invention relates to a process for the
production of a high octane, aromatic gasoline boiling range notor fuel by
the reacti onwqf2obé/gabeg0! €fins with aromatic hydrocarbonsyifiudNemmaRe"

phase. CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0002] This application
clainms priority fromU. S. Application Serial No. 60/656,945, filed 26
February 2005, entitled "Vapor Phase Aromatics Al kylation Process". [0003]
This application is related to co-pending applications Serial Nos. and , of
even date, claimng priority, respectively from Applications Serial Nos.

60/ 656, 954, 60//6BORIIFASEARODMIATHCS AKBUACHONPROGESSfi | ed 28 February
2005 and entitled respectively, "Gasoline Production By AQefin

Pol ymeri zat i Ofpgy T qeps NBigNg H gh Cctane Gasoline with Reduced
Benzene Cont eﬁE]fDﬁ?_qu dngglgse Arrgmat ics Alkylation Process” and "O efins
Upgradi ng Process". Reference is nade to the above applications for further
details of theogpnpceskhis ipeatiohesatest@wprasss hathapeoduetion ofd High bttah#)i s
application. BACKGROUND OF THE | NVENTI ON ‘[7'26004] In recent years, .

envi ronnent al aramaticagasotiag boiingoriage meothn el Ibynthe gdactioneofalightrnleBdns pithzene
whi ch is perm ssibl %I(FE eérol.etﬂin notor .fuels. These regulations have
produced subsfERalE Iy %‘Eﬁ Qs if e VAR BRa¥her ati on. To conply with these
regul ations, sone refineries have excluded C6 conpounds from reforner feed
so as to avoi CROSS REFERENCE 10 REINXERD APPEICAYIONS al ternative approach
Is to renove the benzene fromthe refornmate after it is formed by neans of

an aromat i CSP@?p@ggg‘ng&ogbgﬁ%ﬁﬁnsUféﬂné‘ﬁarid}ﬁysff&lnf .84 JpiiREEGT hial'Ro.

2006/ 094008
: 60/656,945, filed 28 February 2005, entiiled “Vapor 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, 60/656,946
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”, “Liquid Phase Aromatics Alkylation

Process” and “Olefins Upgrading Process”.

Reference is made to the above applications for further details of the 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
with these regulations, some refineries have excluded Cs compounds from
reformer feed so as to avoid the production of benzene directly. An alternative
approach is to remove the benzene from the reformate after it is fomed by

means of an aromatics extraction process such as the Sullfolane Process or



2 UDEX Process. Well-integrated refineries with aromatics extraction units
associ ated with petrochem cal plants usually have the ability to accommbdat e
the benzene limtations by diverting extracted benzene to petrochem cal s
uses but itwiosongovaecodi fficult to nmeet the benzene speci fREIAGI2006/0DTT0
refineries without the petrochem cal ca&pability. Wile sale of the
extracted benzene as product to petrochem cals purchasers is often an
option, it has the disadvantage of |osing product to producers who wll add
nore value to it and, in sone cases, transportation may present its own

difficulties in dealing wth bulk shi ppibqrrlfg of a _chemcal classed as a
hazar dous nat &PEK Hroérss) Well-inageted sfinesiss eWith aromatige v@¥races oWyt ed

by a decrease [ f..:RL . ' ' t ' e ring
o omat 1 o mak Do BREE! pRELRREH BN BhBFE sEP L ERARY B PEirHARLE (20
have been pr opRs enzdre IheRBNGHS by diverind @RESAR IDRnAERTRS bEiPocHeRi 1 ndes

refinery streans to the less toxic alkylaromatics such as toluene and et hyl
benzene whi ch buhéneness difficult de meeticebazehe gheaifitation fdrerefinevepwmthovs. One

process of this type _ was the bi | _Benzene duction (MBR) Process which,
like the cl osélpeypm%@racw@agﬁ%e ,ﬂeLﬁsaé‘aog | RtERCiEdbergens aEProdegt st i n

. : . . : .
such a5 1 of ueneroR Bk RRRRET DA ol BoRGLT ol Tid RGP IBHAT
NoS. 4, 827, 069iodhc?50, BbtiucésOHBoOMll AR ntbrd 4Gald6Z0 [1OBRE] irRoleeades bl em

facing petroleumrefineries w thout convenient outlets for petrocheni cal
f eedst ocks i s trahsportationxuay presenghits v fliffisultEslin dedling with bullhshippingtdfen of

catal ytic crackin rocesses .in petroleumrefining in the early 1930s,

| ar ge armuntscg?mgﬁagﬁ%ﬁsf, aﬁér’WE%P&? malsnalne ol ef i ns such as et hyl ene,
propyl ene, butyl ene, becane available in copious quantities fromcatal ytic
cracki ng pl anfmosn r efienfm®al ofVbehgenehies Rowbedri ascanparied blyya deatade ms

petrochem cal feedstocks, the refineries w thout petrochem cal capability or
economi cal | y Bradugtoctage gualitn ginen i hsnzeneanid other gtinglpging gramatins wake ave to

positive contribution to product octane. Certain processes have been proposed
for converting the benzene in aromatics-containing refinery streams 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 petrolenm refining in the early
1930s, large amounts of olefins, particularly light olefins such as ethylene,
propylene, butylene, became available in copious quantities from catalytic
cracking plants in refineries. @ While these olefins are highly useful as
petrochemical feedstocks, the refineries without petrochemical capability or

economically attractive and convenient markets for these olefins may have to



WO 2006/ 094008 PCTI US2006/ 007170 3 use the excess light olefins in fuel
gas, at a significant economc |loss or, alternatively, convert the ol efins
to marketable liquid products. A nunber of different polynerization

processes f ogwdPsaslessdes9 | iquid notor fuels from crackin 3 vol ved
follow ng the advent of the catal ytic cracking process gﬂ@’{é?g‘?ﬁﬁgﬁgfesent,

the solid phosphoric acid [ SPA] pol ynerization process renains the nost

i nportant refinery polynerization process for the production of notor
gasoline. This process has however, its own drawbacks, firstly in the need
to control the water content of the feed closely because although a limted

water contenhsd shd egdedselghtoblefiak ainy Slel agds, \dt ty sidnifRcan@ttlonsiic dbdseds i n

the presence of excess water so that the reactor may plug with a solid,.

stone-| i ke matléerhaliveiti converisthgi olefinsiite marketehleviquiid tproductsir i A Inumpeorofot her
I f the feed is too dr coke

arduous operatipons: Conversel.y, ends. to
deposi t olr[: thélfg‘%'?‘&l P??Ym‘?%@tt}\épngrqcf’ﬁseéc%qrvpf ucihey 4ay 'e‘&@?q‘ig%‘{q[]}’esf ssure

drop across ta%cﬁﬁggfg{ggééwbma W @ing (8 lah_@éﬂt%g thd'ERaidtie gr&ki&%ﬁgeystshe

di sposal of crac I'ns fromthe non-i ntegrate ef1neri

restricting the: pente gaedng thepsulid phesphopic( usidalSBA mpeBumidikagion frecehs Vapor
Pressure, RVP) of notor gasolines especially in the sumer driving season
when fuel . vol ¥mding thepnos|impsrtartaefinety prdywarizgiianaproressifor thequedyrdion ofeed
for additional olefin.utilization capacity. [0007]. Refineries w ,hout .their.
on_ pet r ochenPeRrEesPf-o % Predis AR, HotvE Stk iy 4t I,

ol ef i ns ther efcfctRP AL cBRRE %efﬁ%bfdéﬂy BHcBﬁs%raf]ﬂlbugh LEGhitDVatpd for
t hese plants, processes which would enable thé excess oléfins and the
benzene to becamentes trequired fier datalzdtl mctivityd tiod satakyst dofivens iethier mbsemce (60081

The fluid bed MBR Process,  uses a shape selectjve, netallgsilicate catalyst,
pref erably zZSMosss patex 3R Batithe sactondnisy PHIZYIth Acolid; stenerdika gnajeral; wlich r om

Nor mal Tyt e VAo oloo SRR bt g U BT ) il opeltont, OIRBRERE
for 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 (usﬁally measured as
Reid Vapor Pressure, RVP) of motor gasolines especially in the sﬁmmer driving
season when fuel volatility problems are most noted, potentially creating a need

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.

