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et hyl benzene and cunene. BAGKGROUND [ 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 eth Ibenzene producti on pl ants, those
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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/cm’-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-ethylbenzene isomers (DEB), tri-



further reacts with ethylene to formdi-ethyl benzene

i soners (DEB), triethylbenzene isoners (TEB) and
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reaction products are conmonly referred as

pol yet hyl ated benzenes (PEBs). [0006] By way of

exanpl e, vapor phase ethylation of benzene over the

crystalline alurninosilicate zeolite ZSM5 is
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W001/21562 (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
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



pressure, the costs associated with the design and

operation of these plants have proven to be
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for the production of ethyllBenzene in a m xed phase

using reactive distillation. Such a process

i sdescribed in U S. Patent No. 5,476,978. M xed phase
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p(lles%u;re 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.



[0014] This invention relates a process for producing
an al kyl ated aromati c conpound in predom nantly |iquid
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contai ning al kene and at |egst 1 nol.% al kane wi t hout
i nter-zone al kane renoval . SUMVARY OF THE | NVENTI ON
[0015] In one enbodinent, this invention relates to a
process for producing an al kyl ated aromati ¢ conpound
in a reactor having a plurality of reaction zones
j ' i zone and a second reaction
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(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.



separating the first and second effluents to recover

the al kyl ated aromati c conmpound. In yet another
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separating at least a portign of liquid at the bottom

of a reaction zone prior to the liquid exiting for

cooling. In yet another enbodi nent, the process

conpri ses another step of feeding at |east a portion

of vapor and/or liquid effluent at the bottom of a
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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 (e); and 2) mixing the conditioned first alkene component and the

conditioned second alkene component.



Preferably, the second al kene conponent conprises from
20 to 80 nol. % al kene. [0021] In one aspect of any one
wo@toobhe74above enbodi ments, the second, the thiPdl/uszude/007262
the fourth feedstocks are mgde by 1) mxing the first
al kene conponent and the second al kene conponent; and
2) adjusting the m xed conponent to the conditions of
steps (b) and/or (e). In another aspect of any one of
t he above enbodi nents, the second feedstock is nade by
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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);

©) 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;



al kene and at least 1 nol.% al kane; (b) contacting the

first feedstock and the second feedstock with a first
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effluent, the first reactiory zone bei ng nai nt ai ned

under conditions such that the first reaction zone is

predom nately liquid phase, wherein the first effluent
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separ at i ng 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, favjasite, 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.



the transal kyl ation effluent to recover the al kyl at ed

aromati ¢ conpound. [0027] In one aspect of the above
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nol ecul ar sieve selected frgmthe group consisting of

MCM 22, MCM 36, MCM-49 and MCM 56, beta zeolite,

faujasite, nordenite, PSH 3, SSZ- 25, ERB-1, ITQI,

I TQ 2, zeolite Y, Utrastable Y (USY), Deal um nized Y,
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pressure of 689 to 4601 kPa-a (100 to 667 psia).
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conmponent conprising a Concentrateral kene via I ne
ingol 6 elivanee Thestdond feedstockdis dbdkeribe bwmsaldn reacbvmguasd hgi 25
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guard bed via line 13. A portion of "both the first
ra&er@élpn @Rtabﬁt;l eteheMEDEBAdTHeersaetivecguardaledo3ds paieslly leperates at

GEASLLRLFREt: e b el R Sy
'Eﬁﬁlehﬁ@ﬁhb \téacgiv@ tarl @dd 25 léa)VlithﬁthleWerﬁ abmpodd diralkylated
Ao e berizont’ of umens). Sy umrescted alkone (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 line 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 maintained in



effluent of the reactive guard bed 25 leaving via line
27 is conposed of al kyl ated aronmati c conpound (e.qg.
we@tdwghibanzene or cunene), any unreacted al kenePCBUS2006/007262

et hyl ene), unreacted al kyl apabl e aromati ¢ conpound

(e.g., benzene), and unreacted light inpurities (e.qg.,
hydr ogen, nitrogen, nethane, and ethane). The reactive
guard bed effluent in line 27 is further conblned with
the streamin line 19 and then passed to a
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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



zone 59 is typically operated at or near to 100%

et hyl ene conversion. An effluent fromthe reaction
wQowe/1837i s Wi t hdrawn from reacti on zone 59 viBCT/US906/007262

61, passed to the heat exchgnger 62 prior to injection

into a by-passable finishing-reactor 67 via |ine 64.

Again, a portion of the effluent fromthe reaction

zone 59 may by-pass the heat exchanger 62 via line 66
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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 guard 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



reactors 103 is operated under conditions such that
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101 are converted to al kyl ated aromati c conpound. An
effluent in line 105 fromthe transal kyl ati on reactors
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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



that the m xed feedstocks is in predomnantly |iquid
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al kyl atabl e aromatic conpourl in feed of line 233 is
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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



271. The al kylation catal yst of the by-passable
finishing-reactor 267 is typically operated at or near

W 20060086 et hyl ene conversion. [0035] An effl ueP€T/U82006/007262
line 269 fromthe reaction gpne 269 conbining with the
by-pass streamvia line 271 which contains the desired
al kyl ated aromati c product as well as any unreacted
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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-diethyltoluene; o-
ethyltoluene; p-ethyltoluene; m-propyltoluene; 4-ethyl-m-xylene;
dimethyinaphthalenes; 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,



[0036] The first feedstock conprises an al kyl at abl e
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i gonmers. Such products are frequently referred to in
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.



