1 MUILTI PHASE ALKYLAROVATI CS PRODUCTI ON FI ELD [0001] The present invention
relates to a process for producing nonoal kyl ated aromati c products,

particul arly ethyl benzene and cunene. BACKGROUND [ 00021 Et hyl benzene is a
key raw material in the production of styrene and is produced by the
reaction of ethylene and benzene in the presence of an acid al kylation
catal yst. O der ethyl benzene production plants, those typically built

before 1980, used AICl13 or BF3 as the acidic alkylation catalyst. Plants
built after 1980 have in general used zeolite-based acidic catalysts as the
al kyl ation catal yst. Mugk ' uls ) h A g RE ABt uri ng processes
typically require the use of concentrate ethylene that has a purity
exceeding 80 nol.% For exanple, a polymer grade ethylene has a purity
exceedi ng 99 pLPo et hyl ene.  However, the purification of ethylene streans
to attain chemcal or polymer grade is a costly process and hence there is
consi der abl e [080Hr est | Bhalepsbanpi inyepliaceskdss tohat mesesppératreodiicing | ower
grade or dilute ethyl ene streans. One source.of. a diluyte ethylene streamis
Pheort gas FronTINL R frodibE B RueS RS S Saedeignd FEmGitam cr ack! ng
units of a petroleumrefinery. The dilute ethylene streamfrom such units,
after renoval of reactive inpurities, such as propylene, typically contains
about 10-80 nBACKGREOIIMBe, with the remmi nder being ethane, hydrogen,

met hane, and/ enzen 004] Three types, of, ethyl atiogn r tor systens
ire used for MPOACC: ng BLYRFTEERIthES tRFERE BulY pRhAb AR &a e,
l'iquid phase #qR6diR%ed BYSthe FeactioBHT MIQR MIGERZERART Bk HYRhEITBS ah @S] I n
vapor - phase reactor sysStens, the ethylation reaction of benzene and

e]E hyl ene i s cakylateh catalyat. @ldteentherﬂmmmw{@ pmldmi?ut plgt‘ﬂ@, B@Sﬂ?ﬂ@:@]ﬁfdb@tpr essure
690- 3534 KPa- -35 - i A i i
gat al yst. Eﬁﬁ%?rgr}g)ggxﬁeﬁ%lﬁg%g%&:ﬂl %etg}él?}élld% ﬁlwl%ﬁcﬁ&%ﬁéyﬁn? ]taﬂé%gliﬂketgg‘ﬁce of

such zeol | te 1ditiah¥ 8 edird A Rl BRAT RAEIc cARRMS o} i3 ciBobl1viihe

et hyl benzene formed further reacts with ethylene to formdi-ethyl benzene
i somer s ( DEB)[0003} Commercial ethylbenzene manufacturing processes typically

require the use of concentrate ethylene that has a purity exceeding 80 mol.%. For
example, a polymer grade ethylene has a purity exceeding 99 mol.% cthylene.
However, the purification of ethylene streams to attain chemical or polymer grade
is a costly process and hence there is considerable interest in developing processes
that can operate with lower grade or dilute ethylene streams. One source of a
dilute ethylene stream is the off gas from the fluidized bed catalytic cracking or
steam-cracking units of a petroleum refinery. The dilute ethylene stream from
such units, after removal of reactive impurities, such as propylene, typically
contains about 10-80 mol.% ethylene, with the remainder being ethane, hydrogen,
methane, and/or benzene.

[0004] Three types of ethylation reactor systems are used for producing
ethylbenzene, namely, vapor phase reactor systems, liquid phase reactor systems,
and mixed phase reactor systems.

[0005] In vapor-phase reactor systems, the ethylation reaction of benzene
and ethylene is carried out at a temperature of about 350 to 450°C and a pressure
of 690-3534 KPa-a (6-35 kg/cm®g) in multiple fixed beds of zeolite catalyst.
Ethylene exothermically reacts with benzene in the presence of such zeolite
catalyst to form ethylbenzene. About 10-30 mol.% of the ethylbenzene formed
further reacts with ethylene to form di-ethylbenzene isomers (DEB), tri-



2 ethylbenzene i soners (TEB) " and heavier aromatic products (heavies). These
undesirabl e reaction products, nanmely DEBs, TEBs and heavies, are often
collectively referred to as pol yet hyl at ed benzenes ( PEBS) . [0006] By way of
exanpl e, vapor phase ethylation of benzene over a catalyst conprising
crystalline alumnosilicate zeolite ZSMB is disclosed in U S. Patent Nos.
3,751,504 (Keown et al.), 3,751,506 (Burress), and 3,755,483 (Burress).

[ 0007] In nost cases, vapor phase ethylation systens use pol ynmer grade

et hyl ene feeds. Mreover, although comercial vapor phase processes

enpl oying dil, 18en%te{3é/ ; c{}ﬁerée b NAE 1 Qz%%;r dMa&lct ﬁ%dﬁét?r(g%ﬁee % eden

operation, the1inves assocl at cess s 1S high.

[0008] In receidesiysdie Feddiont prodekcts, Nnarhielyi SDERs, haEBtgeami m@a\asu f taravghenf rom
vapor phase eth | benzene reactors in favor of %w d phase reactors. Li qui d

phase react otdlegipednirelcged tp @@@é}é@tbﬂ@tﬁébwea@sdﬁ Bgb0- 280C, which is bel ow

the critical er at ene ( The eof he eth | ati on
reaction in W@E B}%gs‘gi gc% 'oh le %ayorm%}t‘asg ﬂ%,yg fjtbf:%zeg ﬁ{)ﬁr abl e
vapor phase r@@eﬁﬁrﬂt%mpnbi%@@ystélhﬁe Ql@h@ﬂdéﬁicatéoieuﬁﬁszsrﬂcﬂlisf(ﬁ%lés‘éﬁ i es.l i quid
phase reaction are greater than those for the |liquid phase reaction, but

t he | ower destgjﬂltt wpePato @4 ofKedyen et qalidd 3 'b‘?Hafé)é (Bucesshnand BH4ARE| | y
conpensat es d(%r j negatl ves associated with the higher catalyst vol une.
[ 0009] Li qui ng et hyl ati on of benzene using a catal yst conprising
zeolite beta jogow scl oSRdmb# ddsss, VB rﬁﬂ'\}gsé\@th thti88 ky<os aRel pblRP e2adiePat ent
Publ i cati on I\E) ﬂ0432814 and 062954%6 re rgcentl?/] it has been I scl osed
that MOM 22 ethylenq feeds. Nereaves) alétmgbg@n@menaaléfam ﬂrhatsg/pmessm@eploymg

| kyl at /t t 4 992, 606
CVen o5) " PTRERENoRR R bR eR B g S i SpRatiord Wit T
(MCM 49) U S:os{%adsﬁiﬁaté\@wnﬁ ﬂ%@pﬁﬁ@ssém 5), U.S. Patent No. 5,149, 894

(SSz-25); U. S. Patent . 6,077,498 (1TQ1); International Patent
Publ i cation [N688] W)97/mmgmtamarmelmzdsazmuslmm befn 0 ShiftGomyefreinal

liquid phase %pp)}( pg e Ze&@?be%zgrpet 2adlors 1h fa\X)r omlund phase reactors. Liquid phase

reactors operate at a temperature of about 150-280°C, which is below the critical
temperature of benzene (290°C). The rate of the ethylation reaction in a liquid
phase reaction is lower as compared to a comparable vapor phase reaction.
Hence, the catalyst volumes required for the liquid phase reaction are greater than
those for the liquid phase reaction, but the lower design temperature of the liquid
phase reaction economically compensates for the negatives associated with the
higher catalyst volume.

[0009] Liquid phase ethylation of benzene using a catalyst comprising
zeolite beta 1is disclosed in U.S. Patent No. 4,891,458 and European Patent
Publication Nos. 0432814 and 0629549, More recently it has been disclosed that
MCM-22 and its structural analogues have utility in  these
alkylation/transalkylation reactions, for example, U.S. Patent No. 4,992,606
(MCM-22), U.S. Patent No. 5,258,565 (MCM-36), U.S. Patent No. 5,371,310
(MCM-49), U.S. Patent No. 5,453,554 (MCM-56), U.S. Patent No. 5,149,894
(SSZ-25); U.S. Patent No. 6,077,498 (ITQ-1); International Patent Publication
Nos. W097/17290 and WO01/21562 (ITQ-2).

[0010] Commercial liquid phase ethylbenzene plants normally employ
polymer grade ethylene. Moreover, although plants can be designed to accept

ethylene streams containing up to 30 mol.% ethane by increasing the operating
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pol ynmer grade et hyl ene. Nbreover ‘al though plants can be designed to accept
et hyl ene streans containing up to 30 nol . % et hane by increasing the
operating 3 pressure, the costs associated with the design and operation of
t hese plants have proven to be significant. [00111 Technol ogy has al so been
devel oped for the production of ethylbehzene in a m xed phase using
reactive distillation. Such a process is described in U S. Patent No.
5,476,978. In m xed phase processes the ethylene stream and benzene streans
forma m xed phase and may enploy dilute ethylene streans since the

t hyl at t t t.h d f th
RN - et R g e
The di | uents gbvétehedidnifi@net hyl ene feed, nanel y et hane, nethane and

hydrogen, remain essentially in the vapor phase. The benzene in the reactor
i s distributl@d1Het weenTecheolpgpohasplitese bagrd davelopedjulod fhicapemduatian tdfe

thylb PEB t duct. .t t he | d
phace. [ 0o12) DEerey i RReL TRy Sobe araen BRAER ou HaRs R ol dss f or
produci ng et hydsBeRasReUBY PaRaE No0B 496 928 dir ﬁﬁ)&debﬂyée%’r@cé“s&és%@eq@'fﬁn%' ning 3

to 50 nol.%ethylene with a benzehe streamcontaining 75 to %
benzene. The sweemcmad(h@nzmecs@ndusfMamlmd phest are?mmy emiphwl dtlutomt}gémel on of a

reactor, which al so benzene stri re the
ot o her e gt liody Fechity SehbARLRe 3F TRAST, bR G glgits,

| nt egr at ed, CRHBERNEY OFRRE dﬂﬁﬂéoéthﬁ&%/ﬂ)én%ﬂedm&tﬁl%f bl absvemil 'Uuﬁbl%%n’ﬁet ween
t he ethylatlon Section and the benzene stripping section.

Pat ent Appl i clatipentSerTla diNentsl€ll 2624 ﬁﬂﬁtecht]ss;denrs%sd,alaptemyc ethane fmrrthatriee

production of ethyl benzene,b rea t|n benze h a dilute ethyl ene
st ream cont ai HCHYIREEROEBF I ESSE] @‘tﬁWP VRGP ﬁaﬁé" bepgene 1840 18Ot Bkes

place in onegfivdebb@iof e iiof BEAMRRACHE dohRPARAO AMRE Rulhch AR T esence

of an al kylation catalyst conp sing a nol ecul ar” si eve such MCM 22, The
t enper at ur e amdl PHB wsilwrepmﬂucttheemzeae$3|emmllafonehealncpndrphasbal ned such that the

henzene and DAL, oo VA bt 05! RSk AE et L i Bhess condry fons

al kane, e.g., 8UN3AE ethiybehfifie by reaction of a dilute ethylene stream containing 3 to 50
mol.% ethylene with a benzene stream containing 75 to 100 wt.% benzene. The
reaction is conducted in an isothermal ethylation section of a reactor, which also
includes a benzene stripping section, where the unreacted benzene is thermally
stripped from the ethylation products. Integrated, countercurrent vapor and liquid
traffic is maintained between the ethylation section and the benzene stripping
section.
[0013] U.S. Patent Application Serial No. 10/252,767 discloses a process
for the production of ethylbenzene by reacting benzene with a dilute ethylene
stream containing 20 to 80 wt.% ethylene and ethane. The reaction takes place in
one of a series of series-connected reaction zones in the presence of an alkylation
catalyst comprising a molecular sieve such as MCM-22. The temperature and
pressure of the reaction zone are maintained such that the benzene and dilute
ethylene feedstock are under liquid phase conditions. The intermediate products
between reaction zones are cooled. A portion of alkane, e.g., ethane, in the
intermediate products are removed to maintain liquid phase conditions by
avoiding accumulation of ethane from zone to zone.
[0014] The present invention provides a new alkylation process where the

feedstocks are in mixed phase (partially vapor and partially liquid) and the product



i nternedi ate products are renoved to maintain |iquid phase conditions by
avoi di ng accunul ati on of ethane fromzone to zone. [00141 The present

i nvention provides a new al kyl ati on process where the feedstocks are in

m xed phase (partially vapor and partial ky liquid) and the product 4 stream
isin liquid phase. There is a phase transfer from m xed phase to liquid in
any portion of the alkylation reaction zone. One advantage of this invention
is the lower cost to nmaintain feedstocks in m xed phase other than liquid
phase. Another advantage of this invention is the |ow tenperature of liquid
phase al kyl atdt@am is SUMYMRYpHake. Tittlerd NENEEEONah I8 16dm Iriixad phadeadiliqeiitin t he
present invention relates to a process for producing an al kyl ated aromatic

product in a #wdsriiemolibealledaion readtign zaee. inepslvanipge pithis iarefitiog inthe

predom nantly, | i qui hase .first, feedsto ich c ri Se al kyl at abl e
aromatic corrp%&’r%?%s}i t‘glﬁl mg%n g?e%lﬁtgglgst mﬁ%‘?‘% #Qﬁ%f? 0\%6@?%&}%1‘2@@%58‘0% Oghffreedst ock
whi ch conpri sgfaftfagt 6this iaheitdhkene 16© rampiisturd of HGURI pHe@sikkReczoNe, wherein
the reaction zone I's operated under conditions sufficient to ensure that
the m xture of the first feedstock and the second feedstock is in mxed
phase in at |g i tion zone; and (b) contacting the
feedst ock m x =Bt Ky oo alyst in the reaction zone, to
produce a firmo1sf fl uenty aRinbbdHRME! the §Pesehteindbitidr et BBrbsess Bgroduct
wherein the first effluent exits the reaction zone in predomnantly Iliquid
phase. [ 00161producingahatkydaied diomeic prodist pr acesstion gbag esmpising reoderss f or
produci ng a npnoal kyl ated aronatic product, the process conprising the steps
of . (a) feed?tﬂg a predomnantly liquid phase first feedstock which
conprises al kéé? at aﬁ%&ngré)'ﬁédo%iﬁﬁﬁﬁr%@ﬂﬁs%ha%dﬁr@t“fe%Hstb@l@iihiél@rcbh@hEéé vapor
phase second feedstock which conprisées at |east one al kene conpound, to a
reaction zone, wheslkylatableeancemtitiomppond(s] sndperaitledst padallycopdr phawes to

mai ntain the m xture o({ ft e fi r“%ﬂtﬁ f eedst ock ?nd the?}%econd fee s%o&k in

mi xed phase in at 13 fpdFGr MORCh POENES @h (FPARe alfguc compound, to the

reaction zone, wherein the reaction zone is operated under conditions

sufficient to ensure that the mixture of the first feedstock and the second
feedstock is in mixed phase in at least a portion of the reaction zone; and

(b)  contacting the feedstock mixture and an alkylation catalyst in the reaction
zone, to produce a first effluent, which comprises the alkylated aromatic
product, wherein the first effluent exits the reaction zone in predominantly
liquid phase.