[ooog]  The fluid bed MBR Process uses a shape selective, metallosilicate
catalyst, preferably ZSM-5, to convert benzene to alkylaromatics using olefins
from sources such as FCC or coker fuel gas, excess LPG or light FCC naphtha.
Normally, the MBR Process has relied upon light olefin as alkylating agent for

benzene to produce alkylaromatics, principally in the C;-Cg range. Benzene is



benzene to produce al kylaromatics, principally in the C7-Cs range. Benzene
I's WO 2006/ 094008 PCT/ US2006/ 007170 4 converted, and light olefin is also
upgraded to gasoline concurrent with an increase in octane val ue.

Conver si on oWwd 200m9408€C napht ha ol efins al so | eads to subsEswecOb7ITEdUCE i ON
of gasoline olefin content and vapor prdssure. The yield- octane uplift of
MBR makes it one of the few gasoline refornulation processes that is
actually economically beneficial in petroleumrefining. [00091 Li ke the MOG
Process, however, the MBR Process required considerable capital
expenditure, a factor which, did not favor its w despread application in
times of ti ghcongrias, rpdnlight elefinTite 2lfBRupETRdAsk b0 Paselines eandiirgmérwith an
tenperatures and C5+ yields gnd Qctane rati.ngs uld.i.n certai ases. be
del et er i ousty IFPEELIB P, HIRC 1SR ETh LA HChoRsphdiRoeha alp Bt t©
utilization. : Al _wth
the probl ems ST -taidl3ckfRiah BY PRERAFRICIAY Eoflcalant Vopdl HISRRE TR JRAK: o

ki nd have of t eptahenglifpoRNBRymikes ibbiky bfitheofewogasbiine ecformulationl ebéassesor

ot her al kyl ati ng agents such as nethanol to formless toxic al kylaromatic
pr ecur sors. Eﬁ@%ﬁ@ﬁtyalhmégalmbemeﬁr:@lmp@celﬂanaefg@mgbed 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. [ Ofhbaby Wiillige t S MOTP VWPrREQS ERSHEVA! Sthe© MBRC Prb¥esd! fEdqfidd e
they, like the and. MBR processes, have encountered the di sadvant age of
needi ng to a comsiddrableocaplitab szperdiiigreses {amore whigli tdal nek favuli itsimedespréagct or
which mlitates  strongly ar%%i nst themin present circunstances. [0011] For

these reasons2PRIGAEPP AR tipnes ékﬁ@&fe@é%ﬁ)m@&ws-%BMB%BEO&P%@S%PS“E@EB% vely

| ow capital c avi t he,. gl 0, I n e ( ther
aromatics) w %@%&e&%?%&@%%&ﬁé@%i‘gﬁhg% c?r)l\ielgq qgaé%ﬁdrl\e Sgsgzdgne
speci fi cati ondeleiefousiysafetiddindihi! favior wEchiidndt fahoo sidRpreadiytiRatnomt i C

conpounds and be economically acceptable in the current plant investnent
climate. For S8 relineryepiosesses have alse thieor prepased (to gealcwitbahe | pseblemscful d

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
preater or lesser degree, some capital expenditure, a factor which militates

strongly against them in present circumstances.

[0011]  For these reasons, a refinery process capable of being installed at
relatively low capital cost and having the capability to alkylate benzene (or other
aromatics) with the olefins would be beneficial to meet gasoline benzene
specifications, increase motor fuel volume with high-octane alkylaromatic
compounds and be economically acceptable in the current plant investment
climate. For some refineries, the reactive removal of C,/C; olefins could
alleviate fuel gas capacity limitations. Such a process should:

Upgrade C; and C; olefin from fuel gas to high octane blending gasoline



alleviate fuel gas capacity limtations. Such a process should: Upgrade C2
and C3 olefin fromfuel gas to high octane bl endi ng gasoli ne WO 2006/ 094008
PCT/ US2006/ 007170 5 Increase flexibility in refinery operation to control
benzene cont emb 2008094068 9gasol i ne bl endi ng pool Allow refineries with benzene
problens to feed the C6 conponents (I ow g bl ending octane \?gfrﬂjé%‘ﬁ“’f”ﬁl"f“he
reformer, increasing both the hydrogen production fromthe refornmer and the
bl end pool octane. Benzene produced in the reforner will be renoved in
order to conply with gasoline product specifications. Have the potential,
by the renoval of olefins fromthe fuel gas, to increase capacity in the

fuel system faciddrésse fOHbITEEN fr@fih%igrél%?aﬂdﬂ fo BEMeE] berbRHE Gonfthnt NV RS

increase in severity in sone key refinery process, FCC, hydrocracker,
coker, etc. [OO0gajolimhdleeimspoaly of keeping capital cost | ow obviously
favors fixed bed catalytic units over the fluid bed ty(g‘g operations such as
MOG and MBR. Fi Adlew isefdnesies muith chenaeng pratilems go oiced dbe Gavempertndy dow -
comerci al scal g, use in the etrochem cal field. The e.Process offered
for T cense {1 r Elenaiadptane yHSeRofn dhe RiTish HStAERE BOLbr 60T IoREh cal

Company is a | Oggﬁgﬁﬁﬁfro‘ﬁ?ﬁﬁe re[?é@:{?&sﬁl&ﬁkrlﬂeﬁd g#:éle&tﬁ’x?é?' B’E‘fnz?%%] Efﬂﬂﬁd

al kyl ation/tran ation cata to react Trefinery propy

benzene to prodir thepeifapadiewlll Bk @maded o RdE. to Eﬁrﬁp‘lﬁsﬁ*ﬁﬁ %@b}iﬁ@@ﬁma _
manuf acture using various nol ecul ar sieve catalysts have been described in
the patent |itespacifieationyr exanple, U.S. 3,755,483 describes a. process for

maki ng petrochem cal_ cunene fromrefinery benzene and propyl ene . using a
fixed bed of zSHRY® the;pateptsl, by the ramoval ofgolelipg fxgnsthe fued gaacior ngrease

f ' ) [ ef ‘ | nely ZSM
2 catal ysts. TRy WRETCl SR el PEUESHE BRARLORS BAAd
manuf acture haglideeln dafeédsbetn | Bevekite! il afodi Skeyl. refindsy8Prodé8, dBSCY | bes

use of a zeolite
hydrocracker, coker, etc.

