1 ALKYLAROWATI CS PRODU&TION‘USING DI LUTE ALKENE FI ELD [00011 The present
invention relates to a process for producing al kylated aromatic products,
particul arly ethyl benzene and cunmene. BACKGROUND [0002] Ethyl benzene is a
key raw material in the production of styrene and is produced by the
reacti on of ethylene and benzene in the presence of an acid alkylation
catal yst. O der ethyl benzene production plants, those typically built

before 1980, used A1Cl13 or BF3 as the acidic alkylation catalyst. Plants
built after 1980 have in general used zeolite-based acidic catalysts as the
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[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.% ethylene.
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 fluid catalytic cracking or steam-
cracking unit of a petroleum refinery. The dilute ethylene stream, 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/cm2~g) in multiple fixed beds of zeolite catalyst.
Ethylene exothermicly reacts with benzene to form ethylbenzene, although
undesirable reactions also occur. About 15 mol.% of the ethylbenzene formed

further reacts with ethylene to form di-cthylbenzene isomers (DEB), tri-



reaction products are commonly referred as pol yet hyl at ed benzenes (PEBSs).

[ 00061 By way of exanple, vapor phase ethylation of benzene over the
crystalline aluminosilicate zeolite ZSM5 is disclosed in U S. Patent Nos.
3,751,504 (Keown et al.), 3,751,506 (Burpess), and 3,755,483 (Burress).

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

et hyl ene feeds. Moreover, although commercial vapor phase processes
enploying dilute ethylene feeds have been built and are currently in
operation, the investnent costs associated with these processes is high.
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Such a process is 3 o .
vapor phase, but the lower design temperature of the liquid phase reaction usually

economically compensates for the negatives associated with the higher catalyst
volume.

[0009] Liquid phase ethylation of benzene using zeolite beta as the
catalyst 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. WQ097/17290 and
WO01/21562 (ITQ-2).

[0010] Commercial liquid phase ethylbenzene plants normally employ
polymer grade cthylene. Moreover, although plants can be designed to accept
ethylene streams containing up to 30 mol.% ethane by increasing the operating
pressure, the costs associated with the design and operation of these plants have
proven to be significant.

[0011] Technology has also been developed for the production of

ethylbenzene in a mixed phase using reactive distillation. Such a process is



described in U S. Patent No. 5,476,978. M xed phase processes can be used
with dilute ethylene streans since the reaction tenperature of the
ethylation reactor is below the dew point of the dilute ethyl enel/benzene

m xture, but above the bubble point. The diluents of the ethylene feed,

et hane, nethane and hydrogen, remain essentially in the vapor phase. The
benzene in the reactor is split between vapor phase and |Iiquid phase, and

t he et hyl benzene and PEB reaction products remain essentially in the liquid
phase. [0012] U.S. Patent No. 6,252,126 discloses a m xed phase process for
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section.

[06013}] 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 including a molecular sieve such as MCM-22. The temperature and
pressure of the reaction zone being such that the benzene and dilute ethylene
feedstock are under liquid phase conditions. The intermediate products between
reaction zones are cooled and a portion of alkane, e.g., ethane, in the intermediate
products is removed to maintain liquid phase by avoiding accumulation of ethane
from zone to zone.

[0014] This invention relates a process for producing an alkylated
aromatic compound in predominantly liquid phase alkylation reactor with an
alkene feedstock containing alkene and at least 1 mol.% alkane without inter-zone

alkane removal.
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produci ng an al kyl ated aromatic conpound in a reactor having a plurality of
reaction zones including a first reaction zone and a second reaction zone,
the process conprises the steps of (a) introducing a first feedstock and a
second feedstock to the first reaction zone, wherein the first feedstock
conprises an al kylatable aromatic conpoudnd(s), wherein the second feedstock
conprises an al kene and at |east | nol.% al kane; (b) contacting the first
feedst ock and the second feedstock with a first catalyst in the first
reaction zone to produce a first effluent, the first reaction zone being

mai nt ai ned unmﬁg}g&ﬁiﬁmm first reaction zone is

predom nately . first effluent conprises an
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third feedsto it |l yst in the second reaction zone to
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prior to the [|iquid exialkengahdit lewsol nvd.% hlkanyeet anot her enbodi nent, the
process conprises another step_ of feedjng at |east a portion of vapor
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enbodi ment, the process conmprises a
reaction zone being maintained under conditions such that the first

reaction zone is predominately liquid phase, wherein the first
effluent comprises an alkylated aromatic compound and alkane;

(c) cooling the first effluent without separation of the alkane from the
first effluent;

(d)  supplying at least a portion of the cooled first effluent and a third
feedstock to the second reaction zone, wherein the third feedstock
comprises an alkene; and

(e) contacting the at least a portion of the cooled first effluent and the
third feedstock with a second catalyst in the second reaction zone
to produce a second effluent, the second reaction zone being
maintained under conditions such that the second reaction zone is
predominately liquid phase.

[0016] In another embodiment, the process comprises another step of
separating the first and second effluents to recover the alkylated aromatic
compound. In yet another embodiment, the process comprises another step of
separating at least a portion of liquid at the bottom of a reaction zone prior to the
liquid exiting for cooling. In yet another embodiment, the process comprises
another step of feeding at least a portion of vapor and/or liquid effluent at the
bottom of a reaction zone prior to the liquid exiting for cooling to a downstream

reaction zone.



contacting the first feedstock and the fourth feedstock with an al kyl ati on
catalyst in a by-passable pre-reactor upstreamof the reactor, wherein the
fourth feedstock conprises an al kene. In another enbodi nent, the process
conprises a further step of contacting the second feedstock fromthe
reactor under alkylation conditions wthA an alkylation catalyst in a
finishing-reactor downstream of the reactor. [0018] In one aspect of the
above enbodi nent, the first and second catalysts is a nolecul ar sieve
selected fromthe group consisting of MCM 22, MM 36, MCM 49, MCM 56, beta

zeolite, faujasite, nordenite, . PSH 3 ..SS7Z-25 ERB-1 T TQ.2, zeolite
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composition.

[0019] In yet another aspect of any one of the above embodiments, the
conditions in steps (b) and (e) include a temperature of 100 to 285°C (212 to
500°F) and a pressure of 689 to 4601 kPa-a (100 to 667 psia).

(0020} In another embodiment of this invention, the second, the third, and
the fourth feedstocks comprise a mixture of first alkene component and a second
alkene component. The first alkene component comprises 80 mol.% to 100 mol.%
of the alkenes. The second alkene component comprises at least 10 mol.% alkene.
Preferably, the second alkene component comprises from 20 to 80 mol.% alkene.
[0021] In one aspect of any one of the above embodiments, the second, the
third, and the fourth feedstocks are made by 1) mixing the first alkene component
and the second alkene component; and 2) adjusting the mixed component to the
conditions of steps (b) and/or (e). In another aspect of any one of the above
embodiments, the second feedstock is made by 1) adjusting the first alkene
component and the second alkene component separately to the conditions of steps
(b) or (¢); and 2) mixing the conditioned first alkene component and the

conditioned second alkene component.



mentioned processes are suitable for retrofitting an existing ethyl benzene
or cunene plant with a vapor, liquid, or m xed phase al kylation reactor. In
yet anot her enbodi nent of this invention, the above nentioned processes are
suitable for retrofitting an existing Cl13 or BF3 ethyl benzene or cunene
plant. [00231 In a preferred enbodi nent, the al kyl ated aromati c conpound
conpri ses ethyl benzene, the first feedstock conprises benzene, and the
second, the third and the fourth feedstocks conprise a m xture of ethyl ene,
nmet hane, and ethane. [00241 In another preferred enbodi nent, the al kyl ated

aromatic congodzz{ conphi $4S alietiRiN dnitRdiméRt of eggistiacdantioaMmhe Seisoveenzene,
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al kane, and ¥al kyl at ed aromatic conpound(s); (c) cooling the first
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comprises an tﬁlr eerllneé\l; t}Ze fourth feedstocks comprise a mixture of propylene, propane,
methane, and ethane.

[0025] In yet another preferred embodiment, this invention relates to a
process for producing an alkylated aromatic compound in a reactor having a
plurality of reaction zones including a first reaction zone and a second reaction
zone, the process comprises the steps of:

(2)  introducing a first feedstock and a second feedstock to the first
reaction zone, wherein the first feedstock comprises an alkylatable
aromatic compound(s), wherein the second feedstock comprises an
alkene and at least 1 mol.% alkane;

(b)  contacting the first feedstock and the second feedstock with a first
catalyst in the first reaction zone to produce a first effluent, the first
reaction zone being maintained under conditions such that the first
reaction zone is predominately liquid phase, wherein the first
effluent comprises an alkylated aromatic compound, alkane, and
polyalkylated aromatic compound(s);

(c) cooling the first effluent without separation of the alkane from the
first effluent;

(d) supplying at least a portion of the cooled first effluent and a third
feedstock to the second reaction zone, wherein the third feedstock

comprises an alkene;



(e) contacting the at least a portion of the cooled first effluent and the
third feedstock wwth a second catalyst in the second reaction zone to
produce a second effluent, the second zone being naintai ned under
conditions such that the second reaction,fone is predomnately liquid
phase, wherein the second effluent conprises the alkylated aromatic
conpound and t he pol yal kyl ated aromatic conpound(s); (f) separating at

| east a portion the first and/or second effluents to recover the

pol yal kyl ated aromati c conpound(s) to forma transal kylation feed stream
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the transalkyl ation of f R QRRIL OBl i Sec s, B BRETES
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separating the transal kylation effluent to recover the alkylated aronmatic
conpound. [0027] I n one pasjoertately liquel pliose.evieartiodherescbsd effhent camsakeky| at i on

VM 35, OV 49 and NOME 868 al5aledies BGPHE, CORRUPHO ARG By deRy Fis! BeRed Sz
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conbi nati on thereof(f) | nsepuvttiey atakpscs poftidnhtheafisy endiob aelbomd néflperth eo

transal kyl ati on condi ti ons of t%he transal kyl ati on zone in¢l) ude tenperature
of 100 to 450C (212 toTfedyey thRdralypkelatad: argpatggromporsd®) kieafamt 190 to

667 psia). [0028] In oqﬁgggl 1864 e@&?&%%ﬁ@h the al kyl ated aromatic
yl'ben

conpound conprises eth ene. I'n another preferred enbodi nent, the
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produce a transalkylation effluent under transalkylation conditions,
wherein the fourth feedstock comprises an alkylatable aromatic
compound(s), the transalkylation effluent which comprises the
alkylated aromatic compound.

[0026] The above embodiment may further comprise the step of separating
the transalkylation effluent to recover the alkylated aromatic compound.

