- 1 - A PROCESS OF USING A H GH ACGTIVITY CATALYST FOR THE
TRANSALKYLATI ON OF AROVATI CS BACKGROUND OF THE | NVENTI ON [ 0001] The
present invention relates to a process for; the transal kyl ati on of
aromatics, particularly the transal kylation of

pol yi sopropyl benzene(PI PB) with benzene to produce cunene and the
transal kyl ati on of pol yet hyl benzene(PEB) with benzene to produce

et hyl benzene. Et hyl benzene is a val uable commobdity chem cal and is
used in the profPROCESSDEUSIGA MPGPNRCTIEINE CA TAISPHT TRt PERzEene)
is also a valuable comobdi ty chem cal and ed I n_the production
of phenol and acetone. [GEeNEAREIIATIONORKAROMIARLCS

produced by a liquid phase al kyl ati on process from benzene and
ethylene in the presence of an al kylation catalyst. The |iquid phase
process operates at a | ower tenperature than its vapor phase
counterpart. La4d, phase al kylation is a | ower
yield of und BQEK N%Fqiﬁé e ated aromati c conpound(s).
The al kyl ati ¢o00df ar onfihé prebant irvestidnaelate np e predess €opihe yramg lidgetiboh be
catal ysts is known and.understood i.n the apt.. U . S. Patent 4,795
descri bes th§rqn?fﬁ'ﬁf"dpaﬁﬂﬂgaé’g’aﬁﬁecmﬁlgﬁlﬁ“% O%@H]Q’é‘ﬁ%mm’ ﬁnz@{l‘?(gﬁégew‘iﬂh

t he presence befzeMM 2odue RUAGA En® Ry irRRA%PAEn 8N HolYetylbERRSPER)
4,891, 458 discl oses Iiquid phase al kylation and transal kyl ation _
processes usfil} bestnette meduce lndirnraeo Ftbdbenzsraiscarapghiie sommedigsed
in the al kyl 3hd@R.10bnPdeRZE0A M e pﬁregwéti%eof QyPERAHER o ITE N Byt eS:
Pat ent 4,992, 606 di scl oses a process tor preparing cunene using

MCM 22 i n | i eerdoptibesisens) 09 @l Gonalnatde abmedokify ahéminalpansicissesed ih dhe t he
production o b ne typically produce certain

pol yal kyl at e%m%&%grnooﬁ@%ﬁ?ﬁ&&ajﬁg#gfon to et hyl benzene and cunene. The
pol yal kyl at ef0t82brmat i cPresmigured(ihenzmy e ofteransadukay Ibat adligwid hphase

benzene or other..al kyl atapl e aromatic ¢ ound(s) to produce .

et hyl bepzenea@P’{aB%@_ SSSTHRPE ‘Ter‘%?@a?‘éy‘?t&q?‘@nmréﬁ&?sﬁ?&nﬁsa‘b@kylatmn
acconpl i shed cawlyéte etlienGuidishap@bioatss Gpkatee dt ATdWER kdnSnefARR AT ESYapor

t hrough a transal kyl ati on_reactor operated under_suitable conditions

and in the pPeASERRENgPar One agvantageod thediqyd pherorlkdalion iy sdowsnysdd of he
pol yal kyl at eqn&gﬂeaaay.grdaqempﬁm%&atgwrd?ﬁatﬁ%}f&,bﬁm(ﬁp Bk al(hser% bt on
reactor in the presence of an alkylation catalyst that is capable of
per form ng t Aematiadiyaraoprbani emnposnds ewployifigezgsditey shtilybtatie dimmonsaid c

e bon: ENBL ST BOELUS, Dol AT BIASIRS A, G o
benzene(s) (ef benzete withtethyldnerim eélmepregance o MCHrX2ppl redize REs) benzene;

penzencs. conbol &b b AgAroboaRos [ aTe YRR firansalsion

tri-al kyl at efrobeseanes; 6heee@ on (e.g., less than 20 wt.% under the
same conditi g}rbfs) u. S Paai{ent No. 5,557,024 discloses a process for
preparing shB¥3khai n 459kia-based refplyets armst i the dineiove bsazens rithe
use of zeol i h@neREAkY Hhusd Chmeite. MOV 2Ratert 2092 065 It

zeolite bet abf 8?1' t he ?r a#s.al kyl'ation of %lﬁe ’pol’yaﬁ?fﬁ%?;éé grrogersr%l??rc
conpound( s) . PIEDDUE] MHuWae BINE -23fin tipeid ghasef er ences contenpl ate a
transal kyl at j roces i th-a t | kyl ation catal.yst ich is

mai nt ai ned uh@g‘rqpcondi ?ﬁé\fr?%&sagf f#@%ﬁ? t%-oflelsseelsd t§rret1 § oPfyiuction of

bi - al | cyl at ecthglbamahé end curpensngisgllycorosheteSdefitin Poblalkylateded kpodhidsin

aromatic co nd(s version . in ar e of fromabout 0.5 to_about
2 5 at at e%cﬁﬂt&qnﬁ}oéetﬁﬁggzp%ﬁn%%@ne. %ﬂg poly.'«llkj,rlateg| aromatic compound(s)

may be transalkylated with benzene or other alkylatable aromatic compound(s) to

produce ethylbenzene or cumene. This transalkylation reaction may be
accomplished by feeding the polyalkylated aromatic compound(s) through a

transalkylation reactor operated under suitable conditions and in the presence of a



SUMVARY OF THE | NVENTI ON [ 0006] I n oneé enbodi ment, this invention
relates to a process for producing an al kyl ated aromati ¢ conpound
frompolyallcylated aromati c conpound(s) having bi-al kylated aromatic
conmpound(s) and tri-al kyl ated aromati c€onpound(s), conprising the
step of contacting al kyl atabl e aromatic conmpound(s) with the

pol yal kyl ated aromati c conpound(s) at a transal kyl ation condition in
the presence of a transallcylation catalyst, wherein the

transal kyl at itpasatiafigionstatilgst TR0} Gienplyuaaaed eRRtt RRposwdd) aiest to
yield a ratio of hi-al kylated aromatic conpound(s)_ _conversion over
tri-al kyl at ed*¥clrdp 28 BnEror ip dhepieasnes of an allyiatiefe ceelystrthah is

bout 0.5 t i Lrebbtian! )
sboul .51 b o850 B el LB BHERD

pref erably, about O. ) about 1, st nore p y “about to
about 1.25, aaupens(s)dyeitdhaischide dbdiyla@d Yenzsnesmg., W-chylbanzemth ber

oot TNt SRS AT SOBUDA L (UG MBI

tri-al kyl at edscgrapybenzenes). Lommeanijpb urmédlylany estsiyels typically dnge Kf

from about O. bout 1, prefer . aboyt 0.5 t . 9, and nost
preferably, gﬁgiﬁ?e@eﬁz?rﬁs %‘g"lﬁ’fs"ﬁl. .alb%/‘ﬁé@ﬂtr% t%ﬁ@f"ﬁ-g/?v%éh@é}’q‘?%%ﬁ?teq hi s
invention relbaiRied CoreRiACRSES, e thA 00 WRIYDwREr Tk Hn@lcHIRMRLE. TS,
conmpound, conprising the steps of: contacting an al kyl atable aromatic

Compound’ wi t W2iAE HPHGH 2% Ao adest  GHEES 181 RFPEIEGHOR Shiin alkohsomatia he
presence of aBmBhinak i@ eni3kYaal thd qs@gpgébg@el algétﬂ & hoMm@hibuent

havi ng an al kyl ated aromati ¢ conpound and pol yal kyl'ated aromati c

conpound(s) izpditeih, Feolise Yarnd, replicaibete forethé brawselpylatind ©f fheaprdyalkylated
tri-al kylate i ound(s); and contacting the polyal kyl at ed
aromatic corr%%’%a??g?‘l“&k"?@@' feedst ock having the al kyl atable aromatic
conpound i n {0®5pr esenHeweteranteaststabdeyeferinoes cattahylste 4 papelkylaten a
transal kyl ation effluent which conprises .additional. al kyl ated .. .
aromati c conpound, "whet iﬁaﬁsahwzatiopgﬁgﬁsgﬂrﬁ? %’W%QPVLPX%§ SRR ned
under condi t keffisiestofl yieldeniatib o )Hi-@lkgatedr Rbm&iOtonphd@) KorvelsRE over
aronatic corrB_ougigfas) conversion over a trialkylated aromatic
compound(s) ESAREIEIAOMALLS CPEPRIEAS cpvsRbBLE r425 of dromp gbeut 2.5 10
[0008] I N one ;gsiReStat Aherdpt¥arie 16N en-AROYE:, enbodi ments, the

transal kyl ati on catal yst” conpri ses at |east one of MCM 22, MM 36,
MCM 49, MCM 56, zeolite beta, faujasite, nordenite, PSH 3, SSZ-25,
ERB-1, ITQ 1 i . stable Y (USY), Deal um nized Y,
rare earth eSU AR ,N (,SﬁZSM 4, ZSM 18, ZSM 20, and any
conbi nati on {M@6kof. [IMOEG8E| embodpnedfterthiedingedtiodi rabates o6 4 hirscess for

i nvention, the .tr.ansal k tign catalyst is zeqlite Y. I n apother,
oreferred enBSIRFRRL ahy X]kﬂiaéegi W&@Foﬁ?‘n}fwét %Qﬁ"sa?ql}ﬁll@{lart?fﬂ qramafic
zeol i te havi bgnpouné@) i heviky pei-AkylAl). abR@de] tdinprad@ybadi neilkyldde
al kyl at ed cogl}éound IS c]tJJRrBa e, the allcylatahle aromatic conmpound(s)