[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 QOil
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
been described in the patent literature: for example, U.S. 3,755,483 describes a
‘process for making petrochemical cumene from refinery benzene and propylene
using a fixed bed of ZSM-12 catalyst; U.S. 4,393,262 and U.S. also describe:
processes for makiﬁg cumene from refinery benzene and propylene using ZSM-
12 catalysts. The use of other molecular sieve catalysts for camene manufacture
has been described in other patents: U.S. 4,891,458 describes use of a zeolite
beta catalyst; U.S. 5,149,894 describes the use of a catalyst containing the sieve
material SSZ-25; U.S. 5,371,310 describes the use of a catalyst containing the
sieve material MCM-49 in the transalkylation of diisopropyl benzene with

benzene; U.S. 5,258,565 describes the use of a catalyst containing the sieve



beta catalyst; U S. 5,149,894 describes the use of a catalyst containing the
sieve material SSZ-25; U S. 5,371,310 describes the use of a catal yst
containing the sieve material MCM49 in the transal kyl ati on of diisopropyl
benzene w t hwolzesszosmeg U. S. 5, 258, 565 descri bes the use dicCraU2edsab It

contai ning the sieve WO 2006/ 094008 PCTFUS2006/ 007170 6 material MCM 36 to
produce petrochem cal grade cunene containing |ess than 500 ppm xyl enes.

[ 0013] The petrochem cal al kyl ati on processes such as those referred to
above, do not lend thenselves directly to use in petroleumrefineries

wi t hout petrochem cal capacity since they require pure feeds and their
products are m«tenalrﬁ\ﬂ@%@ﬁewtmaﬂuqee@ﬁmcamqﬁﬂ Brrdescumeng eantaining lesaludt i on,

ot her proble countered in the context of devising a process. for
not or gasol i ﬁog?’ﬁﬂlﬁle % whi ch commends itself for use in non-integrated,

smal | -to-nmedi um sized refineries. One such problemis the olefins fromthe
cracker cont a[0§18} hy 'Thee petsochepriogly Alkylation prigessesrsuch aheghbiegneferred eoi ns

and i f any process s to. b eco ally attractive, I s.necess for it
2o consans bofboeh donedt legdtbe edge ey Hﬁ?/l"éri’étff’lfuﬁ%?%ﬁ?%%?ét‘f"%g‘! than

et hyl ene ‘and C "t]’?effp

t enper at ures %%%chg@ﬁg%le%gﬁ 8?){ Pﬁﬁcea {égﬁ@g‘ﬁ&&@e@%@ﬁtggﬁé rglrﬁﬁéts laéengag (by
transal kyl at i gidr@pufd thRe tqpirted ¥R AldiOplodubesiauIe a@(ﬂmohhmﬂ pioblempfayessi bl e
W th existing process technol ogies, to obtain conpar able Utilization of

et hyl ene and phespptesedin ﬂleacm@deﬁﬂamlm@ agpratese doo mstomgdsediae fproductione

FCCU. Wi | d eth tjlizat | d hi eved
by i gher  t enBBISK GPBUBGME QR REh, 1 h 804 18, RGNy HEBEeE PR LBPROFAIRG S

propyl ene/ ben a h ve
DL op T Snel e nABEE AT bEL R SO U aLIRESOHE BBaRLC

I nvention [004rd prépyence imadditemi methea hjgher edsfinhand i€ralyl prockssgit to &ki nery
olefins fromthe ¢racker (FCCU) .and other sources to be utilized for the
al kyl ati on of €conomically attractive, it is necessary for it to consume both of the lightest
olefins. Propylene is more reactive than ethylene and will form cumene by
reaction with benzene at lower temperatureé 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 opcration, the thermodynamic equilibrivin for the
propylene/benzene reaction shifts away from cumene at temperatures above

about 260°C (500°F), with consequent loss of this product.

‘Summary of the Invention

[0014] We have now devised a process which enables light refinery olefins
from the cracker (FCCU) and other sources 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



benzene fromrefinery sources to produce gasoline boiling range products.
The process achieves good utilization of both the ethylene and the
propyl ene present in a mxed olefin feed fromthe unsaturated gas pl ant

USGP) while ' nder conditions favorable to th I da | of
o L hoge. SYRRBIGAR \CE ConcLlLone o kbl oy

both these o : , the present process enables the retfinery to
conply with gasoline benzene WD 2006/ 094008 PCT/ US2006/ 007170 7

speci fications while nmaking good use of the m xed olefins fromthe FCCU The
process is operated as a fixed bed process which requires only limted
capital outlay and is therefore eminently suitable for inplenentation in

smal | -to- nedipeFifidatiods wileneikiag ga6d \Wet bf & mikelBéfind Rofcthe ROCUEMbar t s;
in fact, being a |ow pressure Erocess, it may be operated in existing |ow
pressur e uni t prosesshisaoparated mala EHred edafronesdi Whichtriequires] olyslimued sepiitatg t o
the present invention,.light. olefins includjng.ethylene and propyl.ene, are
used to al kyl 8¢ %ainagﬁt ﬂ%ﬂ'ﬁfﬁﬁ‘?’i%@ﬂ@&rﬁ“&@b% f& igp @OWC%@EEH'& ns.
benzene or ot . S oo ar ' ° | : | ene,
Denzene O (ot HEEANGIR AA ATRENGu BRIl gkl HFAE: Gling W en.
cont ai ni ng akjdvapeessinteCprocdsseitrnag bieospersted dn rex@tingUbw preséire unéxs ewicle aof a
two- catal yst system which conprises a nenber of the MW fam |y of zeolites

and an i nt er me@imal emeypeokingdificaipnt e such as ZSM 5. The process is carried
out in a fixed bed of the catalyst. DRAWNG [0016] Figure 1 shows a

process schengpyg f OEAcchﬁiiﬁ%‘i’é’”%ﬁé ??es%h{(%\%tnitigﬂ, !}i?hi oléfﬂlr%é_%%llﬁtigfg %%gléﬂex ed

light refinery olefins and benzené to notor gasoll ne. CRI PTI ON
OF THE | NVENTa@NpRypyters ateonfddgter alkiybate [a0L4M] arénmtib esprenine siadr asarefotméiten
al kylation unit is shown in sinplified from in Figure 1. A light m xed
ol efin feed, WWFE‘;}DF(Q@I&EW enoieE Single 11RE RIAMAHIC CORRPOUBHS SYstepeipluene

optionally m xed whd Ro bR s FabOfne BGiling Tah 1L S268-69'T0P - 1408 Abduct
containing akylaromatics. The reaction is carried out in the presence of a two-
catalyst system which comprises a member of the MWW family of zeolites and
an intermediate pore size zeolite such as ZSM-5. The process is carried out in a

fixed bed of the catalyst.
DRAWING

[0016] Figure 1 shows a process schematic for the aromatics alkylation unit

for converting mixed light refinery olefins and benzene to motor gasoline.