[0027] In one aspect of the above embodiments, the transalkylation
catalyst is 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, or any
combination thereof. In another aspect of the above embodiments, the
transalkylation conditions of the transalkylation zone include temperature of 100
to 450°C (212 to 842°F) and a pressure of 689 to 4601 kPa-a (100 to 667 psia).
[0028) In one preferred embodiment, the alkylated aromatic compound

comprises ethylbenzene. In another preferred embodiment, the alkylated aromatic

compound comprises cumene.



ethylbenzene in accordance with the exanpl es of the invention. DETAI LED
DESCRI PTI ON OF THE PREFERRED EVMBODI MENTS Detail Description of the Process
[ 00301 Referring to one enbodi ment of this invention as illustrated in
Figure 1, a reactor 20 has three reaction zones, a first reaction zone 35, a
second reaction zone 47, and a third re8éction zone 59. A first feedstock
conprising an al kylatable aromatic conpound, is fed to a by-passabl e
reactive guard bed 25 via line 7 and further via line 9. A first al kene
conponent conprising a concentrate alkene vialine |l is premxed with a

second al kene_conponent conprising dilute alkene vi a I [ ne 3toforma
second feedst@ﬁﬁwﬂ_ﬂ_ﬂﬁw at | east %al kane. The
second feedst is fe e i,a line
13. A porti onﬁo@]both ?ﬂgg ert t'dlagﬁﬁﬁegﬁg%a%§ dé’t ocllgMl y by-
pass the reaCéthMBe@eﬁéﬂldlﬁdrdaﬁce\/\Nﬁh therbﬁaﬂaﬁles Sheherigaskitione guard bed 25 may

contain alkylation catalyst, e.g., MCM22. The reactive guard bed 25
typically operates at or near 100% al kene conversion, but may operate at

| ower conver > : » . 25 | eavi ng
via line 27 ?bﬁ‘hﬁ ‘ Epﬁ% hyl benzene

or cunene), angtaillmTee@QitRﬂ oatlﬂkfemc@g g. et hyI ene) unr eact ecl al kyl at abl e
aromatic conpound (e.g., benzene), and unr eact ed light inpurities (e.g
hydr ogen, ni tﬁOB@@ . et Refesinga i oBe wmeyhmephé)frtbacmvv@mguaa} dllusbr@wdemfl uent

0 line 27 i Spurt ey LaRPhgd, Wilh G SIream R [agodghangk Lhen,, passed

to a heat exch ger T a e>’<chan

fed to the regdtioaNnzoneny, 3ad \4 ehirdi fiegctidd. zofe ot A0 figdt féamlard &)ﬁ@ﬁahgcalﬁ is fed
to the reaction zone 35 via line 31. The conditions (tenperature and

pressure) of ztlhjéatabléamm@m Qcm@uad, issfed ta A hytnassableerenstivedzupeskbbist 3Tki? is in

predom nant | y ui se e n_zone 35 acked wt

al kyl ati on ca gf@’%be Vlﬁ\/&i%? %2 %ﬁgi: ﬂ? S%PQE?HLF@ o COQ?%‘?@% c
conpound i n t{]Rer%t v¥ig Ame Af 1s|15r81ﬁ1x%§ with &lskaonatBebnWicothpohdif cBhipERRg idMufche

addi ti onal second feedstock in line 31. An effluent fromthe react| on zone

35 i s withdr aslkerferomlinhé hoefauma)wczm&eeﬁoqh eonprisng’3gh alkbme awhdileisbds  of
the reaction zo 5 ar c n zon 35 i.S maintai,ned in 9
pr edoni nant | ymPf"g’Lﬂ h E\*H{e‘%SéW?af f?ﬂ i‘tgﬂgq qre‘flﬁbver%l %tl?eg&%zone 35
is typicallyyomngeated p%trtld?f of Vet ﬂfeqirgtolge@sﬁ}cﬁ)éhg'ﬂ?e SRRk may by-

pass the reactive guard bed 25 via line 19. The reactive guard bed 25 may contain

alkylation catalyst, e.g., MCM-22. The reactive guard bed 25 typically operates at
or near 100% alkene conversion, but may operate at lower conversion so that the
effluent of the reactive guard bed 25 leaving via line 27 is composed of alkylated
aromatic compound (e.g., ethylbenzene or cumenc), any unreacted alkene (e.g.,
ethylene), unreacted alkylatable aromatic compound (e.g., benzene), and unreacted
light impurities (e.g., hydrogen, nitrogen, methane, and ethane). The reactive guard
bed effluent in ling 27 is further combined with the stream in line 19 and then
passed to a heat exchanger 21 via line 23. An effluent of the heat exchanger 21 is
fed to the reaction zone 35 via line 33. Additional second feedstock is fed to the
reaction zone 35 via line 31. The conditions (temperature and pressure) of the
reaction zone 35 is such that the mixed feedstocks is in predominantly liquid phase.
The reaction zone 35 is packed with an alkylation catalyst, e.g, MCM-22. The
unreacted alkylatable aromatic compound in the stream of line 33 is alkylated with
the alkene in the additional second feedstock in line 31. An effluent from the
reaction zone 35 is withdrawn from the reaction zone 35 via line 37, The conditions

of the reaction zone 35 are such that the reaction zone 35 is muaintained in



[0031] An eff1uent from the reaction zone 35 is withdrawn fromthe reaction
zone 35 via line 37, passed to a heat exchanger 39 prior to injection into
the reaction zone 47 via line 41. A portion of the effluent fromthe
reaction zone 35 may by-pass the heat exchanger 39 via |line 45. Additional
second feedstock is fed to the reaction %one 47 via |line 43. The conditions
of the reaction zone 47 are such that the reaction zone 47 is maintained in
predom nantly |iquid phase. The al kyl ati on catal yst of the reaction zone 47
is typically operated at or near to 100% et hyl ene conversion. An effluent
fromthe reaction zone 47 is wthdrawn fromreaction zone 47 via |line 49,

passed to t he Préaminartllidifyed pbascprihsralkdenian eatelygnod et rractianeencods dbne 59
via |line 53. ﬁ‘%l&?g%a% AR eaﬂo ltqh?/ﬁgﬁ‘{‘,ll‘i}f%n& Vfg{(rﬁﬁflp the reaction zone 47 may

by-pass the h anger via iI'tional second feedstock

is fed to reagodanp zone Adeffluém flohN@e dactidihone86s Withdawafrdnh@er&rbbd On zone
59 are such that the reaction zone 59 is nmaintained in predomnantly liquid

phase. The al kgnaiS via lisaBal pastedde ahpat cxedmogeradd? priss freinBgiipr inte fhie cedction

operated at or near .to 100% et hyl e CQRVErsi o An effl ue fr,omthe
reaction zone“8%¥ sw\?&n%flﬁg?' 0?&8;‘# _ae?ﬁ e&ﬁ%?@ﬁge gegc@qrbzqqeﬁg gy DYRAE ed t o
the heat exchangeat S&hRigePB9 VR lind 43¢ WdBHfiohd]ls6eohd TreRBSR 208 to the reaction
finishing-reactor 67 via line 64. Again, a portion of the effluent fromthe
reaction zone z8% 4hyiafipe g3asEua doaditivasef thx tdaetmperone 47 wiesuch that 86 reastion

Via line 63 P EbRrEnGuedgh pidomegolColiarRes AR afith bR O GRe are ©

such that the OynpRseRPiPist typicallyl BSkteR et & nddf td SodWle gi’én@edénvérﬁon. An
predom nantly |1 quid phase. "A portion of the feed to the by-passable

fini shing- reafflent 87mrthy réagtipragenet4¥eis withdeewgafrbm rbaatios kbng4T erdiner49%7 vi a
line 71. The _alkylation catalyst_of.the by-passable finishing-reactor 67 is
typical |y opePAtEl e Bt SRErbis | G LRI OhE BB HOEral 49S SPOMSIR Fne
effluent of I 'A’g%inG%l HdrRGR bPend EAGE tlof?orﬁ_QH@r&&i&?ﬂ&iﬂ’ﬁ%a&ﬁf#&g?%@ﬂéﬂ pass

streamvia |ine 71 1'eaves by-passabl e finishing-reactor l'tne 73. The
stream i n |i nexd@ngaritlavialing 57 hed dédifiored sabkd Fetlgdckars dadita reagiohloant9 as wel |

ol ya kyl at od i et A1 OPUTRES DerEthUn £ S ERANBH s FRBRTORE P9 ne 75
R e L
ef fluent of thensé&pdy Bbicaily bpaated A7 of asdrao 100y dikylzeneonversion. An effluent
from the reaction zone 59 is withdrawn from reaction zone 59 via line 61, passed to
the heat exchanger 62 prior to injection into a by-passable finishing-reactor 67 via
line 64. Again, a portion of the effluent from the reaction zone 59 may by-pass the
heat exchanger 62 via line 66 and additional second feedstock is fed to the by-
passable finishing-reactor 67 via line 63. The conditions of the by-passable
finishing-reactor 67 are such that the by-passable finishing-reactor 67 is maintained
in predominantly liquid phase. A portion of the feed to the by-passable finishing-
reactor 67 may by-pass the by-passable finishing-reactor 67 via line 71. The
alkylation catalyst of the by-passable finishing-reactor 67 is typically operated at or
near to 100% ethylene conversion.
[0032] The effluent of line 69 from the reaction zone 67 combining with the by-
pass stream via line 71 leaves by-passable finishing-reactor 67 via line 73. The
stream in line 73 containing the desired alkylated aromatic effluent as well as any
unreacted alkene, unreacted alkylatable aromatic compound, polyalkylated aromatic
compounds, methane, and ethane further via line 75 is fed to a separation block 77.

The unreacted benzene is separated and withdrawn via line 97 recycling to the



and lights (e.g., ethane, and nethane), is w thdrawn from separation bl ock
77 via line 79 to a striper 81 where benzene is striped and w thdrawn via
line 87. The lights are renoved via |ine 83. Heavies conprising the

pol yal kyl ated aromatic conpounds separa&&d fromthe separation block 77 are
wi thdrawn fromthe separation block 77 via line 89 to a further separation
bl ock 91 where the polyal kyl ated aromati ¢ conpounds are separated and

wi thdrawn via line 85 to the striper 81, optionally conbined with
addi ti onal polyal kyl ated aromati c conpounds via |ine 82. The conbi ned

pol yal kyl at ed recQsrBidnes. CONBRGHRER FilidnP6f thScheRBaNBockCINRRRRMhg bendhe
striper 81. A bottomstreamof the striper 81 is withdrawn via |line 87

further conbi ped lights Ke.gadgthaherrad methane),fis sdthdosin {rpm Jeparetiooblotkd7 sombi ned

streamis fedto.g . transal kyl ation reactor 103 vi.a line 101. ,.Th

Cranaal kyl ati SHE Tdbat Sreri i MreRChirp a8 vt OREhRA L i 7 Tke 20- 100
wt. % pref er alfbs 49e trBmo®d Wa fhe 8. H@&d&ob&ﬁ#ﬂ@ﬁgﬁft}ﬁﬂp@lﬁﬂ@me@ &OmReINds in
the streamof [ine 101 are converted to al kylated aronmatic conmpound. An

ef fluent in | compnosfsepamatede fromr s atpeydtiani black eBlc e svithdravoniffomedhsvi t h t he
effluent of line 73 fromt by-. sabl e .fi,ni shing.reactor 67 as i}l passes
to the separ a??@?@Poﬁ@%?ﬁﬂ%h&?%} g‘fé"dfu Brﬁﬁﬁrgtl%. n%Pi%h%%ﬁg? ated as
a effluent strLeRMWatdAdaWRHY Eonpdls 93 sehABR3lanfRefiiatdw}vik QiR M3 B&he

enbodi nent of "this“invention as i1llustrated in Figure 2, a reactor 221 has
t hr ee react i onstripon8k,optionaboedntinnaiomsh 2@dtionah polyalktylatnd argmaiéc SefiEpounads a

reacti on zone 259. first feedstock.comrising al kyl at.abl e romatic
compound is f&§ ’t%éf- gﬁ-bblepa@g@m pelyalkyiated emp BubeeS $imps, the, BEBEIE o
further via || . f LS| . &qq%- east 1
nol . % of al kgﬁgp%%%%gghﬁgﬁggg%lé?teﬁgﬂgégrg Eégégtggeﬁlggﬁﬁ?g 213.aillﬁé(;3I second

feedstock is &7 furtkérucaminhesa withr sdditadnkk fiest cloedstrekntia dorep99. sTing cambioatent r at e

al kene and/or a secand al kene conponent conprising dilute al kene., A portion
of both the fisfrem i g%ﬁéq aclkmspiy hen seeihd e‘élasl%f’ﬁcﬂdl cplyansalkulation