the art as al kyl ate and incl ude hexyl benzene,

nonyl benzene, dodecyl benzene, pent adecyl benzene,
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pent adecyt ol uene, etc. Veryisoften al kylate is obtained

as a high boiling fraction in which the al kyl group

attached to the aromatic nucleus varies in size from

about C6 to about Cl2. [0040] Reformate containing

substantial quantities of benzene, toluene and/o
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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



feedstock having at | east 80 nol. % al kene and at | east
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WO 0®45)74rn one enbodi ment, a plurality of feedBtDUER06/007262

havi ng al kene may be pre-m x&d before being brought to

the suitable conditions for alkylation reaction.In

anot her enbodi nent of the invention, a plurality of

f eedst ocks havi ng al kene may be separately conditioned

to the suitable conditions before feeding to thg

o0& &ha pliswlatdlrerematiogempeyng Ytk theralkere s9mpenent of the second
| L] dstock to be m xed

Zﬁe@%g%ﬁ{%‘eg)g%gﬂ}éggg{a?{gﬁﬂé%ﬁg?gﬁﬁs vari ed based on the

e®7]i on camdiedfilgens froanthel frst alkglation r¢agtiom domngfirstt product)

FEmPPBRaEr QR0 5 MR Re Dot ek romati
! . _ t
t%ﬁ%?ﬂ%}cf, t%ﬁ? $hRGKed %ydggtg gﬁk&féed'on%rgﬁﬁ s Gﬂ%%ﬁfto tbBaR jeast 90

e second dstock for the secon ew
mea b, pefezabipsabord RE-OAODY mewh&o) Tandntha laksana tcomponent and the

React.i ons .[ 0046], The al kyl ati on reaction..zone. s .
G ARt oL s GBRe R gy AP SOHIESBIOR (TG efftuen is
QUOP W BRE . ettt 118 Rein@RRAI fnl pREcAINahe ligi®HhaRr Whe the
of the reaction zone include a tenperature of 100 to,
2600t ¢xitsahe seasionrnea e enmeatiegrod thet effent tiptypeglly higher

Pa-3 (100 | 67, [ r r.abl . Or - Of

T P 3t B R B R 2 iRl ESRHOF i€sencrpty
teR6the@ia s T6 aasintaba tel Quxt Zedteioh ohelde liguidepipee,athe redflwdnt is
150 to 2850C {;302 tqQ 5450F) and a _pressure % 689 t

Aapealypameved Gomithe By raetion zongapd spolpd-Lhep IAW@& &H 5%)180 be
A e e
moefrematd yny @nfatted 2lkenk, exveptetopthef exters| of, ledk Hrtlosside to

1, or a V based on bot h al.kene and.penze f or
SuPiePt AL EPGRGr AOCRD iRt DY EPHo 0 55 hsseggnd
hidatiiRieg @l onYzoh FRRFAhdHiforlad sEotlh FEedstbck HE a@BaNGDE t@RAdn
portion of the reaction zone than the inl etws)ortl on_of

twith theamréasted 2ddatable aramatisecompouné mithca seepnd eatakyst ighere

kyl ati on r.eaction,, The al.kwvl atabl e.ar i g C
e iRt tubIBY RS et SR sl URY. e SN Hom
idAck BéndPisBE s theOiexdRomd With akltivionsladeadndsfeedsiock. Thacifbuent

having at |east_ two reaction zones. The reaction z n?s
dram tRepieeend spagtion oag comHains §1og rareagted alkane andgapre ated

(';ﬁg(%(rg%ltgbg%&f‘glgo ’ dal Fﬁ'@ﬁe‘gggfeg A RaLCHAHLA ImPErRbiYVEGh R second

1 ocat
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
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[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 transalkylation 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
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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,
1:1to 5:1.



t he al kyl ati on reactor and could be operated under
predom nantly liquid phase al kyl ation conditions.
WO 0®61974The al kyl ati on reactor used in the proPerESWN6E/007262
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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 alkylatomatics,
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 No0.0293032. ITQ-1 is described in U.S. Patent No
6,077,498. ITQ-2 is described in International Patent Publication No.
WO097/17290 and WO001/21562. 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
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EHE < Rorgmariacce ShyDele Yor MOFdsBP ANt « FSME A AGH-16, and
HEMID, PeoliRW SR P B HeoribBYGH B, Kk ANG.CTPLEBIEN Seolite
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 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.
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esler ibeskd im thet lighat teopealatuPe taBnationbéatausti kads Mod a higher

7/ 17290 and WO01/21562. 6,4,5 ;descr.i bed, i n.U..S
B s 18T s5mniey 7o oaomidoa” WRRE indRa, g Bver
SoriRBataRa R SEdT Redydt BedsS Whilb 8itfh] Ofrahikylation GRilyesis used
i ncl udi ng_et hyl benzene, using a catal yst conprising

Mcthes ganspibviation i zongekicsicheat ¢rabadigenta gy ffinpghing reactor zone
T . : '
SRR R Pl A0 LR At Bpble 2L esch

gedai] i bed im the froctRtemhe MNogntidn, 308 alGfationdeistion fin At Geast
MCM.56 is described jn U S. _Patent No. 5,362,697. Th
a5, anthponBalboimcech 95 AlTRipR rrstip Zgpcs takes place bnder
tiggSid ReLadicBgaby ! henzeane | | blati
BB A R BphUCLORUELIY AERTANE 1S SROBLINSrbRatc
compemtidisaf thelpredomenabshyleupbplese. specifications are

TR TR A R M.

GRS R HinCBhngePr i se a medi um pore nol ecul ar sieve
havi ng a Constraint |Index of 2-12 (as defined in U S
m.eaﬁceSl\lo. 4,016, 218), including ZSM5, ZSMII,

s AR 25 20 25 6, zsins 1
F806619, 948 ThéSMllowihg etespld ed competenisimilatibh Sf 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.



