MULTI PHASE ALKYLAROVATI CS PRODUCTI ON FI ELD [ 0001] The
present invention relates to a process for producing
woreowedbiayd at ed aromati ¢ products, particul arl yPCT/US2006/007261
et hyl benzene and cunene. BACKGROUND [ 0002]
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 kyl ati on
catalyst. O der ethylbenzene producti on plants, those
t ypi cal MUInTEREASE i AROMAHECSPRODUCTHON as t he
acidic aIkyIatlon catalyst Plants built after 1980
have in general used zeolite-based acidic catalysts as
FIRkeDal kyl ati on catal yst. [0003] Conmercia
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However, the purification of ethylene streans to
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Aeree—there is considerable interest in devel oping
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ethylatlon reactor systens are use uci n
requllmy ﬂbeusz eh eonqaaumb yethyleagedhat ﬂiaaa@unaaexoeedmg $0 emi %. For
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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/em’-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-



catalyst to form et hyl benzene. About 10-30 nol . % of
the ethyl benzene fornmed further reacts with ethyl ene

wa 200b00TTdi - et hyl benzene i soners (DEB), triethpdbesnesien72el
i somers (TEB) and heavier aromatic products (heavies).
These undesirabl e reaction products, nanely DEBs, TEBs
and heavies, are often collectively referred to as
pol yet hyl ated benzenes (PEBs). [0006] By way of
exanpl e, vapor(&hase et hyl ati on of benzene over
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[0009] Liquid phase ethylation of benzene using a catalyst comprising
zeolite beta is 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



(SSz-25); U.S. Patent No. 6,077,498 (ITQ1);
I nternational Patent Publication Nos. W07/17290 and
wOBRNeHE62 (1 TQ 2). [0010] Commercial |iqui d pEEES2006/007261
et hyl benzene plants normal3y enpl oy pol yner grade
et hyl ene. Mreover, although plants can be designed to
accept ethylene streans containing up to 30 nol. %
et hane by increasing the operatingpressure, the costs
associ ated with the design and operation of these
prefsuist thenepsts gspeniated wathybe segjan ﬁng aneratippof fhese plants have
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et hyl ene and et hane. The reaction takes place in one
Segioth series of series-connected reaction zones in the

[opigsence Ofs. e @ﬁbfi‘&a‘h@ﬂ 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



catal yst conprising a nol ecular sieve such as MCM 22.

The tenperature and pressure of the reaction zone are
woradoatieii4med such that the benzene and dil ut e epdlyUs2986/007261

feedstock are under |iquid4phase conditions. The

i nternedi ate products between reaction zones are
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pr oclépsd plaspr i Si ng the steps of: (a) feeding a

dom nant | i qui d ase first feedstock which
[Ogl)ﬁp“ segﬂ ars{ot{qu emboglrr]nent the process relates to a process for

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

() 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;



al kyl atabl e aromati c conpound(s) and an at | east

partially vapor phase second feedstock which conprises
wW@eoobaamvo one al kene conpound, to a reacti on zPCEPS2006/007261

wherein the reaction zone $s operated under conditions

to maintain the mxture of the first feedstock and the
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of the reaction zone; (b) contacting the feedstock
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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 reaction 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 (e) 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.



operated under conditions sufficient to ensure the
m xture of the first feedstock and the second

wo ewdsomack in m xed phase in at |east a porti oPCDUS100€007261
first reaction zone; (b) dontacting the feedstock
m xture and a first alkylation catalyst in the first
reaction zone, to produce a first effluent which
conpri ses the nonoal kyl ated aronmati c conmpound and
ol yal kyl ated aromatic conpounds, wherein the first
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22, ‘f\?&%%fﬁ\/mM-@ and MCM-56, beta zeolite, fanjasite, 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. 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, Ulirastable Y (USY), Dealuminized Y
(DealY), rare earth exchanged Y (REY), ZSM-3, ZSM-4, ZSM-18, ZSM-20, and

any combination thereof.



has at |least 98 wt.% | iquid phase, preferably, at
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w.%Iliquid phase. [0022] In the enbodi nents of the
present invention, a suitable alkylation catalyst
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(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.