reactive guar ?%al%‘i’s ?@ﬁis‘é@p,%rmdze? %gnldﬁt'ﬁlﬁ S8Rt ‘26-1%35@@5&%%% By, cont ai n

al kyl ati on ca yst, e. e reactive guard b prcally

operates at oBOnetn, &0 0 milydidated avatiRicaompobids inethe apeamtof lime 100 Vvues
conversion so that an effluent of |ine 227 |Jeaving the reactive guard bed
225 is conposé&mrted Ryalkylagd sarematic compmpslinyn (difeent ingling 19 fiasmdheyr

cumene), any ynpeASARRnNHEEDS fCedhnbin&l Withef)emiH: SR 73 om the by-
passable finishing reactor 67 as it passes to the separation block 77. The alkylated
aromatic compound is separated as a effluent stream withdrawn via line 93.
[0033] Referring to another embodiment of this invention as illustrated in
Figure 2, a reactor 221 has three reaction zones, a reaction zone 235 , a reaction
zone 247, and a reaction zone 259. A first feedstock comprising alkylatable
aromatic compound is fed to a by-passable reactive guard bed 225 via line 207 and
further via line 209. A second feedstock comprising alkene and at least ! mol.% of
alkane is fed to a reactive guard bed 225 via line 213. The second feedstock is a
mixture of a first alkene component comprising a concentrate alkene and/or a
second alkene component comprising dilute alkene. A portion of both the first
feedstock and the second feedstock may by-pass the reactive guard bed 225 via line
219. The reactive guard bed 225 may contain alkylation catalyst, e.g.,, MCM-22.
The reactive gnard bed 225 typically operates at or near 100% alkene conversion,
but may operate at lower conversion so that an effluent of line 227 leaving the
reactive guard bed 225 is composed of alkylated aromatic compound (e.g.,

ethylbenzene or cumene), any unreacted alkene (e.g., ethylene), unreacted



al kyl atabl e aromati c conpound (e.g., benzene), and unreacted |ight
inpurities (e.g., hydrogen, nitrogen, nethane, and ethane). The reactive
guard bed effluent in line 227 is further conbined with the streamof |ine
219 and then passed to a heat exchanger,;221 via |line 223 before passing to
the reaction zone 235 via line 233. Additional second feedstock is fed to
the reaction zone 235 via line 231. The addition second feedstock is a

m xture of a first al kene conmponent conprising a concentrate ethyl ene

and/ or a second al kene conponent conprising dilute al kene, which may be

different in goymasletat@Raticr@mpoltd &oeoiazéRydat ealeatee deRdnipariaaof. g, | i ne

213. The conditions (tenperature andﬁﬁressure) of the reaction zone 235 is

such that tHvdgesdnitresers tnartkane; andg dbi Teasitveysuard bedi elilartein lipge

nroact edal kA barae B Wik, %s&?f'ﬁ%* BCARTRR 1R s o GG 0™

wi th the al keg@hidyet D21 afidlidd mbefo&ep‘e@ﬂﬂ% ft@ﬁfé%e@@ﬁ@n%o@e'%ﬂenazﬁﬁe 248
effluent fromthe reaction zone 235 is withdrawmn fromthe reacti on zone 235

via |ine 237.Addidongl kptendi teaddedkaisyfed iof the reaatieaczoner?32ovie 1ie3B3li stheypi cal |y
operated at or,.near to 0%.et hyl ene_.cony, i 0034 T effl.uent from

The Feact ; on SRER skt RO B A RFER A B Bl GHTpRRe SSEPUHEE  ne 537,
passed to a heatefehandese Eﬁ’@oﬂoﬁ 's&:ron& (alldeﬁé %@rhg&{bnt Bompfiéng @Gk iaARngoNe 247
via line 241. AEOI"[IOI’] of the effluent fromthe reactlon zone 235 may

by- pass t he hebich exayHzndjfereaBi «mnaaolsnma foars thedeotridefecdstintkt fealiag thsambnd
feedstocklsfe he reaction zone 247 via li 243.. The cgnditions of
Lhe reacti on BEoaC Bhecondi NG RMpRGITs f présiie) oh e drtion foret s il med i n
predom nant | yghi tﬁé'hﬁ'xed%é’d%ﬁ)ckér H%ﬁ{éﬂwnﬁ{ahﬂg g/ﬁe%hé(s%t TR reta&ﬁmfz%ﬁgﬁﬁs)ﬁ zone

247 is typically operated at or ear thyl ene conver si on.
ef fl uent fronpacked vatichoslkyletien 24filyss e.gi tMGMad Thommresatedi aihylztahke 247 via

| i ne 249, passed to a heat, .e 51 of t ecti.on in the reaction
zone 259 v a FPRAtioNPRE: .uﬁeeg o@%m ?%:h 5413@ sl gﬁﬁhqﬂélmneﬂ?@mﬁﬁ@wp@acu on
one 247 ma Q@p&ﬁ onal
gecond feedgt%@ é?%%%tdggrﬁ%%%%(lﬁon zoﬁ%&%gy@?é‘é ?ﬁ%z%%zg[}ﬁ“mgfon itions

of the reacti fmnzthmma&ﬁﬁl zane 23teh line@3 71 He dledatidnoratatysh of thbPedciomesmet ai ned

in predomnantly |iquid phase. The al k Ioati catal yst of the reaction zone
259 is typi céﬂ Jigt Wlﬁpéﬁaﬁg aber neakto F0g7e ‘i@gﬁ%’é‘?WV@ﬁ’@nconver sion. An

e Luent romopg " eachhoaumane sie derak o {f AGRELPAAPLE 259 V12

by- passabl e fieattiini d0ge P8R etadine237, p'asaed ﬁOITEheat exchanger 239 prior to injection in
the reaction zone 247 via line 241. A portion of the effluent from the reaction zone
235 may by-pass the heat exchanger 239 via line 245. Another additional second
feedstock is fed to the reaction zone 247 via line 243. The conditions of the reaction
zone 247 are such that the reaction zone 247 is maintained in predominantly liquid
phase. The alkylation catalyst of the reaction zone 247 is typically operated at or
near to 100% ethylene conversion. An effluent from the reaction zone 247 is
withdrawn from reaction zone 247 via line 249, passed to a heat exchanger 251
prior to injection in the reaction zone 259 via line 253. Again, a portion of the
effluent from the reaction zone 247 may by-pass the heat exchanger 251 via line
257 and additional second feedstock is fed to reaction zone 259 via line 255. The
conditions of the reaction zone 259 are such that the reaction zone 259 is maintained
in predominantly liquid phase. The alkylation catalyst of the reaction zone 259 is
typically operated at or near to 100% ethylene conversion. An effluent from the

reaction zone 259 is withdrawn from reaction zone 259 via line 261, passed to the

heat exchanger 262 prior to injection in a by-passable finishing-reactor 267 via line
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12 264. Again, a portion of the effluent fromthe reaction zone 259 may
by-pass the heat exchanger 262 via line 266 and additi onal second feedstock
is fed to the by- passable finishing-reactor 267 via |line 263. The
conditions of the by-passable finishing-reactor 267 are such that the

by- passabl e finishing-reactor 267 is ndi2ntained in predonmnantly |iquid
phase. A portion of the feed to the by-passable finishing-reactor 267 may
by- pass the by-passable finishing-reactor 267 via line 271. The al kyl ati on
catal yst of the by passable finishing reactor 267 is typically oper at ed at

or near to 10 ene conv si 035] An effluen ne 269 fromthe
reaction zone? |pr?i'tif§’ tﬁ‘ Yg gmp §§ea§f1P%§ﬂli‘fi/§§ad maﬁé’y'ﬁis i ch

contains the I%??[&ﬁn@éf 3£ AnasG0TRd sddn@&faﬂy@cbn@%eew%h?ssfeaw giegeact ed

al kene, unreacte atabl e aromatic conpound, polyal kyl ated arcdmatic

conmpounds, nepdssably, fiatshagercactore 26D v hiee 263t Thamonditiond lodrthevbywiassablene 273
separ ation bl ock, 277. An over head

d furth | 290 d
2? fl ugFit gi tvﬁrgslg'@gg?a&qro%gﬁi%gksug% atom%.baﬁm@sabi@nﬁ@w inggfisactey gt s!S(e. g.
th , d , 279
Co aner e, By ekl in bRedtiihilaiGluld (ke 20 AbRbh Oy BBk e p¥lBssghiche 27

lights are I’eﬁmv}ﬁﬂngEﬂtdrlm 1A83 bymm/mesb}cpmwblesﬁnghmgeeammrem eid lbenzene

and the poly d arorratic co nds separated fromthe separation
bl ock 277 ar% Ao AL g@%ﬁwﬁisawe%@kn&-ww& O/ilpdymedvt o a

separation bl I zene is separated as an
over head effl ent ang’ “@%gé?w eﬁﬂg&?%@%%@p A bottom stream conpri si ng
pol yal kyl at ed{0aBsjmat i ¢ Anefifhenndslins268 frahelthoveavtich 2dnee2623Bntbiniag fwiht her

separation block 291. The polyal k,%/l ated aromatic coppounds are separ at ed
and wi t hdr awnthgiby-pasheéirogn ‘EI%) lge Zilr whish poiainoici Savird ylioded Aenalict h

addi ti onal polyglkyLat gdy AL OmRY ﬁn{eﬁ&gﬁ’o%iﬁg'? Vo Bf R AuadRe L ned

pol yal kyl at ed™ar omat1 ¢ conpounds Strl ‘henzene conponen e striper
281 and w t hdgoapourd apdlyaleylattd zirumiaﬁercomp@m@ls nethaht, hetnﬁm tThe rb@hlbﬁﬂeﬁSt
feedstock via line 299. The conbined streamis fed to a transalky|ation
reactor 303 v§iEam igevidphawmyie hmea%%in@fuﬁb%wari@&&%rf@@@%tq 3 SepspRioat ed
under conditi h % f t he

g 27t W 9kl éé?i%eiﬁ‘o f'the Bép‘%{uﬁg;%%é(c 27 nf%%n‘i{‘lgo iChzdle

pol yal kyl at ed " aromat'i'c coipoun are conv to a

co%oung ThearRi lidhtegte, Cﬁthdrie”@n@ﬁéthfaﬁé)rﬁstvhﬁidfrz[\ﬁﬂ&ainks\éb@htl@ﬂbroelaw'@Krﬁi i's
conpil ne

line 279 to a striper 281 where benzene is striped and withdrawn via line 287. The
lights are removed via line 283. Heavies comprising the unreacted benzene and
the polyalkylated aromatic compounds separated from the separation block 277
are withdrawn from the separation block 277 via line 289 to a separation block
296 where the unreacted benzene is separated as an overhead effluent and
recycled via line 297. A bottom stream comprising polyalkylated aromatic
compounds is withdrawn via line 298 to a further separation block 291. The
polyalkylated aromatic compounds are separated and withdrawn via line 285 to a
striper 281, optionally combined with additional polyalkylated aromatic
compounds via line 282. The combined polyalkylated aromatic compounds strip
the benzene component in the striper 281 and withdrawn via line 287 further
combines with additional first feedstock via line 299. The combined stream is fed
to a transalkylation reactor 303 via line 301, The transalkylation reactors 303 is
operated under conditions such that 20-100 wt.%, preferably 40 to 80 wt.%, of the
polyalkylated aromatic compounds are converted to alkylated aromatic
compound. The effluent of line 305 from the transalkylation reactors is combined

with the effluent of line 273 from the reactor 267 as it passes to the separation



with the effluent of Iline 273 fromthe reactor 267 as it passes to the
separation 13 block 277. The al kyl ated aromati c conpound is separated as a
ef fluent stream wi thdrawn via line 293. Feedstocks [0036] The first