Patent No. 3,709,979, ZSM12 is described in U S.
Pat ent No. 3, 832,449. ZSM 22 is described in U S
w@2a006n074N0. 4, 556, 477. ZSM 23 i s descri bed i n RCBUS2006/007262

Patent No. 4,076,842. ZSM 3% is described in U S
Patent No. 4,016,245. ZSM 48 is nore particularly
described in U. S. Patent No. 4,234,231. The entire
contents of all the above patent specifications are
i ncorporated herein by reference. [0062] As a further
alternative, the alkylatidabldd transal kyl ati on
cat al yst—Tan CRHERLASE a kil € BeT eE/golfépﬂutgoar $|(°@?/e P
havi ng|a Constobatabn | NdeXatlveSigathbhamio2, 1Syiid apl e | ar ge )
pore mbl ecul ar sicpvesidd@bley zeglite] beta, geoli { &2
Lltractiahla VY (1ISV) Naal Hr-pi-zad N [ 1l A

le Y GO DO Uttt 1l 2.150. I2 [¢4] 4270

178, e

v A>3 L} |
enits  Z&M 3. ZSM 4. ZSM B8 zsm 20l ZZAli

ZSM- 14 [Rffuedescr i bedodin U. S. 4Hatent Noi 3, 923 6363 4220
epf it ZoM 20 s —degcribed My S 28R ENt W0 2476 2210
?%272 <f§§f Zeolite Beta is desc(ﬁ) bedg n U S | Pat ent

Nos. 3,E0®n069, and'ORe. No. 998, 341. Lbw sodilym 265| 4165
HEi T astaele ol eculfar si evel (¢J3Y)21gs descr| begb.gln 4035
U. S. Patent MNos., 3,293 31449070 Dealy H zod
Y zeol [FEEDdal Y) Whhy be pripardd by|t he mef h6tHound™
Rad 4J. S.reRat ent No. 35442, 795.| Zenl i t&8| UHP- Y 1 s 242.9 3980
descri begipU-S—Patrent—Ngz 5446155 Rargeg5Ld
bxchanddd™ ¥ (rev) i D) descriBdd i A U S| Pat er J\Ig}'g 3915

Be&24, g6 Mirdenite|is a natuddll yl®@ccurridg Adtyrial’l>
put i s EgR gval taghg 11 SHpeetlic fafms, such a6 3660

TEA- mondeni t (I e. qyntheti rdenite prg_‘ red from-

Bed Gactfsh mijxt ure conprisi ng| A4let F2et hyl athordiuth  >°%

Ji T eCt I|Pguaagent ) . - nor deaif e s dl-«E_C| osed| i nedy|S. 3590
ho

at-aent-—Nos 2 766 002 and 2 Q04 104 1 ant i r o
St ™NOO— oS T OO0 O TOo T altu O, OJ5, LU mec—CTitT TT

contents of all the above patent specifications are

i glféjg t&?t?ueﬁgmémmymﬁfne&ﬁn tEixéP ORI lent Tee R IRS

cat may be used I'n both the transal kyl ati on zone
4008l he al KBheafolwing nesnple tihea prosywier smvdaiianoef mixed-

Pr ef er ab however, catal ysts are ¢h n f h

ol P, v s olalot ke Hhfied PR, Mgkl by the
ZRb&ss §Oh8 prdsenttifydnfibh TR 6T dohifigidad td 6pdrats in liquid-phase.
reactions catalyzed therein. I n one enmbodi nent of the

&I@St@lnpenansnm essirestafriba fepdzand; sfflpgnt shreams & eqchrbed are
o . . o . q

BT A D LB S BT 1 s or e
higtilatiomakiskowy icBalde gst for exanple, 75% zeolite and

25% hinder s used in the |power_te rature alkyl ati o
JB06dly st beoationafi s Taedifigtien of s Rk} 1Pt gcibg dpty Qe
| BhH&fhas the characteristics shown in Table 2. The feed to each catalyst bed is

characterized by a B/E ratio (Benzene to Ethylene molar ratio) and an E/E ratio

(Bthylene 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



in the transal kyl ati on zone.
any finishing reactor zone could include a MCM 22
w@210al19yar1 bed for predom nantly |iquid phase OPEr/HS$10061007262

[ 0064]

reaction in at

In the process of thx invention,
| east the first,

In such an enbodi nent,

the al kyl ati on
and normally in each,

of the alkylation reaction zones takes place under

predom nantly |iquid phase condi ti ons,
al kyl atabl e aromati c conpound, i

amchaﬁﬂ@e@tﬁé@éms (@b betirpse ﬁl}fﬁéﬁflﬁ f@

o 1§

such that the

redom nantly.
guiggyhase operation

described with reference to the foll ow ng

E‘xat’;alrrp?tgﬁ{ anpl es Exanple 1: Liquid Phase Al kyl ation
[006P] TheThelH/Bwatig dex@ageb erdns bad dorhedtierthe ireadtart bapause

of _benzene, et hyl ati on th_eth [ ...
whilg thg P‘BM epeéﬁymrss{lmeﬂ Bﬁt@rlﬁ B e%',]gn &*egf %?‘ip 21? 35?}’“011
&f cavaqpe hedd QlstdsQ@Uow tRE 1ehdh of

Vﬁ\%;%%g Z\Q %% e Sog%g Redli ch- Kwong
Euptmacntontooéerﬁpmsate(fm the ethanenbuibbup anérediced pressure, due to