DETAILED DESCRIPTION OF THE INVENTION

Process Configuration

[0017] A schematic for an olefin alkylation unit is shown in simplified from
in Figure 1. A light mixed olefin feed, typically C; and Cj; olefins (ethylene and
| propylene), optionally mixed with C, olefins such as the stream conﬁng from the
unsaturated gas plant associated with an FCCU, is led into the unit through line
10 and combined with a light aromatic stream containing benzene entering
through line 11 before passing through heat exchanger 13 in which it picks up
heat from the reactor effluent before being brought to reaction texhperamre in

heater 14 from which it passes to reactor 15 by way of guard bed reactor 16a.



unsat urated gas plant associated with an FCCU, is led into the unit through
line 10 and conbined with a light aromatic stream contai ning benzene
entering through Iine 11 before passing through heat exchanger 13 in which
it picks up wWiexws/dmes t he reactor effluent before bei ng Brousdobe/dom7oeacti on
tenperature in heater 14 fromwhich it 8passes to reactor 15 by way of guard
bed reactor 16a. WO 2006/ 094008 PCT/ US2006/ 007170 8 The guard bed nay be
operated on the swing cycle with two beds, 16a, 16b, one bed being used on
stream for contam nant renoval and the other on regeneration in the

conventional manner. If desired, a three-bed guard bed system rrzi/ be wused
with the two Fheiguarddedmay be operafest or thersaving shele MaHbiae bedi 16RIGhoNE bed

on regenerati W t h t hr stem use 0 hj 0 nant
Covel o by cnebitipeite e GUbE 15 SRR BiSal S ¥ Gl ORI ERRRATH S
through a thiegeSimRe ﬁrmia? rﬁénnefeqm%éﬁéd ANthrELHED SuktA0heRP s Pt may 'bF:St bed
sorption. [00181 The m xed ol efi n/ benzene charge pl 0s dil uent pass€s through
the six sequesediwith dat Boy/bedshesadd mianeslﬁin,coﬂlﬁnundrﬁacmwh)l anbith&ghird bedeact or
15 in which the mxed olefin feed is reacted with the, benzene and ot her
single ring aPbiegenerationo Whm thiee @uard: systein wised te mehicyeployy Gentamppant 174,

150 contai n CRAUBIAGHS Sratds Ry s65Roh GedRf wilnedl SeiBhfaly Byadia

feed cascadesgielagp byclébpmegéﬁb@athﬁﬁaewnufbea%gmw zeflbe @ofpticnhe beds with
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cascade of efsfeéh'@rﬂfalfcﬁﬁa@sl Bead 178t ﬁ}a}g@ﬁ b 458! 1dc8k 48 ﬁ?s%ﬁ%ﬂﬁ@hﬁage
(intermedi ate pore zeol It in order to také advantage of e tenperature

requi rement s thé nmiked skfiarfded isgactedacth thebeng&{dlaid théﬂ sinple g s@matict of
t he reactor through heat, exchanger 13 and then to flash drum 20 in which
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intermediate pore zeolite catalyst, e.g. ZSM-5. The feed cascades directly from
the beds with the MWW zeolite to the beds with the intermediate pore size

zeolite. If desired or if, for example, existing equipment requirements make it
attractive, the reactions over the successive zeolites may be carried out in
separate reactors with direct cascade of effluent from the first stage (MWW
zeolite) to the second stage (intermediate pore zeolite) in order to take advantage

of the temperature requirements of the second stage reactions.

[0019]  Effluent passes out of the reactor through heat exchanger 13 and then
to flash drum 20 in which the light ends are separated from the product. The
alkylaromatic product passes out of flash drum 20 through line 22 to the
fractionator 25 to provide the final stabilized gasoline blend component in-line
26 with reboil loop 28 providing column heat; light ends from the fractionator

pass out through line 27 from reflux loop 29.

[0020])  The catalyst used in the guard bed will normally be the same catalyst
used in the alkylation reactor as a matter of operating convenience but this is not

required: if desired another catalyst or sorbent to remove contaminants from the



fractionator 25 to provide the final stabilized gasoline blend conponent in
line 26 with reboil |oop 28 providing colum heat; |light ends fromthe
fractionator pass out through line 27 fromreflux |oop 29. [0020] The

cat al yst useggifesidpoguard bed will normally be the sane wahdhMshonssed in
the al kylation reactor as a matter of operating convenience but this is not

required: if desired another catalyst or sorbent to renpbve contam nants from
t he WD 2006/ 094008 PCT/ US2006/ 007170 9 feed may used, typically a cheaper
guard bed sorbent, e.g. a used catalyst from another process or a sorbent
such as alum na. The objective of the guard bed is to renove the

cont am nant s feedmayhasdd egpibaiiyeehtdper ffoed bunssbem, ¢.he a edtdataiystdasral yst
and provided that this is achieved, there is wide variety of choice as to
guard bed cat 8RGBIPTRRESSBAIPATPEMSUGHE 8F alumigas Hihe obigetivenfihe gpar

[ 0021] The catal yst syst used in th rocess, cont ai ssent i al
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type and the gihks aft pidW@ AR RIS iP IRV hefE N Wide vAAMY d2ehbice 4508221
The MW fam |y of zeolite materials has achieved recognition as having a
char act eri st i gudrd bedwatatysts and canditionsi ishfptedeneésd.uni que and interesting
catalytic properties. The MAW topol ogy consists of two 1ndependent pore
systens: a si i n-nmenber ring [10 MRl two dinensional channel

separ at ed fro%H%?chg%ft%%r by a second, two dinensional pore system

conpri sed of o0 each other thrau

2 syper es connect.ed h 10 MR
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pl ate- |ike ctypstaad sheobthel) anNildtmydiatezmee sizegeolitbe crystals are forned of
relatively small nunber of units along the c direction as a result of
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[0022} The MWW family of zeolite materials has achieved recognition as
having a characteristic framework structure which presents unique and
interesting catalytic properties. @~ 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 éystem comprised of 12 MR super cages connected to each other through
160 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 ¢ direction between the pores. In the hexagonal plate-
like crystals of the MWW type zeolites, the crystals are formed of relatively
small number of units along the ¢ direction as a result of which, much of the
catalytic activity i1s due to active sites located on the external surface of the
crystals in the form of the cup-shaped cavities. In the interior structure of certain
members of the family such as MCM-22, the cup-shaped cavities combine
together to form a supercage. The MCM-22 fémily of zeolites has attracted
significant scientific attention since its initial announcement by Leonovicz et al.
in Science 264, 1910-1913 [1994] and the later recognition that the family
includes a number of zeolitic materials such as PSH.3, MCM-22, MCM-49,
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MCM 22 fam | yMdetivg 1999;1Paj5e3g913bed in a nunber of publications. Three
significant nmenbers of the famly are. MCM 22, MCM 36, MCM 49, and MCM 56.
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aligned layers is produced wher eas, randomy oriented, non-bonded | ayers of
MOM 56 are pr sxiieesizes: frogwa miitereiachuding sepressapf siicapgluminge sedingy épdal s

b | t h f t d
o car ei ot 1 optrhgRy Rag eSS - Sl lemtads hellBfis? brodhel Wi BegpepRRELE "
The as- synt hegjegadoMoMMEMISES 'déﬁéi{dll@gi'ﬂ})gﬁ thORURA! Qthrfinae&kbYof ¢ initial
calcination to MCM 22 which is identical to cal ci ned MCM 49, an

i nt er medi at.e gmelkset moktied. nAd sHicatademinayetial ieatarithan @0, MEM- aﬁquduyso*
oo Ao Sl azagx@qaﬁwrm 2 el Y, o e
F?L‘g: ?e'?o'vc:‘vt)r m c% neg%%lr?gév\hl cﬁﬁ: st | r om ca‘T$ E@%agﬁnﬁ&hol ned
MCM 22/ MCM- 49ratins. 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 converted 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 caicined MCM-
22/MCM 49 materials. The unsynthesized MCM-56 may be calcined itself to
form calcined MCM 56 which is distinct from calcined MCM-22/MCM-49 in
having a randomly oriented rather than a laminar structure.  In the patent
literature MCM-22 is described in U.S. Patent No. 4,954,325 as well as in U.S.
3,250,777; 5,284,643 and 5,382,742. MCM-49 is described in U.S. 5,236,575;
MCM-36in U.S. 5,229,341 and MCM-56 in U.S. 5,362,697.