conmpounds conprises a m xture of di-ethyl benzene and
tri-ethyl benzene. [0026] I n another enbodi nent, the
woreweadkdyd at ed aromati ¢ product conpri ses cunePEr/Usives/007261
first feedstock conprises dbenzene, second feedstock
conprises a mxture of propyl ene, propane, nethane,
and et hane, the polyal kyl ated aromati ¢ conpounds
conprises a m xture of di-isopropyl benzene and
tri-isopropyl benzene. [0027] hi the enbodi nents of the
present invention, the transalkylatlon condltlons
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least Ryrtially paner @hmld@omﬁwmlk@efa@é ap @ligne g 81 alpee is
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ocKk y vapor ase
seecﬁm:tbeadsemk 6rarab<hﬁbhﬁecaﬁEdInﬁch &tekletnek m dAhanaﬂmayJ @ ploﬁtlon of
so fed he by- able reactlve guard bed 9. The
Bomised cesiork 10 mike B b aeiecd Al bigatsabladrstive guard

eﬁr¢ asCQ i Jifagsdst?ecan{q%ed A;tqug@ tagﬁ)ttldhzof Hid ﬁﬁibrﬂt fe¥ bk @ is

portion sald m xed feedst 12 may be by-passed
supplidntd & heachyn zass alfIthe rexatvd gearded . b%legrea@wa zone of

by - t 13. At t ti id
rertbiR SR et Fautiing it 1o Rlge BRI tREIB G ot oy fefinea
bdl GRS iﬂcﬁﬂn%'&[tqlob ﬁﬂnt%d tol VECNIERS MOML- ?GDMCM‘ 49 NICM-$6, and

guard bed 9 conprises at | east one suitabl e al Kyl at’i on

cogRinAtpns ﬂ(eae;@fd it laest) atnoirtew) of sand mixidnfgediocknbl is| gomfacted
o8 U7, NS A5 BT MGG 15
reh@iof @ohawt lﬁddl\Met dfidt sffiut@lall ehatl deith el roactioatzahy B the figeid
phsageI tI*alpslt gfﬂ?llegty 1I 1a1ts Itl?errll c%?n%?ﬂe&ilva‘[‘hsthle rl;y pra]lses 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



reaction zone to produce a first effluent 11 that
exits the reaction zone in the |iquid phase. First
w@bdobnenro 11 i s then conbined with the by-passPGL/U&EENG/007261

13 as a conbined effluene.9First effluent 11 is

conpri sed of an al kyl ated aromati c conpounds (e.g.,

et hyl benzene or cunene), any unreacted al kene (e.g

et hyl ene), unreacted al kyl at abl e aronati ¢ conmpounds
benzene), and non-reactive light diluents
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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 unreacted alkene and unreacted alkylatable aromatic

compounds as compared to the amounts obtained at higher conversions.



may change to liquid phase at any point of the
reaction zone 2 1 due to the alkylation of the
wW@e@aaoi4co conpound with al kene to formthe al kpdHUS06/007261

aromati ¢ conpound. The redétion zone 2 1 conprises at

| east one suitable al kylation catal yst (as defined

bel ow), including, but not [imted to MCM 22, MM 36,

MCM 49, MCM 56 and conbi nati ons thereof. M xed
feedstock_15 and second feedstock 19 are contacted in
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at or near 100% al kene conversion. Alternatively, one
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[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



defined below) are contacting with a third suitable

al kyl ation catalyst (as |listed above) under suitable
w@bdoghetsron conditions to produce a third efflRPEnUS2006/007261

[0036] Third effluent 49 flilom he reacti on zone 47,

which may be in the liquid phase or m xed phase, is

conprised of the desired nonoal kyl ated aromati c

product as well as any unreacted al kene, unreacted
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trampak glhioh weadr, aeinkiat ﬁrﬂé@’aﬁmmhfiﬂllmheraﬂaﬂt%remZ.O/QAt least a
- ef ly 40 to 80 wt.% of th | yal kyl at .
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transal kylator 59 may be supplied to separation bl ock
optedOmt the rvapdryphase aredal kiifeid grhass, fal mixed pbase, mayg chmbined

cogjoilhned pbth . third efflLuent 49 fromthe al kylator 18
RO POAS OIS PRASE PREE- Separ ati on bl ock 65. The

Fed@sibéked al kyl ated aromati c conpound (e.g.,
et hyl benzene or cunene) is separated as product stream

[08401" [ 0039 heafirsh derglhtosth sompriseseate Akiilgable gromatis rewmpoppd.
h [ . J [ nt40Nn. i S [ »
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for exanple, may be used as a neans to generate steam
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sub§ftfe@ and SuiiERked RORYT Hd RlyMciddr bABbuRsBbmpounds of
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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.



portion of at |east one of the reaction zones in the
al kyl ator and/or reactive guard bed, nay be operated
W0 pooa/10ri4x@ed- phase. Ot her such reaction zones negTI/82006/007261

operated in the vapor phad@ node, a |liquid phase, a

m xed phase, or a conbi ned m xed-phase and/or |iquid
phase node. Feedstocks [0040] The first feedstock
conprises an al kyl atabl e aromati ¢ conpound. The first
feedstock is Predoninately l'iquid phase. The term
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[0044] Réformate 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 C;-Cy alkylaromatic compounds, such as cumene, as well
as Ce¢t alkylaromatics, such as Cg-C; linear and near linear alkylbenzenes.