i ncl udes ben2@REHC LHEPP (§0I°9’&PR§}F%tt@dSt% songeie plkylpigble aromatic
pol yi sopr opy LhenARRES With 118 RNt MBRM IR Bhpotddgs) 3k kY-8 ation
aromatic conpound is” et hyl benzene, the al kyl atabl e aromatic
conmpound(s) Eerdlitinads thepreentes obmtranshliyloton edtalyst) wherein sheomansilkylation

corpound(s) baﬂﬁk@{qg SnRRhNES DXIRLBERAGEShtricient to yield a ratio of bi-alkylated

aromatic compound(s) conversion over tri-alkylated aromatic compound(s)

conversion in a range of from about 0.5 to about 2.5, preferably, about 0.5 to
about 1.5, even more preferably, about 0.5 to about 1, still more preferably about
0.75 to about 1.25, and most preferably, about 0.9 to about 1.2. In another
embodiment, the alkylated aromatic compound is cumene, wherein the ratio of bi-

alkylated aromatic compound(s) conversion over tri-alkylated aromatic



- 4 - [0011]In one aspect of any of above enbodi nent, the

transal kylation conditions include a tenperature of 150 to 260C and
a pressure of 696 to 4137 1cPa-a (101 to 600 psia), a WHSV based on
t he wei ght of the polyal kyl at ed aronati%‘conpounds of about 0.5 to
100 hfl, a nole ratio of the al kyl atable aromatic conpound to the
pol yal kyl ated aromatic conpounds of 1:1 to 10:1. [0012]1n anot her
aspect of any of above enbodi nent, the bi-al kylated aromatic

conpound(s) Q:aﬂl‘pedixﬁi(s)rbdnﬁermﬂntlheh faﬁ@@%f Qfonﬁb@dﬁt ®5 téf\'tabt%ttp ;ﬁ@[@ﬁbly%
w.% In yet another aspect of any ove enbodi nent,

bi - al kyl at ed 28P¥et od- %@H%&?ﬁ@%f?mbﬁnwg@éﬁp 2out B9 he r ange of about
45 wt. % to abppiz) 75 W Oanétﬁglgﬂﬂagﬂlﬂgﬁ AiPNenlin QEIXte?fto tahﬁr ?&m 22,

enbodi ment, the al kylation catal ohprises at |east one‘o
MOM: 36, NCM #sodurinpias elkyletad aamatmompnmd mmmr&myh& ste@O#4] I n one

preferred enbodi tic co d i .
et hyl benzene, th2% Eﬁtﬁmﬁgt é’b%ﬂgg?%%a ?1619{;%&%188@(51 o s S%ylgtgfgz%%e&f:
t he al kyl ati ng agandercaﬂ{mmoae@ndmohseasﬂae];ﬁes&ﬁée 86 at Blkiyrtien chtalst, to

pol yal kyl ated ar omatl C CO nd( rise | benzenes

anot her  pr ef er r ed BB B%ﬂ%ﬁﬁ% E&‘ %/}ﬁ‘ilf“y Fﬂi@iﬂ‘l‘ég
cunene, the allcybslyalkyRtedr efmtarne s@ﬂmm@) qﬁaﬁ&@e&-&lwa@@eamﬁqaﬁc
al kyl ati ng agent conprises propyl ene, and _the polyal kyl'ated aromati c

conpound(s) conpr PEBPPEHG aushirioplsyled srematiy gqmpc{u@é(ﬂs]an one

enbodi ment of thi t \ ast
one of a concent rg?ﬂéfjmgg %1%219 ?Iyédg%g?%&ék&agﬁ%? °&g§&tﬂd§2% = eseta‘tc’)tgtke or
any conbi nation thefiefthe| aibyigjable armndlier cempouidnemt thet h:resencnveﬁta on

rel ates to a net hggnsfaf?(glahgﬁr?:{]ﬂ%%e&g A1 4 Sttraﬂ?all%ﬁzft%él%fﬁlﬁnangﬁ%

cunene plant(s) to produce hzéne ‘or ‘cunene
enbodi nent, this comgises oadchabm ealkybted nethatit f ermpoahd,of whdréifig tieen

cxisting an et ! BERERUR. O STEE, B RBLShohoutog. o, SRLell Sl o
produce ethyl benzesfie 6f aCuiER@atell NardReid@bmEHAG) "BihkersioRi Svek Ny @t i on
relates to a netho for retrofitti n% sargox?v)élrs%:hg%raal? etitfrﬁ%%bgjgﬁfongt or
cunene plant (s) h&lylatsd gromatig compound(s) g o
about 2.5.
[0008] In one aspect of any of the above embodiments, the transalkylation
catalyst comprises at least one of MCM-22, MCM-36, MCM-49, MCM-56,
zeolite beta, faujasite, mordenite, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, zeolite
Y, Ultrastable Y (USY), Dealuminized Y, rare earth exchanged Y (REY), ZSM-3,
Z3M-4, ZSM-18, ZSM-20, and any combination thereof.
[0009] In a preferred embodiment of this invention, the transalkylation
catalyst is zeolite Y. In another preferred embodiment of this invention, the
transalkylation is a zeolite having a zeolite type of FAU.
[0010] In one embodiment, the alkylated compound is cumene, the
alkylatable aromatic compound(s) includes benzene, and the polyalkylated
compound(s) include polyisopropylbenzene(s). In another embodiment, the
alkylated aromatic compound is ethylbenzene, the alkylatable aromatic
compound(s) includes benzene, and the polyalkylated aromatic compound(s)

includes polyethylbenzene(s).



de-coupl ed heat integration between an al kyl ation reactor and a
transal |l cyl ation reactor to produce ethyl benzene or cunene. [0018]In
one enbodi nent, this invention rel ates é‘o a nethod for selecting an
al kyl ation catalyst for a process have an al kyl ation step and a
transal kyl ati on step, the nethod conprising the steps of: (a)
selecting a transal kyl ati on catal yst having at | east one of zeolite
having a zeolite structure type of FAU, *BEA, MW MIW and any
conbi nati on t[b@rigof, whemnae raspdee of raansefl doylaeinbodientrahd tahaBglapaer

conditions including tenpperature and, pres tg ensure t ield a
ratio of a bi"éﬂz“#j Wsa’fl&]ﬂggﬁémqr%m‘? 8&8?’-59 PSS tq 4137

tri-alkyl at eqparofTalite s0ONPAsNA( SIHDO HaKISHPR lﬁr h 809R PdlyiikPRed
about 0.5 to abgugth 5; and f)g sel ectin a w g%atl on cgt all’q(’jl

havi ng at | e AEAMai¢ecommpoNTss. 0D 2boutil 360 | g, ofathg aékWatable
conbi nati on thereQfcompheidbmd m@kﬁ}@ @&a&%ﬂﬁéﬁhamﬁ#{ foci ent |y

active to maintain atrleast ene conversion
t enper at ure M8HGE f r omimbwathersGeed alf anytdfeabbesnrpebadimest, dfic ht—ai]oylétad to

about 100C ahov rnature of .ste 19

enbodi ment ARt omRB B b feBh iS W Bl es SrpuLed wk ] gl S8
transal kyl at ma1%.cht ey ahothar aspept of @ag dfaspvarenfiolichat, ¢ biakylasd a
transal kyl ati on ste t he thod co t he teps 0

sel ecting an?®f ﬁmﬂ‘%( %‘frswagy a‘ﬁtrg?géa@ct %4%Wt%(3§ﬂ@2m 75
MEM 36, I\/E:I\/#Mduo MCM 56, and any conbination thereof, wherein the

al kyl ati on cat al i s_mai ntai ned under conditions including
t enper at ur e Iv)r essuleore agnestiof 2y afeheteboe apbodimank dire alkylatmn

conversi on; %&glygtbéonﬁﬁisgscﬁt' 185kt 3nk B?Wl@él RN C M@My@t %’I

| east one of zeolite having a zeolite structure type
MAW  MTW andnjawnbmaﬂ@mﬁmrwfn t hereof , wherein the transal kyl atl on is

sufficiently ve to I i -al kyl at ed aromat i
conpound( s) onvjer Si onI%(l\’/nger&ef%frF {nﬁﬂ‘ﬂna gieﬁig%?@%roggﬁ%%rﬁwu@ 18
conver si on i athglbemaege, dfie faikymallsieuhromaﬁct@mqbﬁnﬂ cbniprists ebehestBeIthd ur e

range from ab 100C bel ow.the te of st e bout 50C
aboge t he teﬁ%@#ﬁ?@?@ porgpriss phlpast m@@%fy ?fhbl ; i¥a)11815at Jromails e
enbodi ment s, céhigodndan %ainbME@Fblff)&h?l%E@eﬁésgs)l B éﬁialtﬂ”& %a&%dl eﬁsédzment

condi tions suff|0|ent to aratio of bi-alkylated -
the alkylated aromatlc compound is cumene, the alkylatable aromatic compound

comprises benzene, the alkylating apent comprises propylene, and the
polyalkylated aromatic compound(s) comprise polyisopropylbenzenes(s).

[0015] In one embodiment of this invention, the alkylating agent
comprises at least one of a concentrated alkene feedstock, a dilute alkene
feedstock, or any combination thereof,

[0016] In another embodiment, this invention relates fo a method for
retrofitting an existing an ethylbenzene or cumene plant(s) to produce
ethylbenzene or cumene.