[0016] In another embodiment, the process relates to a process for

producing a monoalkylated aromatic product, the process comprising the steps of:

(a) feeding a predominantly liquid phase first feedstock which comprises
alkylatable aromatic compound(s) and an at least partially vapor phase
second feedstock which comprises at least one alkene compound, to a
reaction zone, wherein the reaction zone is operated under conditions to
maintain the mixture of the first feedstock and the second feedstock in
mixed phase in at least a portion of the reaction zone;

(b)  contacting the feedstock mixture and an alkylation catalyst in the reaction
zone, to produce a first effluent which comprises the monoalkylated
aromatic product and polyalkylated aromatic compounds, wherein the first

effluent exits the reaction zone in a predominantly liquid phase;



(b) contacting the feedstock m xture and an al kyl ation catalyst in the
reaction zone, to produce a first effluent which conprises the
nonoal kyl ated aromatic product and pol yal kyl ated aromati ¢ conpounds,
wherein the first effluent exits the reaction zone in a predom nantly
liquid phase; 5 (c) contacting the pol yal kyl ated aromatic conpounds and a
third feedstock, which conprises al kyl atable aromatic conpound(s) in the
presence of a transal kylation catalyst in a transal kylation reaction zone
under transal kylation conditions, to produce a second effluent, which

conprises nongal kyl at ed omaf | roduct. .10017] 1n another odi ment, the
process furt hg? co q@&%%%@"@?ﬁgpaﬁddmgg}?%acto u?cﬂseal}cfﬁgﬁu%ﬁge%g%ng%nd
effluents to re_covwhjchh@mﬁia@@hﬂcylaedbwa@hﬁﬁatdomponﬁ@yﬁ{ thel presunoé Ren _
preferred enbodi nent, the procesS further conprises the step of separating

the first effl uenttransalkyglationr cetalyspoiny at k jtkasadeylatioonaerdiosorgeoandsder | n

anot her enbodi nent, t r.ocess,.conprises the ste contacting t.he

transal kyl ati on f&?j@?@%ﬁ“ﬁﬂ&%‘ilﬁﬂﬁg@ P'é‘%&%ff Béege aegﬁg%ﬁ’pWﬁ1§é§o Q§/Efsat abl e
aromati c conpoundgohéhlkflfte@bRpMeHr&ducd transal kyl ation catalyst in a
transal kyl ati on reaction zone under transal kyl ation conditions to produce a

second ef fl ue@1vhi ch boathes ctadineritothel progsss Airkher spegrisgsotatsiap @ oduct .
[0018) In another .e di.ment . this invention relates to rocess for

br odubi ng an SPRPIEE ATafrE A8 AEOUNEHoE: (oreicSrage PeRol st | cast
two reacti on,z@naSin ARehRPPERRE] ERABBIhRhi) Ghd A® 8k TRRh&AT confiiked RRAIRT a
predom nantly |iquid phase first feedstock ich conprises al kyl atabl e
aromat i ¢ conpeflsegimling dredficsh efftuehetstecpenr theapolyalkpipted qrbmsic seuprmhd.eedst ock
whi ch conprisgs at | east .one alkene conpound.to first reaction zone,
wher oi n the f 1 SHOER ERRGAEHG S Pragks: soBpTisRudRe BRI ol GRLALr 6 ent to
ensure the m ffﬁr}ééﬂ'{g&fﬁoﬁ I?@ed&ﬂof:l@En(g]ﬁﬁffﬁitﬁ%to&'iﬁlattchﬁlpﬁgé‘s%ﬁdaﬁﬁ@%(ﬂﬁ'ﬁid n mxed
phase in at | east portion of the first reaction "zone; (b) contacting the
f eedst ock ni xtammuadsl in thermeseakk ydfag itonsadkylatios tcatalyst e o itrassalkylgaot | on

zone, to produce.a first effluent. which conprises the nonqal kyl at ed
ot | o bonpariARIe SRR BHOA FOHERTE (@ SHER Ao GLTeR PRET | ¢ st

eff uent 1S 1 forffprtdelHddiBiA HfordRRYafel drohiid fiSakds! St reaction zone; (c)

cooling the fir
[0018) In another embodiment, this invention relates to a process for

producing an alkylaromatic compound in a multistage reactor having at least two
reaction zones, the process comprising the steps of: (a) feeding a predominantly
liquid phase first feedstock which comprises alkylatable aromatic compound(s)
and an at least partially vapor phase second feedstock which comprises at least
one alkene compound to a first reaction zone, wherein the first reaction zone is
operated under conditions sufficient to ensure the mixture of the first feedstock
and the second feedstock in mixed phase in at least a portion of the first reaction
zone; (b) contacting the feedstock mixture and a first alkylation catalyst in the first
reaction zone, to produce a first effluent which comprises the monoalkylated
aromatic compound and polyalkylated aromatic compounds, wherein the first
effluent is in a liquid phase upon exit of the first reactidn Zone; (c) cooling the first
effluent stream to form a cooled first effluent stream; (d) feeding at least a portion
of the cooled first effluent stream and a third feedstock to a second reaction zone
of the multistage reactor operated under second conditions, wherein the third
feedstock comprises alkylatable aromatic compound(s); and (&) contacting the
mixture of step (d) with a second alkylation catalyst in the second reaction zone to

produce a second effluent which comprises the monoalkylated aromatic product.



effluent streamto forma cooled first effluent stream (d) feeding at |east
a portion of the cooled first effluent streamand a third feedstock to a
second reaction zone of the nultistage reactor operated under second
conditions, wherein the third feedstockgconprises alkylatable aromatic
conpound(s); and (e) contacting the mxture of step (d) with a second

al kyl ation catalyst in the second reaction zone to produce a second

ef fl uent whi ch conprises the nonoal kyl ated aromatic product. 6 [0019] In
anot her enbodi ment, the process further conprises the step of (f)

separ at i ng t H019]r st  anld swtendmbbillment the tppogess Girther chieprisasaht kigpatfed

PO P O bl e B SRS R S RSB SRR S o
pol yal ky! at edy gIQUBY GrohGRANIREAS 1 bIRESALINbAS ok GRRAS aFkeuriad (h)

contacting the transa kyI ation edsto urth whi ch
conpri ses al ksehatrtiog &aﬂmdcsecmmfﬂmd(sst)) neno\tehethplpegaﬂqﬁttmi apmatic

tr ansal kyl at | IO 4 bensAls B Teeiech AT ACRAMHSIAE G Tawa RGHSR: ses
nonoal kyl at e t| rod I h t, OCRSSaticmBY
further corrp(rjflg[I ev@%lg ? %%Eth fésbggﬂg?%t ﬁ’qr}lg&lt hgﬁfpﬁ?& an#)??(ﬁﬁel%t to rcecover
t he nonoal kydoaﬁ;mdné(rs)mmtth@ ppesenieecdf af 1W4AREK ylation hmtafbynbonllam'angllqﬂatiohe

present invention, the process suitahl.e for retrofifting an exjsting
et hyl benzene 6rCtRHAORE uaﬁ%rnftra% %ﬁgoace Hpns, 1 pesae 2 dhirdielynh AL

al kyl ati on I eaghalies bbiBARVARG £BRARL BRRNcOT bhbdel BXERNLAR, ol DRcBROVE

ment i oned proc S are su 0 trofitting an existin

et hyl benzene may cfmrtfmmecopﬂpasé thel 462 bF (i) rselidnﬁugrmedhmmffmenf to hecqveeéﬁnt
invention, the fi rst edstock has at least 98 wt.% | iquid phase,
preferably, afopgky aggmatigrodigh-d phase. In yet anot her aspect of each

of the above @g?@dl mantﬁl h{%egﬁlm,f’&iﬁ}leﬁ fHﬂ @s%npﬁlbdgggfﬁl i %esooisl qui d

phase, prefer at |'east ase. Re €rbodi ment s

of the presenduitabl¢dtit tefofittingSdn dxadding eﬂi;l{b'dnaénecm: cu&&halpyemt hmﬁ@ra Bepdr,a
nol ecul ar sieve selected fromthe group consisting 22, MM 36,

MCM 49 and MO orpaked phase alkélaﬂpam tla, anﬁ@lﬁa@ﬁb@@memsrithw NSRS
ERB-1, 1TQ 1, thb E%@e n{eﬁﬁbﬁéd r%t:es%sl gu%ss&lﬁ%lg £ gevl%}@tunﬁ?leymlﬁ'é gﬁeh or

BF; ethylbenzene or cumene plant.

[0021) In the embodiments of the present invention, the first feedstock
has at least 98 wt.% liquid phase, preferably, at least 99 wt.% liquid phase. In yet
another aspect of each of the above embodiments, the first effluent has at least 98
wt.% liquid phase, preferably, at least 99 wt.% liquid phase.

[0022] In the embodiments of the present invention, a suitable alkylation
catalyst comprises a molecular sieve selected from the group consisting of MCM-
22, MCM-36, MCM-49 and MCM-56, beta zeolite, faujasite, mordenite, PSH-3,
S8Z-25, ERB-1, ITQ-1, ITQ-2, zeolite Y, Ultrastable Y (USY), Dealuminized Y
(DealY), rare earth exchanged Y (REY), ZSM-3, ZSM-4, ZSM-18, ZSM-20, and
any combination thereof. The transalkylation catalyst in such embodiments
comprises a molecular sieve selected from the group consisting of MCM-22,
MCM-36, MCM-49 and MCM-56, beta zeolite, faujasite, mordenite, PSH-3, SSZ-
25, ERB-1, ITQ-1, ITQ-2, zeolite Y, Ultrastable Y (USY), Dealuminized Y
(DealY), rare earth exchanged Y (REY), ZSM-3, ZSM-4, ZSM-18, ZSM-20, and

any combination thereof.
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(Deal Y), rare earth exchanged Y (REY), ZSM 3, ZSM 4, ZSM 18, ZSM 20, and
any conbi nation thereof. The transal kyl ation catal yst in such enbodi nents
conprises a nolecul ar sieve selected fromthe group consisting of MCM 22,
MCM 36, MCM 49 and MCM 56, beta zeolite, faujasite, nordenite, PSH 3, SSZ-
25, ERB-1, ITQ 1, ITQ 2, zeolite Y, Utrdstable Y (USY), Deal um nized Y
(Deal Y), rare earth exchanged Y (REY), ZSM 3, ZSM 4, ZSM 18, ZSM 20, and
any conbination thereof. 7 [0023] In the enbodi ments of the present
invention, the conditions of the reaction zone(s) include a tenperature of

100 to 285C ( to 500 and .pressure of 689 t0.4601 kPa-a (1 to 667
osi 2y - [0024] ODZE he- entsui nabeaifBpSE RE 15 Bt TR HorcorainS S e
feedstock copREtctesoris)! iB8RHe 10teMRleratard! dfeltd tPheber by 5HPFFaRPNd
feedst ock conprises at 'l east 50 |. % al kene, nore preferably,” the second

f eedst ock conpessesoixi8diteds01 kBB afbd( otdllpstag, even nore preferably, the
second f eedst conprises at least  9Q nol.% al kene. |.n anot her _enbodi nent,
The second cQRStbok’ | 51 thEbErsps of SRFFERRIS IR H1A Sherd Brasirdt ner
enbodi nent, t ak .\ ] ne

f eedst ock(s) %?n rogy gé\%quﬁeﬁé{égg%?%)@%@?&f%f@%?%?%\%ﬁ%ﬁfﬂock(s)
or propyl ene Fesdsk mok{silkeden name tphaderablyb dedi seeoitd feeigtocls emnprikel eetksttock is a

dilute ethyle or propyl ene only. [00 I n anof her, one enbodi nent, the
monoal ky! at e PGBt AKERs. GG fmorE 3 PGB the WP%LEF_?@%&‘ PHEDATEF & [S¥edst ock
conpri ses bengepe, of %ﬁﬁﬂ@! IB%G?—{EP%bongﬂBﬁE 'tﬁ@%ec%nﬁ‘féédé{o‘%g% 2 Sol¥drRak

met hane, and et hane, the polyalkylated ardnatic conpounds conprises a

m xture of diethyleyt beprenknank dnotheethpbdiaraenive sdcof@ Gledbtoclamod hexture
enbodi nment , :Tgf nonoal kyl at ed aromati ¢ _product . conpri ses cunene, the first

feedst ock conf CGRIENHRITz E¥lens ekeadRiogkbddet FERPYIEEnpeAsRek(®) Mg a et
propyl ene, pr SHhfre fﬂ@&stb%gﬁsp S ro?&i%ﬁgefee&slfb%%szo 1y A A G ALRIR! e

conmpounds conprisés a m X -1 sopropyl bénzene "an
tri-isopropyl fordfeedstpfOR a)dilue éthdemnirgdopraicsondy. t he present invention,
t he transal kyl ation conditions include a tenperat Lhr(e1 t%f 181?1 ttio %5(1)1(% (212 to
842F) and a pl¥e8Lire of In another one embodiment, the monoalkylated aromatic produc
comprises ethylbenzene, the first feedstock comprises benzene, second feedstock
comprises a mixture of ethylene, methane, and ethane, the polyalkylated aromatic
compounds comprises a mixture of di-ethylbenzene and tri-ethylbenzene.
[0026] In another embodiment, the monoalkylated aromatic product
comprises cumene, the first feedstock comprises benzene, second feedstock
comprises a mixture of propylene, propane, methane, and ethane, the
polyalkylated aromatic compounds comprises a mixture of di-isopropylbenzene
and tri-isopropylbenzene.
[0027] In the embodiments of the present invention, the transalkylation
conditions include a temperature of 100 to 450°C (212 to 842°F) and a pressure of

689 to 4601 kPa-a (100 to 667 psia).