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

[0046] 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.%.
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al kyl aromati ¢ hydrocarbond3can al so be used as

starting materials and include aromatic hydrocarbons

such as are produced by the al kyl ation of aromatic

hydrocarbons with olefin oligomers. Such products are

frequentl referred to in the art as al kyl ate and
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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 Transalkylation 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



off gas fromthe fluid catalytic cracking unit of a
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[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
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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



particularly the inlet portion of the reaction zone,
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[0056] The term “predominately liquid phase” used herein is to bé
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
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alkylation conditions.

[0059] The alkylation 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.



ambient or up to alkylation conditions. At |least a
portion of alkylatable aromati c conpound and typically
w@eoobaamvo a portion of the second feedstock arBCPHS®EE007261
through the reactive guard8bed prior to entry into the

first reaction zone of the operatively connected

al kyl ation reaction zones in the reactor. The reactive

guard bed not only serves to affect the desired

al kylation reaction but is also used to renpve_ an
[00&ct i ve Ranfnutarcpeditions fonsanrgagout hganixaghasy tor phase

L . . . ;

SRRz il M rBA ARG £ R Bl bf ol BB 19810

286%3 qiréfembhy anempestutesofl firen @boutd 56 ub266°C, bpressue of 689 to
| acenent than the

D EBh 100 GPEPERTM RT3 b SR hOA s @15 o
438Ug48), kheWH§VnE{/s|€@l dnY e@lpfeyle ded Webdn ag%;ggﬁé._l Clol ¢RI

so that the aI1 ation feedstock can directly
preferabhe Os2td 24 comonepteéatatdy k§.6 doilom , reeac WMHSV besed oni both

t he reactor nth uar d [ 4 of .service. (=)
i3 FodGoardonarrrbgrape paad 1 3of Re BerEf G ke
an@a rhéle atid ofdenRieeethyleOr&iH Rb&R1 b Rbd@woor d OYan | ow

operation. [0058] The al kylation reactor used in the

[08¢Mcess oWhengethp rallesdaiion; sysient inplides antreptive guashdedst Bois
o AU TR A BT BRIt
opafad anﬂ(eirrm&mmrb tof idyn bi&)qd% gsa’) mab?ﬁ’q; predgratilay zetdﬁp;efwdu@wf
100% ene er si on. e 0 t.a separate )
frpn et Ry o266y adubs 8 ﬁ?‘gﬁo (60T hecs ¢ n©s007 psia),
préfefont At REshRAFT8H0 BRYoRABles ?1%% 93y ﬁb%i%%lao\@ﬁs@i Pased on

conditions. The finishing rea tlor wou SO contlal n
etlpflénd &uri overalatradopat of Wi ¢ 1ohl d pheferably, $eldrgo & h™, more

dif f th t d,int | kyl.at i
pritgibPr0 B B BeRSOLY Spett dndelh FiRglsre o Saage fo
oVéRilOfeabldaDE 1@ toy 160 MON pEaeblyl 20Sto $® @S hnd Remole ratio of

al kyl ation reactor used in the process of the present

beprrpere pbilene frpingibpyt Istolabewtilde to t hebdesi red
| kyl , t
[Ogég)g?rgl I z ’fﬁeegol glﬁgllife'ﬂl %raxéﬂ[%gc %%m%og%f saﬁﬂéﬁaggfélggﬁgs may %)e

produces’a sone “poly speci-es.
separttedt hvref frdnsalkylatioomwite fallbahtablekyhrdtate ragiound(s).

zone i s supplied to a transal kyl ation reactor, which 1s
Mppeateylatgd s erpmatice cORBRIR o151 RYGeat Pontrpnsatkyltion TiRgtween

e R L T o
[08@Mci es 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 WHSYV 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
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%%ergcg h3]7S f hzen%Qi ?2§?E?€ogsi l}%%@ Q§o0t§258ﬁ5r6é5f g?sg eys, the
syhithgsis of hlkylaromaties, pnaddngbthylbenzene, 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,
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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



5,362, 697. The use of MCM56 to catal yze the synthesis
of al kyl aromatics including ethyl benzene is descri bed
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entire contents of all thejabove patent specifications
are incorporated herein by reference. [0067]
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ﬁﬁSMﬂ aotmaljemceacheaf the operstiveby cemecid. a]lg’l%@g 1gagylon zones
2|sde ere |nU Pat ,

ag Ilquané de s CqY %onls_; a§1§; tth'ég ‘the ag&gat%big aromatic

@ﬁuﬁﬁﬂﬁtﬂ@ﬁ@ﬁdmel n U.S. Patent No. 4,016, 245.