[0017] In another embodiment, this invention relates to a method for
retrofitting an existing an ethylbenzene or cumene plant(s) having a heat
integration between an alkylation reactor and a transalkylation reactor to produce
ethylbenzene or cumene. In another embodiment, this invention relates to a

method for retrofitting an existing an ethylbenzene or cumene plant(s) having a



aromati ¢ conmpound(s) rate-constant over tri-alkylated aromatic
conpound(s) rate-constant in a range of fromabout 0.5 to about 4.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00211The present invention
relates to a process of using that exhibits unexpectedly higher
relative catalytic activity as conpared to conventi onal

transal kyl ati on catal yst. The catal yst conprises at |east one of
MCM 22, MCMB6, MCM 49, MCM 56, zeolite beta, faujasite, nordenite,
PSH-3, SSZ- 2% JsiRidd hbélf@nﬂegrah&@b%hveé@%'a‘lléé/laﬁ(mn Wkt i SErAbL adkafit/B¥dn
Deal um ni zed Y, rare earth exchanged Y (RE?), ZSM 3, ZSM 4, ZSM 18,
ZSM 20, and dpRFioE dnBrofute vl 1?%?@6’!’?0“@9@ transaayl ation catalyst is

mai nt ai ned u rgr condi f

bi - al kyl at edqg@o t| C Ezﬂo%bz%ﬁﬁ; &légﬁ{s/éé%fl%énneﬂg%éeg tt’% rgltlﬁe?lﬁ%yﬁogf%%tmg
aromat i ¢ conpowitiaioncetalyst &irerproeess hpermpealigfiationovtepadisiug transslkylatiadout
2.5, prefer al%he}g,thg%o t %Pl%p ?mgg}eéiﬁp@o even nore preferably, about

0.5 to about bout 0.75 to about 1.25, and
most preferalfhy, adieuingQ Pansalkglbtdoi catalst hhﬁnglmem fon€ ﬁb@éhlﬂfﬁahﬁvmgt e

al kyl ated aronatic ound is ¢ o of
bi - )altl kyl ated ar onﬁ?‘ﬁ’é" %H@Fé’}j Hg‘gﬁvgﬁg W iﬁ‘i"r prdgnyAogbingtion

aromatic conpoundfigec0RtREck Ofie | RarRalkABEh Qf hEAMMRAOW L. émHonﬁ?OUt
1, preferably, about 0.5 to 0.9, and nost preferably, about

about 0. 9. 100221%@%@&6@@@@@@%@@ foyenswist tai Yigldag raticnsf atlswo
el.ements sel ect ed,fil,RMit HEmPEL §hsSL s nd
Ti{, nost parti culg y sel ect ed%mH&)? %@&gﬁg O%BI.’ a@gﬂa&%aroﬁ%n@
nol ecul ar si eves owepayindfsheottveminndh kydnge obfromabeuttifetosboutct read t ypes

FAU, *BEA, ng,\é 140 h f a

Zeolite St rtI\J/MJre Ctﬁggn%%}-?%ﬂ/ba&? ”Bv’ﬁ% gﬁ% neé?&l()lﬁai&r %@Méﬁ

El sevier, 4th Edi MGM-49;LMEM 36 endl pComstiniagion fthesdufoRhérsini ﬂi@@lﬂcpl@ﬁ@i ed
herein by referenc Par t |.ar sui t abl e, ml ecul ar sj eve ngl ude
zeolite beta, zeoFBrEf\?IX Styls W%kj/f‘ W&FFH’BZWJ‘E‘”[‘O%ZS‘IF%ed ir%t BSR4l so
relates to a procegisefsh B DEHGERtrérABRGh b, alsee Boorad empoapaind
wherein an al kyl ation step, carried out under at |least partial liquid

phase conditions, O%%epaqakﬁﬁ‘l abeRb 00°C ahys tiedemperpaesafstepdid h an

al kylating a to NOR0R as
well as a po?ﬁﬁFLyl atg{ﬁl co%ﬁ%tg?ld V\/rudéidtlaﬁsl%gg@%@g?gé &egg)d? H{gﬁféﬂ%x

t ransal kyl at s@pptxpg@ct;g@alkylamon Gatsbfeipforlanpmms ﬁlamslalallwlﬂhamstﬂp atep,
which is als l.ea partial liquid
phase condi tﬁgﬁ%ﬁgy@h@&%ﬁy gé‘%‘éﬁ%ﬁgﬁgﬁ%ﬁ roatu%Stsffs contacted in a
transal kyl at (@n rmﬂ:tmg amandylaann ahtklyhtataaihgat Bagoae bﬂl\/mmumtmnﬁl he

oot “rhe sl KRG, Rhciher B¢ it omtinlbs 6 - uharg b MkBHEAN <o

at | east one of Maldet is MeiMtadied dﬂ@ﬁc@ﬁdmm&@dm%@éﬁiﬂe?@u@%ﬁ@pressure
faujasite, nordenite, PSH 3, SSZ-25, ERB-1, | TQ I'TQ 2, zeolite Y,

Utrastable Y (USPensyseaf lgait 90 malk Yvalkengcenvession; a8 changed Y (RE ?),
ZSM 3, ZSM 4 ZS'Véel&tmg§'Yfa%9alkﬁ£tﬂmad%)’a1§39m1 Et' 19 tBﬁ'@B olitd BRaElThe

term’ arorratlc' when uSed 1 n reference to t yl ata ?Je conpo nds
whi ch are usefi i | zdeliteeitmiciuge type bﬁF&Hdeanmw@ommnm S

art-recogni zed sc I kvl.
unsubst i 19 ut ed mn@egowh%rﬁlﬁ ﬂl%ct%élgaﬁkyggu%éﬂﬁ by rrpou‘?‘n%’sylglf‘i ae{ﬁtlo of
aromati c charactes thatqumetswaﬁatas bahpwma(s@moaf/&mah sevedsefttllalipland ded
they do not act as catal yst ons under the reacti condi tions
sel gct ed. [0025] S?IB@FFW}{ uﬁ&(ﬁ VEIS’(,OBh’b%{ﬁ’i'&%"fﬁ E‘Hﬂ}ot?etoé‘ RLax ed
in accordance Wit 46RpBaRSCRhgé FYANLLRAN00RUSoR Sherbinptatabd Bitep (2)
aromati ¢ conmpounds, must possess at | east one hydrogen atom di rect y
bonded to the ar oifebPe S0 Pears thertsmparareefister®gs can be substitut ed

with one or fpbg al kyly 8hdlaspddt ¥ ALY bbovB! EMokimaity! ﬁéyt’ran(ééflﬁidgt%nkyl

catalyst is maintained under conditions sufficient to yield a ratio of bi-alkylated




[ 0027] General |y the al kyl groups which can be present as substituents
on the aromatic conmpound contain from1l to about 22 carbon atons and
usual ly fromabout 1 to 8 carbon atons, and nost usually from about 1
to 4 carbon atons. [0028] Suitable alky163ubst|tuted aromatic
conpounds, such as al kyl ati ng agents, include toluene, ‘xyl ene,

i sopropyl benzene, normal propyl benzene (npropyl benzene),

al pha- net hyl napht hal ene, et hyl benzene, nesityl ene, durene, cynenes,

but yl benzene,arcﬁﬁﬁid:(i@ﬁ?ﬂﬁﬂﬂs) rite Gomtdy b@&ﬂﬁ%ﬂ@laté& AbBhtYdoRRIIGRANS) raf-

di et hyl benzene, i soanyl benzene, i sohexyl benzene, pent aet hyl benzerie, -8.
pentanethylbéﬁ%%ﬁﬁ“lagmseqf@@ﬁﬁﬁﬁﬁﬂ tﬁéh%%ﬁe
1,2,3,5-tetranet hyl benzene, 1,2,4-triethyl benzne;
1,2,3-trinethy|benzene n}butyltoluene p- butyl t ol uene; 3, 5-

di et hyl t ol uedEETAIET ‘ d HYE INVEXTS Ph}propyltoluene

4- ehtyl - nxyl 47 di met thale et hyl napht ha

a-ohtyl - gags o oLyl DALl SRES 1BV BARRLISLEDGL: v e
o- net hyl ant hnaegrerdl9, HJ@herdtdmtv’ebeﬂfmrat:ﬂfm@n@s cdfifhared to conventional
3- et hyl - phenath 8Br | ecyl ar wei.ght al kyl aromat.i c

hydr ocar bons "@8i# ké’?"’%‘(?“l?@ dﬁg"’s ¥t P?Iﬁﬁ‘“%ﬁ lr%f‘sélolée hNIGM 22y M-
aromat i ¢ hydngceiineas, mmsasze@ﬁ@ R0 ehugeRfle, Ioréiite AP SY 255202 5 OKRB-

aromatic hydrocarbons with olefin oligoners. Such products are

frequent |y rdf &FRde ITQ-% rrepe Yor Vitestableky | (HSY).aRealimisiagdeY, rare earth
h | b z
exy enzeneexaﬁﬂ%éaggm% zéﬁﬁ?%fra 122808 1sp2§]ﬁ§@%ﬁ G¥d Qﬁﬂ%@ﬁgma?on

hexyl t ol uene, non dodécyl t ol uene cytoluene
Very often alhepdcdt Bhe Bansptkplatierd catalyst ik ln@lintmm:d ity foraditidne suffivianhioch