f eedstock conprises an al kyl atabl e aromags ¢ conpound. The term "aromatic"
in reference to the al kyl atabl e conpounds which are useful herein is to be
understood in accordance with its art-recogni zed scope which includes alkyl
substituted and unsubstituted nono- and pol ynucl ear conpounds. Conpounds of
an aromatic character, which possess a heteroatom are al so useful provided
they do not adebclkag7¢alhd yikylghal smnmtionwerpothe iy egutdtah as aneftliérungresal ect ed.
[ 0037] Substi tgﬁﬁd arorrjgql onpounds whi ch can be al kyl ated herein nust
possess at | eXStI8HE ViR, ‘b%)én atomdirectly bonded to the aromatic nucl eus.
The aromatic glRggcean be substituted with one or nore alkyl, aryl, alkaryl,
al koxy, aryl OW oal kyl, halide, and/or other groups whi ch do not
interfere wij0d36lhe al k"yheaﬁmrfeechamklaompn@émaﬁ]all@lutakﬂdalamnmtmrmmmund

hydr ocar bons | ncl ude, benzen ht hal ant hr acene,

hacene,
peryl ene, cor bpfefan Wﬁ?eﬁ%ﬁ?f% felo ﬁaet%ksﬂ@ﬁ@@r@mpssv%wg&céfa& el [ 0039]
Sui tabl e al kylersBs ot bl GaHBIR A GeCBERRY ﬁh'l&chﬁ"?@cu g Eope WA,
i sopropyl benzene, normal propylbenzene, al pha-nethyl nap t'hal’e e,
etyl benzene, mehudeg/hlkybsuhﬂtlnmiband:ymbﬁﬁuteﬂungiiobelndmméynupk:andmﬁwm]ﬂe 0-
di et hyl benzen m di eté)gyl benzene,, p-diet g&benzene i soanyl ben[zene
i sohexyl benze %mp AR B ANy tmﬁeﬁ%ﬁ%sﬁ?@at%nzreaa 50 uscful
t et raet hyl be t 1,2, 3-
tri met hyl benzene, mkl) d%Ilftﬁ% ﬁ‘eaﬁ%%y%&%%ﬁﬁ%%‘? ?egé%é '!l:cglt&ﬂlﬁyclngg E@%g; o-
et hyl t ol uene; [083%} hyl toSmlﬁna;tednammmw tohpends whidi hyh -t xl\,kblamﬂ herein
di met hyl napht hal enes; et h | napht hal ene; 2, 3-di ;H%HEQ{: hracene; 9-
et hyl ant hr ac efist PPS$RSE Al eaﬁtOﬁsza gen alompdisgatly e agomagic nucleus.
di et hyl phena ty n e r i ght
al kyl aromat i cﬂﬁ] r ocatlrcb{(;lﬁ Cg?rfl bgl %u}@ﬂ@k@sgﬁha@fes? glrntg:}}ﬁgau@’t erl a?fka

i nclude ar ormlkmcy, hydogy,a¢setaskyd ukdlides and/er pthedl gerths b:vhlbmdoaidmhmfemn of
aromatic

with the alkylation reaction.

[0038] Suitable aromatic hydrocarbons include benzene, naphthalene,
anthracene, naphthacene, perylene, coronene, and phenanthrene, with benzene
being preferred.

[0039] 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-
tetracthylbenzene; 1,2,3,5-tetramethylbenzene; 1,2,4-triethylbenzene; 1,2,3-
trimethylbenzene, m-butyltoluene; p-butyltoluene; 3,5-diethylioluene; o-
ethyltoluene; p-ethyltoluene; m-propyltoluene; 4-ethyl-m-xylene;
dimethylnaphthalenes; ethylnaphthalene; 2,3-dimethylanthracene; 9-
ethylanthracene; 2-methylanthracene; o-methylanthracene; 9,10-
dimethylphenanthrene; and 3-methyl-phenanthrene. Higher molecular weight
alkylaromatic hydrocarbons can also be used as starting materials and include
aromatic hydrocarbons such as are produced by the alkylation of aromatic
hydrocarbons with olefin oligomers. Such products are frequently referred to in

the art as alkylate and include hexylbenzene, nonylbenzene, dodecylbenzene,



hydrocarbons with olefin oligomers. Such products are frequently referred to
in the art as al kylate and include hexyl benzene, nonyl benzene,

dodecyl benzene, 14 pentadecyl benzene, hexyltol uene, nonyltol uene,
dodecyl t ol uene, pentadecytol uene, etc. V@ry often alkylate is obtained as a
high boiling fraction in which the alkyl group attached to the aromatic
nucl eus varies in size fromabout C6 to about Cl2. [0040] Reformate
cont ai ni ng substantial quantities of benzene, toluene and/or xylene
constitutes a particularly useful feed for the al kylation process of this
invention. Al paoudioylbbezepeocessheaxgltplacdd, cul anbyylthlvenef ed tdodebdtgqhemduct i on

of ethyl benzene {rom pol yner. grade apd_di]ute ethylene, it . is equally

appl i cabl e toPertthLW ollengd story Sy Og‘f’héﬁ‘yb’?@ t2ingd A5 B LPEingdHSBAMEs, such
as cunene, asgpehl I Liah] = .1 near

| i near al kyl benzgntgg?ﬁiyg%ioi’? #ﬁgﬁ{secohg%%(%%%%g%%é%ﬁ%%@e%kﬂﬁ% %ggte
conmpound. TypiCéab blyout @l2e second feedstock includes a concentrated al kene

feedstock (e.qg., grade al kene and a dilute al kene feedstock (e.g.,
catal ytic cr ag‘m“ﬂg off-&&@@a%%éﬁfﬁ?nmes%ﬁéé ¢ Hggndiics |of BrBzenek JPlIERG g agent

of the feedst L 0. I£Sa g ' Lnel al kene
feed conpri segﬁdg?lugf&#éegg ug&&e?r@%ﬂ&ﬁo Yt Sgﬁlglf éin%\{gﬁ%h%sde#lggggﬁ§%tgpl east
99 nol. % to 1@0s imientlon. [AEb3kh The prlickistie patticylaalyi digcadapttheprdduetidreefist ock

useful in the process of this invention_ includes a, dil ut? al kene feed which
contains at | edyibeprraedrona melprr gragn ashdiluty clylangaitiis sanally) sppHeablely

met nane. Typi Sao RS Eolity €705 Efrdific SuPIRITBPR SRIERR A %0, of

the al kene, preCer alkhMrdmaies hch as 89-Thplinddr add hdae liabdtatig/lben@asparticul arly
useful feed is the dilute ethylene streamobtained as an off_gas. fromthe
fluid catal yt (%4} acki ndhaseeonds fegdsieak, enmeniises anialgng copponnd. T pighy.

enbodi nent of i_1v. i : g&kﬁ rated
al kene feedst (t)ﬁce%%g‘lﬁ[fhylﬁg %&}Hg%lﬂg?éétg(ﬁ@g?tﬁﬁfa% t G%&i%rg%{g%?i’%&t Ee Qfsecond
f eedst ock i nchudiedilatedileut gecdbtvelnee. 4. comtd ticdrackihy offigasyet anot her

enbodi nent of the invention, the second feedstock is a mxture of a,
plurality of [402Hst ockdhagonsegiraled atkenaabrylatirgasend of the fgedgteckaiselphin

concentr at ed gﬁﬁ&?ass&?f@%i&%ntﬁ‘&vin’&&d%& ah & Aled Rbmptidl X 5P G 72 & ! east

one dilute al ee
mol.% of the alkene and preferably at least 99 mol.% to 100 mol.%.
[0043] 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. Typically, the dilute alkene feed comprises
at least 10 mol.% of the alkene, preferably from 20 to 80 mol.% of the alkene.
One particularly useful feed is the dilute ethylene stream obtained as an off gas
from the fluid catalytic cracking unit of a petroleum refinery.
[0044] In one embodiment of the invention, the second feedstock includes
a concentrated alkene feedstock only. In another embodiment of the invention, the
second feedstock includes a dilute alkene feedstock only. In yet another
embodiment of the invention, the second feedstock is a mixture of a plurality of
feedstocks having alkene and alkane e.g., at least one concentrated alkene
feedstock having at least 80 mol.% alkene and at least one dilute alkene feedstock
having 10-80 mol.% alkene.
[0045] In one embodiment, a plurality of feedstocks having alkene may be

pre-mixed before being brought to the suitable conditions for alkylation reaction.



havi ng 10-80 nol . % al kene. [0045] In one enbodinent, a plurality of

f eedst ocks havi ng al kene may be pre-m xed before being brought to the
suitable conditions for alkylation reaction. 15 1n another enbodi nent of
the invention, a plurality of feedstocks_ having al kene mnay be separately
conditioned to the suitabi e conditions btfore feeding to the reaction
zone(s). The relative anount of each separately conditioned al kene

feedstock to be m xed and fed to the reaction zone(s) is varied based on the
reaction conditions, catalyst (activity and anount), and space hour

velocity. In ' f.] . fe i : reactor
are fed with g{]g%oégér?d&%@%é%toéﬁﬁﬁéf\l/‘lyeﬁ{gm]lflﬁ éé‘%lél?ﬁlﬁ l?g E%eﬁg%n Seﬁ%mﬁ §1r1]< e‘%ﬁat of
the second feeafiytinckephotely ndiioaent fensuinbli itz dsefordl feydiag itonhand
Transal kyl ati on Reactions 100461 The al kylation reactjon zgne is operated in
a predon nant F§pctionygPae(shhBie relpiive gmonnh 8 siehtseparpely sprditioraddplkers of
the inlet porti tiQne Zong i e ¢ f to 260C
(212 to 500F) %é?’ﬁ%}o‘gi 6‘# @gslgl}?‘geﬁo R @ei%éf‘%gpﬁo-%g&?ggg’ra?%&é’gsf%pgﬁ} a).
preferably, arqeesstimitinslefdystGadvny akPamaultdBd sbaceIR8r pdoa)y. Thene
conditions of the downstreamreaction zone include a tenmperature of 150 to
285C (302 to swbediment the Sraskw ecagtopgonasishe repgber gre fedovith ¢ s6Mbsi a) |
preferably, acpr . Pa- to i SV
based on al keﬁ%ﬂ‘%@%@gﬁ%ﬁlﬁﬁ@g%@ 16@?9%1} © .tﬁ‘m?g](aﬁégﬁl-els,eé%@e e%?%%‘fky,?ord. to 2
h-1, nore predondldwrealtién tghed. h-', or a WHSV based on both al kene and
benzene for overall rearlgtor of t_lO to 100 h-1, preferably, 20 to 50 h-1.
Typi cal | y t empefadigneands! rapgageyed Raapdonownst r eam porti on of the reaction
zone than theinlet portd eI tion zo e tyherm c
nature of t he[%qalégl ati ot%‘hrgg}akg{la}t}oog.re t@%czgin%ﬁ éqeg%ggﬂja&rl%?reac#o?ﬁn%é&;}gﬁ%n IS
al kyl at ed wi t phiseelndreasiebddimbite theaaRndondi@ed Hif diKintdl pofionpsfaiepaei@l an
al kyl ati on catalyst in a reactor havin east two reaction zones. The

reaction zone@OI@r@CWEiﬂéamp‘l}mWé%af &P tﬁ%}@:(ﬁbﬂ o YA8E) w1d a/presre of B} may
oy ; ; . . ;
separat e vesolt A BAECGR B8 B8 f Budutby "L RERE BRI AE o o5 kPRSTERE

reactive guakgl $u3d.psihheatedidnsC @IPHSI UbRAsttiagd reatiohe z6®AGhiee guard bed
may be different fromthe cat alé/st con§)05| tion used in the al kOyI ation
reactor. The ¢mReratyte of 150 to 285°C (302 to 545°F) and 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), 2