is nore particularly described in U S. Pa gglgt.
Tho invéntiaywilBhe nme pavichledy desrribad avidyrefrence fe g llgwing
EEat egt specifications are incorporated herein by

nce. [0068] As a further alternative, the
Eahinplet: Dipad PhaseABgiligdmt i on catal yst can conprise a
Iarge pore nol| ecul ar sieve having a Constra nt énggﬁ%ene

[0054E  hanThe Wllpvag &XrEPI§e SHar & ErleP’é?laté?%v
Fa]'uHH &ith& &féyléﬁe fﬁeﬁ(?n%ﬁ@ée' SBYatidd fe6astvidik @btbidedS¥ng a

um ni ze rare earth exchanged Y (RE
pmprxémny hmneﬁiﬁwlsoﬁwﬂsmadkagZSWBmg-hme%@HhW weg grjoplated,

L DRSO Elp RS, By i

cgef%&%mg)% Zeolite Beta is described in U S Patent
Nos. 3,308,069, and Re. No. 28,341. Low so

[0 ast 2 bTe Viepd | te ceach r catilisy ebadUisypharact "dé@g P g BE, ratio
e At AP P 1 e

THe vehyShigiPBIEfitio Moan hd#baRor San ih?ydbnd feedgidiek Withsa chemical or
described in U S. Patent. No

ofbyl eevguIity H@slé‘l"]ll%@&asf’ F) a%om,g{,gpg gurﬂiﬁo operate
%‘ﬂ{’ezlxgﬁg@‘lasévbfhg%}h% atufosnfl %}ééglﬁ'éé Of tAE Edélifahd Qfﬂiﬁhtes"tteains

SO aval eln syt hetic orrrs such
13 EAchrbed densuffici¢it. te allow ph tquid phasoepteationdn ﬁxeevgbnh@abﬂ ahe

a reaction xture conpr i a tetraethyl ammoni um
rﬁ?‘mé@&hﬁjl %@%P&%hpgle is disclosed in U S
Pat ent Nos. 3 766 093 and 3,894, 104. The entire



contents of all the above patent specifications are
i ncorporated herein by reference. [0069] The sane

w@aa0al19=r0 may be used in both the transal kyl at PONUIINE007261

and the al kyl ation zones op2the present invention.
Preferably, however, catalysts are chosen for the
different al kylation zones and the transal kyl ation
zone, so as to be tailored for the particul ar
reactions catal yzed therein. In one enbodi nent of the
present invention, a stafebledl activity catal yst for

—exanpl e, 50% zeolite and 50%-biRrder{s—usedtnthe

hi gher tenper Bl &1 kyFt i c;[ﬁg@atvgflgypt 5 | LA Ty o

hi ghenl act i ViCoyvesah al psitlativer| retiogniptice| V&8 z guk ("Ch GFrck)

25% biinder ils ysed iln4 e bewer |t enperature|al kyllati on
cat al Lst beds, L{aﬁil Lﬁesuﬁla?éb?b triansal kyl at i catlal vst

Bpdl ysefteh tHe transal kyl ati on2%¥ne®l n” such|af?>? 4270
enbodip@mds |any T nev|shi ng agactdr zone coulyl i2a€ljudesro

NCAL 24 cat allvet bhadlf aor b il A hacal nnpor.at i n n7n1
TV VT—=—Z ooy ot —IoCu | LIRS | I OpPpTT all U1242.6 uu:m
BE\Z ¢ he:Feﬁ‘rocess of the invent g?h t k8| al kyl ati on

react ijBffludnh |at | ed8d the fPPst, -jand hor mal 1y i RF6Bach4165

pUiztheggpergtivety g mect ed g Ky ai3ion req[ﬁzgﬂg ZONER5
t akes a under lilguid nhaLp clonditions, . such th

0] ce < L
the allk&lreat abl e art®rati c défpound islin the|liZdutld 3980
Balhase.[retlhe 1jnvention w il be| natle Jtl cul an 429 3980
descr ibed-wth—+efprence—+0- FoH-owng—Exanplss
Exampl B i qui d 'Phase AIRY) at fon [0071] The o] %
Si hefll at i on lof 2B&Hzend’1s
P

I/\L
T

Bedf | oWFd exanpl e ig a conpuf 872 Jof “Bén;
_ 'Lase. ST @R| 0N3660

et hyl aEkpn W tT ety ene Tagg[ 1 qq'r
resultis wera obtai d using. a tary ny

P+ | mceu—gal-._J
Bedy t welresd padkage. Vapor - | i qu| d®8quilt? bri um gl 3660

cal cul/efied: [t he Saaye- Rediz4ah- Kwong f¥quat i an- ozf64.§t at 8590
wi-tHh-epti-mzed—interacti-on—coefHHerents)—{ 06672} —The
feed to each catalyst bed is characterized by a B/E

Exanple 0 BNBRAPH Re/Eiquil s Pedignr at i 0) and an E/E
ratio (Ethylene to Ethane nolar ratio). The very high

[80B1r ati 0 The delldwitg cemanmle of ancasmpiere sEnylatis tadc ixed-

ith.a.cheni gal or pol r.Qr I [
A e BT B PAS L 60 BBl e B
ihveiitibf. Thasase Theokfiper & vpaateaind niix@sphase/Bquod-phise. The
feed and effluent streams to each_bed are sufficj g{étd are

tergperpiusy 20d Prossiesd of Hae deeshh andytiurnf stresas dareafly
sBftient N6 allow mixed-phase/liquid-phase operation in the catalyst bed. The

results of the simulation are shown in Table 2. Note that pressure increases across

bed 1 (the RGB) due to downflow operation.