L1 T, Gl FLRE AR IE AR ) SR BB SRl O™

guanti ti es ohrohmhzmompohxni(@e&@vaﬂﬂhqn K ydnge efcleuis tabbutt &S t@ about 2.5,

particularly u r .the alkylation process of thi ,
ovent on. | BUSOTHhaERy ARG bipenb ReoreRe i Dhaoard AP 2poptngil
process of t RioSe prafeedbly Sbug8nsiahbont i1 126) andenanYreddriiNiabbst (0 tPdHRRRL i C
organi ¢ conpounds havi ng. one or nore avai | abl e alkylatlng allphatlc

groups capabl ¢ B anpghge F‘PW%P%*P R yktqd et ompebiebis cumersiybaisin
[0031] Pref er gl Yaiot e pRAKYLRHT HEmAGE QBmﬁEﬂHfd&g e&fb?%lgg bR % gk éﬁﬂ%ﬁst

one al kylating alip hatlc(%roup possessi car bon
Exanpl es of ewgistialdeyipauidiy) eapeersionainea o’am 0§ fiouchba &f Hylaboet, 1,

propyl ene, hal ve of
nDnoaIcoholspﬁﬂggﬁgoﬁ%F%@gﬂ%bPfﬁgﬁ@%§§¥§§asﬁc mﬂ %H%tﬁ%ﬁ %% et hanol ,
t he propanol mozzhe but Amoilecnlaasidve tmlqaﬁjnt:anmhgat ladstl edry €len ettt 6dlecds

f or mal dehyde adehyde ORI _oN d ral dehyde, ~an

nval er al dehy§8’:n gﬁgro(%{lp@pélﬁ&g 0(% 'gtghgésgﬁ@f‘#w R4 B?“%lﬁ‘gaﬂ eﬁiﬂte‘i
chloride, th@oprSipyl asdiror Eﬂ@ﬁplaﬁﬁ'&ﬁol@@lﬂw siéRb asdreledr BRttaldRLBE Rhve
chlorides. [Q032] M xtures_ of Egpt oleflns are especially useful as

al kyl ati ng af@stractisg tynse Fgiley'B MYEWs apd anyrombingtightlierel. Ree
m xture of wﬁﬁfsmsfrzéoﬁt@bﬁ«w&e% %@mvtﬂ@r('{\gaﬁl_gfp.g%‘féon,Se.}ﬂ%ae{Poa{&,e“e
. 70

and a dilute al kene stream havi abouf
Elsevier, 4th Edition, 1996, the disclosure of which is incorporated herein by

reference. Particularly suitable molecular sieves include zeolite beta, zeolite Y,
MCM-22, and ZSM-12.

[6023] The invention also relates to a process for producing a
monoalkylated aromatic compound wherein an alkylation step, carried out under
at least partial liquid phase conditions, an alkylatable compound is reacted with an
alkylating agent, to produce a monoalkylated aromatic end product as well as a

polyalkylated compound, which is separated and fed to a transalkylation process



- 9-to 80 ml.%al kene may be used for this invention. Accordingly,
m xtures of ethylene, propyl ene, butenes, and/or pentenes which are
maj or constituents of a variety of refinery streans, e.g., fuel gas,
gas plant off-gas containing ethylene,'%ropylene, etc., naphtha
cracker off-gas containing light olefins and refinery FCC

propane/ propyl ene streans, are useful are useful alkylating agents
herein. For exanple, a typical FCC light ol efin stream possesses the

fol | owi ng conppsi tentiansalbyl Uidite, Whichhanso preferdblyl coldanb® B8ded atfledst 2

Propane 4.5 %gfti:?ﬂ Il:;crqgirc)lyllh%g]eecénzd'it?ons, the polyalkylated end product is contacted in a
transalkylation reactor with an alkylatable aromatic compound in the presence of a
transalkylation catalyst to produce a monoalkylated compound. The alkylation
and the transalkylation catalysts comprise at least one of MCM-22, MCM-36,
MCM-49, MCM-56, zeolite beta, faujasite, mordenite, PSH-3, SSZ-25, ERB-1,
ITQ-1, ITQ-2, zeolite Y, Ultrastable Y (USY), Dealuminized Y, rare earth
exchanged Y (REY), ZSM-3, ZSM-4, ZSM-18, ZSM-20, and any combination
thereof.

[ [0024] The term “aromatic” when used in reference to the alkylatable
compounds which are useful herein is to be understood in accordance with its art-
recognized scope which includes alkyl-substituted and unsubstituted mono- and
polynuclear compounds. Compounds of an aromatic character that possess a
heteroatom are also useful provided they do not act as catalyst poisons under the
reaction conditions selected.

[0025] Substituted aromatic compounds that may be alkylated in
accordance with the present invention, such as alkylatable aromatic compounds,
must possess at least one hydrogen atom directly bonded to the aromatic nucleus.
The aromatic rings can be substituted with one or more alkyl, aryl, alkylaryl,
alkoxy, aryloxy, cycloalkyl, halide, and/or other groups that do not interfere with
the alkylation reaction.

[0026] Suitable aromatic hydrocarbons include benzene, naphthalene,
anthracene, naphthacene, perylene, coronene, and phenanthrene, with benzene
being preferred.

[0027] Generally the alkyl groups which can be present as substituents on
the aromatic compound contain from 1 to about 22 carbon atoms and usually from
about 1 to 8 carbon atoms, and most usually from about 1 to 4 carbon atoms.
[0028] Suitable alkyl substituted aromatic compounds, such as alkylating
agents, include toluene, xylene, isopropylbenzene, normal propylbenzene (n-
propylbenzene), alpha-methylnaphthalene, ethylbenzene, mesitylene, durene,
cymenes, butylbenzene, pseudocumene, o-diethylbenzene, m-diethylbenzene, p-

diethylbenzene, iscamylbenzene, isohexylbenzene, pentacthylbenzene,



46. 8 | sobutane 12.9 10.3 n-Butane 3.3 2.6 Butenes 22.1%18. 32 Pent anes
0.7 0.4 [0033] Reaction products which may be obtained fromthe
process of the invention include ethyl benzene fromthe reaction of
benzene with ethyl ene, cunene fromthe ¢eaction of benzene with
propyl ene, ethyltoluene fromthe reaction of toluene with ethyl ene,
cymenes fromthe reaction of toluene with propyl ene, and

sec- butyl benzene fromthe reaction of benzene and n-butenes.

Preferably, tdestapethytteszat; t hE2,BAverdciigibensdngf €51,2.0,HBRapeRAV&GIzERD Of
| at.ion of benzene with ethylene foll owed By

The tr ansal | Oyl btregH B LA R -0y P BHEREnE B BARGoE Gu D 5.5
20 L1 DOAPhae GEAUASHLED PRISUIRS, D LBty
di i spropyl be#gbﬁgy@msﬂw@a@ﬁhalweﬁ;ﬁ eﬂﬁﬂﬂaphfbh]&ne;bérﬁz@imﬂlﬂ@ﬂ@&mﬁi 8ne
enbodi ment Ofeﬂfy%tﬂrﬁh\éﬁ&t i On’Z-EQﬁyI%MEQ}eQ on p&-&%ﬁ@fan%ractegé;s 9,10-
dimethylphenanthrene; and 3-methyl-phenathrene. Higher molecular weight
alkylaromatic hydrocarbons can also be used as starting materials and include
aromatic hydrocarbons such as are produced by the alkylation of aromatic
hydrocarbons with olefin oligomers. Such products are frequently referred to in
( the art as alkylate and include hexylbenzene, nonylbenzene, dodecylbenzene,
pentadecylbenzene, hexyltoluene, nonyltoluene, dodecyltoluene,
pentadecytoluene, etc. Very often alkylate is obtained as a high boiling fraction in
which the alkyl group attached to the aromatic nucleus varies in size from zbout
Cs to about Cya.
[0029] Reformate containing substantial quantities of benzene, toluene
- and/or xylene constitutes a particularly useful feed for the alkylation process of
this invention.
[0030] The alkylating agents that may be useful in the process of this
invention generally include any aliphatic or aromatic organic compounds having
one or more available alkylating aliphatic groups capable of reaction with the
alkylatable aromatic compound,
[0031] Preferably, the alkylating agent employed herein has at least one
alkylating aliphatic group possessing from 1 to 5 carbon atoms. Examples of such
alkylating agents are olefins such as ethylene, propylene, the butenes, and the
pentenes; alcohols (inclusive of monoalcohols, dialcohols and trialcohols) such as
methanol, ethanol, the propanols, the butanols, and the pentanols; aIdehydeé such
as formaldehyde, acetadehyde, propionaldehyde, butyraldehyde, and n-
valeraldehyde; and alkyl halides such as methyl chloride, ethyl chloride, the
propyl chlorides, the butyl chiorides and the pentyl chlorides. -
[0032] Mixtures of light clefins are especially useful as alkylating agents
in the alkylation process of this invention. A mixture of concentrate alkene stream

having at least 80 mol.% alkene and a dilute alkene stream having about 10 mol.%



invention is conducted such that the organic reactants, i~e., the

al l cyl atabl e aromati c conpound and the allcylating agent, are brought
into contact with an al kyl ation or transal kylation catalyst in a

sui tabl e al kyl ation or transal kyl ati on"feaction zone such as, for
exanple, in a flow reactor containing a fixed bed of the - 10 -
catal yst conposition, under effective al kylation conditions. Such
conditions include a tenperature of from about OC to about 500C (32F
to 932F), ando @oehirakilenbahmess nadiofr thidGnadtioabatdordRES mhddfkes od
about 572F),§g{)¥re pr ef er abl}l/1 bet ween about 100 to about 285C (212 to
545F), a presdi@eopropaens, Pulses apd/pr pepienes (vhich 46 may eppstituents of a
preferably, aspkt oY cha- 0S|