IR IR M R I
%1

mhlﬁamé@tekzaa iRNfe %es%ﬁge vb@tsﬁ fiGhhyhenatst of Bilaagewhich, if
mol ar ratio). The very Eratiois an indication
ofairgpined hyb@n@aseee@ghm Wptlld cpupp therispctipnaixtee g \bers 2
uriy onfigured to operate in the
ﬁlﬁﬁ%haﬁﬁgé m%’%pr?%&atﬁ E/E ratio. The temperatures and
pressures of the feed and'[abtelment streans to each bed

re sufficient Lauid-nph n operation—i1
t he cafal yst b@*&yle“Fh ts SI t] OhChfe
shown iin Tabll T BRANGER o LG &a ‘q“ kil ati QrikPa-a)
i th mixed ethyleefey 3cks[c068] Thefolowerg
Bréhpl ¢Fees a|conput e si mJI al i 81| of 44j xedphdgep25.7, 4270
| | qui d{gIgEgE [benzeggyethytagom Wt i xed qf Nykgaie 4220
f eedst gcks hy the process oflthelpres ' ntion
PRE2 cadieed s donfigured to operadd i A2 i qui diphdse| THELO
i P q
[ enper affegs |and pn@gsuressgaf thg feed and effbewst 4165
St feﬂ..“ -to—each—bed—are—sul--eient—tgratow 55 3925
‘?ﬁu d#%’ﬁ‘gse operation in the &lal gdt bed. '| 1he
resul t $BfBdent e si midGt i on 1&g shqwn i h Tabl | 22149 3870
Bed4  |Feed 7.0 12 1| 2118] " 3870
Effluent 100 17.2 1| 2358] 3805
Bed5  |Feed 145 1.0 1| 1804 3635
Effluent 100 21 1| 208.1 100
Bed6  |Feed 312 042 1] 2069 3580
Effluent 100 225 1| 2185 3510

Example 3: Liquid Phase Alkylation with mixed ethylene feedstocks
[0071]
ethylene has the characteristics shown in Table 3. The feed to each catalyst bed is

Option 2 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



[0069] Option 1 for nodification of the plant after
addition of dilute ethylene has the characteristics

W@ bawenoidm Tabl e 2. The feed to each catal yst bedI/iS2006/007262
characterized by a B/E rati® (Benzene to Et hyl ene
nolar ratio) and an E/E ratio (Ethylene to Ethane
molar ratio). The EfE ratio is significantly | ower
than in the base-case (exanple 1) indicating a greater

concentration of ethane _and representative, of dilute
andhydibtie ehyleagrestrea@sorThe LB (FERICRY| Pﬁoﬁ%‘éjﬂlu&r Ffylene
L]t e t td £aNn : ;
Bt ils RS AEATBhasd faffR S folER HeSitofied time is
bilowmeddphaseapaifithe cthyfehe/ethend injesird émelow iteethgene/ethane
al | oned downstream of . t he et hyl ene/ et hane_i njecto t.0
9 F%w?lpwgv e TEROE il 106 %&?ﬁf%‘f%’f rdpiesyish e foed
%H& efﬂugﬂﬂ GreahB8o TEPEL @B sRFicRR td 518 YN &ijuidf pHab®operation
eedand effluent streans to each bed are sufficient to
al thewatalyist badgqui d phase operation in the catal yst bed.

GBRF, oSSl Pl BLESHE AR B RO L

elRAGoPYEdatSe WRilk Ahd BBiyleR8§d 8nsuinld 2mdieiia@8 bullieup in the
average tenperature of each pair of catal yst beds

desstosade sadduion, tthe average htemperatise r efaseddy Peis @lospalvstabeds
f.or t ' d . 3

{Pasbe SAIAE AL U ARt BEUSRRBIESFAIG S bt
tafd addukédiprieskupd) dae td presduire) imipruetbse decatalydt bedyp e theswey, a
of significant anpunts of ethane, which, .if. maintali n?d

dptabliged phare womaPtatseveRot the Pagsecs plsigaificat gpounts of
. ’ o . ohase. (. d c _
%1{%% Vgh%g,aﬁn%rxéﬂ&: 44 &eﬁjaég gﬁ%sccfﬂditﬁﬂﬁ's, {6 AROEAsS Rl Beaction

Li qui e Alkylation with m xed
eniRipretvcefin adsixed-phafe T/ vaper) state2 f or nodi fi cati on

| ant. aft ddi t | fodi | ut hyl h th
GhagR B! 2Bk b P i SNl ok M
Ci@si%hﬁﬁhntger&rge% {RRRFRCE B FB6 blNost Bife belkiin ckBapieeN) eThis
to Ethylene nblar ratio) and an E/E ratio (Ethylene to

Irzmdiemes Ehat arore @Eemjc.avmiwn@f Eradgtdtylpne i Giofneeann e nlet
R T e S e R

hane and r epr esent a
dvitiiites, ehdriengeentsier sftess 2n& Hlin phrtiedlac heninaeil highbythen the
gradeand dilute ethylene streans, The_ entjre. co

FmpgiplyTait these samp prdni eampiegt (afalvi bedet & %&?_ﬁﬂfﬁg Pglose
lih QS RBRSE dof EimsiE b i &BhpleS bESREE el tBBI hount of C2

(ethylene and ethane).