Table 2
Ethylene EB B/E | E/E | Fraction |Tempera| Pressure
Conversion. ‘cumulative ratio | ratio | Liquid |ture (°C)| (kPa-a)
(%) yield (mol. %)

Bed1 (Feed - -120.0] 48.8 1 170 3330
Effluent 100 5.1 - - 1} 241.7 3380
Bed2 [Feed - -1 6.1 48.8 0.93 170 3160
Effluent 100 17.6 - - 1 250 3150
Bed3 [Feed - -l 5.4| 48.8 0.93 170 3050




results of the simulation are shown in Table 1.Table 1
Exanpl e 2: M xed- Phase/ Li qui d- Phase Desi gn [0073] The
woabdeor41g exanple is a conmputer simnulation of PCT/US2006/007261
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pafe

pptTcations, test—procedures, priority documents,;
articles, publications, manuals, and ot her document s
qoazg her eiAll arpatehtsl | paﬂeﬂtcoamk:aﬁcaﬁ byest efpesoedmes,t Qriority
t he extent such I.scl osure is not incansistent with

IRPEDHSY it leh PaRECHtons.apYals, ARdiPEer éﬁ%mnwtwt%h%wre
I t 4
(EHNERE R I OR Rl RGo BT ihomin

vatheitis inzegen tndrfonmyl jupisdictibnsrin wlnclarsychippesrpbratibt is
are ]gﬁonterrpl ated. [0076] Wihile the illustrative
nts of the invention have been described wth
HOMS] cul ar iwten hhimwidal 1dveer UGy S1doaandritat upRE ligHE are listed
other nodi fications w || be apparent to and can be
ML, [rynges oy lewse limidite peyiupper Limdt are confemplatad.
ting f t .
16831 41 no VIR e ifidkiite o3RRS OF (b SmialST e been
desdrived aythepatchlingtyeit avill ®e uindérsiedd timt tvbﬁo@«ﬁh@l Iﬁsdlﬁ&dlons

de crlgtlons set forth herein but rather that the

o1l bfsRparRb AR @t can & reatilynpadsh dhoseiskilled 1pehe grtewithout
QkpRahe H&h! ﬁenﬁ) dﬁ'i b¥d Wb of 884 Gfvd {{l.h%cp r'c;,ﬁ'%!y, it is not
|nvent|on i ncl ng all “features I ch woul 0

tintemdedthaisthe goopeadfethe slaireamehdal/hdrboge kited tdtheexamples

e ALCE

Ru&sHSdssinB | LN tHeOoRPut ST RidMYIbRe ISR Rhich %ﬁ&@?n ke Fresent
first reaction zone, conprising the steps of
invention, including all features which would be treated as equlvalents thereof by

those skilled in the art to which the invention pertains.



(a) feeding a predomnantly liquid phase first

feedst ock whi ch conpri ses benzene and an at | east
w@20obilad4ry vapor phase second feedstock whi ch POpS$i08€807261

at | east one al kene conmpougd sel ected fromthe group

consi sting of ethylene, propylene, nethane, ethane,

and propane, to said first reaction zone, wherein said

reaction zone is operated under conditions sufficient

to ensure that the mxture of said first feedstock and
CBAlMISsecond feedstock is in mxed phase in at |east a

artion of said reaction zone; and (b) contacting said

P& ock mixture and a first al kyl ation catalyst in

said first reaction zone, to produce a first effluent

whi ch conprises said al kyl ated aromatic product and
1.pol yAlpcgdeas ot prodneing enedpeeh dmatisepredvct eigh Cpmptises

ef fl exits said reaction zone in ' .