WHSV based on gl Egﬁgéﬁéﬁ; 8%%?%’ F%r’ggg'% oa%’ %)as pgéng%%igg aﬁgoﬁ@&n%f%ﬂ%l%egl Y,
0.2 to 2 hfl premyjeacpitef sadBiacracgenof{-gasicantaining light olgfisy andsdderyFEt h
al kene and b%piﬁ r t Shr. 4. oreferably,
20 to 50 hr, "a ng?g{oﬁglgi[?%/g{ro 5 y SEatetﬁ"gb %U%E?Lgrf@f}?l%%&%%gﬁn}%n?% F%p

al kyl ati ng agemtplefa tiypioah B0 light@ldmitreon aboedseSiBe fylloaitg @mefositiatl v
can be fromabout 0.5:1 to about 10:1.. [0035] The reactants can be
in either the vapor phase or partially or conpletely in the liquid
phase and can be neat, i.e., free frogwidetenti onal admpblereg or
dilution with other material, or they can be brought intqg contact
with the zeolH%€catal yst conposition #idth the aid of caflier gases
or, di luents sigleds, for exanple, hydrggen and nitrogen. 1[;0036] I n
anot her enbodi nent of the invention, when benzene is alkylated with
ethyl ene to FF@¥0te an allcyl ation reaéfor effluent that!5@ontains

et hyl benzene. | kyl ation reaction s preferably carnied out in
the liquid pﬁg)@%&gder conditions i ncl4%' ing a tenperat urﬁi('g'%bet ween
300F and 600fsopaeozit 150C to 316C), nmidRé& preferably betwu@an 400F and
500F (about %_ u(t?an%nd 260C), a pressure gp to about 3000 9? g (20865
kPa), nmore preferably between 400 and é 0 psig (2869 and“56001(2a), a
wei ght hour | Busppece vel ocity (VWHSV) between about 0.1 ang.320 hi',

nor e prefera?,I%/ between 0.5 hi' and 6 hi', based on the ethyl ene
feed, and a FStF¥Sof the benzene to th&7ethylene in the 8yl ation
reactor from1l:1 to 30:1 nolar, nore preferably fromabout 1:1 to

10: 1 nol ar. ﬁ0037] In still another enbodi nent of the invention, when
benzene is all@3Bht ed wReastiph profres avhich prvbe eliaiapd fprwythaprasessrafdhs or
effluent ! Nalyeankaldifude ENnztE FOMAtBR0] 88 Ych e i Aeiflereak
pl ace under |1 qulid phase conditions I1ncluding a tenperature of" up’to
about 482F ( 280k, fremgthe 1epcticn ab berzed 2With( pHPWEne, extigyltolfene i dhe
50F to about Ch;.;a _pressure of .about,. 250 nospher es
(25, 000 |cPa)‘e?a§tr¥£’| éf;go,q“ée“_%g‘fl’&?r‘%wﬁnﬁ’o%?mfst o, SR TeAgiFm Of, FRNER s
(100 1c P? - 3RpYleds Pa; smﬂigtﬁhibngmgﬁﬁbmcmbwogﬁﬁrd&dﬁn?@bg&hﬁ ﬂfe?tehe)s. 0
space vel oci 5 hr-1 to abo 5 -1, prefera .rom>5 to 5
hfl. [0038] Bl b prosnoi s Inveafioeylales o earadugtion oh ey szens
useful in thpg tHewiekticaof Benfen Wil e%hﬁer_reefon@w&ﬂ?t e tah SRy 1Rt Rl sFredl v
sel ected from MCM 22 (described in detail in U S. Patent "No.

4,954, 325), Mctyienezgas byisdycisvideadditionahbenzene; the pradudtion s camene

descri bed | o Ure ORE e banasls Mg probILEGtoluf by R st ot
vanti on [soa mrchod gl aalacting. bt ansa iy Lot Lon cat al ot based
on the sel ec[@gareof t hlg1 %ekem%gfhinbe%t 85{“&1 S Jﬂ%‘% t@:e?lgga'\l/‘?nsﬁr.ogeé oP B
sel ecting onivemical jstomfucicieseht e iRt ergagicaieactantgatd.] @S alkylatable
S cor r e poRATHEE SPORIEE. A HFechten e PP BN OBeaTuAF. G $
sel ection of ;@PREH of RRAGIEINRICHEREAYO DT a SutebIS SHISHHOR brOfadsh®yiation

reaction zone such as, for example, in a flow reactor containing a fixed bed of the



(a) selecting a transal kyl ati on catal yst having at | east one-of
zeolite having a zeolite structure type of FAU, *13EA, MW MIW and
any conbi nati on thereof, wherein the tr@nsal kyl ation is nmaintained
under conditions including tenperature ‘and pressure to ensure to
yield a ratio of a bialkylated aromati c conpound(s) conversion over a
tri-al kyl ated aromati c conpound(s) conversion in a range of from
about 0.5 to about 2.5; and (b) selecting an al kyl ati on cat al yst

havi ng at | eastalysheompodiiht, 2&deMeie@Be dUNAHLD, cdddiicms, Sixeh amditions

nbi nation th f . Wher.ei | ' i ficientl
ot et o e R SpPeEee e o i el B2 ool OO igte o SR iy e
preferably, 9Refamblylberabdteitdut G0NERS] SbuBBOGRCt @OPS R Aot SARBE hdr@m

about 50C bel ov}( tge enperature of step %’a t o about 100C above the
tenperature &FeiERRly: é‘%ﬂ"?"ma— ogb100 toahopt 128 12 EnShDy 2 BrepviEe AP to

this inventi agof gbak gm0l 687 Bﬁﬁj}?ﬁ:fe}fré’cﬂy,% resgﬁﬂeram@ootmr@gglggﬁ@iﬂs%.

catalyst for a process have an alkylation step and a t ylation

step, the metBdPstadmpr MEINY beprsd on edikenof for (caprall eteadsor 0§ Gah tarl J0y heilt i on
catal yst hav 'p?&e@hlg,lr @.@% zaﬂ:’rlﬂ&e%%g]?k@% ?%rl xﬂﬂsv'\é%g@ds (?ri bo%?d

any conbi nation t eof, ern a ation’catalyst i
mai nt ai ned umntkene ewhistingénerfer dvecdlLidhaiar dfd et &t It eprafeehbpy, €6 sa15®hit'pa

ensure at |east 90.nmol. 2 referabl.y 95 nol,. % . eyven nor ref erably,
06 ot o6 ai Bt euP bRt Rt eoRatBe o S HERe TR R yiom PR
catal yst haviongl &taboeest],ené paferdidpkird ke faay bbight 8.5z16@labb@ 19t1r.uct ure
type of FAU, 6)0%%& I\/k/\\(/\{r MI'W and ang conbi nation thereof; wherein the
transal kyl at il s suf fheireastans sy Pedn tthen Bregvapor ghass oF partially or

bi al kyl at ed apRPRidE i GHP AU PhacORMELS] B8 QUL LA tfr’eb't?&ﬁyihéhﬁ&ab
aromati c compound(s) conversion in a range of from about 0.5 to about

2.5 in a tenpénixtieer ddytipa withethetroeterial 0o chayedan e bronghteintretoatagh witlo f
step (a) to @%%uéo%alﬁ%%&n%&%g&newﬁ L4 B QJn-iér;%eaQes(fr?dim%Q%&JhTzﬁ?
e uent on onatl C Teeq,

al kyl ati on reactor al ns the excess
monoal kyl at edoraxemplej lydcegep@nhdidrogeuch as et hyl benzene or cunene),

pol yal kyl at e romat i ¢, compounds (such .as .pol yet hyl benzene, or.
pol yi sopr opym@rﬁlgene) , Inaa}?gﬁli%??lg% m]ex}&?ﬁl}eﬁﬁ%eg&/loq; IGH?JSWFE:S edggeq s
recover ed by wdihsthylldnatid grodacsan slkylati@trehdortdifucat Rint @ntms ¢RABIGEne.