DESCRIPTION OF THE DRAWINGS
[0028] Figure 1 is a flow diagram of a process for producing ethylbenzene

in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Detail Description of the Process

[0029] Referring to Figure 1, a reactor 14 is shown having at least three



689 to 4601 kPa-a (100 to 667 psia). DESCRI PTION OF THE DRAW NGS [ 0028]
Figure 1 is a flow diagram of a process for producing ethyl benzene in
accordance with an enbodi nent of the present invention. DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS Detail Description of the Process [0029]
Referring to Figure 1, a reactor 14 is s&hown having at |east three 8

seri es-connected reaction zones, nanely reaction zone 21, reaction zone 35,
and reaction zone 47. At least a portion of a first feedstock | that is

predom nately in the I i quid phase and conprises an al kyl atable aromatic
conpound is fed to a by- passable reactlve%cguard bed 9 having a_reaction
zone. A secor?&n?se%’?‘ifﬁ‘kr@cfl%tzo?% gemely g5 0B #OEP aly EPaQt&HbFOT}S’h%%@nﬁnd

conprises an alkane,ang 1%%§§§&m§ﬁ9f§ﬁn@h%&&8 |r€{§£ ﬁg? Kh? &nd

by- passabl e reactive guar e portion o

second feedstlagid phaveeartdo odpésts am ﬂkyl@ﬁbfeeadﬁiaﬁclcoﬁl%oupﬁ iefwiatd ueyy, a
portion of said mxed feedstock 12 may be by-passed around the by- passabl e
reactive guarkissablegeastiyg gpargypod §diavigg ﬁé%ﬂﬁlq%zo% Asgeond faedsioek Pdbat ¥atsai d

i xed feedst gk A2y v aRRRLL A QompHEACH AR ONE RTINS 2 PAE bk, guard bed

9. The reaction zone 0 i've gu conprises a

sui tabl e al kydlat fedro malbglpasstabIearSacﬂeé gied be(DB T poriifcd fUitkiigedsticknaind! i m t ed
to MCM 22, MCM-36, MCM-49, MCM 56, and conbinations thereof. At | east a

portion of saicend fﬁ@iﬁtqckéom gemrbined pssmig esdstaek 13 fHeraativly, atﬂO@w@l %yl at i on
catal yst undeg dsﬁﬁ s yl?,%}? % DALl QK nd B6. a£s§€1% vé ardto
uenq AT % Ch

produce a flrs e reactlon one

phase. First &Hfg atemtb ydohsd Sirdafies. COD@I@&%@a\/yohkbﬂblesahynﬁﬁ@sfeéds&&ﬁmzlﬁ as a
conbi ned effluene. FI rst effluent. 11 is conprised of an al kyl ated aromatic

conmpounds (e. Sgpplledetohylfb@ﬁﬁéﬂéﬂ@@féhmﬁﬁéi)we anird hedehctide mhtionezape ..

hon_ renct | ve e Hme ey, B00iss 8 RURIohE TR HRGRAOS cflupRLAGgRY "¢
et hane). The Wy Rrthdaid buadt lidded So MTEN-22¢ Bate3 4, MORRYY eMchepgand16 and

then supplied as stream 18 to an inlet portlon of 'first reaction zone 21 of
al kyl at or 14.combpeptions thesfott Wt leasiigi nestaors of spadrinigechiepdstyek Pabsscankstedeat

exchanger 16 Vft}? | 's%‘taabf‘e alkylation catalyst under suitable alkylation conditions in the

reaction zone to produce a first effluent 11 that exits the reaction zone in the liquid
phase. First effluent 11 is then combined with the by-pass stream 13 as a combined
effluene. First effluent 11 is comprised of an alkylated aromatic compounds (e.g.,
ethylbenzene or cumene), any unreacted alkene (e.g., ethylene), unreacted
alkylatable aromatic compounds (e.g., benzene), and non-reactive light diluents
(e.g., hydrogen, nitrogen, methane, and ethane). The combined effluent 10 is then
cooled in heat exchanger 16 and then supplied as stream 18 to an inlet portion of
first reaction zone 21 of alkylator 14. A portion of the combined stream 10 may by-
pass the heat exchanger 16 via line 15.

[0030] As shown in Fig. 1, stream 19 flows co-currently with streams 18, or
stream 15 if heat exchanger 16 is bypassed, through first reaction zone 21 of
alkylator 14. Similarly, stream 33 flows co-currently with stream 27, or stream 29
if heat exchanger 25 is bypassed, through second reaction zone 35 of alkylator 14
and stream 45 flows co-currently with stream 43, or stream 4 if heat exchanger 25 is
bypassed, through third reaction zone 47 of alkylator 14.

{0031} At least a portion of stream 17 comprised of unreacted alkylatable
aromatic compound is alkylated with the alkene in the-second feedstock 19 in the

presence of the suitable alkylation catalyst to produce additional alkylated aromatic



[ 0030] As shown in Fig. 1, stream 19 flows co-currently wth streans 18, or
stream 15 if heat exchanger 16 is bypassed, through first reaction zone 21
of alkylator 14. Simlarly, stream 33 flows co-currently with stream 27, or
stream 29 if heat exchanger 25 is bypasged, through second reaction zone 35
of alkylator 14 and stream 45 flows co-currently with stream 43, or stream
4 if heat exchanger 25 is bypassed, through third reaction zone 47 of

al kylator 14. [0031] At least a portion of stream 17 conprised of unreacted
al kyl atabl e aromatic conpound is alkylated with the al kene in the second
feedst ock 19 pradidiethatpic e dase paddomieitedyiliqadl shast. Kird adactitn eadeaably sdactive pr oduce
additional al kylated aromatic 9 roduct that is at | east predom nat el

| . : Lely
l'i qui d phase. §%&d bed & M beoprerded ok satableealkylationy corditiensnatyoryecap J8P%t ed at
sui t abl e al ky [.O L ti af. r % i
Al ternativel y%ﬂﬁésﬂtfcﬁonﬁ&gl[aggJ i o%ﬁg%lft{éveﬁ%y&ge rg%cglggtzggé gﬁ}ﬁgﬁg?&ﬁ%ﬁ kag Ecéwer
conver si ons t flaénenBohvierstudi Chatndaly rEbdekf 4 dest effliiert orip compdsedf off agiuesid
anounts of such al kyl ated aromati c conpounds and i ncreased anpunts of

unreacted al HBpEtHHEUGh AkytateAremag eompsradsandripgrpased ameBR aEuRasnpar ed

to the anount bt ai i r.si I rii vapor
phase second ?lgggs%noc‘%?%f%hca@%%}?@‘ég%ﬁaﬁgt% oﬁ@é@d@%ﬁ%ﬁ)gﬁpﬁ%ﬁé{) @ger%%(ﬁdﬁlkf{ S) is
al so fed to fpbtsined eekigh@ncoadfttions) JAn Aflehs® psitiaHy REpdri phasdecbifdc@asdd on zone
is operated under conditions of tenperature and/or pressure that are

sufficient tol®aeupiseddtat 1esst erexakerecompoard(s)is alsgrigd de fi1g reactiorl zerecond

feedst ock 19 e kNt ai ned..in i xed phase. Such m xed-, base,.may change to
| Faui d phase 20 a0 Bof  parof e PeaEioB 5. e ien SRR T on o
the aromatic gaffeauind avd/bhpRldsediBat De heffitichtht eatury tat 8@ naikedBkligtockcigmpound.
The reaction zone 21 conprises at |east one suitable al kylation catal yst

(as defined badow)l8 ,iandiseetinddeedsiork hdard mamtagwdtin a pEkedphase/ChrGEnixREM 49,
MCM 56 and cophi natigns thereof.. .M xed feedsto 15 and sec f eedst ock 19
Are cont act edbhh Tt Sies & a0 b FCeCBBRLOC BeuBPg rS8E Ay ST
reaction zonezRHatib® oPHRAMGatC fbinpburRf fitH @Mend 3o Win® thC APRicAOS0Bfic

al kyl ated aromatic product. Reaction zone 21 is naintained under conditions

such that firewmpdundudie ragtiex zens Slataprisena 1éast predidablaaklaionicealyst phase.
[0032] Any of Lhe o &RFu00T, NG bufhi i 1ol TP FAOREEE SRy SUl tabl e
MCM-56 and combinations thereof. Mixed feedstock 15 and second feedstock 19

are contacted in the presence of the suitable alkylation catalyst in reaction zone 21
to produce a first effluent 23 which comprises an alkylated aromatic product.
Reaction zone 21 is maintained under conditions such that first effluent 23 exits said
zone in predominantly liquid phase.

[0032] Any of the reaction zones of alkylator 14 may be operated at suitable
alkylation conditions at or near 100% alkene conversion. Alternatively, one of such
reaction zone may be operated at lower alkene conversions that may produce an
effluent comprised of reduced amounts of such alkylated aromatic compounds and
increased amounts of unrecacted alkene and unreacted alkylatable aromatic
compounds as compared to the amounts obtained at higher conversions.

[0033] First effluent23 from the reaction zone 21 is passed to heat
exchanger 25 to form cooled first effluent 31 that is supplied to reaction zone 35.
A portion of the first effluent 23 from the reaction zone 21 may-pass the heat
exchanger 25 via line 29. Additional second feedstock 33, comprised of at least

one alkene, is fed to the reaction zone 35.



al kyl ati on conditions at or near 100% al kene conversion. Alternatively, one
of such reaction zone may be operated at |ower al kene conversions that my
produce an effluent conprised of reduced amounts of such al kylated aronmatic
conpounds and increased anounts of unreggted al kene and unreacted

al kyl atabl e aromatic conpounds as conpared to the anobunts obtai ned at

hi gher conversions. [0033] First effluent23 fromthe reaction zone 21 is
passed to heat exchanger 25 to formcooled first effluent 31 that is
supplied to reaction zone 35. A portion of the first effluent 23 fromthe
reacti on zone[@34ray- paﬁsoleﬂeﬁﬂseafﬂueﬁuGheamgezddﬁﬁ)ml aedoindefeé’cﬁ;tockdm areonal

second feedstock 33, tgprl sed of a e s{ . one is fed 50 t he
reaction zonet@Hacting Wit %@F‘@?@o?‘é 3EPR | YSt gs é]‘?&?daalé‘?‘fe JHWEFT second
feedst ock 33 @EI&B &ﬁi@}lé‘& g EQé‘&’se%gh& éﬁiu%maﬁyé Qh@@ffﬁ%ﬁ@?y“ (as
| i sted above) un Sul tiron conditions to uce a secon

effluent 37. Begondiefthé Llﬁ;mid Cplﬁaserray nieed rphtfee ahd qmlcﬂnxphlascé ofradditiondl phase
and is conprised of additional alkylated aromatic product and. is passed to

heat exchangef!Kyitagrspmatie pr%iuefo@déa pagsgd it hagtFehagents Mler it Ascadiett | s
i ed
supplied to r %ofeaggmfre% 4@%%%3533?@@&& a[&u&fl zohd 7. S&gzgg,da ﬁé{l{)y%t 43

fromthe reaction zone exc anger i he 41.

[ 0035] Cool editzarond efihbntetdt fréd thateadish dnerisl mﬁ&lby@aimd&bﬁ@xclﬂeﬁlgélas
defined bel ow% are contacting with a third suitable al kylation catal yst (as
listed above¥d K&l Huitabl e al kyl ation conditions to produce a third

ef f1 uent 49, {AAZP T kbRl sl cARcly 95108 LORRELORAPRSIAT, WhiGh ™y be

inthe 1liqui se or mxe I's” conp

nonoal kyl at ed defidetdlew) axreo&hmdcnag Wit b thisd atm‘yabum nikaiitiefl calak@néas tiwgeact ed
al kyl atabl e aromatic. conmpound and small quantities of polyal kyl at ed

aromati c conpabmigs Indrsshiade alkulatiom eonditépnstaprodiapy fid @ﬂuer{td@;),?] At least a
poron o CIYRePT ] VRl RS SURRL LG ARRUINA nl SR LD
stream 69. PEBqgs&id ?@é@ &Omi@dbhasd, iPenhpriseaddiid @Ratd BhyalkMtaat fematgd omat i ¢
conpounds st ream are conbl ned to formtransal kyl ator feedstock 57.

product as well as any unreacted alkene, unreacted alkylatable aromatic

compound and small quantities of polyalkylated aromatic compounds, methane,

ethane and other impurities.