[0024) A preferred zeolitic material for use in the catalyst of the present
process is MCM-22 although zeolitt MCM-49 may be found to have certain
advantages relative to MCM-22. In certain cases MCM-49 exhibits greater
activity than MCM-22, possibly as a result of the greater specific surface area of



having a randomy oriented rather than a |lam nar structure. In the patent
literature MCM 22 is described in U S. Patent No. 4,954,325 as well as in
U S 5,250,777, 5,284,643 and 5,382,742. MCM49 is described in U S

5,236,575, WoModusdesU. S. 5,229,341 and MCM 56 in U S. 5,362,607, (00241 A
preferred zeolitic material for use in {jhe catal yst of the presenP process

Is MCM 22 al t hough zeolite MCM49 may be found to have certain advantages
relative to MCM22. In certain cases MCM 49 exhibits greater activity than
MCM 22, possibly as a result of the greater specific surface area of WO
2006/ 094008 PCT/ US20061007170 11 the zeolite crystal but MCM 22 is
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for the production of aromatics such as ethyl benzene or cumene, normally
usi ng reacti dnbassbesm wsedainkanyaof the eatallytmeprg@ﬂsmﬂ fari whlchﬁhes knowsrte be
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P RiEnR u. S
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descri be al kpteviousdy dbemusethforctheqprpductith of aromatidscsush adskgthplbenzenagemt s
over catalysts conprising MW zeol ites such _as PSH 3 or MCM 22. US Pat eht
No. 5, 334, 798Mges,Horpwdlyt weng repchiang Rucheas phomatiansangd tapsalkyationnd g t h
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production 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,

[0025] MCM-22 and other catalysts of this family 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. Regeneration of the catalyst after use in the present
process results in only a modest activity loss, with the catalyst maintaining most
of its fresh activity after the first regeneration. Even after multiple regenerations,
e.g. 6 to 8, a reasonable and acceptable level of activity is retained. Following
the air oxidation, the catalyst may be reconditioned by aqueous reconditioning
treatment using water or a mildly alkaline solution, for example, a dilute solution
of ammonia or sodium carbonate. Treatment with water alone at ambient
temperatures has been found to be effective: the air-regenerated catalyst is

cooled and then immersed in a water bath after which it is dried and returned to
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al most conpar pivedd # catafysestthogpéshyshbleltbadtdshdatl ¢t Pore Size Zeolite [0026]
In addition to the MMNVcont ai ni ng conmponent, the catal yst system also
contains a differenj, s};cos,d 2n&onent which is a catal yst containing an

i nt er medi at e BEFFEGIFE TLEHPIEEEO%fe i nternediate (or mediun) pore size

zeolites are bé now a we| | -knownd%rou of zeolites notable for their
capabi | ity of (0088l al yaiadgitienrty the MW Wnsopmining companeet, ile caiglyst syge@ i n

t he petroleu efinkn : efrochem cal indusiry .as wel £ .their
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followng its introduction by Mobil G Corporation in a nunber of .
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catalyzing many reactions of the organic molecules used in the petroleum

refining and petrochemical industry as well as‘ for their marked catalytic activity.
The first synthetic member of this family, ZSM-5 (U.S. Patent No. 3,702,886)
has achieved widespread commercial use following its introduction by Mobil Oil
Corporation in a number of industrially important applications. This family of
zeolites is characterized by an effective pore size of generally less than about 0.7
nm, and/or pore windows in a crystal structure foﬁncd by 10-membered rings.
The designation “intermediate pore size" means that the zeolites in question
generally exhibit an effective pore aperture in the range of about 0.5 to 0.65 nm
when the molecular sieve is in the H-form. The effective poré size of zeolites
can be measured using standard adsorption techniques and compounds of known
minimum kinetic diameters. See Breck, Zeolite Molecular Sieves, 1974

(especially Chapter 8), and Anderson et al, J. Catalysis 58, 114 (1979).

[0027]  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



rim and/or pore windows in a crystal structure forned by 10-nmenbered rings.
The designation "internmedi ate pore size" neans that the zeolites in question
general ly exhibit an effective pore aperture in the range of about 0.5 to
0.65 inn  WReHhdaRedspd ecul ar sieve is in the Hform TheP%frf(g%k,g(ﬁ,lﬂore si ze
of zeolites can be nmeasured using stangdard adsorption techniques and
conpounds of known mninmumkinetic dianeters. See Breck, Zeolite Ml ecul ar
Si eves, 1974 (especially Chapter 8), and Anderson et aI, J. Catalysis 58,
114 (1979). [0027] The nmediumor intermedi ate pore zeolites are represented
by zeolites having the structure of ZSM5, ZSM 11, ZSM 23, ZSM 35, ZSM 48
and TMA (t etfoafendtidnabmeasonsnvhile 4S5 és pfeferrdicae beinghhd cnedmasMeidilyr e
preferred WO 2006/ 094008 PCT/ U82006/ 007170 13 for functional reasons while
ZSM 5 i s prefavatableon peamgeraa sere T manyagpplersavai | abl e on a commerci al
scale from many suppliers. [0028] As noted below, the activity of the two
zeolitic conmoges)ts Ak ridi&d b@ﬁﬁnﬁ'tﬁétacﬁ)éﬁ?&ffl m&etdvd RedlftR BOHRPEHENtYIBARES | S
significant. The acid activity of zeo]ite catalysts is conveniently defi ned
by the al pha catalys syeteor bbasdin thepresapatpabeess 85 sigoificaut., Tihe. acﬁdacuﬂw 91966)

and Vol. 61, 39 198 to which ef ere ma, for a ript

the test. In Zteﬂfge( F%tfi‘&mt F?eCQ’é‘IEﬂni‘q Qpépg;gebyl §1e "I?Pelﬁlgwlag{g under
dit h t h
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whi ch char actrefer@®® it htadedfonh iebcripaion éiSth@rtasz Kinthis &Rt,ithé tzléolfil@rcatwmﬁﬁ and
Is used to define the activity level for the zeolites. The intrinsic rate

constants forCOm‘m;edaWilth kexent ypnder ¢@%ditlb@ﬂ19r€§¢léb€rdr tpdre peblagation, e thel pha

val ue for a par S i.ne silicate cata t (s The Actiye Site
et o o At bl Seich DopBike R reaindny Bl ghR gctSuishient §y 565
(1984)). The c%hﬁﬁ&édr%ﬁt% l&ﬂn@mﬁé scRic Ha%t&iz@?%&e&rtal%tef /0 fadkisgd Ude a
constant tenperature of 538 C. and a variable flow rate as described Tn

detail in thetivibyforahexahe @Gadads usédsto define tht,acH98y (4 @8dYPr the zeolites. The
intrinsic rate constants for many acid-catalyzed reactions are proportional to the
alpha value for a particular crystalline silicate catalyst (see "The Active Site of
Acidic Aluminosilicate Catalysts," Nature, Vol. 309, No. 5959, 589-591,
(1984)). The experimental conditions of the alpha test preferably include a
constant temperature of 538° C. and a variable flow rate as described in detail in
the Journal of Catalysis, Vol. 61, 395 (1980).