Usually a s | bleed is taken frao he recycle ,styeamto elimnate
unreact i ve {T%Erqlﬁfﬁ%t?nf FBREQMds |PE Br.alt’l'?h%ar’& ©8ien ftﬁ“brﬂqﬂl}ﬁge Phss 78N

distillati onc@{@ti&wihaaaingia8£e}d efiftlirt GeBRRATALE BRNBGEIKYLEGRT spF@ g Ct
from pol yal k%I ated products and ot her heavi es. O}gOA{B The term
apey

“pol yet hyl beA}&Eke mprpampierahly betsiean ¢@0°F snd (7607 & end 36074 C
WUR TS art Provaom YO a0 Setatss B n ot WA BB RS AT
and not | i mi peigi(2Re0 add §600/ kit e erigh{ REBY spavd velociet (WHB¥h betnecd FHEB) .
[0044] The t ep a{}lﬁ%ﬂﬁ,orﬁér%%%ﬁé’r%%%%%{}eeﬁ %léa hBr)] a:ilcP 6 liugf,%%see Co% t}lg ethylene
feed, and a ratio of the benzene to the ethylene in the alkylation reactor from 1:1
to 30:1 molar, more preferably from about 1:1 to 10:1 molar.
[0037] In still another embodiment of the invention, when benzene is
alkylated with propylene to produce an alkylation reactor effluent that contains
cumene. The alkylation reaction may also take place under liquid phase
conditions including a temperature of up to about 482°F (250°C), e.g., up to about
302°F (150°C), e.g., from about 50°F to about 257°F (10°C to 125°C); a pressure
of about 250 atmospheres (25,000 kPa) or less, e.g., from about 1 to about 30



pol yal kyl ated aromati c conpounds which are useful herein is to be
understood in accordance with its art-recogni zed scope which

i ncludes, by way of illustration and not limtation,

di i sopropyl benzene (DI PB) and triisoprdéylbenzene (TIPB). - 13 -

[ 0045] The pol yal kyl ated products separated fromthe al kl ation reactor
effluent are reacted with al kylatable aromatic feed in a
transal kyl ation reactor, which may or nay not be separated fromthe

al kyl ati on r ea6épherc® (0 [PaSUBGBOLR);t dndnsiadrbe it Aky@Ebafdh kgt -hourly
According to the inventiop, the transal kgl ation catal yst conprises at

| east one of SRASGIVSCIXEhE 3t9, 2bRRbASAGr 13ly foomnp hy etoéc@thé'?- fauj asite,
nmordenite, P , SSZ-ge 5 - ' N

U trastabl e 3_E E(EUE%’?) ) e 31#15%? ordor é\l}%ﬁ%lg}dgﬂlé&?ﬁ 1ysf 88 b é’g“?ﬁiléﬁ%lf
ZSM 3, ZSM 4 InEghas 1s 2smystelling rrdolagwarceiens peefardiy tshiscted firont 004B]-The
transal kyl at i . 100 t i t L upder .at ..l.east
partial i qui(%gf) Igeglgﬁggtﬁg?ri Pbéqhgaigﬂt\gﬁ&#h%?ﬁ??)éﬁggﬁﬁ(gg °d %dgméiF%H'é iCcs
react w th addbtPaem!S5,2007751M0Me4R (desatbied ix degpid Gin dsS.t Rutgt GPB6875),

"ncl ude a t enfaetd (GBS, Pt 5Eas 8N, Gnegenic Setafiestlifd by
696 to 5100 lgBailan U1 Pated3,pow,ea0). @ WHSV based on the weight of the

pol yal kyl ated_aromati c_conpqunds of about 0.5 to 200 hfl, and .

al kyl at abl e a9B%hti c cORpIERIdimend|of Hhisyinyertienpis ng appthage ph elegtingi d
0.5:1 to 20: LanfN&iSfoalatelystbieiBgAd W&ok 68;41 18 agm-
pr((sassure of 696 atkérf[4f3_7ak g-as( 101 to 6001 pgl%a , gy\/\%%\% zlas}a rg%rsgf he
wei ght of t h&ispoBy aflrstingtang caiabivked thessdwpdntedelaipfl redstions @IkSlation a0D

hr4, a nole i . I -al omkid.c.C ound to.the

pol yal kl at edﬁﬁ%%tlgkggtr}%goﬁﬁ%gggg Laelé@ﬁt%ﬁg%gis ?g%zf&}rgs og‘%\lég product
enbodi nent ofompostiomare detenmined. Base dnstha séiedivn iofibtegofaheanwd etactd@n, t he
al kyl ati on reactor .and.the apsal kl ati on reactor., For, e e, the
Gf 11 ont 1 ol WUk T LR Bl BiRE B AP 50 88 4 dptenbiaed pRREd paé
stream of t hesstihafadRldeyieddd on reactor. The effluent fromthe

al kyl ati on rfoz%{%h]or may_ be us%d to gen_erate_steam I n anot her

embodi nent o s i nvErAnesibodinent, dyjs IVRRERSrTlales P Bareiiiod Hon sekecting

al kyl ation reaghi9latiaRCatal)st fof A3edeky/halel AMIEEAh MerCAR PEafRKGI4R] ed.
The advant age of “de-coupl’ing the heat integration between the

al kyl ati on r sigettbe mathed corapasingbarieps efi i on reactor is that the
condi ti ons of,the | ati (o) ' n rmned to
The condi ti of of “Arete AR AT nifhn) RERTIAPEL AR
possi bl e to achi evslitpttietme typs of FAUpTBEASSEY WA TW antd awgsombination

i ndependently. -_.14 - 048 action r.ate-constants.were cal cul ated
usi ng met hods knoflitPh b I&'LF{)@ itﬁnéagkﬂ%mtnhés dpgintagad m}gr%f n‘i?Pé‘I%SES and
Practice of Het er hghdaguenipgatatiry shd %prehsﬁt‘b tdPB®S, toWidld ol RaisBst a \WEH,
1St Edition, 1997, the disclosure of which is incorporated herein by
ref erence. React i BV STUBHE: CoRPOUGRFecuNpaion Averda felkylsted aoematimnd

TEB under react i ogorffidils) QS ercloR HPE FALH b LRoMRERE W0 4BAH 2WHRY) and
the ratio of these reaction rate constants was then calcul ated to

exan ne the W at selestipgee glkylatipepntaist EERe @bleessone oAMCME2r BER36NnSs
were assuned to b ir LSt i . . ero
order with res pectﬁlcghg 4%&%%?63%%%1%@%2&&%}1 %&%5?}3@9%855% %Eﬂgté%]t her
enbodi ment of thi satalpsténsufficienttyhective acmamtaifn at lohss 90 nva 194, pefebly 95
used to retrofit exL?ti n\% et hgl bentzegle 0%9 cumene plant. In %gt

anot her enbodi ment®of® t A8 M8 % e Jfocés €t FYersioBedt i%n
can be used to refefr@biatureXirgk ifiteh Abdul 30T bélbw the AMiperathie orf%fée?%j fot 1 NQ
can be done by repl aci(goggem sting processes and catalysts with the

processes and cat #%k poevsitae feppeRire el stepf@). advant age of
retrofitting existing plants is Iow cost. [0050]In one enbodi nent of



[ 0051] When t he polyal kyl ated aromatics are pol yi sopropyl benzenes and
are contacted with benzene to produce cunene in a transal kyl ati on
reactor, the transal kylation conditions preferably include a
tenperature 50F to about 100F (100C to@OOC), a pressure of 20 to 30
barg (2100 - 3100 kPa), weight hourly space velocity of 10 to 72 hr
on total feed and benzene/PIPB weight ratio 1:1 to - 15 - [0052] When
t he pol yal kyl ated aromatics are pol yet hyl benzenes and are contact ed

wi th benzene [0@1pr oductn géthbbienaab@iimentathiy Ma&aiok ¥hiales @a neMcdOfy
t he transal kyl atl on conditions preferably include a tenperature of

428F to aboutcls¢ime %ﬁzesaﬂalazle@@ﬁtalyat &reasgw%%s&wenta&m%aw 190 -

3100 kPa-a), p\gi 1108 Wfehs ViL s f 6 hi' on total feed
and benzene/ PEBaagFa e!p%/ %?ﬁd\é%gﬁélﬁgthgmé érlﬁe effluent fromthe

transal | cyl at®on ﬁféefémgranuaﬁcy!ﬁhend@talm hamnalak;dasttqnenf M2y MM 3Gent
and the conblned

nonoal kyl ated pro uct %@%éﬁﬁ%d L@s lﬁag%egﬁ%%]%%d&mﬁ?rfﬁ ealkglah?rbed
in the follow ng eatta]gpillsamanfmmmhﬂer 65!1611&9&4 Hyludihg esmpetatifeBod erekfre

10055] The transal kyl at i o in e r epar ed

fol | ows. Cheni cal %?’EB%G gg% (ﬁ’ﬁé?@ﬁéfmr)fjds ’Hﬁmf& Lg‘fq‘isrﬂ‘ﬁfle(?ﬁ%s%@ﬂzene
were purified by p@m%—;talkeﬁb@yleérs,@ﬁ{dnuat ed alum na. The purified

di i sopropyl b zene were m xed wei ght (para:neta). The
purified ben éfﬁ%?flﬁalaﬂ%%mww#iﬁﬁééww%le?ﬁt R8e 0§zeph\t;9e1ﬂagmg a
ragtio and st Qe&fﬂe %Bﬁ&ﬁre”tfpéoﬁePAtﬁ"mcﬁWﬁﬁtlﬁqu%d(gﬁ c@&%ﬁﬁéx? of
t he feed provi ded the corposition by wei ght $hown’in

[ 0056] Two cathgrspdt whereinghe érsnse&ykat;ﬁn is sufiscierklyl agtivote yiekdot ratxn of a bi-

caralyst) s hanen, el SRRORNG, HARCRER U, 4 B \iofae

Si /Al 2 of abeerip@&Ed(spcEvefsandn alrmge(of ﬁainmbbutzm)tombbgz Rinch temperaﬁim:l to

hi o act i vi ¢ J00F Gt (e BRon L FOR-RE: fag Gembart D et o

structure typnpefatirAQfstep &)/ Al 2 ratio of about 30, a surface area of

about 780 n2/ nd extruded to form 1/ 16" dianeter cylindrical
ext r udat es wi@ﬁalz /h‘ea?lg HRERR repeonoitiupy roptapisdhe cxgert promatc feed,

conposi tion ﬁ}%ﬂ&ﬂ@%ﬂed nafoﬁﬁh@ lamniéﬁfndé ntsﬁ@fguﬁsedetl‘{mﬁéﬁz&fé' IQr hRihe),

di aphragm punp. A 12.7 nm (1/2") pipe was used for the reaction
vessel s and e@mllaylﬁféé 39t03!?@°of ceEpingst Gper atasd ipalyathsbandenew or

fi t
con ourat | ofal b SEinEEIR) YR TIEORELTDGALASSUS, Lob Al
Space Vel oci digtillanes\ind aenycigé iz dreallBddtioatrhadidre iisaalty § BnFEB)eed &t uaberar e

: (n dicated | nﬁ%rrﬁethte E%Qc!yecleaslt%n% o etllmmage unreactive impurities from the loop. The

bottoms from the benzene disiillation are further distilled to separate
monoaltkylated product from polyalkylated products and other heavies.