[0037] At least a portion of third effluent 49 may be supplied to separation

block 65 in which the polyalkylated aromatic compounds (PEBs) are separated to

form PEB stream 69. PEB stream 69, and optionally additional polyalkylated

aromatic compounds stream 51, are combined to form transalkylator feedstock 57.

Transalkylator feedstock 57 and additional first feedstock 55 (as defined below)

are contacted in the presence of a suitable transalkylation catalyst (as defined

below) in one or more transalkylators 59, to produce transalkylator effluent 61

that is comprised of additional alkylated aromatic compounds. At least a portion

of transalkylator effluent 61 may be in the liquid phase or the vapor phase.

[0038] Transalkylator 59 is operated under conditions such that 20-100

wt.%, preferably 40 to 80 wt.%, of the polyalkylated aromatic compounds are

converted to monoalkylated aromatic compound. Transalkylator effluent 61 from

transalkylator 59 may be supplied to separation block 65.  Optionally,

transalkylator effluent 61 may be combined with third effluent 49 from the

alkylator 18 and then supplied to the separation block 65. The desired alkylated



Transal kyl at or feedstock 57 and additional first feedstock 55 (as defined
below) are contacted in the presence of a suitable transal kyl ati on cat al yst
(as defined below) in one or nore transal kylators 59, to produce
transal kyl ator effluent 61 that is conprised of additional alkylated
aromati c conmpounds. At |east a portion of transal kylator effluent 61 may be
inthe liquid phase or the vapor phase. [0038] Transal kylator 59 is operated
under conditions such that 20-100 w.% preferably 40 to 80 w.% of the
pol yal kyl ated aromati c conpounds are converted to nonoal kyl ated aromatic

conpound. Tr adiemby bahpoundf (&lou etiylbchzEnean cutreasialskpydratbd bs pHdostystileemsuppl i ed
to separation block 65. Optionally, transalkylator effluent 61 may be
conbi ned wit®%hird effluent 49 fromthe al kyl ator 18 and then supplied to

the separati oeRbiock SSafifyIgal res dllulaal od dnonomhergauReuag (o0

et hyl benzene nmene) para as prroduct stream t hough

one heat exchapgebf & ihserddaE nbNsd hiRitkd gtk thelscopdef invemimh @fvidihi® dngvention
is not so limted and the scope of invention envisions one or nore multiple

heat exchangettsmosymgltimaheatxexchangses. foeh bsad rpprhanggnyionexampledmay bg means

to generate steamt rehe th e .0 i o} e _transal kyl ation
reactor, and lhsggt 4 (r%t g‘&?‘é ?‘E’)ngeleln%{a;e g?eﬁglr t‘glpéﬁl%e%gﬁ lrléafr?%g Be | %g‘i?t 0aﬁl.eporti on
of at |east opgmsatkylalien r&RedrI Y Boefteltidh it Mitalant ardmer Atdlestiave guard
bed, nmay be operated in a m xed-phase. O her such reaction zones may be

operated in tprstiompbat lstioac wb e reactiongignes whihe elkylater spdprppestize gyarda

conbi ned m xed-phase and/ or, Liquid phase . Feedst ocks 0040] ., The first
f eedst ock coﬁlf)egli’ §1éa§ EF\ ) V&fdafré | &t e@ﬁﬁﬁﬁ‘ mg%g% dTeacqq{lez#q;S@a ebgdst ock
i's predom natgleyatbd Giile RBaSFhasd MebdeCh Myuidr gHABS, iaCmixed pha&f oF aneabifxdt he

al kyl at abl e conpounds, which are useful herein, is to be wunderstood in
accordance wi mixediphasy andfasdiggid phage medpe whi ch i ncl udes al kyl  substituted

and unsubsti tut no- and pol ynucl ear conpounds. Conpounds of an aromatic
character, mh@—s—gg%ess a heteroatom are also useful provided they do not

act as catal ypo4epi sonsThN@es fbaRidoR aehipPRes AN AikhiRdbte SRS mpound.
The first feedstock is predominately liquid phase. The term “aromatic” 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, which possess a heteroatom, are also useful provided they
do not act as catalyst poisons under the reaction conditions selected.
[0041] Substituted aromatic compounds, which can be alkylated herein,
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, alkaryl,
alkoxy, aryloxy, cycloalkyl, halide, and/or other groups, which do not interfere
with the alkylation reaction.
[0042] Suitable aromatic hydrocarbons include benzene, naphthalene,
anthracene, naphthacene, perylene, coronene, and phenanthrene, with benzene
being preferred.
[0043] Suitable alkyl substituted aromatic compounds include toluene,
xylene, isopropylbenzene, normal propylbenzene, alpha-methylnaphthalene,
ethylbenzene, mesitylene, durene, cymenes, butylbenzene, pseudocumene, o-
diethylbenzene, | m-diethylbenzene,  p-diethylbenzene, isoamylbenzene,

isohexylbenzene, pentaethylbenzene, pentamethylbenzene; 1,2,3,4-



[ 00411 Substituted aromatic conmpounds, which can be al kyl ated herein, nust
possess at | east one hydrogen atomdirectly bonded to the aromati c nucl eus.
The aromatic rings can be substituted with one or nore al kyl, aryl, alkaryl,
al koxy, aryl oxy, cycloal kyl, halide, and/or other groups, which do not
interfere with the alkylation reaction.120042] Suitable aromatic

hydr ocar bons i nclude benzene, naphthal ene, anthracene, naphthacene,

peryl ene, coronene, and phenanthrene, with benzene being preferred. [0043]
Sui tabl e al kyl substituted aromatic conpounds include toluene, xylene,

i I b , I | pha- ht.hal ,
ety bonzene. aetpfeBRael oI kne CEFRanBeRERy b ERE et o e de, o-
di et hyl benzengimsndiekiikbent sigloRualet BihbanrRRe, BInamREnZeac. o

i sohexyl benzene, pentaet hyl benzéne, pentanet’hyl benzene; 1, 2, 3,
t et r aet hyl benztybolugneg, 3, Sptathyltolenby | benaemnepyltol@ng- t ri et-¢tthylberngéme; 1, 2, 3-

S AL bl S LA 5 ©
di et hyl napht g paRiceRbhy| nankcldh #Gucdhed” di TRBAAHIEGRNS! 95,10-

et hyl ant hracene; 2-net hyl ant hrac . o0- net hyl ant hracene; 9,1
di et hyl phenadithetbylpheranthréepedrdy [3-pbthplaphtdnaathenc HiHjgker molleoldraweigbt ght

al kyl aromati c rocar bons can al so be ysed gs starting material.s and

i ncl ude aroné%farwmfoﬁﬁrm R, B 850 eUG5H RBOBy RIS kG BERER of
aromatic hydrmcbgﬁ{ (o] | | ef d | i r ; ently
referred toin t tilg gfc%r\égésrg%[%ky %@ggadﬁg%%%gﬁe%xﬁlEﬁ%ﬁ%@eﬁﬁ%ﬁ% enzene,
dodecyl benzen&ydropgbbomdwitil| diefivz ehgomérexyudhoprodnes areofiyduentlyeeaferred to in

dodecyl t ol uene, pentadecytol uene, .etc. Very often_al kyl ate is_obtained as a
hi gh boiling faét; %ﬁng\iﬁﬁ‘¥W€HHGIHée FexyPergFat promibearay. dgdeilbeazaivat i c

nucl eus vari egelifqh Aentd @M aboyl, i(RhO abOyhy (i fnedc0044] 4 RREOITRER,
al nd?or yl'ene

cont ai ni ng subst ant quahtities-o erizene, toluene’ a
consti tutes appaadecgtilammeyetuséénylofferetkyiate istdheaiaddkad ahighboflimpcestiontn this

invention. Although the process |s particularl irected to the production
of whichgthe alkyl pgroup attached &) the aromatic ucleus varies in size from about

Cs to about Cya.

[0044] Reformate containing substantial quantities of benzene, toluene

and/or xylene constitutes a particularly useful feed for the alkylation process of
this invention. Although the process is particularly directed to the production of
ethylbenzene from polymer grade and dilute ethylene, it is equally applicable to
the production of other C7-Cyy alkylaromatic compounds, such as cumene, as well
as Cg¢+ alkylaromatics, such as C¢-Ci4 linear and near linear alkylbenzenes.

[0045] The second feedstock comprises an alkene compound. Typicalily,
the second feedstock includes a concentrated alkene feedstock, e.g., polymer
grade alkene, and a dilute alkene feedstock, e.g., catalytic cracking off-gas.

[0040] The concentrated alkene alkylating agent of the feedstock useful in
the process of this invention includes an alkene feed comprised of at least 80
mol.% of the alkene and preferably at least 99 mol.% to 100 mol.%.

[06047] The dilute alkylating agent of the feedstock useful in the process of
this invention includes a dilute alkene feed which contains at least one alkene and
optionally at least one alkane. For example, where the alkene is ethylene, the
alkane may be ethane and/or methane. Other components, such as hydrogen, may
also exist in the dilute alkylating agent. Typically, the dilute alkene feed
comprises at least 10 mol.% of the alkene, preferably from 20 to 80 mol.% of the



et hyl benzene from pol yner grade and dilute ethylene, it is equally
applicable to the production of other C7-C20 al kyl aromati ¢ conpounds, such
as cunene, as well as C6+ al kylaromatics, such as C8-Cl |inear and near

l'i near al kyl benzenes. [0045] The second fsedstock conprises an al kene
conpound. Typically, the second feedstock includes a concentrated al kene
feedstock, e.g., polynmer grade alkene, and a dilute al kene feedstock, e.g.,
catal ytic cracking off gas. [0046] The concentrated al kene al kyl ati ng agent
of the feedstock useful in the process of this invention includes an al kene
feed conpri seglkafe. @nel @R@tddulf0; neadhlfeed id the calhlkseétﬁylaﬂd spéaed ebabled atanl east 99
nol . % to 100 nol.% [0047]. The dilute al kyl ati gent of the feedstock
useful in theOfﬁgé%@f@@ the ﬂu’td’fﬁaéali’t%?ﬁlﬁnlﬁlumh‘éﬁ lamyrafinewy. al kene feed which

contains at one aj k ti
exanpl e, wher @%ﬁﬁe al keir?e 1% %qlh Hflelﬁe f‘?l?%nwntfqt? h%aS%Eon e et‘#aﬁg‘ﬂg% / or
met hane. O heg cmm@atemmenéfbeﬂsta@c MﬂFMQQMGmbocﬁﬂm@t ¢thsinvemtidohehedi | Ut €

al kyl ati ng agent. etypl cally, the dilute al kene feed conprises at |east 10
mol . % of the %CR% cedstaoke tnahudest g odilute allsergo ferslstonk opnlyhdnizet angthere. One

particul arl y Jneltltt @ﬁdthFﬁn\gé}l%,Olq éhgtsgco%h%écg%%k% a%&%g b3l qgraﬁ‘éf an_ off

gas fromt he i'cC cracking unit etr O & ner [ 0048]

I n one enbodi f@ﬂﬁtodkfs hzh/@ng Yient i a1, andaﬁesegomi fe@ﬁdsﬂ@ré&nwaerhtedeﬁke@
concentrated al kene feedstock only. In anot her enbodi nent of the invention,

the second fedsiedchavingatdenss 8@ mol fualkend e 1gasterst dibie alikye fepdstgakt
anot her enbolql meni g@ 1@ él?(ventl on, the second feedstock is a m xture of a
plurality of %Vé%(% ke i{& ﬁ%e al kene and al kane, e.g., at |east one

concentrated plygne f epfsdemibdianbiiga plurdlRRSE fRAsthts iy Rcknfe A Rt | east
one dilute al kene feedstock having 10-80 nol. % al kene. Eke/0491 I n"one

ermbodi nent, apistoixad |bte§0r@bemeé>d@1gbtkst1ﬂqamta’cge abiditiensnfey alkelationgeastined bef or e

bei ng brought to hes ditions for, a ctio
anot her - enbodl e eGSRy ar By of HellaRIRER ARG ol kene
nmay be separ aﬁlﬁ&}becéé?gﬂaiél?%ﬂdlhgnéd“ﬁ) giél fabe &Rafiohk %&r@%&ﬁ@g feafding to
the reaction zone(s The rel ative anobunt of each separately conditioned
al kene f eedsteactiont @oiés)ri Medraativel emotnd of eache aeparanl yz ovrelitsgneid salivenci ed
based on the feedstock to be mixed and fed to the reaction zone(s) is varied based on the
reaction conditions, catalyst (activity and amount), and space hour velocity. In one
embodiment, the first few reaction zones of the reactor are fed with a second
feedstock having higher alkene content than that of the second feedstock for the
last few reaction zones.