WHSV based on alkene for overall reactor of 0.1 to 10 h™, preferably, 0.2 to 2 1!,

more preferably, 0.5 to 1 h, 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 two
reaction zones. The reaction zones are typically located in a single reactor vessel,
but may include a reaction zone including an alkylation catalyst bed, located in
separate vessel which may be a by-passable and which may operate as a reactive
guard bed. 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



conposition used in the reactive guard bed may have nmultiple catal yst
conpositions. At |least the first alkylation reaction zone, and normally each
al kyl ation reaction zone, is operated under conditions effective to cause

al kylation 16 of the al kyl atabl e aromatji;c conpound with the al kene
component of the second feedstock in the presence of a al kylation catal yst.
[00471 The effluent fromthe first al kylation reaction zone (first product)
conprises the desired al kyl ated aromati c product, unreacted al kyl at abl e
aromati ¢ conpound, any unreacted al kene (al kene conversion is expected to

be at |east AT thealkylatatpe af@nall sommhadtwilStheR1RATomPondt @Nle sbendl kane
conponent and the aqther inpurities. The tenperature, pressure, and

conposi ti on dfedstackdn thegpptenpeof safkplatiomeatelie. ef f 1 uent is maintained in
predom nant | yy hiAgui d p e f i er I e. The
tenperature O[P b%ﬂe effPﬁ%n?mg&t@%lg(%ﬁiﬁt%ﬁ%%{r% ‘{“‘?‘é{rﬁ’ t%oggta(gl%r%g’?%cﬁlg{rje of the

feed because digriRbkitealesp@l alkgltddofomati@prRaudl, hireaes@aliglanitile attonatii nt ai n
t he next reaction zone in liquld-phase, the effluent is typically renoved

fromthe firstompesad, any userstedradkensdplkane wnwesian serpedethtabes e lest 98ool ed by

omove.any. PR SRRSO CRRe LV R AL A OB b RhER ",

equi pment antyp@RemFuridRs. The t@RfratdrepPrdsin@d, afd thap&fifiddienthd sfifuest 40 t he
second al kylation reaction zone where additional second feedstock is added

for reaction sughtthat the eifivestc isethamitaipedainipredoatingrlyi bqwidnplosadvivint iea second

catal yst. Wer t he. process. enpl o re than kyl at.i an action
zones. e o 1B EXHT BhieatioR Bafd redtrgae e ohEe s Sk S bREM T ona
second feedstpgk. thd hengdrhtubent thé KM boRuSEaRNEkyRAEBH i refctDANE ERlfalllyns nore
unreacted al kane and nore al kylated aromatic conpound. Furthernore, at

| east a port i xethenwiceflio meintain rtbennextereselngoneainkqadipbase; deec eifloanizisne
and/ or other zon can be fed.directly or indiyectly-fo transal kyl ati on
ni t o 00461 FREDBiRoE SaghedrisectioR gpte i @BledThEe fharel ANREofuer st ood
as having at JRafibydmtdthal %oblifigsehtdh deBreeRT8IBbARbYes. F8e Wbol¥e B Bocs
preferably, 99 w.% and nost preferably, 99.5 w.% [00491 T n "addition to,
and upst r eam mwift, remioge ank yiracdctml zibars cxddpt talthy leatehbnf leakact lasm dgsibem may

al so include eaqu%/rfl&%sagg %lp%rarti%rax.cﬁ Yeasds %{) io%eo t grertrf?l.lleln¥ is fed to the second
alkylation reaction zone where additional second feedstock is added for reaction
with the unreacted alkylatable aromatic compound with a second catalyst. Where
the process employs more than two alkylation reaction zones, the effluent from
cach zone is fed to the next zone with additional second feedstock. The effluent
from the second reaction zone contains more unreacted alkane and more alkylated
aromatic compound. Furthermore, at least a portion the effluent from the second
alkylation reaction zone and/or other zones can be fed directly or indirectly to a
transalkylation unit.
[0048] The term “predominately liquid phase” used herein is understood
as having at least 95 wt.% liquid phase, preferably, 98 wt.%, more preferably, 99
wt.%, and most preferably, 99.5 wt.%.
[0049] In addition to, and upstream of, the 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



| ocated in a pre-reactor separate fromthe remai nder of the al kyl ation
reactor. The reactive guard bed nay al so | oaded with al kylation catal yst,
which nay be the sane or different fromthe catal yst used in the

mul ti-stage al kyl ation reaction systemysThe reactive guard bed is

mai nt ai ned from under anbient or up to fg al kyl ation conditions. At |east a
portion of alkylatable aromatic conpound and typically at |east a portion
of the second feedstock are passed through the reactive guard bed prior to
entry into the first reaction zone of the alkylation reaction zones in the

reactor. The dliedatidry eorglitiard. Bedeszota wlion s€rligtatitte afdreaic tdiepddediandd
al kyl ation reaction but is also used to renove any reactive inpurities in

the feeds, stikalhgailrast sgoricionibe merond fsdethck ate npswditbiongh &1qysrdbR t he
e nder of hiif gegibé&gdgﬁé eRly fiftd Rl red BB SBRALYRE o1l LAY R 0uar d

bed is theref nore frequ rregener at r éplacenent

than the remaihngerredétot. MEhe aédeiit@tduaid Bad by HnlypReErvBenes eiffde tigdedreded 1S
normal |y provided with a by-pass circuit so that the al kylation feedstock
can be fed di#kdatign teactinebus s plos vaasrinsemevr any tegdtiveiippuribescnitbafeedhes in

t he reactor when th uard bed is out of.service. The .reactive rd bed
opor ates in proRGTRERER FomPRERE SRl LuRSEaSe poitn e RN g I MG onnt 1 ow
operation. [OfkQdtickheatallylty TRt icaflysearfRrretiiRe duard B&1 Rr BERES e @libjeheaopr esent
invention is normally operated so as to achieve essentially conplete

conver si on ofmeige freghédneegeneratien swdondreplsameric kianHdwe vemainfler of oths
applications, ,t. m desirable to operate at hel ow.100% al kene
conver si on. ﬂi&d%‘mﬁ/‘&%ﬁﬁ& }éeélﬁ%ﬁﬁ %uar(?gﬁf?%?q‘}aaaﬂg%?\g e‘ﬁ&%@_ﬁsﬁl 6%'8?’830}‘ t he
nul ti-zones alijgyltabitRi th@@lé@fh?ioﬁ%ed@%ck dasbe 3 girdendan tl@@lﬁérfé's @oﬁ&%ﬁ%ﬁt rons.

The finishing reactor would al so contain alkylation catalyst, which could
be the sane oalkyltidrercection zames iththecaackdryshenuthe guand bedhe oat af/deavicoheeact or

condi ¢ ons. [GBULF et d1o8, PBFGh b ducierior il R, el SoFURY pr esent
invention i sydfiGhbYdRIfRS byBatidh. the desired al kylated product, such as
et hyl benzene, 'but nornmally ‘produces at | east sone pol yal kyl at ed speci es.

Thus the ef fli#658] from Thealkfliatiah reactoy lusgd mrthe @amiesonl thepeesest isuppioned to a

t | kyl at i, t whi ch i [ , te f th | k ti
L1 ansal kyl ati on, Leag or, il e L2 onhBk! KeSSR Aot R hg IS A Y AL 0"

alkene in the second feedstock. However, for some applications, it may be
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 predominantly liquid phase
alkylation conditions.

[0051] The alkylation reactor used in the process of the present invention
is highly selective to the desired alkylated 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 fransalkylation reactor which is
normally separate from the alkylation reactor. The transalkylation reactor
produces additional alkylated product by reacting the polyalkylated species with
aromatic compound.

[0052] Particular conditions for carrying out the liquid phase alkylation of
benzene with ethylene may 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



produces additional al kylated product by reacting the polyal kyl ated speci es
with aromatic conpound. [00521 Particular conditions for carrying out the

| i qui d phase al kyl ati on of benzene with ethylene nay a tenperature of from
about 120 to 285C, preferably, a tenperature of fromabout 150 to 260C, a
pressure of 689 to 4601 kPa-a (100 to 1818 667 psia), preferably, a pressure
of 1500 to 3000 kPa-a (218 to 435 psia), a WHSV based on ethyl ene for
overall reactor of 0.1 to 10 h-1, preferably, 0.2 to 2 h-1, nore
preferably, 05 to 1 h-1, or a WHSV based on both ethyl ene and benzene for

overal | react - 10 hll refeerahl v, 5 d asmle ratio
of * benzene. 1B ePrigh BRErb LBERE RCIHH N R KPuddars o Bicufar®

condi tions f OWHSY bXded®nodthylbhefR o8l Badd of 0.1 @3l 0 h'phasaastykybas bon of
benzene with propyl ene may include a t&g}ﬁer ature of from about 80 to 160C,

a pressure ofh amﬁpﬁﬁab%’, Al5dat! W80 aRPHSY: based o bethl gfhylenanddisozane100 t o
140C and pressure of, about 000 kPa-a, 1based o ropyl ene of
from about 0.%" §¥%! “i%f?%‘af,??@ﬁodﬁgo ﬁ,m%refeé%% %(fm\égﬁ}z{eh%n‘f%%o?% 18n(§ from
about | to abQubenkQo efh9f2Bd oMot 1 RLatdLkM]. at i on system i ncludes a reactive
guard bed, it is operated under at |east partial liquid phase conditions.

The guard bed®f3l  pr ePatiadhy copbitionse fart caryiegeat dheimeedsimihadin dbeidt 120 to
285C, preferahl enmper.ature of from about 15 0 260C, a pressure of
585 to 4601 K aPoripySRGT SRy promute by Jretudech Bl t8RY ¢ o 3000
kPa-a (218 t o,13b3(sd #30°CRa 6%\!;%%%%%911@5‘30%%bmdoqspaoag%gée%abryeﬁ&hor of

0.1 to 10 h-1, preterably, h-1, nore preferably, to 1 h-1, or
a WHSV based amubbbthtoel4)C aneé paessurb @fi abmd 2000 to Y ldtd-a,raeWdiSH¢ bafed @ t 0 100

h-', preferably, 20 tpo .50 h-1, and a |l ¢ ratio of . bepzene to ethylene from
nbout 1 “to. aneyices ofbemaporis b 0Ny e Be Bt o OHBBURGEMEIE he
ef fluents mayfrﬁg abi‘?@;‘@"gg‘ for transal kylation with al kyl atable aronmatic

conmpound(s). T aromati c conmpound is nade by transal kyl ati on
bet ween pol yaj0k§4jat ed Wihermthecalkynpousgderanocludee alrdagtiat abhd Badotaisi ¢

b edorm nant | YOI QB ds dewbria e cHeia FteEs Gand oebrohs (€5AS. Pet il ryi ng

out the predofi.panhl Yopkfattiafla 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 h™', preferably, 0.2 to 2
h, more preferably, 0.5 to 1 b, or a WHSV based on both ethylene and benzene
for overall reactor of 10 to 100 h™, preferably, 20 to 50 h!, and a mole ratio of
benzene to ethylene from about 1 to about 10.
[0055] The polyalkylated aromatic compounds in the effluents may be
separated for transalkylation with alkylatable aromatic compound(s). The
alkylated aromatic compound is made by transalkylation between polyalkylated
aromatic compounds and the alkylatable aromatic compound.
[0056] The transalkylation reaction takes place under predominantly liquid
phase conditions. Particular conditions for carrying out the predominantly 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,
1:1 to 5:1.