al | oned downstream of the ethyl ene/ethane injectors to
all ow the ethyl ene/ ethane to conpletely dissolve in
wo b@ohd™goi d. The Tenperatures and Pressures ofPeTiesioeea)7262
and effluent streans to eacps bed are sufficient to
allow all liquid phase operation in the catal yst bed.
[0072] Simlarly to exanple 2, the E/E rati o decreases
frombed to bed in the reactor because while the
et hyl ene is consuned, the _ethane builds up in the
reactor. In addition, theTadkrdge tenperature of each
arT—off catat yE&ylEH’e‘U?’ UgRrear e JOEE [ Tachdapripcyl tHe
eacton to copgReassk ¢ cikfatild1Pra6 Nane bulihds up and
reduce¢ pressur eg) dug fiad @essure drop across the (kPa-2)

at al y‘f herl B ki S \vnvay’ = +§gf alr ] unHd n |a§L 2
‘H';t ai%’% ewen in the presehc%' f 1§10 ni fi cant 151 )untd’g20
of eth yentMi ch,  140j mai nt &dped gt base-caseé| 247.7) 4270
(é&léjl (WIETIP vuunLT_“,:L cagrse the eFEdT oS Xxtur fgl}'_‘: 5570
a m xe ﬁéﬁﬁwase (liguid/vapor)|statle. TDP073] SSJﬁH‘:IL

to exanpfleen | the EOE ratil82pf the befls neardps@64he 4165
§EU IR g ficantiiy rargel 4§ GAf B E [RAtT eaB0T 4035
t hose sanme heds in-e nplp 2l Thils indicatesithat lnore- |
chem caffyst ymer gfe etH§P=ne i|s introducéf Pn4he 3%
Bad et Ep{&é& and nore dilTute efhyglgnesseed I s 1 nesgrjucexdso
n the regtt-et bedslooioﬂs:si*%ﬁu —whth—tpi-s—th 3663 3915
[ enperature of beds™2 & 4 injpartficular are puch-
[Begher (ebdn tthe tenperature pf14ﬁesé2pane bdds 1790 3685

exanpl g fﬂuenf.,clcﬂ' ystodieds L& 2 tgndtp be ThpsSgys 3630
emperature iln both exanple and_exatmple 3 hecalge

Bedo ¢ otBsPd amount of €2 (ethy ef‘ﬂe9 aftPlt hane)l| TaBP® 3 3630
[ 0074] [#Ldaaflent s, iguat ent ;appl 1 cdtions, testy] 2145 3560

rocadiiracs . nriorit v rlnr\nnrnn S rtiecl ac
AAATA~ B 8 wx— a1 TT—otTty T T T CTOo5

publ i cations, manuals, and ot her documents cited

GoRn ar eﬁ{ﬂ“ Xteht@co Qﬁtat égnﬁghgé/tlcfngf {81 C BrooBadr e pnonty

xtent suc closur I nconsi stent wth ¢
idovengrits rartieies, fpoblictions, lmarsldlsc andbother dogumieanits stadrherem are

i.ncorporation.is ermtt d. [.0075 NUNET |

e P16 ki e RERRER o 0 g P AP o e dgprsistent
RAtEis HeRERE AP TorRAN FuliddEbtidsid wWiclaRMcH BR®ipdrhtidd is
are contenpl ated. [0076] While the illustrative

eatidtedent s of the invention have been
[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.



described with particularity, it will be understood
that various other nodifications will be apparent to
wa@nweaem7be readily made by those skilled in tPeI/E81006/007262
wi t hout departing fromthe Xpirit and scope of the
i nvention. Accordingly, it is not intended that the
scope of the clains appended hereto be limted to the
exanpl es and descriptions set forth herein but rather
that the clains be construed as enconpassing all the
s of patentable novelty which reside in the
Wf?ﬁz%: i nvention, including all features which would
reated as equival ents thereof by those skilled in
the art to which the invention pertains. CLAIMS W

aim 1. A process for prodyci an al kyl at ed .
ot B BETIONHSE AB ALY TeR Qoo APy gpactor
react o2 ANAsraliRCbtihfishPzdes clbBRE bi M5 AARRNAARednd a

second reaction Zone, said process conprising the
st eps safond ¢eactipmeensgsaid prpcessicomptisingdasstepsofand a

second .feedstack to said f.jrst ti wh [
Sar d 10y ot g A b TeabioBk 4 idedi FFtock S SR st
conmpound( s yeackbrer@ieNwhadeth SECARHd8Q68E Qiprisesi hikektable
an al kene and at least 1 wt.% al kane; (b) contacting

sai d fir st afoseadist eoakpoand(sh aiepreiacuith sgcord Seelstookj aopipaises
first catal ?f%fke%;@argd}%tgee{sjff%.%'glﬂ%ﬁé'on zone to produce

a first efflden rst-'reactron zone bei ng
mai nt ghned comndeingceuidlifirstofdsdssavkhartdhsdid Sacahdf feeddttock with a

reaction zgne is_predomnately Jiquid phasg, rei

sai d first Hefeiabet 1%%6%@&%‘%&9%%9 |t‘g_tp%1ua? Brfips gt
conpound a@&id%lré‘t@@&ﬁgﬁ%&&%%ﬂﬁhﬁ?héh fildep borfifidd@@én that
wi t hout separation of sald alkane fromsaid first

ef fl uent; @aijl fesipphoriongont isl pedamiaately kiqud pbéseswhetein said

led first ef t and a third feedstock to said
Second readtHioRIBRECoRRENS: i1 cRYaE Fruc RrRRpnd and

conprises gikagé;kene; and (e) contacting said at |east

a portion of said cooled first effluent and
(¢)  cooling said first effluent without separation of said alkane from

said first effluent;

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

(e) 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, said second reaction zone being
maintained under conditions such that said second reaction zone is

predominately liquid phase.