[0043] The term “polyethylbenzene” (PEB) in reference to the
polyalkylated aromatic compounds which are useful herein is to be understood in
accordance with its art-recognized scope which includes, by way of illustration
and not limitation, diethylbenzene (DEB) and triethylbenzene (TEB).

[0044] The term “polyisopropylbenzene” (PIPB) in reference to
polyalkylated aromatic compounds which are useful herein is to be understood in
accordance with its art-recognized scope which includes, by way of illustration

and not limitation, diisopropylbenzene (DIPB) and triisopropylbenzene (TIPB).



- 16- correspondi ng D et hyl benzene (DEB) and tri et hyl benzene (TEB)
conversion and their corresponding first order rate constants (k).
The total product was chilled and analﬁ ed with an off-line gas
chromat ograph equi pped with a flanme i 6nfzation detector. Results are
shown in Table 2. Table 1: Conponent Conposition (w. % Benzene 60.0
Et hyl benzene 0.1 mdi et hyl benzene (m DEB) 19.1 p-di et hyl benzene

p- DE13) 9.3 o-diethyl benzene (0o-DEB) 7.7 1, 3,5-triethyl ebnzene
(135-TEE) 1. §0045] The polyalkylated products separated from the alkylation reactor

effluent are reacted with alkylatable aromatic feed in a transatkylation reactor,
which may or may not be separated from the alkylation reactor, over a suitable
transalkylation catalyst. According to the invention, the transalkylation catalyst
comprises at least one of MCM-22, MCM-36, MCM-49, MCM-56, zeolite beta,
faujasite, mordenite, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, zeolite Y, Ultrastable
Y (USY), Dealuminized Y, rare earth exchanged Y (REY), ZSM-3, ZSM-4, ZSM-
18, ZSM-20, and any combination thereof.
[0046] The transalkylation reaction of the invention is conducted under at

. least partial liquid phase conditions such that the polyalkylated aromatics react
with additional alkylatable aromatic compounds to produce additional
meonoalkylated product. Suitable transalkylation conditions include a temperature
of 100°C to 260°C (212°F to 500°F), a pressure of 696 to 5100 kPa-a (101-740
psia), a WHSV based on the weight of the polyalkylated aromatic compounds of
about 0.5 to 200 lu!, and alkylatable aromatic compounds /polyalkylated benzene
weight ratio 0.5:1 to 20:1. Preferably, a temperature of 150 to 260°C and a
pressure of 696 to 4137 kPa-a (101 to 600 psia), a WHSV based on the weight of
the polyalkylated aromatic compounds of about 0.5 to 100 hr', a mole ratio of the
alkylatable aromatic compound to the polyalkylated aromatic compounds of 1:1 to
10:1

{ [0047] In one embodiment of this invention, there is a heat integration
between the alkylation reactor and the transalkylation reactor. For example, the
effluent from the alkylation reactor may be used to heat the feed stream of the
transalkylation reactor. The effluent from the alkylation reactor may be used to
generate steam. In another embodiment of this invention, the heat integration
between the alkylation reactor and the transalkylation reactor can be de-coupled.
The advantage of de-coupling the heat integration between the alkylation reactor
and the transalkylation reactor is that the conditions of the alkylation reactor can
be independent determined to the conditions of the transalkylation reactor.
Therefore, it is possible to achieve optimum results of these two reactions

independently.



1,2,4-triethyl ebnzene (124-TEE) 1.8 1,2, 3-triethyl ebnzene (123- TEB)
0.1 Table 2: Low Activity Catal yst Hi gh Activity Catal yst Hi gh
Activity Catalyst Hi gh Activity Catal X%E;,T ()

[0048] Reaction rate-constants were calculated using methods known to
those skilled in the art. See “Principles and Practice of Heterogeneous Catalyst”,
J.M. Thomas, W.J, Thomas, VCH, 1* Edition, 1997, the disclosure of which is
incorporated herein by reference. Reaction rate constants were calculated for both
DEB and TEB under reaction conditions (temperature, pressure, and WHSV) and
the ratio of these reaction rate constants was then calculated to examine the
relative rates of DEB and TEB conversion. The reactions were assumed to be first
order with respect to DEB and TEB and zero order with respect to benzene since
it is in excess.

( [0049] In another embodiment of this invention, the process of this
invention can be used to retrofit existing ethylbenzene or cumene plant. In yet
another embodiment of this invention, the process of this invention can be used to
retrofit existing AICl; or BF; plant. The retrofitting can be done by replacing
existing processes and catalysts with the processes and catalysts of this invention.
The advantage of retrofitting existing plants is low cost,

[0050] In one embodiment of this invention, the transalkylation catalyst is
maintained under conditions sufficient to yield a ratio of bi-alkylated aromatic
compound(s) rate-constant over tri-alkylated aromatic compound(s) rate-constant
in a range of from about 0.5 to about 4, preferably, about 0.5 to 1.5, even more
preferably, about 0.5 to about 1, still more preferably about (.75 to about 1.25,
and most preferably, about 0.9 to about 1.2. In another embodiment, the alkylated
aromatic compound is cumene, wherein the ratio of bi-alkylated aromatic
compound(s) conversion over tri-alkylated aromatic compound(s) conversion in a
range of from about 0.5 to about 1, preferably, about 0.5 to 0.9, and most
preferably, about 0.6 to about 0.9.

[0051] When the polyalkylated aromatics are polyisopropylbenzenes and
are contacted with benzene to produce cumene in a transalkylation reactor, the
transalkylation conditions preferably include a temperature 50°F to about 100°F
(100°C to 200°C), a pressure of 20 to 30 barg (2100 - 3100 kPa), weight hourly
space velocity of 10 to 72 hr' on total feed and benzene/PIPB weight ratio 1:1 to
6:1.



240 200 207 200 B: PEB (noknol) 1.8 1.4 1.4 1.5 WHSV (hick) 1.4 1.5
1.5 1.3 DEB rate-constant (he) 0.9 1.2
-15-
[0052] When the polyalkylated aromatics are polyethylbenzenes and are

contacted with benzene to produce ethylbenzene in a transalkylation reactor, the
transalkylation conditions preferably include a temperature of 428°F to about
500°F (220 to 260°C), a pressure of 20 to 30 barg (2100 - 3100 kPa-a), weight
hourly space velocity of 2 to 6 hr”! on total feed and benzene/PEB weight ratio 2:1
to 6:1.

[0053] The effluent from the transalkylation reactor is blended with
alkylation reactor effluent and the combined stream distilled to separate the
desired monoalkylated product.

( [0054] The present invention will be described in the following examples.

Example: Transalkylation of PEB to EB

[0055] The transalkylation feed used in Example was prepared as follows.
Chemical grade benzene and para- and meta-diisopropylbenzene were purified by
percolation over activated alumina. The purified diisopropylbenzenes were mixed
2:1 by weight (para:meta). The purified benzene and polyisopropylbenzenes were
mixed 2:1 weight ratio and stored under nitrogen. A gas chromatograph (GC)
analysis of the feed provided the composition by weight shown in Table L.

[0056] Two catalysts were tested for transalkylation reaction, a
conventional commercial transalkylation catalyst (low activity catalyst) is made
using a zeolite with a structure type of MOR, a Si/Al, of about 35, a surface area
of about 390 m*g, and extruded to form 1/16” diameter cylindrical extrudates
with 20 wt.% alumina. A high activity transalkylation catalyst is made with a
zeolite with a structure type of FAU, a Si/Al, ratio of about 30, a surface area of
about 780 m?/g and extruded to form 1/16” diameter cylindrical extrudates with
20 wt.% alumina.

[0057] Liquid feed, which has a composition as shown in table 1, was
introduced with calibrated diaphragm pump. A 12.7 mm (1/2") pipe was used for
the reaction vessels and contained 30-35g of catalyst operated in a downflow
configuration in isothermal mode. The operating pressure for all experiments was
3204 KPa-a (465 psia). Temperature, Weight Hourly Space Velocity (WHSV) and
Benzene:Polyethylbenzene (B:PEB) ratio are indicated in the table along with the



1.4 1.5 TEE rate-constant (hi") 0.2 1.0 1.6 1.7 DEB Conver si on (Wm. %
48% 59% 63% 65% TEE Conversion (W.% 16% 50% 67% 70%

-16 -

corresponding Diethylbenzene (DEB) and triethylbenzene (TEB) conversion and
their corresponding first order rate constants (k). The total product was chilled and
analyzed with an off-line gas chromatograph equipped with a flame ionization

detector. Results are shown in Table 2.