1 utiherzes Sehdnean At ShefoR Sl ePsREAT TGt ot
reacfy) on @edifig ak epfadbikindpt likeide phavee fastpHeagistochangich
from m xed phase to |iquid phase at |east a portion of
sai d reactoneisgehenzepe apeatypbleasisp@Hally yApgT1Phagh seeand
said firs i ; t [
si eve sel fgg@é% ‘?’}oﬂr%ﬁ?ﬁ gﬁ)&?%yu% 1g%ggp éth ?{%ge g?%xﬁ/{ﬁ;éze?é cted
MCM 36, MedfndBe gropMohkiSifng dfedtiaylees prdpy]ent amptheig, ethane,
nordenite, PSH 3, SSZ-.(%?, ERB-.1, IT , lT%. Zﬁ0| ite
Y, U trastishprapanes {95pid st 1eaGHOTH FONS,) WpeTeEb lgd‘?a‘: o gone
earth excfiapegstduddeFdanditforlyksdtficfealtftenséMhaShe £3Mure of

20, and any conbi nation thereof. 3. The process of )
claim 1, sdidfieitreslaiodk cohdaidiseepnddpedstacl is Enaiyedphashian
i nclude a ten?erature of.,120..t o gr§65 and a pressure

of 689 t o4& I RPHIR O TG TrASUBR7ONE MY a4 WHSV based

on thg werdictidl salkrsestedk Rixdure@ndQ firsd alkglatidh @atalyst in
proceSs of claim1, wherein said first feedst ocgk has,
at | east o8dfirstygactignizeng kapwduce a figgd cHlusab Wa1chsCORIPEISF]

Ill qﬁ?gr Sihga]asi(z é%ﬁiyfakéftmgﬁ%tﬁgﬁuﬁa%@t pbSaRY1a8A Wromtatic
compounds, wherein said first effluent exits said reaction zone in
predominantly liquid phase; and
wherein said conditions of said reaction zone are sufficient to
ensure a phase change from mixed phase to liquid phase at least a

portion of said 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.

3. The process of claim 1, wherein said conditions of said reaction zone
include a temperature of 120 to 285°C and a pressure of 689 to 4601 kPa-a
(100 to 667 psia), a WHSV based on the weight of alkene of 0.1 to 10 nt.



6. The process of claim1, wherein said second

feedst ock conprises at |east 50 nol.% al kene. 7. The
weeweasR7®f claiml, wherein said second feedsPOKS2006/007261

conprises at |east 90 nol 2% al kene. 8. The process of

any preceding claim further conprising the step of:

(c) contacting said pol yal kyl ated aronmati ¢ conpounds

and a third feedstock which conprises al kyl atabl e

aromati ¢ conmpound(s) in the presence of a

transal kyl ati on catal yst in a transal kyl ation reaction

zone_under tr al tion conditi.o tp. D o
4.secohtdf BPFFSE t”&m rWalES?}Br xglgrsgge&?%%}%g?s UG S5 vt
nonogdy prdsed aronmatic product. 9. The process of
claim8, further conprising the step of: (d)
separating said first and/or second effluents to
srecoyer s I 0
5-or oo LEerRP ERARE' (e AILHRL iaRbarHa ar 1 0005
cat ahq&ﬁapﬁacseprl ses a nol ecul ar sieve sel ect ed from the
group consisting of MCM 22, MCM 36, MCM 49 and MCM 56,
beta zeolite, faujasite, nordenite, PSH 3, SSZ-25,
6.ERB-{pe #r-g% of Ic_zraghﬁ EbihGidYsebbid Aslabdiecom ﬁé%g)at least
Deal um d Y), rare earth exchanged (REY),
ZSM 3) méb¥ alkeniéSM 18, ZSM- 20, and any conbi nati on
thereof.11. The process of claim8, wherein said
transal kyl ati on conditions are effective to maintain
7.sal dTﬁ@%&@é’ssQTffdléiﬁlni WherEiaBaflisb@n fdeadtbok tdmpriseapoleast
phase 2. The process of claim8, wherein said
tran%m@Waftmm conditions are effective to maintain
sai d second effluent streamsubstantially in a liquid
phase. 13. The process of claim8, wherein said vapor
8 phas®hé praosslok yhppicosling cldint,i fortkeri conlpridingahd stepef: at ur e

of 350 to 4500C and a pressure of 696 to 1601 kPa-a..
(1010 20onigsding)said, PARIAIES Aol SOREPEIS B 2aftird

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
effluent which comprises additional monoalkylated aromatic

product.

9. The process of claim §, 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-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.