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,
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,



said third feedstock with a second catal yst in said
second reaction zone to produce a second effl uent,

W@ 200d/16B8¢oNd reacti on zone bei ng nmai ntai ned uNPEF/US2006/007262
conditions such that said s¥cond reaction zone is
predom nately liquid phase. 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, MCM-49 and MCM 56, beta zeolite
f auj awie eartheychangedd! (RISY), Z.SMsSy ZENI-4££8M 18, ZBM-20, or any
I TQ 2 0l ).t e trastable Y (USY), Deal um ni zed
Y, rar%"‘é@?‘%‘ onethegﬁged Y (REY), ZSM3, ZSM4, ZSM1 8,
ZSM 20, or any conbination thereof. 3. The process of

Sl obe BCEm R AT lov B aBDe LA b AR e

f 68 .
on ¢ nd iR 1203, 640, 4 BTRR, Bsssto WBVibaatdo o

pr oces67 péia) h AVHSY babet @i the sewight s€albent efifil th1G -
feedst ocks conprise a first al kene conponent and a
second al kene conmponent. 5. The process of claim4

wher efrﬂﬁgﬁioéssf dff Hin?l $BBRITHIPBAY ak® A BektRs t8hpise
to 100 . % of said al kenes. 6. The process of claim

4 whendirst afizind comporant anda@srsordalefetonRonedy i ses at

| east 20 nol. % al kene. 7. The process of claim4

wherei n said second al kene conponent conprises from 20
50 80 THBpriéedd kdlgim 3 whEhen paid destsalidne Coaipondnt whmipeisas 99
sai d second feedstock has_sonme conposition as said

t hi r d ied&elta ok’ of gad glsBeSss of claim 1, further
conprising the step of: (f) separating said second
effluent to recover said al kylated aromatic conpound.
50. THaeproesssf dhine Havlmrdn whidrsecondsalkeheadoyfoatrscbomprises

aromati c conpound conprises ethyl benzene, said first
feedslabl?&St@gpr%&igég‘engnzene, and said second feedstock
and said third feedstock conprise a m xture of

et hyl ene )
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 some

composition as said third feedstock.

9. The process of claim 1, further comprising the step of:
® 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.



and et hane.11. The process of claim1l wherein said
al kyl ated aromati c conpound conprises cunene, said

wo poostiofseedst ock conpri ses benzene, and sai d sSBCDOR2006/007262
feedstock and said third fegglstock conprise a mxture
of propyl ene and propane. 12. The process of claiml
conprises the further step of contacting said first
feedstock and a fourth feedstock with an al kyl ati on

catalg‘ in a bypassabl e pre-reactor upstream of said
déact dhe piesssi ot skaig fow) ﬂﬁ“?é@és@@@ﬁ“%%ﬁﬁ?ﬂ%@éC%ﬁpmﬂm

al ken

furt hg?mégseeps) 0 mcohtsaﬁf fﬁ;t géaela H%%g%ﬂ%ﬁ%#s?fﬁ)%réiﬁ? gu?}%d said
al kyl gédofn fesdsdik laﬁrtl§a1&vt}tnhl faedstdckycoatprion a oakate/stpropylene
flnlshlng react or downstream of said reactor. 14. A

pr oced8d PEPaRF- oduci ng an al kyl at ed aromatic conpound

in a reactor having a plurality of reaction zones
including a first reaction zone and a second reaction
10ne, Tﬁalpﬁoq@smﬁslmmdrmxmpmsegtlierfarth@reqm@ of contarying said first
introducing a first fe dstoc ond feeds ock

to sai ‘?Pdf“io%%tanfie%\cfﬂ"gh ‘Eféiﬁ@c g‘lgg]] qu i T,Jays in"a by-

f eeds&)Q&'ﬁbl‘éoi}Ri"feﬁ@c%r afpspbde | 8t %ﬁia‘i 1840t Wherein said fourth
conmpound(s), wherein said second f eedst ock conpri ses

an al lf@detoalndompmeeastalkrnml % al kane; (b) contacting
said first feedstock and said second feedstock with a
first catalyst in said first reaction zone to produce

a3f i r ghe@kddesiestclaifndl orhpriset tHeelﬁﬁhd:rCstbpzomnenﬂaemersmd second
mai nt ai ned under condi.ti ons such that Sﬁ‘léﬁg firs

react iedineabridrs afebalion perdNgns| Pl an %tlor\/vl‘f%'iag’sﬁ m a
Sa1 1450 B ST G5k 0 ed aromt

pol'yal kyl ate aromatic
corrpound(s) (c) cooling said first effluent wt hout

separation of sald al k f d fi.rst effl
S bIFY, bioghets Frpakeis semekt Fopgapd s wector

ef f | Uqﬁtn g rzhﬁ?f« 6@' réa%ﬁ&?%&?é@ hQusRLt BRE eRLisLacld Al a
Zone, sald

second reactlon zone sald process comprising the steps of:

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

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

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

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

feedstock comprises an alkene;



feedstock conprises an al kene; (e) contacting said at
| east a portion of said cooled first effluent and said

wo hiosdofseedst ock with a second catal yst in sai BCHES®NE007262
reacti on zone to produce a 3econd effluent, said
second zone being mai ntai ned under conditions such
that said second reaction zone is predomnately liquid
phase, wherein said second effluent conprises said

al kyl ated aromatic conmpound and sai d pol yal kyl at
ar omafé)c cenpacting wd al keystsepifigh o éalg,t cqoggsgrsgeg‘l%ent and

portion sai %9%5& eamélecvitﬁeac@agn@E%%lggﬁglgsagdosee&ﬁ%%ﬁon

sai d pol yaIS ["at ed aronati ¢ conpoun orm a _
transal kyl abh®nof pedust racaegondnefffught, cxant aetdondg zane being

| east a portion of said transal kyl ation feed stream .
with a foumq.;‘ntp@g@l §p l@opﬁ?ip%s%%égaéﬁ&@ sgf:orgl reaction zone 1s

transal kyl ALY URfuid CplRfs6dUkBerBint FANSakdekh@t effent
ef fl uent u%%ééfraﬁltu?agr}gal ’%f atPor? ’cond? t inons, wher ei n )
sai d fourt kofopeskst osdid c aifpylatsés aomatiky|campbhed and  said