[0029) For the purposes of the present process, the catalyst should have an
alpha value greater than about 1.0; if it has an alpha value no greater than about
0.5, will be considered to have substantially no activity for cracking hexane.
The alpha value of the intermediate pore size zeolite of the ZSM-5 type will
normally be at least 10 or even higher, for exaniple, from 50 to 100 or even
higher but it has been found that higher alpha values may increase undesired
cracking activity. In comparative tests with ZSM-5 samples with alpha values of
3, 12 and 56, it was noted that the low activity ZSM-5 (alpha=12} had much
lower cracking activity than the more acid counterpart (alpha=56). A further
decrease in cracking activity was observed as the alpha was lowered to 3. Thus,

low alpha medium pore zeolites (alpha below 20 and preferably below 10) may



[ 0029] For the purposes of the present process, the catalyst should have an
al pha value greater than about 1.0; if it has an al pha value no greater than
about 0.5, will be considered to have substantially no activity for
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the ZSM5 type will normally be at |east 10 or even higher, for exanple,
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operation at Towel tenperatures may enable nore active zeolites to be used
W t hout i ncurat legstal gremaijsiyed Torepateptble actueitpfhighes WANMEs peer 1@ enas beess
critical althou?h values of at least 1 are required for perceptible
activity hi gh¥elefadies over 10 may be preferred. Catalyst Matrix [0030] In
addition to the zeolitic conponent, the catal ysts used in the present
process W || Qstdfsk Mapmtain a matrix material or binder in order to give
adequate strength to the catalyst as well as to provide the desired
porosity char ri syl . ' J+ Ml t ,
however, be f[ggé;ﬁl at g%ﬁ;&%u?ﬁg&ﬁ%@g?k%&?gl oﬁgﬂﬂﬁédtt%lzgtﬁggé% g%i ]?rgﬂ?i?%
extrusi on t ecjrocepsasill isnallgxanpinca nagix taseial bedinder h Gided 1O @Behdoquatben
used, matrix materials suitably include alumna, silica, silica alumna,

titania, zircowngth tnthesatalystiassyelhas o pravide thegdesipd POTQSHRNNKAEISTSENSi n t he
formul ati on of | ecul l.eve cat.al yst,s.. For se in the.present .pr.ocess,
the Ievel of 1_ Z?Q%Q‘J"ZS‘HJ& t g‘é(“(i%?@%&f‘%eﬂ‘“ﬁﬁc& £z gag?é tng tﬁ% t he
finished mat rix@st-1£éd bohs byWhle! uddCoft Vittab kxerhéiom tethriquet? for example, as
described in U.S. 4,908,120. When used, _matrix materials suitably include

alumina, silica, silica alumina, titania, zircomia, 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 agueous suspension of the catalyst and matrix, after 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 amount of clay will not nommally exceed 10% by
weight of the total finished catalyst. Unbound (or, alternatively, self-bound)
catalysts are suitably produced by the extrusion method described in U.S. Pat.
No. 4,582,815, to which reference is made for a description of the method and of

the extruded products obtained by its use. The method described there enables
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Oefin Feed . contained in separate sequential beds; each catalyst component may be

contained in more than one bed if multiple quench injection along the total bed
length is required. The beds may be contained in a single reactor or in separate

reactors.

Olefin Feed

[0032]  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. Other
processes which produce olefins may, however, be used as a source of the light-
olefins used in the present process, for example, thermal crackers, visbreakers
and cokers. Even though these sources may produce feeds containing diolefins,
the zeolite catalysts described here are relatively stable to such feeds as the
desired catalytic reactions take place upon the surface of the zeolite rather than

within its interior pore structure.



[0032] The light olefins used as the feed for the present process are
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gasoline product. The composition of a typical FCC light gas stream (saturates
and unsaturates, contaminants not shown) is given in Table 1 below and of a

C5-C4 FCC gas stream in Table 2.

Table 1

FCC Light Gas Stream
Component Wt. Pct. Mol. Pct.
Ethane 3.3 5.1
Ethylene 0.7 12.
Propane 14.5 15.3
Propylene 42.5 46.8
Iso-butane 12.9 10.3
n-Butane 33 2.6
Butenes 22.1 18.32

Pentanes Q.7 0.4



FCC Light Gas Stream Conponent W. Pct. M. Pct. Ethane 3.3 5.1 Ethylene
0.7 1.2 Propane 14.5 15.3 Propylene 42.5 46.8 |so-butane 12.9 10.3
n-Butane 3.3 2.6 Butenes 22.1 18.32 Pentanes 0.7 0.4 WO 20061094008
PCTaUS2006/ QPd 3difdneshds Tabl e 2 C3-C4 FCC Gas Stream Conp@p@Risaofbeer Dot - 1-
Propene 18.7 Propane 18.1 |I|sobutane 39.7 2-Me-I-propene 2.1 1-Butene 8.1
n-Butane 15.1 Trans-2-Butene 8.7 Ci s-2-butene 6.5 |Isopentane 1.5 C3
Oefins 18.7 C4 Aefins 25.6 Total Aefins 44.3 10034] At the sane tine
that the olefins in the FCC off-gas participate in the desired al kylation
reactions wth the benzene and other aromatics present, a '

Table 2
C3-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 151
Trans-2-Butene 8.7
Cis-2-butene 6.5
Isopentane 1.5
C3 Olefins 18.7
't C4 Olefins 25.6
Total Olefins 44.3

[0034] At the same time that the olefins in the FCC off-gas participate in the
desired alkylation reactions with the benzene and other aromatics present, a
limited degree of olefin oligomerization (polymenzation). may take place.
Although this will not result in alkylation of the aromatics, it is by no means
undesirable since conversion of the C; and C4 olefin fractions in this way
provides a direct route to the branched chain Cg, C; and Cg products which are so

highly desirable in gasoline from the view point of boiling point and octane.

[0035]  While the catalysts used in the present process are robust they do have
sensitivity to certain contaminanis (the conventional zeolite deactivators),
especially organic compounds with basic nitrogen as well as sulfur-containing
organics. It is therefore preferred to remove these materials prior to entering 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



limted degree of olefin oligonerization (polynerization) may take pl ace.

Al t hough this will not result in alkylation of the aromatics, it is by no
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boiling point and octane. [0035] Wile the catalysts used in the present
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other single ring aromatic compounds I ncluding al kyl aromatics such as

tol uene, et boyiebsimzdanengaromytib eompoendscinvhmit)g alkgldrbmatiyd sueisas toluene,

refineries with . .
ethylbenzene, propylbenzene (cumene) and the xylenes. In refineries with

associated petrochemical capability, these alkylaromatics will normally be
removed for higher value use as chemicals or, alternatively, may be sold
separately for such uses. Since they are already considered less toxic than
benzene, there is no environmental requirement 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 alkylaromatics which fall
outside the gasoline range or which are undesirable in gasoline, for example,
durene. The amount of benzene in this stream is governed mainly by its source
and processing history but in most cases will typically contain at least about 5
vol. % benzene, although a minimum of 12 vol. % is more typical, more
specifically about 20 vol. % to 60 vol. % benzene. Normaily, the main source of
this stream will be a stream from the reformer which is a ready source of light
aromatics. Reformate streams may be full range 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,



associ ated petrochem cal capability, these al kylaromatics will normally be
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the reformer feed. These streams will usually have the Cs, C; and lower
hydrocarbons removed in the depentanizer and debutanizer. Therefore, usually,
the heart-cut reformate will contain at least 70 wt. % Cg hydrocarbons, and

preferably at least 90 wt. % Cg hydrocarbons.