phase transal kyl ati on o# pol yet hyl benzene(s) with benzene may include a
tenperature of from about 150 to about 260C, a pressure of 696 to 4137 kPa-a
(101 to 600 psia) , a WHSV based on the wei ght of the polyethyl benzene(s)
feed to the reaction zone of fromabout 0.5 to about 100 hfl and a nole
rati o of benzene to polyethyl benzene(s)19f from1l:1 to 30:1, preferably,
1:1 to 10:1, nore preferably, 1:1 to 5:1. 19 [0057] In another enbodi nent,
the transal kyl ati on reaction takes place under vapor phase conditions.
Particular conditions for carrying out the vapor phase transal kylation of

pol yet hyl benz ith benzene. may jnclu temperature qf from about 350
o Abous 450CTOU3Thfb i SHORsEY ha Gkt TREHOR Gk GITacsandst vagor sy
based on the igh et he : VARGT-S ) M@lggt t r i one of
from about O. gﬁésg g%%ttl&{%b ﬁ%@ﬁ%ﬂ:g@g@gﬁ%ﬂgm a ou‘?ltl rﬂ?eo ‘gaggitﬂla%ezhr-' ,
and a nol e r aansalkylatioa ndgrodydtioylpmizyes hyillb bazene )y oflufle arethpdratioe 6 1,

A OSSR WSS ERT R T R
existing et hy'\?@ﬁ@?’%?ergo%natrht%%gg PP%%%ﬁggbﬁzé‘&geﬁrfﬁg! th W Ractfh AhE B phase

al kyl ati on reactor. cess I's 1nvention may be
used to retr ofiiotn aroueXissto sguelbhihenefenblyo froncabmné tpladott Ush'y gl yner

grade or chem cal grade ethylene o ropyl ene th . m ninum amunt of new
equi pnent's, s RAe EEO Ogi’?m@nea?rbqﬂé%tﬁﬂg%n%ews)tcrfﬁm%één@ 5:leBreeraplk, 2:1 to

extra- separ at Bgn colum for light gas and aromatics, and other equipnent.
Catal ysts [0059] The al kyl ati on and transal kyl ation catal yst used in the

process of ti@sghventi &m &s Aledmativet esdbdibient neff rhds| ynveatip,i sies adbvd east
one of MCM 22, NMCM 49, MCM 36, MCM 56, beta_zeolite, faujasite, nordenite,

PSH 3, SSZ- 25mentimgsd; pracpesey are Fiigblanigr gpreidng 4p SrsienstudbAnasnes Peves
(25,0, S870 4y 0 PR o DUREL, A7 SO0 ARSI IO 1
Pat ent Nos. 42920068 ;0f3hid ivehdion mBne BsedI4 ré@&it FSEXidirigsetgbendechedrin U S
Pat ent No. 4,439,409. SSZ-25 and its ) )
cumene plant using polymer grade or chemical grade ethylene or propylene with
minimum amount of new equipments, such as, extra compressors for the second
feedstock, extra-separation column for light gas and aromatics, and other
equipment.
Catalysts
[0059] The alkylation and transalkylation catalyst used in the process of
the invention is not critical but normally comprises at least one of MCM-22,
MCM-49, MCM-36, MCM-56, beta zeolite, fanjasite, mordenite, PSH-3, SSZ-25,
ERB-1, ITQ-1, ITQ-2 and optionally SAPO molecular sieves (e.g., SAPO-34 and
SAPO-41).
[0060] MCM-22 and its use to catalyze the synthesis of alkylaromatics,
including ethylbenzene, is described in U.S. Patent Nos. 4,992,606; 5,077,445;
and 5,334,795. PSH-3 is described in U.S Patent No. 4,439,409, SSZ-25 and its
use in aromatics alkylation are described in U.S. Patent No. 5,149,894, ERB-1 is
described in European Patent No.0293032. ITQ-1 is described in U.S. Patent No
6,077,498. ITQ-2 1is described in International Patent Publication No.
WQ097/17290 and WO01/21562. 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



use in aromatics al kylation are described in U S. Patent No. 5,149, 894.
ERB-1 is described in European Patent No.0293032. ITQ 1 is described in

U S Patent No 6,077,498. ITQ 2 is described in International Patent
Publication No. W97/17290 and WO01/ 21 . 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 al kylaromatics, including ethylbenzene, using a catal yst
conprising MCM36. MCM49 is described in U S Patent No. 5,236,575. The use
of MCM49 to 20 catalyze the synthesis of al kylaromatics, including

et hyl benzene, cat4l rsiyﬂﬁ&@sﬂs f alltyﬁlrm'ﬁaﬁ@mindl‘iﬂﬁng ath§Bn2aR, andestrikedlin310.
MCM56 is described in U S. Patent 5,362, 697. The use of MCM56 to

catal yze the Yyntatent Slosf 5=é0$<,96%1|ﬂ@¢‘r§t3|7é§101 MEN g desarieddndéfePatent
d bed 4 3,55 t t ent
of “al | "the adSte RGoeal Uhonr P HRARE o FieoP oy i ALRUSRRbpgucor ot

reference. (OR6hding diefiBeizeN@isydesérdiRdah ky$ atdtan NRds 55ansabky b abs grg.cat al yst
can conprise a medium pore nol ecul ar sieve having a Constraint I 'ndex of

2-12 (as defThreentira contgnts petadinthe Mbovelpgas, spedfications lagalinegrresiedherzigv 11,
ZSM 12, ZSM 22 fZSI\/L 23, ZSMr 35, and ZSM48. ZSM5 is described in detai I in
U S. Patent %fse 02 886 and Re. 29,948. ZSM 11 is described in detail in

U S. Patent 613 709 Afmadvd, 12hd Salassdd bed tAnddliSlatRat QBtalNNP- can
3, 832,449. ZS is described in U S.” Patent No. 4, 556, 477. SM 23 is

described in wn@nspaat @l@dluNDPOTGM@m@J@lﬂﬂeVﬁ‘ZM@al@rﬂ@f@l@t inslew afi2-12 &5 Pat ent

% 234, 231, THITORY, PoUeD NGy A PRl HebFFE haFhm 26500 PN Thns ar e

i ncor por at ed pgrern AMIS] %S@JP—QS andP @8R Ladsz vt 41nd H&l’cnﬁéd /1 8ahi e U § he
al kyl ation and transal kyl'ation catalyst can conprise a | arge pore nol ecul ar

si eve havi ng BatemnHOS al, m2,880dend [Res 291HME&NZ3M-1Bus tdakdrbetl dn gietpbire Un®l ecul ar

Py, 1l 25 Sl SEEpl) | ulialhd 1 S o S OB 0 ¥
described in {8l &b, Mate%tgl%34@§§47’i%§l\ﬁl29 is é%%@d iU gepgehired in U S.

Patent No. 3,972,983. Zeolite Beta 1s described in U S. Patent Nos.
3, 308, 069, anﬂO%SM\IOZSMS%SBmdesd;rdwdsudﬂ SmPhlentr Mot é,lﬁﬂé,2¥5 AsMetlisanosi eve

(USY) 1 desclga{rtqg qar'l descﬂbeclD 1r;[ I%rbt Patent N% g 3?4 %? 12 'Iafﬂeden:t)’lre4 éogntggtso of all the
above patent specifications are incorporated herein by reference.
[0062] As a further alternative, the alkylation and transalkylation catalyst
can comprise a large pore molecular sieve having a Constraint Index less than 2.
Suitable large pore molecular sieves include zeolite beta, zeolite Y, Ultrastable Y
(USY), Dealuminized Y (Deal Y), mordenite, 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 in
U.S. Patent Nos. 3,308,069, and Re. No. 28,341. Low sodium Ultrastable Y
molecular sieve (USY) is described in U.S. Patent Nos. 3,293,192 and 3,449,070.
Dealuminized Y zeolite (Deal Y) may be prepared by the method 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 described in U.S. Patent No. 3,524,820.
Mordenite is a naturally occurring material but is also available in synthetic forms,
such as TEA-mordenite (i.e., synthetic mordenite prepared from a reaction
mixture comprising a tetraethylammonium 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.



Deal um ni zed Y zeolite (Deal Y) may be prepared by the nethod 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 described in U S. Patent No.
3,524,820. Mirdenite is a naturally occygyring material but is also
available in synthetic forms, such as -nordenite (i.e., synthetic
nordenite prepared froma reaction mxture conprising a tetraethyl amoni um
directing agent). TEA-nordenite is disclosed in U S. Patent Nos. 3,766, 093
and 3,894,104. The entire contents of all the above patent specifications
are i ncor por afa3per ei nThy sirfé e4telystena?e udeQ @O Bhth khe tragsatkytadionlw6é aitpy be
used in both the transal kylation zone and the al kylation zones of the
present i nventhcorkylpties é@@@qu the prrseetr inverdion) Jeaferablye howpesepatlysts tare

Tailored for Preeh i feaEe AR ARSE o PR paRRon Fhedi i ren
of the pres ethﬁlotdﬁlVE)Btth@ﬁarn@ulﬁi adant @edliHedttereat 3h Yot chdodBXGHRI ehe 50%

zeolite and 50% binder 1s used in the higher tenperature al kylation
cat al yst bedspesentantanghnya Sfandarduawwmcaémlystfor exangplangil’e, zevlﬂ%azéémfct e and

25% bi nd d t.h kyl d whi |
oo 1 abl et r anGHREYishPrednin B e EBERY it BR A A R T ©
such an errbodham@y, ca%ﬂYstffof"e§y ;IElG 7%%@ﬁtezeﬁﬂ925%%&rh§‘%éﬂjﬁ1 ﬁlel\rwezZ

catal yst bed for predom nantl phase operation. 0064} In the
process of théempw@mteuaﬂrvlaum:ecasalksﬂ:ada, ohile guitablomansalkytation getalyst saséd r st |

and normally Lnh,each he al ky] at i n reactj.on zone kes Iace under

pr edoni nant | y*? f}l‘fuﬁr?fisﬁ]‘?f&a O’&&‘?Hf’t’i 4’113‘?“5 GIEMEY 3‘"%%11 thr &P%hatic
compound i's i BodBendMRACHICNADD! &tahy'rs%écﬁfol?B?e'ii%mnlia?@?@ﬂquiﬁ}%abé‘ %géﬁdﬂf‘ will be
nore particularly described wth reference to the follow ng anpl es.

Exanpl es Exalﬁliﬂﬁé] 10 Li duithe poaes ofl thy mtention, [tD0 @HlylaTive readtioovinrey lexanpl e is
a conputer si on of b zene | et ation wth ethlenelnll ui.d phase.
S il ati on 1 et fish A Sogpt we%ﬁch»s T N A RRT R e
package. Vapop rédbﬂl?ﬂaﬁiltlgqﬂgﬁl'd M WBREAAC UhRhCthat $10°a 1%2&*(3%15%9&&1&% Kwong

Equati on-of - Stat e interaction coefficie
compound is in the predomlnantly liquid phase.

[0065] The invention will be more particularly described with reference to
the following Examples.
Examples

Example 1: Liquid Phase Alkylation

[0066] The following example is a computer simulation of benzene
ethylation with ethylene in liquid phase. Simulation results were obtained using a
proprietary numerical software package. Vapor-liquid equilibrium was calculated,
the Soave-Redlich-Kwong Equation-of-State (with optimized interaction
coefficients).

[0067] The feed to each catalyst bed is characterized by a B/E ratio
{Benzene to Ethylene molar ratio) and an E/E ratio (Ethylene to Ethane molar
ratio). The very high E/E ratio is an indication of an ethylene feedstock with a
polymer grade ethylene purity. This case is configured to operate in the liquid
phase with high E/E ratio. The temperatures and pressures of the feed and effluent
streams to each bed are sufficient to allow all liquid phase operation in the catalyst

bed. The results of the simulation are shown in Table 1.