aromatic contoynd(s), saj.d trans ylation effluent

whi ch corrprpglsyé ygag?%argmg ‘F‘é?r%o"g’n%kjslémtip conpound. 15.
The prgcessefiratfilg@hinedd a horibA&hidc BPPrahsloNgedona ileass to
of : (h) separating said transal kyl ation effluent taq

recover saircboa(}?lk)ﬂai&it mlsatilgmcd @rg@ﬁg@mpoygd(s?—h@ form a
process oif égggg\%@&q fve\’l&?gt?éaﬂl'%ﬁ&d transal kyl ati on

cat al yst ar sreve selected fromthe group

consi §gj Ng cohtaMid & 2eastiPbdion oWkl 49nsalic/14MokH B stivemavith
zeolite, faui_ asite, nordenjte, PSH 3, SSZ-25 .ERB-{ 1
ITO 1, | TQaploustidpedstock  the prrsengs| o aytrpsalylation catalyst to

Deal umi ni z L 1 t& YirhdREA tig§%1¥ditions,
ZSM 4, zsm%?"‘i{f"ef%i??‘%%?ﬁ%‘?"fgﬁ@ SR o o it .
17. The pr oclessinahid ot feddstodkecanprissaiag alkylatable aromatic
transal kyl ati on condi tj.ons incl ude te r.at ure of .
150 to 26(1?@“5\98“&259 rsé’ésﬁi“@aﬁ‘ﬁfkag‘% %@“‘i{gg"?hlg‘%&??p(‘iﬁlsmd
to 600 psi ayyaeybioMdiatsdpoihd he wei ght of said
pol yal kyl at ec?l aromati c
15.  The process of claim 14, further comprising the steps of:

(h) separating said transalkylation effluent to recover said alkylated

aromatic compound.

16.  The process of claim 14, 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-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.

17.  The process of claim 14, 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 hl, a mole ratio of said alkylatable



conmpounds of about 0.5 to 100 h a nole ratio of said

al kyl at abl earomati ¢ conpound to said pol yal kyl at ed
W@e@raei4¢l conpounds of 1:1 to 10:1. 18. A pr oCBSEUSNG/007262

produci ng et hyl benzene in a@ eactor having at | east

two reaction zones including a first reaction zone and

a second reaction zone, conprising the steps of: (a)

feeding a first feedstock and a second feedstock to

said first reaction zone, wherein said first feeds ?pk

conpr Assatiseqormennd i s7id; polyadindated apmppticecamqyagds of 1:1 to

corrprilg,qs at least 20 wt. % ethylene and at least 1

nol . % al’kane; (b) contacting said first feedstock and

sai d second feedstock with a first catalyst in said

first reaction zone to produce a first effluent ai d

flBr st A PERSEFOIPT IRV ARVIRSRFRNSI Med TRATERS NV T fesﬂstwo

such tréh%ﬁoﬁ abiks ihéRling GG RActFRMonk 2nBelesidRhekoh zone,

i quid phase, wherein said first effluent conprises

et hyl bempdsiag tlad dgnef: and pol yal kyl ated aromatic

conmpoynd( s). havi ng_.di - et hyl benzene(s .
triet 3 beﬁ?%n%g( agfirst (fgﬁ‘ﬂ{o&gl ?rfﬁgaséﬁcg]n‘fir}?%qswg}(f fo o first
Wit hout sepafabh Ofonef whedeth ahidansst fead¥tdeRi brhprisst benzene,
effluent; (d) supplying at |east a portion of said

cool ed fi r stheedifi saidecond deedstonk campreast drert 2Wh gthylene

second reacti,on _zone, whepein said third feedstock
conpri ses ﬁpdla@g%%%iﬂdh{%la.[@éjgt hyl ene; (e) contacting

sai d qb) | eaphtadtifOkdid Aiistofecddck ambkad seeost feeldtbelentth a
and said third feedstock with a, second catal yst_in ¢
sai d secondirptecrialyshin sed dirslorepstiom zage 4o P& a first effluent,

ef fl uent, %@id éﬁég@gﬂ g@ggﬁg%%ﬂﬁh@& @1‘1&? @oﬁtﬁﬁ'&{s such that

condi ti ons suc sal reaction zone is =
pr edoni nat ehid fiistehctiqphase is pledominatednliguid gbased wherein said

ol ent CoIm e L b, 20, POVAL A St
portion of sahaid i tohpsRMr wRaNddRbhlbeRichels and tri-
ethylbenzene(s);

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

(@ supplying at least a portion of said cooled first effluent and a third
feedstock to said second reaction zone, wherein said third
feedstock comprises at least 20 mol.% ethylene;

©) 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, said second zone being
maintained under conditions such that said second reaction zone is
predominately liquid phase, wherein said second effluent
comprises ethylbenzene and polyalkylated aromatic compound(s);

® separating at least a portion of said first and/or second effluents to
recover polyalkylated aromatic compound(s) to form a

transalkylation feed stream; and



recover polyal kyl ated aromati c conpound(s) to forma
transal kyl ati on feed streant and(g) contacting at

wo emstioa7porti on of said transal kyl ati on feed BCT/ES2006/007262
with a fourth feedstock in 3he presence of a
transal kyl ati on catal yst to produce a transal kyl ati on
ef fl uent under transal kyl ati on conditions, said fourth
feedst ock conpri ses benzene, said transal kyl ati on

ef fl uent which conprises ethyl en(iene, v\gle_rei n said .
condi {&ons cprtagiingt lqagha partioq e said Eamsalkyiatiop fesd siiegipavith
of 120 to r: kPas t
(100 to 66%%%?%3%%&%@%%8%3 4 %eﬁﬁm}é.ﬁlgg%“é‘f%@y“ °
al kene of @rddutce atfiniulidylatidresfBirentsmilel thansalikylation secivnahs,
catal ysts are a | ecul ar, si eve. selected from.the .
group consis&id ﬁ‘@jgg‘fef ok cisEs, DINERIC o52kh T HIEIk Yation
beta zeoli b RgI {erelg tbbfrenESH 3, SSZ- 25,