Alkvlation and Transalkvlation Reactions

{0050 The process of this invention comprises feeding a predominantly
liquid phase first feedstock and a vapor phase second feedstock to an alkylation
reaction zone, the inlet portion operated under conditions to maintain the mixture
of feedstocks in mixed phase. As used herein, the term “mixed phase” means
partially liquid and partially vapor. The mixture further contacts an alkylation
catalyst in the reaction zone to produce a first effluent stream. The first effluent
stream exits the reaction zone in a predominantly liquid phase. The first effluent
stream comprises the monoalkylated aromatic product, unreacted alkylatable
aromatic compound, unreacted alkene, unreacted alkane, and polyalkylated
aromatic compounds. The unreacted alkene and unreacted alkane are dissolved in

the monoalkylated aromatic product, unreacted alkylatable aromatic compound,



reaction conditions, catalyst (activity and anount), and space hour
velocity. In one enbodinent, the first few reaction zones of the reactor
are fed with a second feedstock having hi gher al kene content than that of
the second feedstock for the |last few rgaction zones. A kylation and
Transal kyl ati on Reactions [00501 The process of this invention conprises
feeding a predomnantly I|iquid phase first feedstock and a vapor phase
second feedstock to an alkylation reaction zone, the inlet portion operated
under conditions to maintain the m xture of feedstocks in mxed phase. As
used herein, dndepdledlkylataixadmptiaseimpoeadssundeartiie abhditidnsqat theasxit platiei al |y
vapor. The m xture further contacts an al kylation catalyst in the reaction
zone to prodUCRCUPDIZONEt ef f| uent stream The first effluent streamexits

t he reaction in a ﬁ%[g'e Ve d I QL fiar t
stream conpri @ggﬂt he rm?%g y %{ﬂ éﬁtﬁeafrr%{rlra%gd g@ggﬁgt&gﬁrﬁrﬂéa@% gﬁglg%tzﬁaat abl e
aromati c conpduenth coumveesat o tht keper-phase ebkdined diqkalnshasaneictioh yabdagetsat ed
aromati ¢ conmpounds. The unreacted al kene and unreacted al kane are di ssol ved
in the nonoa{ignoatahdialkyiated arosadigelc (Lhe prserareation Roids ampiantigs ¥ c

conpound, 14 I i I L.fdi.ons at
the exit of t%‘gggpggﬂéﬁ@ﬁyélgﬁggg %(B%g% b%é%%@gg%ﬁ%g 11};1%%«%1&?1193%%} oliquid
occurs in theofahé adtyigst Heddor Watioh@os&)AVIEWS icﬁﬁbr@F)eﬂaﬁ@g pepkespitdcledohaf in to

a

| i qui d- phase reaction products (nono- and_ di-al kylated aromatic¢s). The
present i nventelWic BEIASIVE PoBNessarade beviaralladneAp theosame timen desigingathcowi ng a

m xed phase t S by i.nl n rkQn f st bed
(or reaction %8%%? Bg‘?‘ %‘%ESaﬁlg\l/\lgrﬁlgﬁé;rmgl%tig%gt}%r%%%ﬁf){égl%mﬁa&mf?ggﬁg&wmeéqui re
expensi ve CONphassMEs ofhideolbMstaiveRibn shice blinsanPortibie higies gk Miguidhe
process such that a |iquid phase exists at the outlet of the catalyst bed

al lows the aphisethenithe miredmbgse sivepimeionver si on since ol efin conversion is
higher in the liquid phase than in a m xed phase environnent. Liquid phase

M xed Phase Present Invention O efin Conversion H gh Mderate High

Operating Hi gh Mderate MOgf@i®phase Mixed Phase Present Invention
Olefin Conversion | High Moderate High
Operating High Moderate Moderate
Pressure

[0052] The conditions, i.e., temperature and pressure, together with the
compositions of the first feedstock and the second feedstock control the phase of
the mixture of the first feedstock and the second feedstock. Typically, liquid phase
mixture is formed under lower temperature and higher pressure, and vapor phase
mixture is formed under higher temperature and lower pressure. Under certain
conditions, typically a range of temperature and pressure, a mixed phase (partially
vapor and partially liquid) mixture can be formed. The compositions of the first
feedstock and the second feedstock are also important parameters. Feedstocks
with high content of low molecular weight molecule, e.g.,, methane and/or
hydrogen, need higher pressure and lower temperature to maintain the mixture in
liquid phase in comparison with the same feedstock with lower content of low
molecular weight molecules. When a mixed phase is present, the lower molecular
weight compounds (such as methane, ethylene and ethane) tend to preferentially

comprise the vapor phase while high molecular weight components (such as



Pressure [0052] The conditions, i.e., tenperature and pressure, together
with the conpositions of the first feedstock and the second feedstock
control the phase of the mxture of the first feedstock and the second
feedstock. Typically, liquid phase mxture is forned under | ower
tenperature and hi gher pressure, and vapd? phase mixture is forned under

hi gher tenperature and | ower pressure. Under certain conditions, typically
a range of tenperature and pressure, a m xed phase (partially vapor and
partially liquid) m xture can be fornmed. The conpositions of the first

f eedst ock and,the second feedstogck. are alkso i rtant r.a ers. Feedst ocks
with high conPEiEng R dionespad ppiraifufisd eenl diid b o A RimobSE o
hydrogen, neeeheligaipphapé.essure and | ower tenperature to maintain the mxture

in liquid phase in conparison with the sane feedstock with |ower content of
| ow nol ecul al0088] ght ese kmbodivweh the eindgibnglod she dlkylptiens emaction el ower

I I i_ght h t t hyl d eth dt
bref orent i al | BT TEEHIS Eop iR R AEe gh s MR don ghes
conponents (spgircag21b50 SRNEERRT @Nsted¥BRO0! 888 (P by APk ﬁb@%t{%’%ﬁsﬁ'@?) t end
to preferentially conprise the liquid phase. [0053] In one enbodi nent, the

condi ti ons of ptdferablyky peessure of 5@ footp0Rdale-a (2pSita S upaa)l Yhe henditidnstargporti on
of the reaction,zgne, include a erature . of 100. t 260 212 t.0.500F)
and & pr essur iy dagnlh & aion: ol AP GEH (¢ SelRoinafhe 5PN By 1%
pressure of 13QQ,\&1 ArfiQ aﬂ?y*l’s{t@olé GroBndie c;éﬁh%o{?&i_ ) the TRE EQRMICK BBSMAIF Such

that only a portion of the al kene and al kane in the second feedstock is
di ssol ved i n theefirat foplistockbinal the semnd deaistnob ahtheiinlet henef dfithe rdactalszonk after

m xing the first .feedstock .and the 1sec(i))nc}ijﬁf eedstock at the inlet zone of
the reaction ZOREUXIERES IRpiged(veRoy ARG " (vapor /17 qui d) phase. [0054]

The conditi Oniﬁﬂgﬂt he dawRsbrGamPRthe Q8w Rirehi o?ﬁiéﬁ%ﬁh& Ay la6iBf bdaRflon ZONE
i nclude a tenperature of 150 to 285C (302 to 545F) and a pfessure of 689 to

4601 kPa-a (1@0n¢ mchde apsinpyratupe of 5@t 385°G (P02 &s2HEFpindlb Pksswe 806D kPa- a
(218 10 425 poglos VY eagSd, o alkepe (or overallyg SRl g, Lo 1
based on botht, 435 psia), a WHSV based on alkene for overall reactor of 0.1 to 10 h™,
preferably, 0.2 to 2 h', more preferably, 0.5 to 1 b, or a WHSV based on both
alkene and benzene for overall reactor of 10 to 100 h™*, preferably, 20 to 50 h™.
Typically temperature is higher in the downstream portion of the reaction zone
than the inlet portion of the reaction zone due to the exothermic nature of the
alkylation reaction. The alkylatable aromatic compound is alkylated with the
alkene in the second feedstock in the presence of an alkylation catalyst in a reactor
having at least one reaction zone. The reaction zones are typically located in a
single reactor vessel, but may include a reaction zone located in separate vessel
which may be a by-passable and which may operate as a reactive guard bed. The
reaction zone may include an alkylation catalyst bed or multiple alkylation
catalyst beds. The catalyst composition used in the reactive guard bed may be
different from the catalyst composition used in the alkylation reactor. The catalyst
composition used in the reactive guard bed may have multiple catalyst
compositions. At least the first alkylation reaction zone, and normally each
alkylation reaction zone, is operated under conditions effective to cause alkylation
of the alkylatable aromatic compound with the alkene component of the second

feedstock in the presence of a alkylation catalyst.



al kene and benzene for overall reactor of 10 to 100 hl, preferably, 20 to 50
h-1. Typically tenperature is higher in the downstream portion of the
reaction zone than the inlet portion of the reaction zone due to the

exot herm c nature of the alkylation reag, ion. The al kyl atable aromatic
conpound is alkylated wwth the alkene in the second feedstock in the
presence of an al kylation catalyst in a reactor having at |east one
reaction zone. The reaction zones are typically located in a single reactor
vessel, but may include a reaction zone |ocated in separate vessel which

may be a by- ppHsspl e antthwkiftenmiymomerfatiealk@lafion eaction gorgldlrst freductiThe
reaction zone may i nclude an_al kyl ati on catal yst bed or multiple alkylation

cat a|OI yst beds@onmeéﬁtbm%trfémwihyﬂmd @EaERticn pradact ﬁaﬂé@ﬁlctﬁél dliplatiblsed may
"o o e BB PR A RS b B AR BB L

The cat al yst ase e reacti ve guar

catal yst conpasi 90 #d5%, HrefcRBBL, abbiee 98 HRl.98) 4Ml Bk lalidné @afbbkht 28 ¢he and
normal |y each alkylation reaction zone, is operated under conditions
effective to edgsinpitigsailhetempsraturge piksyicarnndlcomppsitiariod thoebbuentiisn th t he

al kene component of. the second_ f.eedstock.in the presence of..a.alkylation
catalyst 6 SBey e AERRIE S EREAE o pEReIRIFLER FRUE R one
(first productyhichG Sitska@ially fite G€ ShpdRdvivaTRe ikt &6ks MOrmEtidh Rmedigd |
unreacted al kyl atable aromatic conpound, any unreacted al kene (al kene

conver si on i stemgseatergdott theréthagnt is depdeallyOhighr, thgn phee fanperatyre ofbive de®@’8 nol . 9
and the al kang_co nent .and the. ather inpurities. .The t ature
pressure. and PRGSO RPATBACER FRgionr Eoasely SeoberaRe  Hameiian ahe FHEin | o

mai ntai ned i NzbdOiH thiliesiRsHTigsan E@eﬂhﬁd’ ltﬂe' Qﬂﬂ*u@ntp&éiﬁl?% i kGBS zone in

substantially free of vapor when the effluent exits e reaction zone. The
t enper at ur e ofiquidephasd, | the sffliest isy piptcally yembygdtefromhthe filsereachiperencirml of t he

feed b t | Kyl at. i ti i S. I t h i,Cc.. T j nt ai
he react on CORLBFT et e SEare s icATe  The e o Tsrie ST ng t he
reaction zoneb} Hnichafiodifb35fem! Bitwed ktiRAbn iZbnby ACRLLYa RABYPH: fiom ¢ he

first reaction zone and cooled before entering the second reaction zone.
The effluent cteal tsofddetocthel sedondoylkiylatien medction clonngvisys tadditioealveeemd eact i on

fgggts | Oﬁ\t ZLﬁZ%qtmgpgg rgf]a@ﬁ?(} g{g}’ég}g@e%&l t g%lreiagtegl %H(yia?abtlg gro%lea%g rg:gm%lotlfl}g ation

with a second catalyst. Where the process employs a reactor with more than two
alkylation reaction zones, the effluent from each zone is fed to the next zone with
additional second feedstock. Furthermore, at least a portion the effluent from the
last alkylation reaction zone and/or other zones can be fed directly or indirectly to
a transalkylation unit.

{0056} The term “predominately liquid phase” used herein is to be
understood that the feedstock or the effluent has at least 95 wt.% of liquid phase,
preferably, at least 98 wt.% liquid phase, even preferably, at least 99 wt.% liquid
phase, more preferably, at least 99.5 wt.% liquid phase.

[0057] In addition to, and upstream of, the operatively connected
alkylation zones, the alkylation reaction system may also include a by-passable
reactive guard bed normally located in a pre-reactor separate from the remainder
of the alkylation reactor. The reactive guard bed may also loaded with alkylation
catalyst, which may be the same or different from the catalyst used in the multi-
stage alkylation reaction system. The reactive guard bed is maintained from under
ambient or up to alkylation conditions. At least a portion of alkylatable aromatic

compound and typically at least a portion of the second feedstock are passed



feedstock is added for reaction with the unreacted al kyl atabl e aromati c
conpound wth a second catalyst. Were the process enploys a reactor with
nore than two al kylation reaction zones, the effluent fromeach zone is fed
to the next zone with additional second feedstock. Furthernore, at |east a
portion the effluent fromthe I|ast alkyl7ation reaction zone and/or other
zones can be fed directly or indirectly to a transalkylation unit. [0056]
The term "predom nately |iquid phase” used herein is to be wunderstood that
the feedstock or the effluent has at | east 95 wt. % of quuid phase

preferably, S %11 hase, .,even e t 99 w.%
l'i quid phasethr(fﬂgﬁ thf) B{ty‘é dq%iddprg 0 GEysIng H*f’ {i{s ﬁ‘?a& ég ° 0?%’657] I'n
addition to, @ReathRes écﬁﬁ@ét@cﬁ alktyth@ioﬁlfi’é’cfc%h Vehet IR ANRGESE THRIRL] igQRdzones,
the al kyl ation reactiion system nmay al so i nclude a by-passable reactive

guard bed norwal hgt Oniy: aciyds it affegirtbe desicadoalk getparr agastiém bt ishadso esedli toder  of
the al kyl ati on reacto ‘{he reactive gugr ﬁ%bedh ma¥11l al so | oaded, W 51
alkylation ¢ fr%?lv?é"f‘y feﬁ? TR TR InHEC {56 SUPD 4F PSSR COmPHRdSh It al yst
used in the myd othetsep @1'sé"ﬁ’ﬂh@Hb@ﬁnﬂ&%&lﬁ@eﬂky@){ﬁérﬁéﬁta@ﬁerﬁceé’sﬁélyé’c% giard bed
i s mai ntained from under nbient or up to alkylation”conditiohs. At |east a
portion of aliegttateaghad aradmist therefoEnmpayed tanmtotwgﬁleqmﬂtyregmeree@at argl/@orti on

of the second feedstock are pass 7. throu tive quard bed prior
Lo entry i nt Pl atar s PRaRIg oy REST gHavst e e B
al kylation r eﬁ%hﬁﬂ f@*”*’?ﬁe‘g[}"ﬁmﬁb? gﬁé"stc%mtﬁﬁ%z&%?&élkylﬁu&y%ésm %a ot only

serves to affect t tion reaction but”"i1s also use renove
any reactive fedp"lmelcﬂyasthemehbeccbmd&d aflgtdioasemitionogaes mothp gedvts, le ch

I'd ot her wi i son_ th der_of the al kyl tal yst
Catalyst i n 116 SRHEBE owar rben TAF e BHPd G Bt PGUTROEhE lguent
regeneration ﬁ@ﬂégﬁztmﬁ eo‘?gtgﬁngﬁ%felghésé‘ﬁpc& aﬁn{nfgﬁﬂ&g%f Hinbdie oﬁéx%%&?t' on

catal yst and I'S nornm provi ed W th pass
circuit so thps8he al kVhatikghtibeeewtcaked anthogrodesdofithegredent in@ertthm series
connected al kyl ati ori reacti on zones |n t he regﬁft or when the guard bed is
out of servi ci. norpelly coperated sguatr 19 pddevrassseRlly: commicteneonypision ofythed phase

O 0.2, M xeduRhgst, il SO ERBLOUPTHOWEAE dAALhOBREIALL Of maf 8] The

al kyl ation rea used In the process of "the presentrl hven
desirable to operate at below 100% alkene conversion. The employment a separate

finishing reactor downstream of the multi-zones alkylation reactor may be
desirable under certain conditions. The finishing reactor would also contain
alkylation catalyst, which could be the same or different from the catalyst used in
the alkylation reactor and could be operated under liquid, mixed or vapor phase
alkylation conditions.