{0038] 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.

{0039] 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).

[0040] The compositions of two typical heart cut reformate streams are given

in Tables 3 and 4 below. The reformate shown in Table 4 is a relatively more



factors including the severity of operation in the reformer and the
conposition of the refornmer feed. These streans will usually have the C5,
C4 and | ower hydrocarbons renoved in the depentani zer and debut ani zer.

Ther ef ore, u¥{h?N0e/094008he heart-cut reformate will contai nret/ub@asde7iid W. %
C6 hydrocarbons, and preferably at |lea% 90 w. % C6 hydrocarbons. [0038]
O her sources of aromatic, benzene-rich feeds include a |light FCC naphtha,
coker naphtha or pyrolysis gasoline but such other sources of aronmatics

will be less inportant or significant in normal refinery operati on. [0039]
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of 65 to 95C (150F to 200F) and even nore preferably within the range of 70
to 95C (160F to 200F). [0040] The corrposMT §3of two typical heart cut

reformate streans are given in Tab¢§ eﬁgﬂh@The reformate shown in
Table 4 is a relatively nore~\R-—22606 ,w -00-+1+ 20 paraffinic
cut but one which neverthele ntains nore hpn £ than thd cut of Table
3, making it a very suitabl e MNtrate for the pFésent al kyl ation process.
Table 3 C6-C7 Heart Cut Ref of Qainposifahv2p&s. MON 77.3 Conposjition, w. pct.
i-C5 0.9 n-C 1.3 C5nathenie@51.T|-CG 22.6 (09

Il-C5 1.3

Cs napthenes 1.5

1-Cg 22.6 o

Tn-Cg 11.2

Cs naphthenes ] 1.1

Benzene 32.0

i-Cy ' 8.4

n—C—; - 2.1

C; naphthenes 04

Toluene 17.7

1-Cg 0.4

I]-Cg 0.0

(g aromatics 0.4

Table 4
Paraffinic C6-C7 Heart Cut Reformate

RON 78.5

MON 1 74.0

Composition, wi. pct.

1-Cs 1.0

Il-C5 1.6

Cs napthenes 1.8

1-Ce ' 28.6

n-Ce 14.4

C, naphthenes 1.4

Benzene 39.3

1-C; 8.5

II-C7 0.9

C; naphthenes 0.3

Toluene 2.3




n-C6 11.2 C6 naphthenes 1.1 Benzene 32.0 i-C7 8.4 n-C7 2.1 C/
napht henes 0.4 Toluene 17.7 i-C8 0.4 n-C8 0.0 C8 aromatics 0.4 Table 4
Paraffinic C6-C7 Heart Cut Reformate RON 78.5 MON 74.0 Conposition, w.

pct. i-C5 lwybaddefaock 6 C5 napthenes 1.8 i-C6 28.6 n- 6Brasdtsnd o
napht henes 1.4 Benzene 39.3 i-C7 8.52yn-C7 0.9 C7 na hthenes 0.3 Tol uene

2,3 WD 2006/ 094008 PCT/ US2006/ 007170 21 [00411 Reformats streans will cone
froma fixed bed, swing bed or noving

[0041] Refonnate’ streams will 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 composi-
tion will vary over a range depending upon a number of factors including the
severity of operation in the reformer and the composition of the reformer feed.
These streams will usually have the Cs, C4 and lower hydrocarbons removed in
the depentanizer and debutanizer. Therefore, usually, the heart-cut reformate
may coniain at least 70 wt. % Cg hydrocarbons (aromatic and non-aromatic), and

preferably at least 90 wt. % Cg hydrocarbons.

[0042]  Other sources qf 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.

Product Formation

[0043]  During the alkylation process, a number of mechanistically different
reactions take place. The light olefins in the feeéd react with the single ring
aromatics in the aromatic feed to form high-octane number single ring alkyl-
aromatics. As noted above, the ethylene-aromatic alkylation reactions are
favored over the intermediate pore size zeolite catalyst while the propylene-
aromatic reactions being favored over the MWW zeolite catalyst. As both
reactions are exothermic with the ethylene-aromatic alkylation achieving
equilibrium at higher temperatures, the preferred reaction order will be to have
the bed of MWW zeolite catalyst first so that the exotherm from the propylene-
aromatic reaction (with some ethylene-aromatic reaction) adds to stream
enthalpy to increase the reaction for the ethylene-aromatic reaction over the
intermediate pore size zeolite catalyst. At the same time, the increase in

temperature of the stream should be controlled by the addition of quench, if
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quench, if WYZPEE euutiomspcHsualinobe/ degreerof ojigomerization will be from the
dimerization in which butenes are converted to Cg products, some trimerization

in which ethylene and propylene will be converted to products from Cg to Cy and
some higher degrees of oligomerization. Interpolymerization may, of course,
take place between the different olefin species present to result in an oligomeric
preduct with a continuum of carbon numbers in the gasoline boiling range. To
the extent that a small amount of oligomenzed unsaturates are formed, they may
participate in the alkylation reactions but the proportion of these reactions taking

place is normally limited.

[0045])  After separation of light ends from the final reactor effluent stream
with the recycle options referred to above for quench and dilution, 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.



necessary, to avoid second stage tenperatures which disfavor the
C3-al kyl aromatic equilibrium [0044] At the sane tinme, as the al kylation
reactions are proceeding, the olefins may undergo sone condensation
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varying conditions. Usually, the degree of oligonerization will be fromthe

di meri zati ongoagphi Cthebpie§die prédels GO ABEIbIE forl s CBpabIREUSH Beinf UHpable of
trimerization in which ethylene and propylene will bé converted to products

from C6 to Cepemation sbhwew i giveeratkepresswresf hnlgenenak presstiresnip to about 7,500
pl ace between the different olefin

I nt er pol ynmeri zation may, of ¢ se,  tak
speci es p;gsécﬁ@g t(%pnrewattelwnl,iﬁé @_ﬁl:ggowr e ‘adgabatct Ania Fakies &ﬁthqmmgof ;
corbon ouTbSE e B e AP R o |

anmount of ol I'g rize are ’f orne
al kyl ati on T 800i P Hitbou hSOPpERY kg prifeeed peASARSIb akienef Iokace s
[ 35] Af t er “separ a?i on pof i e ﬂ?r omthe final

normal ly limted. : i ght ends
react or ef f| peassurstaquipmenti t Rres$iges evdthin e¢he pangs ©f rabbet 760 002,800 agor

guench and dilution, th asql ine, boiling range product .is taken_frgmthe
stripper or f@@ﬁ?’ﬁ‘%&eﬁiﬁﬁ.lgé‘é%ébﬁlgﬁ Wfli QOﬂ'E?)Ii‘f gﬁtaﬁﬁﬂuﬂ?'g At gﬁ g?Fé’ er
al kyl aronat i i ' é??l!njg 1@?53% g f A 92 and
of ten hi gher?ﬁgﬂgeag%{gloelgggen ?zfr&?\éﬁgﬁﬂ&%ct (grgrr?g) teg})ﬁ%tbj[e b ear"id
conponent f o(350hsig)ahandegredsearielip ootvdrsion pind for thigreaden ppasades DE aboMd
2006/ 094008 PCT/ US2006/ 007170 23 Process Paraneters '

1600 to 1900 kPag (about 230 to 275 psig) may be optimal although a number of

factors may affect the exact choice of pressure.