[0067] The feed to each catalyst bed is characterized by a B/E ratio
(Benzene to Ethylene nolar ratio) and an E/E ratio (Ethylene to Ethane nol ar
ratio). The very high EfE ratio is an indication of an ethyl ene feedstock
with a polymer grade ethylene purity. This case is configured to operate in
the liquid phase with high E/E ratio. TB2 tenperatures and pressures of the

feed and effl
phase operati
shown i n Tabl
conversion cu

uent streans to each bed are sufficient to allow all i
on in the catalyst

e 1. 22 Table 1 Ethylene EB B/E E/E Fraction T (C) P
mul ative ratio ratio Liqui % yield (nmol. 9% (kPa-a)
ol ¥

qui d

bed. The results of the sinmulation are

Bed 1

Feed - 21.0 261 1 222.2 4270 Effl uent - - 1 246.3 4220 Bed 2 Feed -
20.0 229 1 242.6 4210 Effl BeAtnc100 OE® - [B/E [265 1 FebtonBRd (3) Feed - |19. 1
218 1 222.9 4035 Effl uent | 168erdidn O cumulative A4Giod 328D Liped 14 Feed %]? 183 1
242.9 3980 FEffluent 100 16. 9% - [Yicl®G®l.%)[3913 Bed| 5 Feed|- 17. 2( 1 223.5
3715 Effl uent 06206 —=1—12464-3660— —167353521243. 1 3660
Ef fl uent 100 gﬁditlm ?-%edi 264. 7 3590 _Example Ligpid Phgse Kyl atign with
m xed et hyl ene feedgtiieskis ([ 0068100The f ol #&wi ng exappl e i §| a 2¢oiput €R0
si mul ati on of pEiXed{rpase/ tTqur dy phase bemzgge syt at g Wit il T &Es
et hyl ene feedstocks|hy t L pu)cgl‘s of the present|invention The case is
configured to operai®lient Ili qui diffhase. Fhe tdnperat ures thnd 2pfesstibs of
the feed and gEfiUe FtTeans t0 gach bed [afeqf Sl T CIl enty[ Taad{l OWig33
i qui d- phase oper at lLon_in { he_cat4 | yst hed he resultsl|lof th simul ati on
are shown in [Tabl e Zf¥9069] OCpt¥%n | fd?odi|ficapion of| t RESH ant®®fter
addi tion of dBEITE [Fecd : 181 183 1| 2429 3980
Effluent 100 16.9 - 1| 2649 3915
Bed 5 Feed 17.2] 166 1 2235 3715
Effluent 100 20.6 - - 1l 2464 3660
Bed6  |Feed - 163 152 1| 2431 3660
Effluent 100 24.1 - - 1f 2647 3590

Example 2: Liquid Phase Alkylation with mixed ethylene feedstocks
[0068]
phase/liquid-phase benzene ethylation with mixed ethylene feedstocks by the

The following example is a computer simulation of mixed-

process of the present invention. The case is configured to operate in liquid-phase.
The temperatures and pressures of the feed and effluent streams to each bed are
sufficient to allow liquid-phase operation in the catalyst bed. . The results of the
simulation are shown in Table 2.

[0069]
ethylene has the characteristics shown in Table 2. The feed to each catalyst bed is

Option 1 for modification of the plant after addition of dilute

characterized by a B/E ratio (Benzene to Ethylene molar ratio) and an E/E ratio
(Ethylene to Ethane molar ratio). The E/E ratio is significantly lower than in the
base-case (example 1) indicating a greater concentration of ethane and
representative of dilute ethylene streams and/or mixed chemical/polymer grade
and dilute ethylene streams. The entire contents of this dilute ethylene
configuration operates in the liquid phase (after sufficient residence time is
allowed downstream of the ethylene/ethane injectors to allow the ethylene/ethane

to completely dissolve in the liquid. The Temperatures and Pressures of the feed



..... —

et hyl ene has the characteristics shown in Table 2. The feed to each catal yst
bed is characterized by a B/E ratio (Benzene to Ethylene nolar ratio) and
an EfEratio (Ethylene to Ethane nolar ratio). The EfE ratio is
significantly lower than in the base-case (exanple 1) indicating a greater
concentration of ethane and representat?dve of dilute ethylene streans

and/ or m xed chem cal /pol yner grade and dilute ethylene streans. The entire
contents of this dilute ethylene configuration operates in the liquid phase
(after sufficient residence tine is allowed downstream of the

hyl /eth i A I h hy| h ] I I
i sotve in oA 1P ohms B B F eb P RRABY M Bt R RS ane
ef fl uent stre@he t@algadedbed are sufficient to allow all |iquid phase

operation in the catal )lést bed. [00701 The E/E ratio decreases frombed to
bed in the rel¥78F becalbe ERptie detreasss Hidnebed ite hednivuie deadtorebeahsne

bui | d int _In_additi t he,a t f. h pai
of catalyst behde FEoahdns rditinh P sybhe sHE 2% LETREIS, dh AgllieRoar e For
the et hane bUith&vékB%@fé@lﬁe%&%Qﬁ cREIESAH6 Foatdie bb@s dRFASESWRvhe e8! #5S t he

catal yst beds. In this way, a total |iquid phase is naintained even in the
presence of sthgrrieddterater campansats forf thst ¢thans, buildh-eph and feduged mreshureddus: to

base-case conditions, would cause,the . reaction m xture be.in,a .

m xed- phase. (PieTaRbabarsoss e coatahdf 605 It e o e e 188 Bhs foon 1 (0
P conver si ongGiHiih@t V& atth® ﬁ’ré’s‘ehéb bf Qg da¥d aicehd &f/@eth@lﬁé:’awﬁi)ch, Bed 1
Feed 15.9 4.5 1 225.7 4270 Effluent 100 1 256.3 4220 Bed 2 Feed 36.5 3.2

1 253.2 4210 meimtdineheat W:66-c8s2candihs SwdadldsauBetheIefadmd mktde2o belnk79. 9
3925 Effl uent 10@%&13.5 1 2%4. 9 3?70 Bed 4 Feed 17.0 1.2 1 211.8 3870
-phasedigy

Effluent 100 ¥ BHeT) state.
Table 2
Ethylene EB B/E | EE | Fraction | T{C) P
conversion | cumulative | ratio | ratio Liquid
%) | vield (%) (kPa-2)
Bed 1 Feed 15.9 4.5 [ 2257 4270
Effluent 100 0 1 2563 4220
Bed 2 Feed 36.5 3.2 1 2532 4210
Effluent 100 8.2 1l 26438 4165
Bed 3 Feed 13.6 2.1 1 179.9 3925
Effluent 100 13.5 11 2149 3870
Bed 4 Feed 17.0 1.2 1] 2118 3870
Effluent 100 17.2 1] 235.8 3805
Bed 5 Feed 14.5 1.0 11 1804 3635
Effluent 100 21 1) 208.1 100
Bed 6 Feed 3121 042 1 206.9 3580
Effluent 100 225 1} 2185 3510
Example 3: Liquid Phase Alkylation with mixed ethylene feedstocks
[0071] Option 2 for modification of the plant after addition of dilute

ethylene has the characteristics shown in Table 3. The feed to each catalyst bed is
characterized by a B/E ratio (Benzene to Ethylene molar ratio) and an E/E ratio
(Ethylene to Ethane molar ratio). The E/E ratio is significantly lower than in the
base-case (example 1) indicating a greater concentration of ethane and

representative of dilute ethylene streams and/or mixed chemical/polymer grade



Bed 5 Feed 14.5 1.0 1 180.4 3635 Effluent 100 21 1 208.1 100 Bed 6 Feed
31.2 0.42 1 206.9 3580 Effluent 100 22.5 1 218.5 3510 Exanple 3: Liquid
Phase Al kylation with m xed ethyl ene feedstocks 100711 Option 2 for

nodi fication of the plant after addition,gf dilute ethylene has the
characteristics showmn in Table 3. The feed to each catalyst bed is
characterized by a B/E ratio (Benzene to Ethylene nolar ratio) and an E/E
ratio (Ethylene to Ethane nolar ratio). The EfE ratio is significantly

| ower than in the base-case (exanple 1) indicating a greater concentration
of ethane and and egilwte eahglehy estedantdi | Thee ity | @neentd rofadds aditiitor ethieas

chem cal / pol yner _grade 24 and dil ute ethylene streans. The entire contents

of this dil ut @O%féwmve optgiepi iGuihat [igwd opfmsat(@ier puffigient refidercopHiB ¥ af t er

suf ficient S ne

Tni ectors to e fakndRabior b oRificRAE EAR) 105 B¢ B RRSCRRZ
liquid. The Tmﬁﬁpletﬁiﬁﬂlswldeﬁiﬁfbsl&{ v ‘THe Téir@efrzﬁam aﬁmd’r@fsﬁﬂeslemheﬁﬂee@arm to
each bed are sufficient to allow al qui d phase operatl on in the catalyst
bed. [0072] Siahd eEuept ﬁtrﬁa@r;satma@l bed @n@éuﬁioeenté@ phowyalllimidphase opemsiian t o bed
in the react ?r'itﬂ?:%% ¥H1| | e the ethylene is consuned, the ethane builds up
in the reactor. t he average tenperature of each pair of

cat al yst beds [owmreaseslﬂﬂwpy thexdng@ htheE/Ehatid easénes romaansmsate for
t he ethane bui|d-up and reduced pressure, due to Fressure drop across the

catal yst beds thq reagter Segauye whiletthe sthylangus qopmsd, the eihanstiikladpandhe i n t he

bace- case condtbioindt T bl Bern MRl Shicait ol Bt Bt Poos

m xed- phase (ldegidhsds \BRAI the 3E@He of HROF3toPhS Somblihte!t Br eXcbMmbie Buildfe E/ E
ratio of the beds nearest the inlet is significantly Iarger than the E/E

ratio of thosandssducebprssiumealuarippeessure Hripsacrosdheeatalystibieas. Imthis way, 2

chem cal / poly eethlenels ntroduced in the.i beds and.nore
i ute- et hyl ook SRR SGeied Rime B ritatb 8 HhairepCHERRA Be
this, the tenmpanakUsRichf 1fbﬁd§1ta2n§4 &% bé&e&%é b&%@dnsamulweﬁuseItgéw@éach&an the

tenperature of these sane beds in exanple 2. Catal yst beds & 2 tend to be
cl ose mixture to be in a mixed-phase (liquid/vapor) state.
[0073] Dissimilar to example 2, the E/E ratio of the beds nearest the inlet

is significantly larger than the E/E ratio of those same beds in example 2. This
indicates that more chemical/polymer grade ethylene is introduced in the iniet
beds and more dilute ethylene feed is introduced in the outlet beds. Consistent
with this, the temperature of beds 2 & 4 in particular are much higher than the
temperature of these same beds in example 2, Catalyst beds 1 & 2 tend to be close
in temperature in both example 2 and example 3 because the total amount of C2

(ethylene and ethane).