[0059] The atkylation reactor used in the process of the present invention
is highly selective to the desired monoalkylated product, such as ethylbenzene, but
normally produces at least some polyalkylated species. Thus the effluent from the
final alkylation reaction zone is supplied to a transalkylation reactor which is
normally separate from the alkylation reactor. The transalkylation reactor
produces additional monoalkylated product by reacting the polyalkylated species
with additional aromatic compound.

[0060) Particular conditions for carrying out the mix-phase to liquid-phase
alkylation of benzene with ethylene may include a temperature of from about 120 to
285°C, preferably, a temperature of from about 150 to 260°C, a pressure of 689 to
4601 kPa-a (100 to 667 psia), preferably, a pressure of 1500 to 3000 kPa-a (218 to
435 psia), a WHSV based on ethylene for overall reactor of 0.1 to 10 b,
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is normal ly operated so as to achieve essentially conplete conversion of the
al kene in the second feedstock. However, for sone applications, it nmay be
desirable to operate at bel ow 100% al kene conversion. The enpl oynent a
separate finishing reactor downstream of the nulti-zones al kyl ation reactor
may be desirable under certain conditiohd. The finishing reactor would al so
contain alkylation catalyst, which could be the sane or different fromthe
catal yst used in the alkylation reactor and coul d be operated under |iquid,
m xed or vapor phase alkylation conditions. [0059] The al kyl ati on reactor

used in the proce of, At.h fesent inventio i $.-1hi_ghl ctive.tqg the
desi red monoaP ‘frasﬁléd{)-ar%&@v,m%‘_i?cﬁ’le%@%@bMboeﬁ‘enSEaBﬁPwnﬁaﬁﬁ@Pﬁ‘P?ﬁ} oduces
at |east Soneem?ielﬂéhﬁ(‘i’b%ﬁz%ﬁe sRasicdl redibsSot Tewefdol WepretbfaBIR, O&o 50 hHal
al kyl ation reaction zone is supplied to a transal kylation reactor which is

normal |y sepaesd emblengiio hEbenzred tatethytene deom dont Theahoubhdal kyl ati on react or

d ddi t[ | | Kyl at .oduct, by. ti h | yal ky.l at ed
Bectos w th AT onatrist i Ao BURRTHE™ oBR5 »ARPE R B ons 1or
carrying out bh&atel dnddrasRadtPattiafiliindd pPhas ondlidns! The Sir@bedPRNEZSBRaM h

ethylene may include a tenperature of fromabout 120 to 285C "~ preferably, a
t enper at ur e obpératerat adoupera®oe oHIir@@tboual H) ws2HE, pEfeedly, tactemperk Ph- a (100

to 667 psia), f Ly, f 00. kPa-a (218.to. 435
boi ) By TR EEE e oG F S Ssve S, kol Ret-eqiford o i 5
preferably, Opdfl@bid, Npressdf®bf 196(P{SI08B /Y a-aQ2 P8 E@431501515t-ia19,, alggHngd%é &psed on

both ethylene and benzene for overall reactO{ of o] h-',1 preferably,
20 to 50 If , ethylede afonuiverallatéaptonfotbizendltly , epiefdrany, 20t abbut mor¢ o about

10. [0061] Were the al kyl ati.pn i hcl yde reacgtive ard bed, it i
opergt ed Lndeprg?ra&@agtg( \éh?t]!Fal orf%/z&ﬁg\)pﬁaasg @h%ﬁt?tgﬁgﬁgﬁ‘g%ﬁﬁ?ﬂ“ﬁ B‘édI Wi :IS
preferabl y 0BGt Geilhoof (ORST RIS, BlerdA1y) 200120 41 29k RULEEr ab! Y,

a tenperature o from about 150 to C, a pressure of 689 to 4601 kPa-a
(100 to 667 pbemene toptieflencalodiy abautfirneakaut é00f 1500 to 3000 kPa-a (218 to 435

psia). a VHSY\hasra on gtivhenieiton oueral Loeacten of Srfuld: 19 Md
separated for transalkylation with alkylatable aromatic compound(s).
Monoalkylated aromatic compound is made by transalkylation between
polyalkylated aromatic compounds and the alkylatable aromatic compound.

[0063] In one embodiment, the transalkylation reaction takes place under
liquid phase conditions. Particular conditions for carrying out the liquid phase
transalkylation of polyethylbenzene(s) with benzene may include a temperature of
from about 150° to about 260°C, a pressure of 696 to 4137 kPa-a (101 to 600 psia),
a WHSV based on the weight of the polyethylbenzene(s) feed to the reaction zone
of from about 0.5 to about 100 hr' and a mole ratio of benzene to
polyethylbenzene(s) of from 1:1 to 30:1, preferably, 1:1 to 10:1, more preferably,
1:1to 5:1.

[0064) In another embodiment, the transalkylation reaction takes place
under vapor phase conditions. Particular conditions for carrying out the vapor phase
transalkylation of polyethylbenzenes with benzene may include a temperature of
from about 350 to about 450°C, a pressure of 696 to 1601 kPa-a (101 to 232 psia), a
WHSYV based on the Wei ¢ht of the polyethylbenzene(s) feed to the reaction zone of
from about 0.5 to about 20 hr™, preferably, from about 1 to about 10 hr'l, and a
mole raﬁo of benzene to polyethylbenzene(s) of from 1:1 to 5: 1, preferably, 2:1 to
3:1.



preferably, 0.5 to 1 li', or a WHSV based on both ethyl ene and benzene for
overall reactor of 10 to 100 h-', preferably, 20 to 50 h-', and a nole ratio
of benzene to ethylene fromabout 1 to about 10. [0062] The pol yal kyl at ed
aromati c conmpounds in the effluents may separated for transal kyl ati on
wi th al kyl at abl e aromati ¢ conpound(s). noal kyl ated aromatic conpound is
made by transal kyl ati on between pol yal kyl ated aromati ¢ conpounds and the
al kyl atabl e aromati ¢ conpound. [0063] In one enbodi nent, the transal kyl ati on
reaction takes place under liquid phase conditions. Particular conditions

for carrying {865} he |i fuiyet plodise enibodiisalt koflthikiiaventibn pileyigbdigs besyziene(s)
w th benzene may i ncl ude a terrperature of from about 150 to about 260C, a
pressure of 6U%dt BY srehrolilting. gxistinp ethylnegenss pr)cumeny piprdy W&heﬂmﬁﬁmﬂhe

ht of th I b
075Vl Shout “TBBRTALIRIRI P Oy UG ERE Sy iR
of from1l:1 tﬁqﬁﬂpﬁasep@ﬁﬁ@e@ph%gan{yllaub@réh@toi, nor e preferabl y 1:1 to 5:1.

[ 0064] In anot her enbodi nent, the transal kyl ation reaction takes pl ace
under vapor pkabystionditions. Particular conditions for carryl ng out the

vapor phase al kyl [nclude a
tenperature oid’()%ﬁ fom abg{l}{tﬁgg8fkypa?3%§h&)ﬁl3§%@ﬁ§%}r eé‘@?ﬁt %g@g gse&%m
kPa-a (101 t oind3atidasisddomiscldP\s RasedladRidyhehmahablesdbut hsenot limited to

pol yet hyl benzene(s feed to the reaction zone of fromabout 0.5 to about 20

hr-1, prefer abfGM-22% MCHbIUMEM-30MENM-560beig zeolitg fauiasitepplosdense] BSIbf

benzene to poly ef er abl o 3:1
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nodi fication e existing ethyl benzene or cunene process may be a vapor
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limted to  No. 5,149,894, ERB-1 is described in Buropean Patent No.0293032. ITQ-1 is
described in U.S. Patent No 6,077,498. ITQ-2 is described in International Patent
Publication No. W097/17290 and W001/21562. MCM-36 is described in U.S.
Patent Nos. 5,250,277 and 5,292,698, U.S. Patent No. 5,258,565 describes the
synthesis of alkylaromatics, including ethylbenzene, using a catalyst comprising
MCM-36. MCM-49 is described in U.S Patent No. 5,236,575. The use of MCM-49
to catalyze the synthesis of alkylaromatics, including ethylbenzene, is described in
U.S. Patent Nos. 5,493,065 and 5,371,310. MCM-56 is described in U.S. Patent No.
5,362,697. The use of MCM-56 to catalyze the synthesis of alkylaromatics
including ethylbenzene is described in U.S. Patent Nos. 5,557,024 and 5,453,554.
The entire contents of all the above patent specifications are incorporated herein by
reference.
[0067] Alternatively, the alkylation and transalkylation catalyst of the
present invention may comprise a medium pore molecular sieve having a Constraint
Index of 2-12 (as defined in U.S. Patent No. 4,016,218), including ZSM-5, ZSM-11,
ZSM-12, ZSM-22, ZSM-23, ZSM-35, and ZSM-48. ZSM-5 is described in detail in
U.S. Patent Nos. 3,702,886 and Re. 29,948. ZSM-11 is described in detail in U.S.
Patent No. 3,709,979. ZSM-12 is described in U.S. Patent No. 3,832,449, ZSM-22
is described in U.S, Patent No. 4,556,477. ZSM-23 is described in U.S. Patent No.
4,076,842. ZSM-35 is described in U.S. Patent No. 4,016,245. ZSM-48 is more



MCM 22, MCM- 49, MCM 36, MCM 56, beta zeolite, faujasite, nordenite, PSH 3,
SSZ-25, ERB-1, I1TQ 1, ITQ2. MM 22 and its use to catalyze the synthesis of
al kyl aromati cs, including ethylbenzene, are described in U S. Patent Nos.
4,992, 606; 5,077,445; and 5,334,795, PSH is described in U S Patent No.
4,439,409. SSZ-25 and its use in aromatic al kylation are described in U S
Patent No. 5,149,894. ERB-1 is described in European Patent No.0293032.

I TQ1 is described in US. Patent No 6,077,498, ITQ 2 is described in
International Patent Publication No. W97/17290 and W01/ 21562. MCM 36 i s
descri bed in phrfScularRatiesotibddbm US, PafenPKé. 4284,33 R 9thetAfire thrifentfaf alihtheNo.

5, 258, 565 descri bes the _gynjt hesi s of al kgharpr{g}i s, including

et hyl benzene, 2R9YF RateRt PEEHFONS ALSRGATRITAD henewr by elefgnoe 49 i s described in
U S Patent No 36, 57 T. NV A9 . I . i s of
al kyl aromat i Cg),()%lsﬁd udi %8 aeﬁﬁ??%gl}\%ar%e,’ [ § aék s%%}ol%be ?fﬁﬁa%?%’tug%g%‘%ﬁ?ﬂ Nos.
5, 493, 065 andcdn &bdprid3tQ laheMdré nidectis Gldvb @dving alldnstrtiat E&ndex Ness thin 362, 697.
The use of MCM 56 to catalyze the synthesis of alkylaromatics including

et hyl benzene Pyitahlestargeneare implesulr syes includs geolfe duta, goofite Yo WirastableXs.  ~The

entire conten : t ecifl g’p@ re | ted
herei n by re@ﬁﬁ(?%bhrgﬁgﬁ?% t(8 E'élr aﬁ%% y,eg(f: %Aen(‘ggﬁﬁ Ky aﬁbﬁogd%gﬁé’%m
transal kyl at i 9/Z8Mt4IA6M-18f atdhESMPI(R FR0litci ZBNEY i9 dedtEYed (OIS, Pateat NBdi UM
pore nol ecul ar sieve havﬁi@gyg a Constraint Index of 2-12 (as defined in U S.

Patent No. 4, 8983,63@yZcoli r30gs Aewribed oSy Patentm 3,972, 9%5MZeglite Baia 23,

ZSM 35, and Z A i spde i i et al o | . 1-Pat ent S.