[0047] Both steps of the process are carried out in the vapor phase in order to
utilize the equilibria in the manner described. In general, the overall temperature
will be from about 90° to 400°C (approximately 190° to 750°F). Assuming that
the preferred configuration of MWW-stage first is employed, the feed (reactor
inlet) is preferably held in the range of 90° to 250°C (approximately 190° to
480°F) with the first stage exotherm controlled to échieve a second stage reactor
(ZSM-5 type catalyst) inlet temperature within the range of 200° to 325°C
(approximately 400° to 620°F). The optimal temperature range for the catalyst
bed (medium pore catalyst) is believed to be in the range of 300°-400°C (about
570°-750°F), preferably 345° — 375°C (about 650°-710°F) although the acidity of
the zeolite may affect the finally selected temperature if excessive cracking is to
be avoided. The temperature may be controlled by the normal expedients of
controlling feed rate, quench injection rate and dilution ratio; temperature
differential between the two steps of the reaction may be controlled by
adjustment of quench at the various gquench injection points. Normally the

effluent from the first step can be cascaded directly to the second step in order to



[ 0046] The present process is notable for its capability of being capabl e of
operation at |ow to noderate pressures. In general, pressures up to about
7,500 kPag (approxinmately 1,100 psig) will be adequate. As a natter of
operating cwowesomee and econony, however, |ow to nodertmus@asUTEsS up to
about 3,500 kPag (about 500 psig) may Me preferred, permtting the use of

| ow pressure equipnment. Pressures within the range of about 750 to 2,500
kPag (approximately 110 to 360 psig) will nornmally be adequate. It has been
found that increasing the pressure fromabout 1725 kPag (250 psig) to about
2410 kPag (3 psi may degre olefin nver.sion and for this.r on
pressures of g?gcgugd%gwytog %OgﬂiPﬁt&gfa e%é(s”f dnﬁg‘gpéﬁleg)stew ﬁgfg%pti mal
al t hough a nu er@fure.factors may affect the exact choice of pressure.

[0047] Both steps of the process are carried out in the vapor phase in order

to wutilize the equiljbria jn, the nner descri bed. | eneral .t erall
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achi eve a second stage reactor (ZSM5 type catalyst) inlet tenperature

within the raragmirei. 200 to 325C (approximately 400 to 620F). The opti nal
tenperature range for the catalyst bed (nedium pore catalyst) is believed
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that the ratio of aromatics to olefins should not exceed 1:1 by weight. Using
ratios below 1 in this way will, besides decreasing benzene in the product, limit
conversion and increase the extent of di-alkylation; conversely, using higher
ratios above 1:1, for example, 1.5:1 (aromatic:olefin, by weight) will increase
conversion and the benzene in the product but reduce di-alkylation. Optimal
conditions may therefore be determined empirically depending on feed

composition, available feed rates, product objectives and unit type.



take advantage of the first stage exothermfor neeting the second stage
tenperature. [0048] Space velocity on the olefin wll normally be fromO0.5
to 2.0 VHSV (h{') and in nost cases fromO0.75 to 1.0 WHSV (hr'') with a
value of 1.0 WHSV (hfl) being a convenient operating value. No added
hydrogen is required. [0049) The ratio between the olefin and aromatic feed
conponents is normally chosen to achieve the desired process objective, be
it benzene reduction, olefin conversion or a nunber of objectives. If
benzene reduction is the primary objective, a relatively | ow
aromati cs: 6llAIMSratio is desirable in order to favor aromatics al kyl ation
using the excess olefins. In this case, it is preferred that the ratio of
aromatics 40 ol af hbgod FoOUbEdNGhg 8Xa8AGe boftin@aMg! GBluct WRindd miked ugﬁ bel ow 1
inthis way will, besides decreasing benzen€ in the product, |im
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product from a ﬁixed l.i %Q;t olefin feed streamincl uding ethylene and
propyl ene and afHSERED e YaPeHPRISE &k HiSi IBIetes flge SHYFSYRICRy ar omati ¢

conpounds, whi CQmRF»ﬂEiﬁEécﬁ%W%‘E L?@@érpm’i@&ﬁ{n‘iﬁﬂ%ﬁ"z Lt@o'f‘jchl% @@TaLi c conpounds

i ncl udi ng benzene aroma eed streamw propylene in the m xed

olefin feed str¢anily th @fixéd cBilystirg at B b envigpatredhakeranpe bhe)pwesence of a
catal yst system coorrpri sing a catal yst coméonent conprising a zeolite of the
MW family in @5¢iCee &ateasye nobadregahan 7580 kPagmperature in the range of 90

to 250C and a B(ris%is[isgu&lg AREenfROS: t}lQ At éte%qg a%epca&d step in which single
ring aromatic compounds including benzene in the aromatic feed stream
are reacted with ethylene in the mixed olefin feed stream in the vapor
phase in the presence of a catalyst system comprising a catalyst
component comprising a ZSM-5 intermediate pore size zeolite in a fixed
catalyst bed at a bed temperature higher than that of the first step and in the
range of 200° to 400°C and a pressure not more than 7,000 kPag, 1o form a

gasoline boiling range product containing akylaromatics.

2. A method according to claim 1 in which the zeolite of the MMW family
comprises a zeolite of the MCM-22 family.

3. A method according to claim 2 in which the intermediate pore size zeolite

comprises ZSM-3.

4. A method according to claim 3 in which the intermediate pore size zeolite

comprises ZSM-5 having an alpha value below 50.

5. A method according to claim 3 in which the intermediate pore size zeolite

comprises ZSM-3 having an alpha value below 20,



passing the effluent fromthe first step to a second step in which single
ring aromati c conpounds including benzene in the aronatic feed stream are
reacted with ethylene in the m xed olefin feed streamin the vapor phase in
the presence of a catal yst system conprising a catalyst conponent
conprising a ZSM5 internediate pore size zeolite in a fixed catalyst bed
at a bed tenperature higher than that df6 the first step and in the range of
200 to 400C and a pressure not nore than 7,000 kPag, to forma gasoline

boi li ng range product containing akylaromatics. 2. A nethod according to
claim 1 in6whi cHl@h@@@@dM@g@@ claire INMWHicinthe ped ¢onperiisiesofaheeol i te of the

MCM 22 f . A d t h the iInt di at
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which the internedi ate pore size zeolite conprises ZSM5 having an al pha
val ue bel ow 50. | dlate
pore size zeoI [ fb‘ ?e@g%&%@g@%@ﬂa@hﬂggﬁﬁéﬂaﬁ {éﬁ\}meg&b&{ﬁhé %S{u

met hod accebel #glitecacdiadt 18 froinn 60bite MOO(hePped terrperature of the medi um pore
zeolite catalyst is in the range of 345 to 375C. 7. A method according to
claiml in which the pressure in the bed of the nedium pore zeolite

catal yst i$.fr o me0odrocardog tkPlagn 18n whicethhedleant brodi thg fire stdpeibm | i n
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