in terrperature in both exarrpl e 2 and exanpl e 3 because the total amount of
C2 (ethylene and ethane). 25 Table 3 Ethylene EB WE E/E Fraction T (C) P
conversion( cunulative ratio ratio Liquid ONyield (% (kPa-a) Bed 1 Feed
15.1 15.0 1 214.2 4320 Effluent 100 6.4 1 247.7 4270 Bed 2 Feed 20.9 6.7 1
243.8 4210 Effluent 100 10.2 1 264.7 418% Bed 3 Feed 14.6 6.4 1 222 4035
Effluent 100 15.2 1 251.6 3980 Bed4 Feed 21.0 3.5 1 248.3 3980 Effl uent
100 18.3 1 266.3 3915 Bed 5 Feed 14.4 1.2 1 179.6 3685 Effluent 100 21.5 1
207.3 3630 Bed 6 Feed 41.9 0.31 1 206 3630 Effluent 100 22.5 1 214.5 3560
[00741 Al'l patents, patent appli catlonﬁ, te%st procedures, priority
docunents, articles, publications P and ot her docunents cited herein
are fully incorporated by Emﬁ&reeqncegﬁo the/extent | sweind| sgicpgure 19 not

i nconsistent [ with this mvmém@m aishldios | ekib |]ratfol Sdiigtid ophs in vygg, 51 such

i ncorporation is p<Er mtted. F0075Iyidhed numeri cal [ | over | mt

nuneri cal uppet;+Hmtsrarettstedr—herernr—tangesfromat 0} gHt to
. | Fo 1511931300 —H9,
any upper |li nh%fd are c%dnt enpl at ed. |[0076) Wi ?ﬁe i1l ust Lat | V€ errbou ment s
of the invent|ion halEfisaien desd®dfbed wis#h par(ticu] arity,l]i 24%|1 | 43@0
under st ood tl‘ig Ly ariRys other nodirfrcatopsyy g5 dppc}?@%‘u oy_illio can be
readily nmade by those skillled in the art thqut epartihg fromthe spirit
and scope of |t he i ny&fuenton. Accddi ngl y10-2| t i § not| interddedéthat 4Ih® scope
of the cl ai ms[ggppenyghy heneto be fTmted To014le §5ANPI €5 1] angHescyghPt i ons
set forth herlein but_rather that fhe clai 8 canktrued as
Effluent 100 15.2 1) 2516 3980
Bed 4 Feed 21.0 35 1] 2483 3980
Effluent 100 18.3 1| 2663 3915
Bed 5 Feed 14.4 1.2 I} 179.6 3685
Efftuent 100 215 1 2073 3630
Bed 6 Feed 41.9; 0.31 1 206 3630
Effluent 100 22.5 1 2145 3560
[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 to and can be readily made by those skilled in the art without
departing from the spirit and scope of the invention. Accordingly, it is not
intended that the scope of the claims appended hereto be limited to the examples
and descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present
invention, including all features which would be treated as equivalents thereof by

those skilled in the art to which the invention pertains.



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 in the art to which the invention
pertains. 26 CLAIMS W Caim 1. A procgss for producing an al kyl ated
aromatic conmpound in a reactor having a plurality of reaction zones
including a first reaction zone and a second reaction zone, said process
conprising the steps of (a) introducing a first feedstock and a second
feedstock to said first reaction zone, wherein said first feedstock
conprises an €@LIAMS able aromatic conpound(s), wherein said second
feedst ock co ises an al kene and at least 1 wt.% al kane; (b) contacting
said first fe Héﬁﬁﬁk and said second feedstock with a first catalyst in
said first reaction zone to produce a first effluent; (c) nmaintaining said
first reaction zone under conditions such that said first reaction zone is
predom nat el y1.l i quAdpobas efor whedieing at allgdstd aBfnatiz! eomppsumenin & heactddrkene
present in said first feedstock is converted and said first effluent
conprises an al kyl bavars apbaalitycof teastionasacaHgluding s dustgyctivsiomagnd 8i d fir st
effluent without s I, QF ' r i i st effluent; (e)
supplying at | east&g%ﬁe{a?tgor?o%P%’g%?ddﬁjgg%Pg%&Pﬁgg%agefsgffpf&é)lrj]ft and a third
feedstock to sai d @gconghtidadhg anfidofdstabiensd 3 sseordl fdetstdek teeddtibak
conprises an al kene; (f) contacting said at |east a portion of said cooled
first effluent and sai @aﬁtmnr@nﬁe@g@@@@ﬁldvﬁlﬁhfead%@écﬁ%l%@wy@kylawbbai d
second reaction zone t r 0 1 uang i Lhing said
%8ﬁla89 HompBundiy [}gi}??{l{x]asgl% §eco%i‘?eéd9?oaﬁ%o&gﬁkél

second reaction zone un con sal second reactl on zone

is in a predom nately | amatkehepdidse®lcastvth et e kgt d the reactor is operated to
achi eve essentially conplete conversion of the al kene. )
81/3) contacting said first feedstock and said second feedstock with a

first catalyst in said first reaction zone to produce a first effluent;

(¢)  maintaining said first reaction zone under conditions such that said
first reaction zone is predominately liquid phase, wherein at least
90 mole percent the alkene present in said first feedstock is
converted and said first effluent comprises an alkylated aromatic
compound and alkane;

(d)  cooling said first effluent without separation of said alkane from
said first effluent;

(e) supplying at least a portion of said cooled first eftfluent and a third
feedstock to said second reaction zone, wherein said third
feedstock comprises an alkene;

4] contacting said at least a portion of said cooled first effluent and
said third feedstock with a second catalyst in said second reaction
zone to produce a second effluent; and

(g) maintaining said second reaction zone under conditions such that
said second reaction zone is in a predominately liquid phase;
wherein said the reactor is operated to achieve essentially complete

conversion of the alkene,

2. The process of claim 1, wherein said first and second catalysts are a

molecular sieve selected from the group consisting of MCM-22, MCM-36,



2. The process of claim1, wherein said first and second catal ysts are a
nol ecul ar sieve selected fromthe group consisting of MCM 22, MCM 36, 27
MCM 49 and MCM 56, beta zeolite, faujasite, nordenite, PSH 3, SSZ-25,

ERB-1, ITQ1l, I1TQ2, zeolite Y, Utrastable Y (USY), Dealumnized Y, rare
earth exchanged Y (REY), ZSM 3, ZSM 4, M 18, ZSM 20, or any conbination
thereof. 3. The process of claiml|l wherein said conditions in steps (b) and
(e) include a tenperature of 120 to 285C 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

h-1. 4. The procesgiCf-49laat MAEMMPE Rt redBicd f2apeRE dn@ashitd) PRH- egst ncks
conprise a first al kene corrgonent and_a second al kene conponent. 5. The

process of clai m 4ERBd; ETQ-1s4TQ-% izeddite X KdtrastabbmpdHEND, Rentpminieed 9 ol .
to 100 | . % of d al T d
(or106"m) .0t sy ko Tieeal 9575, 2 EL R sieag sy Seco

claim 4 wherei n sajghtiegPadh@béene component conprises from 20 to 80 mol. %
al kene. 8. The process of claim1 wherein said second feedstock has the same
conposition as said third feedstock. 9. The process of claim1, further

conprising t st . (f) aratln sai.d second. eff t recover said
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al kyl ated aromatic e&g@%ﬂe of §20BS zeﬁe a%HB)ﬁr&%ﬂl%edT%S%‘t@l&lQOf kpsh (fggagdst ock
conpri ses benzene, said second feedstock and said third feedstock
conprise a mxtur éﬁﬁ'fpsm)rwv\&h%\/ based cattheweighpef alliane ofifel forlddess of claim 1
wherein said al kyl ated aromati ¢ conpound conpri ses cunene, said first

f eedst ock conpri ses benzene, and said second feedstock and said third

feedstock conpri serg foXido8 cRimAr FR%ERNGId RBShPERIPRNE feedstocks comprise

a first alkene component and a second alkene component.

5. The process of claim 4 wherein said first alkene component comprises 99

mol.% to 100 mol.% of said alkenes.

6. The process of claim 4 wherein said second alkene component comprises

at least 20 mol.% alkene.

7. The process of claim 4 wherein said second alkene component comprises
from 20 to 80 mol.% alkene.

8. The process of claim 1 wherein said second feedstock has the same

composition as said third feedstock.

0. The process of claim 1, further comprising the step of:
3] separating said second effluent to recover said alkylated aromatic

compound.

10.  The process of claim 1 wherein said alkylated aromatic compound
comprises ethylbenzene, said first feedstock comprises benzene, and said
second feedstock and said third feedstock comprise a mixture of ethylene

and ethane.
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12. The process of claim 1l conprises the further step of contacting said
first feedstock and a fourth feedstock with an al kylation catalyst in a by-
passabl e pre-reactor upstream of said reactor, wherein said fourth
feedst ock conprises an al kene. 13. A process for producing an al kyl ated
aromatic conmpound as recited in clainms R8to 8, wherein said second effl uent
conprises said alkylated aromatic conpound and pol yal kyl ated aromatic
conpounds and said process further conprises; (a) separating at |east a
portion said first and/or second effluents to recover said polyal kyl at ed
aromatic conmpound(s) to forma transalkylation feed stream and (b)
contacting at |east a portion of said transal kylation feed streamwith a
fourth feedstqgk i he. sepce .of @ _hran | at han.:cC | yst oduce a
transalkylatigz'ef$W%e %Béﬁdgf(ﬁ?ghéaWﬂ§%%§ﬁ%ﬁyébﬁ%ﬁ??d%é&mxéﬁg%lPﬁgéaid
fourth feedstock cepppiis&s camedd, kydidt bl declsRoRt doinprizedsnpehes )ands adid
transal kyl ati on ef fluent which conprises said_ alkylated aromatic conpound.
29 14. The processesmnddpedstackand paid thied leedsipek eimpyise panictup of propyleay
separating said transalkylation effluent to recover said al kylated aromatic
conpound. 15. The 6P§8§§%n%f claim 13, wherein said transal kyl ati on catal yst
is a nolecular sieve selected fromthe group consisting of MCM 22, MM 36,
MCM 49 and MCM 56, beta zeolite, faujasite, nordenite, PSH 3, SSZ-25,
ERB-1, |TQ 1, 1PTQ Thezwotess of Viairl It ecamprisies eheviurtbsyitep DEaputattmgzsatd fist rare

earth exchanged Y 1 ZSM 3, Z SM 1 ZSM: 20.. or combi nati on
thereof. 16. The pl(,fSReElgéogko Igt:?aﬁoﬁééé‘%ﬁﬁ)é’mw&hs% %/fk?&%iﬂ%a‘ia%g?/%ﬂ“o% v

condi tions include pssabRMPRS-Adabior Qbstrbal 1O LD GedRter, AwheRHS Wak ObuRP6 tO
4137 kPa-a (101 to~ 600 ESI a), a V based on the weight of said

pol yal kyl at ed ar ondeddstock sopptisessinadkeabout 0.5 to 100 Ii', a nole ratio of
said al kyl atable aromatic conpound to said pol yal kyl ated aronmati c conpounds
of 1:1 to

13. A process for producing an alkylated aromatic compound as recited in
claims 1 to 8, wherein said second effluent comprises said alkylated
aromatic compound and polyalkylated aromatic compounds and said
process further comprises;

(a) separating at least a portion said first and/or second effluents to
recover said polyalkylated aromatic compound(s} to form a
transalkylation feed stream; and

(b)  contacting at least a portion of said transalkylation feed stream with
a fourth feedstock in the presence of a transalkylation catalyst to
produce a transalkylation effluent under transalkylation conditions,
wherein said fourth feedstock comprises an alkylatable aromatic
compound(s), said transalkylation effluent which comprises said

alkylated aromatic compound.



10: 1. 17. The process of clainms | to 8 wherein said al kylated aromatic
conpound is ethyl benzene. 18. The process of clains 1 to 8, wherein said
al kyl ated aromati c conpound is cunene.
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14.  The process of claim 13, further comprising the steps of:
(c) separating said transalkylation effluent to recover said alkylated

aromatic compound.

15.  The process of claim 13, wherein said transalkylation catalyst is 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-235,
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, or any

combination thereof.

16.  The process of claim 13, wherein said transalkylation conditions include a
temperature of 150 to 260°C and a pressure of 696 to 4137 kPa-a (101 fo
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.

17.  The process of claims 1 to 8, wherein said alkylated aromatic compound is

ethylbenzene.

18.  The process of claims 1 to 8, wherein said alkylated aromatic compound is

cumene,