3. 702, 886 and%‘ﬁ%@%%‘%’ﬁﬁﬁ%@%ﬂ&%@é R g #8341 Rl solllie, |
3,709, 979. ZSWitktable Yestédube dicke (115D is Badceibbd MU S3PR3R N3 285M2ad i S
described in U S. Patent No. 4,556,477. ZSM 23 is described in U S. Patent

No. 4, 076, 843.44%8%f. Iajumigized rYi zrotite (Peal. B) mpg be preprsd by, tha giethod fomr@m 48 i s

20 i j ' LS. . NQ. 234 . pJh [
Cont ent's of alt UheraioVE paFeae sty I Roist e T AL EEG: BREd Nerei n by
reference. [ORGS] 5A5 Rafellbirterexdh@bnal | (REY)! 2@ doldkbattin 00 SAnPhtent No.

transal kyl ati on catalyst can conprise a |large pore nolecular sieve having a
Constraint | ndex4,82¢sMordenite is aSpitveaby eoccanrige potedalnbiteisutlsr agiilablesini ncl ude
zeolite beta, syzn?l%ltilctfgrm\g’, su%lhtarsaﬁ:lﬁ%o%dgr(lite {i.e., synthetic mordenite prepared from a

reaction mixture comprising a tetracthylammonium directing agent). TEA-

mordenite is disclosed in U.S. Patent Nos. 3,766,093 and 3,894,104, The entire

contents of all the above patent specifications are incorporated herein by reference.
[0069] The same catalyst may be used in both the transalkylation zone and
the alkylation zones of the present invention. Preferably, however, catalysts are
chosen for the different alkylation zones and the transalkylation zone, so as to be
tailored for the particular reactions catalyzed therein. In one embodiment of the
present invention, a standard activity catalyst for example, 50% zeolite and 50%
binder is used in the higher temperature alkylation catalyst beds and a higher
activity catalyst for example, 75% zeolite and 25% binder is used in the lower
temperature alkylation catalyst beds, while suitable transalkylation catalyst is used
in the transalkylation zone. In such an embodiment, any finishing reactor zone
could include a MCM-22 catalyst bed for liquid phase operation.

[0070] In the process of the invention, the alkylation reaction in at least the
first, and normally in each, of the operatively connected alkylation reaction zones
takes place under liquid phase conditions, such that the alkylatable aromatic

compound is in the liquid phase.



(USY), Dealumnized Y (Deal Y), rare earth exchanged Y (REY), nordenite,
ZSM 3, ZSM 4, ZSM 18, and ZSM 20. Zeolite ZSM 14 is described in U S.
Patent No. 3,923,636. Zeolite ZSM 20 is described in U S. Patent No.
3,972,983. Zeolite Beta is described imy S. Patent Nos. 3,308,069, and Re.
No. 28,341. Low sodium U trastable Y nolecular sieve (USY) is described in
U S. Patent Nos. 3,293,192 and 3,449,070. Dealum nized Y zeolite (Deal Y)
may be prepared by the nmethod found in U S. Patent No. 3,442,795. Zeolite
UHP-Y is described in U S Patent No. 4,401,556. Rare earth exchanged Y
(REY) is descThhadentoiwdl bPateaipaitioularlg deg4ib8@ vithMefalentictte thes fadlowatgur al |y
occurring matﬁrial but is also available in synthetic fornms, such as
TEA- nor deni t eZS8MBlES synthetic nordenite prepared froma reaction mxture
conprising a ym' [ ing agent). TEA- nordenite is

di sclosed in %s%@gait!eiﬁt No?hldg‘%gg%?%dfand 3,894,104. The entire contents
of all the abf&1pat ent Thpefllbivoat ierasplar 8 ancanpderatsedulhtoreiof bgnzemrf er ence.

[ 00691 The sane catal yst be used jn both the transal kyl ati qn zone and
the al kyl ati oggﬁléﬂ%% Wd% ?tﬁgglﬂ‘fr ’é‘slé%‘éj Ph’%ﬁéﬂ Wﬂoprrs%@@amw ,OLWHW&}@W,% a

catal ysts are : I al A Rnf

transal kyl ati grﬁﬁggtﬁénnl‘isrgé%%ah? %ﬁ&b%re%t’agﬁ%%?géyd{ gltrqh'[t?iﬂgﬁ%art I c&% gtrcglr%élgtg{i ions
catal yzed t hetlgi nSodve-RudickiivasigneBuationiofiStater gsdtht  optisiatd onnted@ctsdnandar d

activity catalysy for exanple, 50% zeolite and 50% binder is used in the
hi gher t enper &stHe€e¥fkyl ati on catal yst beds and a higher activity catal yst

for exanple, eolit % hi I ed J : ature
al kyl ati on cai@%gt bed?guﬁ?fggs%?gﬁpy Sf r‘%ﬁsgl ﬁ%%"?%&h@\é@{ Al %g:im?iﬁgo used
in the transal(Banzadd oEtZ@ae: mblar SkicharmiuncirBegio@iliylerdrty Bthank sdulagati®act or
zone could include a MCM 22 catal yst bed for liquid ‘phase operation. [0070]

In the procesdhoverydish BFamtip dyan infisatignafiaarethylene degdsiosk with aghemicaker t he
first, d Ly | . t ] i
Fenct | on zonegtops gtele BB fne By inERGLALINEC MGROORT LOMALY el |

al kyl at abl e aipfifeligeid phase TUB GenFeratiiret bed plesiured PliesRed 24d efflnentisayens i on

will be nore particularly described with reference to the follow.n
Exanpl es Exanp! @ch bed prgisffiom swallgvkgll Hawid phase operation in the catalyst bed. The

results of the simulation are shown in Table 1.

Table 1
Ethylene EB B/E | E/E | Fraction |Tempera| Pressure
Conversion | cumulative 1 ratio [ ratio Liquid |ture (°C)| (kPa-a)
(%6) yield (mol. %)

Bed 1 Feed - 2100  261f 1| 2222 4270
Effluent 100 4.8 - - 1| 2463 4220
Bed 2 Feed - 2000 229 1| 2426 4210
Eftluent 100 9.0 - - i 265 4165
Bed 3 Feed - 19.1f 203 10 2229 4035
Effluent 100 13.0 - - 1| 2464 3980
Bed 4 Feed - 18.1 183 1| 2429 3980
Effluent 100 16.9 - - [ 2649 3915
Bed 5 Feed - 17.2) 166 1 2233 3715
Effluent 100 20.6 - - 1i 2464 3660
Bed 6 Feed - 163 152 1 2431 3660
Effluent 100 24.1 - - 1] 2647 3590




[00711 The followi ng exanple is a conputer sinulation of benzene ethylation
with ethylene in liquid phase. Sinulation results were obtained using a
proprietary nunerical software package. Vapor-liquid equilibriumwas

cal cul ated, the Soave-Redlich-Kwong Equgjion-of-State (with optim zed

I nteraction coefficients). 100721 The feed to each catalyst bed is
characterized by a BfIE ratio (Benzene to Ethylene nolar ratio) and an E/E
ratio (Ethylene to Ethane nolar ratio). The very high EE ratio is an

i ndi cati on of an ethyl ene feedstock with a chem cal or polyner grade

et hyl ene puri Examphe2:] MinediPhhssEiguid-¥Phaid Design configured to operate in the
|l i qui d phase. The tenperatures and pressures of the feed and effl uent
streans to eH¥i3bed ar &hg foflowing exeBpley fow pmppteg uHAUNE e ObgBIEHT on i n

th tal yst . Lol af ' . Tabl
LBt byl ons EnDEPEIBNE-pSE Bhbin SRR T GRUER: B SSROU bEREAREC, 1301
ratio Liquid investidiC) THK Baseals confibunet etb doffeme .in (hixBé-phhscArR@il-Ras€) Pel 1

222.2 4270 Effluent 100 4.8 - 1 246.3 4220 Bed 2 Feed - 20.0 229 1 242.6
4210 Ef f| uent tenmgrajurgs pngdepyessyns oty frefaand gilugntysiscamsoto eachybab areesf 1| yent

16,9 - 1 2ot didy iR Rl utd bphatide 43 S B e e 507
- 1 246. 4 366sulbesf e siRdationl&e 3hdhi2 inl T8 21 N3&6Blat FrbisutieibredllP addssl - - 1

264.7 3590 22 Exanple 2: M xed-Phase/ Li qui d-Phase Design [0073] The
fol | owi ng exahpd B(theR&Bdwpia dewnflowipparaton. of ni xed-

Table 2
Ethylene - EB B/E | E/E | TFraction |[Tempera| Pressure
Conversion. | cumulative |ratio | ratio | Liguid |ture (°C)
%) |yield (mol: %) (kPa-a)

Bed1 |[Feed - -1 20.0{ 48.8 1| 1701 3330
Effluent 100 5.1 - - 1] 241.7 3380

Bed2 [(Feed - -| 6.1 48.8 0.93] 170 3160
Effluent 100 17.6| - - 1| 250 3150

Bed3 [Feed - -| 54| 48.8 0.93| 170 30350
Effluent 100 2821 - - Il 245 3040

Bed4 |Feed - - 4.7] 48.8 0.931 170 2940
Effluent 100 37.2 - - 1} 2399 2930

[0074] All patents, patent applications, test procedures, priority

documents, articles, publications, manuals, and other documents cited herein are
fully incorporated by reference to the extent such disclosure is not inconsistent
with this invention and for all jurisdictions in which such incorporation is
permitted.

[0075] When numerical lower limits and numerical upper limits are listed
herein, ranges from any lower limit to any upper limit are contemplated.

[0076] While the illustrative embodiments of the invention have been
described with particularity, it will be understood that various other modifications
will be apparent fo 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



phase/ |l i qui d- phase benzene ethylation with ethylene by the process of the
present invention. The case is configured to operate in

m xed- phase/ | i qui d- phase. The tenperatures and pressures of the feed and
effluent streans to each bed are sufficignt to allow

m xed- phase/ | i qui d- phase operation in the catalyst bed. The results of the
sinmul ation are shown in Table 2. Note that pressure increases across bed |
(the RGB) due to downfl ow operation. Table 2 Ethylene EB B/E E/ E Fraction
Tenpera Pressure Conversion. cunulative ratio ratio Liquid ture (C (kPa-a)
(9% yield (nolintefdedBhdt theflseest of the 2uifds 48peBddd heiBto3BBBMited td therdxamhplRs5. 1 1
241.7 3380 Bed 2 Feed, - - 6?@ 48.8 0.93 170 3160 Eff|uent 100 17.6 - - 1
250 3150 Bed 28dpdsgriptionsssed toghgheyeigabut7tmitmyshat the cclagne broeorsgued as. 1 245
3040 Bed 4 Feed .- - 4. : 27 s 239.9
2030 [0074] AFOREpEmEAPeR, Rallrbedbddiibio RhlolERhich el the frarert, 27
docunent s, ar tihedngisn, ipolkingadll feamresnmlfidiaksnldindtredtébss etpdesiand theedof g her ei n
are fully incorporated hy reference to the extent such disclosure is not

i nconsi stent thpserkilleddn fhieashioivarckathg ipvsmtign pertains.sdi cti ons i n which such
incorporation is permtted. [0075] Wen nunerical lower limts and
nunmerical upper limts are |isted herein, ranges fromany lower Iimt to
any upper limt are contenplated. [0076] Wiile the illustrative enbodi nments
of the invention have been described with particularity, it will be
understood that various other nodifications wll be apparent to and can be
readily made by those skilled in the art without departing fromthe spirit
and scope of the invention. Accordingly, it is not 23 intended that the
scope of the clainms appended hereto be limted to the exanples



and descriptions set forth herein but rather that the clains be construed as
enconpassing all the features of patentable novelty which reside in the
present invention, including all features which would be treated as
equi val ents thereof by those skilled inyjhe art to which the invention
pertains. 24 CLAIMS W Claim 1. A process for producing an al kyl ated
aromati c product which conprises ethylbenzene or cunene in a first reaction
zone, conprising the steps of: (a) feeding a predom nantly |liquid phase
first feedstock which conprises benzene and an at |east partially vapor
phase second dlggiMsock which conprises at |east one al kene conpound
selected from.the group consisting of ethylene and propyl ene and,
optionally, at?q €48t one al kane conpound sel ected fromthe group consisting

of methane, etfiane, O%gé%r BP@?&H#% éf"gl%%faierdséroﬁﬁﬁ%%ﬁﬁct guiuel cog@]ng?{)er ating

said first reaction und erature an pressure i ons
sufficient to ehglbeszehbat cirthenemvatfitstacattionabk, kbmgtising dedd¢sak: and sai d
second feedstock is.in mixed phase,in at |east,a . porLion oéqs id.reaction
zone; (c) contacti i@ saitePdinse ds tRsedomsmthy glqé‘%l phapy rélfst alg _t%oﬁlﬁ dﬁh‘gé_t al yst
n said first eaction giBhsed RbbRIUGE oA dillAt fRllANCHWHHER GRERIT Ses
sai d al kyl ated aromatic product and pol yal kyl ated arofmatic “conpounds,
wherein said first effl deadstogkivthiclsedmipmseact lcost ansredkdng coprpedndriselasted y

i quid phase; and (d) intajning said f.irst reaectjon zone under second
tenperature and pr ess:JT?:réml:o%l iﬁ?o s QBT Obt eﬁlglegﬁsﬁ? %rogﬂggee ange
fromm xed phase to |i qgpiichdifyaselcast aic diemstcomppand selactod fivai thef droes
reaction zone. 2. The process of claim1l wherein said first al kylation
catal yst conprises a msPRusing oflsmethang sthapecnd PuRARG o gaklprst 5#s1iet i ng of
MCM 22, MCMk 36, MCME 49 gﬂg MCM 56, beta zeolite, faujasite, nordenite,
PSH 3, SSZ-25, ERB-1, I‘F ’

(b)  operating said first reaction zone under first temperature and

pressure conditions sufficient to ensure that the mixture of said first
feedstock and said second feedstock is in mixed phase in at least a
portion of said reaction zone;

{c) contacting said feedstock mixture and a first alkylation catalyst in
said first reaction zone, to produce a first effluent which comprises
said alkylated aromatic product and polyalkylated aromatic
compounds, wherein said first effluent exits said reaction zone in
predominantly liquid phase; and

(d)  maintaining said first reaction zone under second temperature and
pressure conditions sufficient to ensure a phase change from mixed

phase to liquid phase in at least a portion of said first reaction zone.