pol yal kyl ated aromati c conpounds of about 0.5 to 20 h
1, anole ratio of said al kylatable aromati c conpound
wo e00sdd™@7pol yal kyl at ed aronmati ¢ conmpounds of 1PAT/U682006/007261
5:1. 14. The process of clgim 8, wherein said liquid
phase transal kyl ation conditions include a tenperature
of 150 to 2600C and a pressure of 696 to 4137 kPa-a
(101 to 600 psia), a WHSV based on the wei ght of said
pol yal kyl ated aromati c conpounds of about 0.5 to 100 h
11, aTmel procéssi 6f efaimaRd waleksth adadth|teinsdIRYIB b1C cOAMEONE dre
to sald pol yal kyl at ed aromatic conpounds. of 1:1to
10: 1 effegfiverioanyipigabaad gecopd sipant siegm ubstavinhy ii8 @ngpor
t he g gRs of: (d) cooling said first effluent stream
to forma cooled first effluent stream (e) feeding at
Ieast a portion of said cooled first effluent stream

d| tional aibagrpsg eedstock tp .a.second .
eact nPIPEFRS dem¥f f%? rEgsalkylaigns cqpdifions  are
unde %ffﬁ@c%nt@ rﬁ&lﬁgﬁ ba@@ Secoffl ‘%fﬁlﬁf)nt %99&[?1‘ %ﬁ‘bs@&tﬁth? in a llC{uId

m xture of step (d) th a second al kylation catalys

i n sahasesecond reactl on zone to produce a second

ef fl uent which conprises additional said nonoal kyl at ed
aromati c product.16. The process of claim 15, wherein

18ai d TheCpridessOndi ¢lhiaNS3, avdeRiid efid WapbP _}ﬂﬂb@tt?dnﬁalﬁﬂlaﬂon
m xture_of step (f) in a m xed phase. The process

of clandiiars in @ éut%naeaafares%fciﬁwo&éﬁcﬁi ﬁ%ﬁ@rqsw 9§ 694 to

seot PALAE LD % BRERG A, UL S B i

melgmbbmﬂqukbmmnmhcaoﬁmbmuEOﬁhb&ut0580zmhe pracksstiobf
|n sai d second ondltJons a e ef ective

claln1a
to i t& %l FPREYG Fogrroypd niq Fpid; polya aromatic

phasgom%,gund'grbglgrtgq,eps of claim 15, wherein sal d
second al kyl ation catal yst conprise a nol ecul ar sieve

sel ect ed fron1the group consisting of MCM 22, MCM 36,
bt heSEPeSs ob et € rEffein fpid FMET e Tontitafon
Ul t r ashdiBb®s MchiSY kemperature 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 of:

(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 said
multistage reactor operated under second conditions; and

® 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.



Deal um ni zed Y, rare earth exchanged Y (REY), ZSM 3,

ZSM 4, ZSMt 18, ZSM 20, and any conbi nati on thereof.
wWQ0R06/Tbi7(pr ocess of claim 15, further conpri siPgr/UE®06/007261

step of: (g) separating sgi—pl first and second

effluents, to recover said nonoal kyl ated aromatic

product. 21. The process of claim 20, further

conprising the steps of: (h) further separating said

first and second effluents, to recover said

160! Y&hk prdleffopEIaRR b CwREER0IANT Secdfd RohdifiosRhisWiRE i @Nto
feedstock; and (i) contacting said transal kyl ati on

f eedBrBERNRRIdEHR PF He dbist Btedwiptdh conpri ses said
al kyl atabl e aromati c conpounds in the presence of a
transal kyl ation catalyst in a transal kyl ation reaction
1Z.oneThedsrbcdsk ads alak | B4, 1 wherefindaitli sstend t eongditivgisiCiaclade a
third effluent_ which conprjses additignal

rono Atk Grtara8e (o puhip Pressyts of PR 1 AGREkBa-g(100 to
| ai . hSi 1 &d -1

ceparsl Pha» 2dV ST bEaTal of yift OF dRLAESNI W Joy™

addi ti onal nonoal kyl ated aromatic product. 23. The

f clajm 21, wh ' idt L.kyl at i .

1ot al fE ProssibPt S 45 Baein s Sreapd CeBmuets frsissiitnio
0T OU R oGS siid Bt oMb 28 in MENhAGHhaMOM 49 and MOM 56,
beta zeolite, faujasite, nordenite, PSH 3, SSZ-25,

ERB-1, ITQI, 1TQ2, zeolite Y, Utrastable Y (USY)3

1028 9L URGRE dr ol B SO S DB LB g i
24. Zheolpssessvendclaetedi from the ploap ebnsisiiighf MCM-22, MCM-

SR D S B e B B 0,

25. -§§?—k2§/§|,°‘ﬁﬁ35-1,°f1 L8 mrdls Waskgl v Saiiflastable. Y (USY),

transa ation condit’ions dre effective to maintain
sai d Deelvaridized Y, rewrt earth exchangdd i (REY).yZ$Mehi ZSMh ASM-

26. e pr ss,of clai.m?21, wherein said
tran;{g1%%¥(§3ﬂdé%ﬁqn?l?lgﬁ?nith?fe e a tenperature of
350 to 4500C and a pressure of 696 to 1601 kPa-a (101
to
20.  The process of claim 15, further comprising the step of:

(2) separating said first and second effluents, to recover said

monoalkylated aromatic product.

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

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

@) 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.