Table 1:
Component Composition (wt.%)

Benzene 60.0
Ethylbenzene 0.1

{ m-diethylbenzene (m-DEB) 19.1
p-diethylbenzene (p-DEB) 9.3
o-diethylbenzene (0-DEB) 7.7
1,3,5-triethylebnzene (135-TEB) 1.8
1,2,4-triethylebnzene (124-TEB) 1.8
1,2,3-triethylebnzene (123-TEB) 0.1

Table 2:
Low Activity|High Activity|High Activity| High
Catalyst Catalyst Catalyst | Activity
Catalyst

T (°C) 240 200 207 200
B:PEB (mol:mol) 1.8 1.4 1.4 1.5
WHSV (r™) 1.4 1.5 1.5 1.3
DEB rate-constant (hr™) 0.9 1.2 1.4 1.5
TEB rate-constant (hr™) 0.2 1.0 1.6 1.7
DER Conversion (wt.%) 48% 59% 63% 65%
TEB Conversion (wt.%) 16% 50% 67% 70%
Heavies yield (wt.%) 1.8% 0.6% 0.7% 0.6%




Heavies yield (Wt.% 1.8%0.6%0.7%0.6% - 17 - [0058] The high
activity transal kyl ation catalyst of this invention has a
surprisingly lowratio of DEB conversi qg over TEE conversion which is
in the range of 0.9 to 1.18, in conpari'sén with conventi onal

transal kyl ati on catal yst having a ratio of DEB conversion over TEE
conversion of 3. [0059] The high activity transal kyl ati on catal yst of
this invention has a surprisingly lowratio of DEB rate-constant over
TEE rat e- con40@88] whi ciThé $ighnadtiviy nangtkytdtiod. Albyst of thid invefition has a

conpari son with co nti onal al kyl ati on tal yst, having.a ratio
o DEB 1ot e CORUPTRY By of TN Bomstacter SHbycveIsion SUyiaY s in the

patents, pat emgead#Pd.0adtl. M)Sn doBphriddhOf RS Wb SFentibfdl AahdayicylRoH Myt
articles, publications, manuals, and other docunents cited herei'n are

ful l'y i ncor pbpéfgar#ip ofdIRR eenversion overel Ik eenversinnet 3di scl osure is not
i nconsi st ent yd t hi s t1.Q0; L ks db Gl o I ich
such incorpor[gq"ﬁ’iggn IS ggg‘%@tée Qltﬁg%réglag{y lgh dﬁ%%??{(‘:g}# %‘é\%ﬁ*ﬁ%%s
and nuneri calsupppeglyllowirate iiRED fatt-cubstet wienTEBanigesnstand whivhys indiser

limt t i 44 . t | at . 0062 il t he.
1 ustrat ve SRBSHAR b Bp @ haaiRon M lvatta Fenfufign eotmben
parti cul ari t yaving a witiol of EERIrstkec @k amb viehBEB vateconttenobfives. nodi fi cati ons

will be appar to anq.can be readily de, by those skilled in the
art without é@‘%@lti ng gporﬁalt > s BREERY ” 2pplicatioghe 16T (RRRCCAMGR nRTIgRLY

Agcordingly, dbéunients)@iticledf gibtiestionfahariubR, &OH8eockients LRI Ber&RRGNded
hereto be linmted to the exanples and descriptions set forth herein

but rather t Rt rePeTaiEdnty Fdcrensade thraxtay Wl ditplasyp ngnet incensistent
features of patepiablRnAQYehd nyM11CJ§m§(ﬁéﬁ&§ Nwhff a{cﬁsﬁﬁgérwgrax\t{ﬁg%g on,

including all features which would be treated as equiva r eof
by those ski bprndtt¢ds the art to which the invention pertains.

[0061] When numerical lower limits and numerical upper limits are listed
herein, ranges from any lower limit to any upper limit are contemplated.

[0062] While the illustrative embodiments of the invention have been
described with particularity, it will be understood that various other modifications
will be apparent to and can be readily made by those skilled in the art without
departing from the spirit and scope of the invention. Accordingly, it is not
intended that the scope of the claims appended hereto be limited to the examples
and descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present
invention, including all features which would be treated as equivalents thereof by

those skilled in the art to which the invention pertains.



- 18 - CLAIMS 1. A process for produci ng ethyl benzene conprising the
steps of: (a) selecting an al kyl ation catal yst which conprises at

| east one zeolite having a zeolite structure type selected fromthe
group consi sting of MCM 22, MCM 36, MCM 49, MCM 56, and any

conbi nation thereof; (b) contacting ad8al kyl at abl e aromatic
conpound(s) which conprises benzene, with an al kyl ati ng agent under
al kyl ation conditions in the presence of said al kylation catalyst in
an al kyl ag actor, to produce an al kyl ation effluent which
conpri seg{;%%%ﬁekyl at ed aromat i ¢ conmpound(s) which conpri ses

bi - al kyl ated aromati c conmpound(s) and tri-al kylated aromatic
conmpound(k), saptbcbis-fat paptiatiegetaylberthcconprpimgnb sypsadnpri ses

di et hyl benzene, said tri ated c Corrpr ses

triethyl benzer® (cf! egférrgef&4&»@3@%%@5&5@&9%&48%{ PSfope Frplighhaving
conprises at |east pngliee@hichfe Bl gegscﬁdqﬁﬁﬁltﬁeegﬁoﬁﬁecoﬁélstF r NdM-22,
contacting said al kyl atabl e aromati ¢ conpounds w th pol yal'kyl at ed

aromati ¢ conmpound( YMCM-36,MaYaH%NEM-5h a0éd Al ¢ananration thﬁhi@ofpr esence of
d | k |
sai d transal kyjati ceyf}Pﬁ r?r%ya%t A1 616 2073 lﬁX %E#ggun@gsﬁc ht 9 I?%?tlﬁﬁce

a transal kyl at| on conpri sing §a1d &t hy Wher el
sel ected al kyl ati orbepzdna) ysth s aftailningi sgedt undar alayllawratcbmdltlons in the

conditions of tenperature ssure to. ensur | east 90 %
S Kene. conver si ont THRERS of 0 Alorr it &t RoHREBten Broms CBHgHeas

a tenperature r angaﬂmamnaémﬁgm 6% aehewed PSlyilRIRRA %E&ﬁd?lc@onﬁfoﬁﬂﬁ(é)b)

to about 50C above the tenperature of step (b) to yield a ratio of
bi - al kyl at ed ar omatWhick sapwirrs( Bialkdaied rapoaticovempaund(s)- m«w—aikébted

aromatic conmpound(g), Iﬁﬁflgﬁwfﬁﬂm séld %ﬁ@lﬂ?lgféﬁ ai&ﬂa[ﬂcac?ﬁﬁ)}ugdrg?j dofhplisds:

- 19 - 2. The process c trans
condi tions i ncl ude dethdhperad, slznétmfalkaFafhdtcmn@Sﬁl(ﬁ(sa)md:mnpafsessthylbenrkneﬁ96

bol yal kyl at edl (&F ondF FEt i Ry RGeS e Rtmaes Safts' ok 5t
sai d al kyl at abl e an@mkiaGe6la v Fae):sai d pol yal kyl ated aromatic
compounds of 1:1 to 10:1. 3. i rocess of claim1l1, wherein the

conversi on of (@} et HPNIeinLe faid; §11‘iy tabhe Framalic gPmpguds. gty pokyalkpylated
4. The process of olghclonthBily AEJORERSHRNIAL ik dchergee

is in the range of 45 wt rocess o aim1
further conprising ttahsillsxlap)nofcasigparmt |angra9mlk$flaidnyllaacmrn tef ploderst a o

recover said pol yal ﬁlt(ﬁglone t | gm%;?rlwmp gsa1 fﬁﬂylbenzene

wherein the selected alkylation catalyst is maintained under alkylation conditions

of temperature and pressure to ensure at least 90 mol.% alkene conversion;

wherein said transalkylation conditions comprises a temperature range from about
100°C below the temperature of step (b) to about 50°C above the temperature of
step (b) to yield a ratio of a bi-alkylated aromatic compound(s) conversion over a
tri-alkylated aromatic compound(s) conversion in a range of from about 0.9 to

1.18;

wherein said alkylation effluent is used to heat said alkylatable aromatic

compound, said polyalkylated aromatic compound(s) or steam.



6. The process of claim 1, further conprising the step of separating
said al kylation effluent or said transal kyl ation effluent, to recover
sai d et hyl benzene. 7. The process of claim1l, wherein said alkylating
agent conprises ethylene feedstock. 8. The process of claim7,
wherein said al kyl ati ng agent conprisd§€-at | east one of a
concentrated ethyl ene feedstock, a dilute ethylene feedstock of at

| east 10 nol.% et hyl ene, or any conbi nation thereof.

2. The process claim 1, wherein said transalkylation conditions include a
temperature of 150 to 260°C and a pressure of 696 to 4137 kPa-a (101 to 600
psia), a WHSV based on the weight of said polyalkylated aromatic compounds of
0.5 to 100 hr', a mole ratio of said alkylatable aromatic compound to said

polyalkylated aromatic compounds of 1:1 to 10:1.

3. The process of claim I, wherein the conversion of diethylbenzene is in the range

of 25 wt.% to 95 wt.%.

4, The process of claim 1, wherein the conversion of diethylbenzene is in the range
of 45 wt.% to 75 wt.%.
5. The process of claim 1, further comprising the step of separating said alkylation

effluent to recover said polyalkylated aromatic compound(s).

6. The process of claim 1, further comprising the step of separating said alkylation

effluent or said transalkylation effluent, to recover said ethylbenzene.

7. The process of claim 1, wherein said alkylating agent comprises ethylene
feedstock.
8. The process of claim 7, wherein said alkylating agent comprises at least one of a

concentrated ethylene feedstock, a dilute ethylene feedstock of at least 10 mol.%

ethylene, or any combination thereof.