2. The process of claim 1 wherein said first alkylation catalyst comprises a
molecular sieve selected from the group consisting of MCM-22, MCM-36, MCM-
49 and MCM-56, beta zeolite, faujasite, mordenite, PSH-3, SSZ-25, ERB-1, ITQ-
1, ITQ-2, zeolite Y, Ultrastable Y (USY), Dealuminized Y (DealY), rare earth
exchanged Y (REY), ZSM-3, ZSM-4, ZSM-18, ZSM-20, and any combination
thereof.



1, 1TQ 2, zeolite Y, Utrastable Y (USY), Dealumnized Y (Deal Y), rare earth
exchanged Y (REY), ZSM 3, ZSM 4, ZSM 18, ZSM 20, and any conbi nation
thereof. 25 3. The process of claim1l, wherein said first tenperature and
pressure conditions include a tenperatupe of 100 to 260C and a pressure of
689 to 4601 kPa-a (100 to 667 psia). 4. The process of claim1l, wherein

sai d second tenperature and pressure conditions include a tenperature of
150 to 285C and a pressure of 689 to 4601 kPa-a (100 to 667 psia). 5. The
process of claim1, wherein said first feedstock has at |east 99 wt.%

| i qui d phase. 36. TH&epprocess sofotlaghal nwherenheaidi firss denhpstwe cinflepatstuoe k

[ t | .50 | . % al k : h o f clai i id
second f eedst SORTLGHRPFEDS sApmpeanre obaofdt 2B S Rare Brosfirdinl op SRR of any
precedi ng cl akiy-af(U00 feeg67GM)r i sing the step of. (c) contacting said

pol yal kyl ated aromati c conpounds and a third feedstock which conprises
al kyl atabl e aromati ¢ conpound(s) in the presence of a transal kyl ation

catal yst in atransalkyl gkl op GLGRAS! L0 £P08I0S dARSALIVLA hAle

conditions, to pro a secon Tluen conpri‘ses ad ona

monoal kyl at ed catiditigdis ®iclude adumiberathire Hhe5PLoesss afd ¢ badssnr8 of 689 ttheb01

conpri si ng th?( steg of : (d) ,ajepar ating said first and/or second effluents to
recover said KheRdAP%ip 67é%r onati c product. 10. The process of claim 8,
wherein said transal kyl ati on catal yst conprises a nolecular sieve selected
fromthe group consisting of MCM 22, MCM 36, MCM 49 and MCM 56, beta
zeolite, faujasiteThogro®ss dbEclalPSH; Srhefs8Y séld firfRBedd6ockThas laT @adt 99 WE¥2,

zeolite Y, U H_rast%bl e Y (USY), Dealumnized Y (DealY), rare
iquid phase.

6. The process of claim 1, wherein said second feedstock comprises at least

50 mol.% alkene.

7.  The process of claim 1, wherein said second feedstock comprises at least

30 mol.% alkene.

8. The process of any preceding claim, further comprising the step of:

(c) contacting said polyalkylated aromatic compounds and a third
feedstock which comprises alkylatable aromatic compound(s) in
the presence of a transalkylation catalyst in a transalkylation
reaction zone under transalkylation conditions, to produce a second
cffluent which comprises additional monoalkylated aromatic

product.

9.  The process of claim 8, further comprising the step of:
(d) separating said first and/or second effluents to recover said

monoalkylated aromatic product.

10.  The process of claim 8, wherein said transalkylation catalyst comprises a
molecular sieve selected from the group consisting of MCM-22, MCM-36,
MCM-49 and MCM-56, beta zeolite, faujasite, mordenite, PSH-3, SSZ-25, ERB-



earth exchanged Y (REY), ZSM 3, ZSM 4, ZSM 18, ZSM 20, and any conbi nation
thereof. 11. The process of claim8, wherein said transal kyl ati on conditions
are effective to maintain said second effluent stream substantially in a
vapor phase. 12. The process of claim8,gherein said transal kyl ation
conditions are effective to maintain said second effluent stream
substantially in a liquid phase. 13. The process of claim1ll, wherein said
vapor phase transal kyl ation conditions include a tenperature of 350 to 450C
and a pressure of 696 to 1601 kPa-a (101 to 232 psia), a WHSV based on the
wei ght of sai dl,ddQyh|H}-2f mdliteaY pbittdstabloffUSN)sDodluabozdd V.(Pebld)2@rdhf ', a
nole ratio of sajd alkyla I o] IC C oun ai | yal kyl at ed
aromatic conpo‘??ﬁtés exghange ?ﬁ &@?5’12§M%e fé@t“esgsﬁf&él %%RE“%% aWEe?‘é"i n said
liquid phase transaldonl tpid conditions include a tenperature of 150 to
260C and a pressurgéo g‘%ﬂgﬂt{"o 4137 KkPa-a (101 to 600 psia), a WHSV based on
the wei ght of said polyal kylated aromatic conpounds of about 0.5 to 100
h-1, a nole ratio of said al kyl atable arqgmati¢c conmpound to said

pol yal kyl at ed Lar ond Pcpres?ﬁﬁoa%& 1gf 84 whergn wﬁﬁrafgaﬁkﬁlﬂ%orbrcae@&%farm ai m 8,
further conprig f e [ [ B treamto
forma cool ed'efﬂbé}%e&@ﬁaﬁ}%ﬁ? EUBsste (r"%gl)n%fﬁ?%t gt?%gg%gtag%lﬁ eg@{ MAJHgg]&atS?'on of said
cooled first effluent streamand additional said second feedstock to a
second reaction zone of a nulti s_tage reactor  operated under third
tenperature and pré98uPeCcess opldictaimng; vewreip f id drpsalkylalen Kendiiopy @Ee of step
(d) with a se . al L: i ] | eto
produce a secgﬁg&e‘%ﬁélgﬂithlﬁﬁ@ﬂste%ﬁgsn%frl#sngé&%F?ﬂsgdﬁggn}é%?agﬁﬁﬁggggyI at ed
aromatic product. 27 16. The process of claim 15, wherein said third
tenperature and pressure conditions are effective to maintain said mxture
of step (f) iA3a mlkedrigresseof whinTAHd, pykseesssad par mhpee timeslkylatiani d
third te”pera%és'ﬁﬁﬁ&%%&@@@%?egﬁpféeg@&ddf%w?osﬁd“&'aﬁﬂ%p?estsu%%%% W qepf 120 to

285C and a préssure o
kPa-a (101 to 232 psia), a WHSV based on the weight of said polyalkylated

aromatic compounds of about 0.5 to 20 h'', a mole ratio of said alkylatable

aromatic compound to said polyalkylated aromatic compounds of 1:1 to 5:1.

14, The process of claim 12, wherein said liquid phase 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 about 0.5 to 100 h™', a mole ratio of said alkylatable

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

15.  The process of claim 8, further comprising the steps oft

(d) cooling said first effluent stream to form a cooled first effluent
stream,;

(e) feeding at least a portion of said cooled first effluent stream and
additional said second feedstock to a second reaction zone of a
multistage reactor operated under third temperature and pressure
conditions; and

(0 contacting the mixture of step (d) with a second alkylation catalyst
in said second reaction zone to produce a second effluent which

comprises additional said monoalkylated aromatic product.



kPa-a (100 to 667 psia). 18. The process of claim 15, wherein said third
tenperature and pressure conditions are effective to maintain said m xture
of step (d) in a liquid phase. 19. The process of claim 15, wherein said
second al kyl ation catal yst conprise a mpfecular sieve selected fromthe
group consisting of MCM 22, MCM 36, MM 49 and MCM 56, beta zeolite,
faujasite, nordenite, PSH 3, SSZ-25, ERB- 1, ITQ 1, I1TQ 2, zeolite Y,
Utrastable Y (USY), Dealumnized Y, rare earth exchanged Y (REY), ZSM 3,
ZSM 4, ZSM 18, ZSM 20, and any conbi nation thereof. 20. The process of
claim15, further conprising the step of: (g) separating said first and

second effluents, recover .sai.d noal kyl ated. aromati ¢ prodquct. 21. The
process of cl é'm 2 ,eﬁ?‘ieﬁ%rOfd‘gar’rﬁrilg?WBe’ie S@%‘éﬁgg&rﬁmpmjmgﬁp HEFS§€par at i ng
said first angorﬁlﬁf&ﬁ@f{éf?écﬂ?@%os?aaﬁl if Eﬁgl‘rﬁitu%ids_teip‘k‘?) M3l fkedbstear omati
conpounds as a transal kylation feedstock; and (1) contacting sald

transal kyl ation feedstock with a third feedstock which conprises said
al kyl at abl e ar | ati on

mat j.c conmpounds .i.n the presence of a transalk
catalyst in alf-r ansaf %"f 8 qlaé%’cﬁﬁ:owherfﬁhém fged W@Qﬁ@%ﬁ)ﬂnét?rﬁﬁme

conditions, t 3 ) i ; 1 k&d
nonoal kyl at ede%ﬂragtﬁgl?ﬁgdg?%glﬁ%ﬁ?&g@y%?z%{ﬁ%ﬁ:{ég&%&gﬁg %%E%lf%g%b%%@%mlt her
conpri si ng t hkPshéllab.667 jpyiaseparating said third effluent, to recover said

addi ti onal nonoal kyl ated aromatic product. 23. The process of claim 21,
wherein said transal kyl ati on catal yst conprises a nolecular sieve selected

fromthe groupgcong sti f 2 36,..: th/%_:'\gil a
zeolite, fauj ggs'i te%%#ﬂ%ﬁ?tog%fg’, %fi}zgm%dit%mﬁ% , ?%%,ﬁfezeol ite
Y, U trastabl eondit{ddS¥e effaibe o meitedn ¥aid rix@resistdp @x ahaligdad phase( REY) ,

ZSM 3, ZSM 4, ZSM 18, ZSM 20, and any conbi nati on thereof. 24. The process
of claim 21, wherein said transal kyl ation conditions are

19.  The process of claim 15, wherein said second alkylation catalyst comprise
a molecular sieve selected from the group consisting of MCM-22, MCM-36,
MCM-49 and MCM-56, beta zeolite, 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,

20.  The process of claim 15, further comprising the step of:
(g) separating said first and second effluents, to recover said

monoalkylated aromatic product.

21, The process of claim 20, further comprising the steps of:

(b) further separating said first and second effluents, to recover said
polyalkylated aromatic compounds as a transalkylation feedstock;
and

(i) contacting said transalkylation feedstock with a third feedstock
which comprises said alkylatable aromatic compounds in the
presence of a transalkylation catalyst in a transalkylation reaction
zone under transalkylation conditions, to produce a third effluent

which comprises additional monoalkylated aromatic product.



effective to maintain said third effluent in a predom nantly vapor phase.

25. The process of claim?21, wherein said transal kyl ation conditions are
effective to maintain said second effluent in a predomnantly |iquid phase.
26. The process of claim 21, wherein saiggtransal kyl ati on conditions include
a tenperature of 350 to 450C and a pressure of 696 to 1601 kPa-a (101 to
232 psia), a WHSV based on the wei ght of said pol yal kyl ated aromatic
conmpounds of about 0.5 to 20 h-1, a nole ratio of said al kyl atable aronmatic
conpound to said polyal kylated aromati c conpounds of 1:1 to 5:1. 27. The
process of cl3d.m 2The pioeessiofi ckin @11 fuatheddayrmitigthe stopdifit i ons i ncl ude a
tenperature of 150 o] ZGOC% a | reﬁs re. f 696 to 4137 kPg- dgijt to 600
psia), a WHSV baseg on P9RATANEE o pptdy s thy i(f’g‘iﬁnyathylrﬁ‘f%V&rats%l 4981508/ ounds
of about 0.5 to 100 h- ﬁwn@amﬁhﬁd@%ﬂlgicgfm(ﬁ@hd al kyl at abl e aromatic conpound
to said polyal kylated aromatic conpounds of 1:1 to 10:1.

The process of claim 21, wherein said transalkylation catalyst comprises a
molecular sieve selected from the group consisting of MCM-22, MCM-36, MCM-
49 and MCM-56, beta zeolite, faujasite, mordenite, PSH-3, SSZ-25, ERB-1, ITQ-
1, ITQ-2, zeolite Y, Ultrastable Y (USY), Dealuminized Y, rare earth exchanged
Y (REY), ZS8M-3, ZSM-4, ZSM-18, ZSM-20, and any combination thereof.

24.  The process of claim 21, wherein said transalkylation conditions are

effective to maintain said third effluent in a predominantly vapor phase.

25.  The process of claim 21, wherein said transalkylation conditions are

effective to maintain said second effluent in a predominantly liquid phase.

26.  The process of claim 21, wherein said transalkylation conditions include a
temperature of 350 to 450°C and a pressure of 696 to 1601 kPa-a (101 to 232
psia), a WHSV based on the weight of said polyalkylated aromatic compounds of
about 0.5 to 20 ™', a mole ratio of said alkylatable aromatic compound to said

polyalkylated aromatic compounds of 1:1 to 5:1.

27.  The process of claim 21, 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
about 0.5 to 100 h, a mole ratio of said alkylatable aromatic compound to said

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