22.  The process of claim 21, further comprising the step of:



232 psia), a WHSV based on the weight of said

pol yal kyl ated aromati ¢ conpounds of about 0.5 to 20 h
wdaooa/10m7@e rati o of said al kyl at abl e aromati ¢ POIpS2006007261

to said polyal kyl ated aromggi c conpounds of 1:1 to

5:1. 27. The process of claim 21, wherein said

transal kyl ati on conditions include a tenperature of

150 to 2600C and a pressure of 696 to 4137 kPa-a (101

to 600 psia), a WHSV based on the wei ght of said

pol yg)kyl atpaationedid C taaipefingst, Oto abRdier0. Hid 0addifioral

1, anole ratig of said al kyl atable aromati c conpound

to said porsuspiyisedgomabeatadacteonpounds of 1:1 to

10:1. 28. A process for producing a nonoal kyl at ed

aromati c product, which is suitable for retrofitting

28n exXihstprogpsedhylhine A2, ewkerein seidntesmgalpyatibn vhthlystcongpizes a

i qui d, i xed ph | kyl at i eact i S|
the stpSliaiqpelaia g (e ermormrnes of M. bades
firstErpdstag 54@%%} bleﬁ%sﬁt%,%uﬁhiﬁ: hdaliR, Eﬁﬁ@tstsi-zs,

conpound(s) and an at |east partially vapor ase
secofiRB-de HEQ de RTQH:, cAsoliterips Ustahte Y e@AEY o Peaklikisined Y,
conmpound to a first IO e rel i ol fidst
react nea?g‘neé(cflgn%ﬂ ei( Zg@y) uﬁﬁ@? 5 of ??Ig{] EcZ%'?ﬁoﬁ%Mt@ , and
mai ntaal BomBmatibx tHekfof said first feedstock and said
second feedstock in m xed phase in at |east a portion
of said first reaction zone; (b) contacting said

2f4g_(ad %ngo%s?ét Ot %la?lﬁde‘ %Er%{n @51 y{rﬁ{s'aﬂﬁla?fa{ua&%ﬁ?ifﬁo'ng are
said TirSt reaction zore, to produce a first effluent
whi c lefiectiqe tosesintaai hidrbivd @ffydnairedpredemniiantty paped phise.
and pol yal kyl ated aromati c conpounds, wherein said
first effluent is in a liquid phase upon exit of said

i 1 SITHeCBRLERNOZ @M £F) whekRld @&dsa&%afug{aﬁbnemdﬁgﬁ% A

streamto forma cooled first effluent $tream an

f eediefigctite toesaintain oot sccond efflusntiinl a poslosdndritiydiquid phase.
ef fluent stream and additional said second feedstock
to a second reaction zone of said nultistage reactor

Bper atRrproddebs s1ame Y, waReintsafdNgansalkylation 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 h™', 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.

28. A process for producing a monoalkylated aromatic product, which is
suitable for retrofitting an existing ethylbenzene or cumene plant with a

vapor, liquid, or mixed phase alkylation reactor, comprising the steps of:



29. The process of claim28, further conprising the

step of: (e) contacting the mxture of step (d) with a
w0 e@ndad4ky | ati on catal yst in said second reactPORUSINE007261

to produce a second efflu&st which conprises

addi ti onal said nonoal kyl ated aromati c product. 30.

The process of claim 29, wherein said transal kyl ati on

catal yst conprises a nol ecul ar sieve selected fromthe

group consisting of beta zeolite, faujasite, )

nor d&hi t efecdiag| pt predominantlys ligwide pirageUdivyt, feedstock which
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partially vapor phase second feedstock which comprises at least
one alkene compound to a first reaction zone, wherein said first
reaction zone is operated under first conditions to maintain the
mixture of said first feedstock and said second feedstock in mixed
phase 1in at least a portion of said first reaction zone;

(b) contacting said feedstock mixture and a first alkylation catalyst in
said first reaction zone, to produce a first effluent which comprises
said monoalkylated aromatic product and polyalkylated aromatic
compounds, wherein said first effluent is in a liquid phase upon
exit of said first reaction zone;

(© cooling said first effluent stream to form a cooled first effluent
stream; and

(d) feeding at least a portion of said cooled first effluent stream and
additional said second feedstock to a second reaction zone of said

multistage reactor operated under second conditions.

29.  The process of claim 28, further comprising the step of:
(e) contacting the mixture of step (d) with a transalkylation catalyst in
said second reaction zone to produce a second effluent which

comprises additional said monoalkylated aromatic product.

30.  The process of claim 29, wherein said transalkylation catalyst comprises a
molecular sieve selected from the group conmsisting of beta zeolite,
faujasite, mordenite, zeolite Y, Ultrastable Y (USY), Dealuminized Y
(DealY), rare earth exchanged Y (REY), and any combination thereof.