ERB- | , |TQte?f?uef“$ high cgglgflg%ée&\ﬁ(?lbuﬁe?a’st able Y (USY),
Deal umheraedailf conditiensaasteps éxand fejduclvdg Revperargwiog 120 to

ZSM 4, 18, ZSM 20, an i nat {0 r eqf

wher ei%@?ﬁ?rﬁ?@%eﬁﬁ %% tan%Ogﬁg?at—? gt]dso g’f égsl]ZPsd%’ & WHSV
transabkdl & it weshe drnikerdeora.i EBPEY at' Uivdein 50 fix6t and
26Q0C and a pressure of 696 to 4137 kPa-a (101 to 600

psi a) seeonreBialysissard aomolepelangipymhselesteds fipgp the group consisting

pol yal kwl a ' ) hau . :

1o L2 e TG JHERER 23, PN et 2k, Kot
to saimbpelika PRI RISSE-28, BRE-i CITCR ipAQrdszeofitelY, IUliastable Y
10: 1, wherein said transal kyl ation c I i

mol ec UPEY)sPelumusrede oirs p8H ¢3¢ a‘lﬁﬁﬁgbg (@&?ﬂ iﬁﬁrﬁg Z5M-4,
bet a lriqlce, jhasi t.e, r (€415 0% € Ofyl Y, : id
U trasta Iltg’ Yi(s‘yg\%)@’, Bgala% g@?{e \t(l,oglr gdrhglteg%rtvlzherem =
ex c hangasalylafRiny) condBidn3, ofSkkid, t@sMItdatiESM@E, ipelude a

any conbi nation.thereof 19. A proces or cin
cunenéemﬂeréu?"e%ig)rmréf{ﬂ Ggnde grgsasg{e H&o e a‘@% ?g#a'zaoﬂgé to
i ncl ugjonthsi)f b IWHSKVEBAkH AR theReei AtthRsaSE pOIyaikyRes romatic
zone, sai'd process conpr|5|n8 the steps of: (a

] of & (a)
i nt r oceuipoynds Hf boutf 88dtt 46R Mnce maledatiel of ewsak tapitatable
to said f

f eed Staa%rglgticzh%rﬁﬁcgug@ T%gsrﬁlli({; ﬁcglyal‘ﬁ@ﬁ{e%i Hodhd ct)linﬁgﬁnds of 1:1 to

10:1, wherein said transalkylation catalyst is a molecular sieve selected

from the group consisting of beta zeolite, faujasite, mordenite, zeolite Y,
Ultrastable Y (USY), Dealuminized Y, rare earth exchanged Y (REY),
ZSM-3, ZSM-4, ZSM-18, ZSM-20, or any combination thereof.

19. A process for producing cumene in a reactor having at least two reaction
zones including a first reaction zone and a second reaction zone, said
process comprising the steps of:
©)] introducing a first feedstock and a second feedstock to said first
reaction zone, wherein said first feedstock comprises benzene,
wherein said second feedstock comprises at least 20 wt.%
propylene, and at least 1 mol.% alkane;

(b) contacting said first feedstock and said second feedstock with a

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



wherei n said second feedstock conprises at |east 20

wt . % propyl ene, and at |east 1 nol. % al kane; (D)
weomwbde4rng said first feedstock and sai d secoPdI/US2006/007262

feedstock with a first catalyst in said first reaction

zone to produce a first effluent,said first reaction

zone bei ng mai ntai ned under conditions such that said

first reaction zone is predonminately |iquid phase,

wherein said first effluent conprises cunene, al kane,

and pol yal kydidtfest reaction tzome lnni:mg)maimmh(me)d Urgler capditions such that

(c) cool | nysSHaSEIPngPRY aEORb PR IR0 hercin said
sai d al kane gigomgppaing Edhpises thineid : alidhe,S4RA! ¥b@ﬁﬂ@lated

| east a portion of said cooled first effluent and

third feedswnwukatico cempdursiégohdvingadt-isopropplhenzent(s) eanud tri-
said third feedstock copprises at |east 20 wt.%

propyl ene; (EPFEIMAETI Wy sai d at 1 east a portion of

sai d ceg)l edcholirt saﬁf fitst eftucAnWlinedit derh W al df 8@ dRKbAE Kom said

Wi th a second catalyst in said second reaction zone to
produce a séegeffluent;| uent, said second zone being

1) SR, U o M St e

sai d second f@‘dfsﬂodle nto cafiprsecmd seicton uronee windein said third
pol yal kyl ated aromati c conFound S); o (1) ?epar ating at
| east a portf“r‘eélﬁtoélfc‘%}ﬁplaseﬁ lepst 4R ViR PHMYIEFF | uents to

recoveggsai d 1‘&%&?’% %‘agé] %# gagsgae[ ?B%Bh‘bfc‘sgﬁp%‘ﬂ&’i( fist bfluent and

forma t’rans ream and cont act 1 ng
at |east a ;saxdtthmdu fefdstoek dv1ﬂ1raasncahcﬂ(yatab'sfom dasbsbcend exantion

vvlthafourthfeeds ock in t e of,a . L
t ransal kyl aPBhIOEPS} %?&56‘6%1‘%%8@?@ Terc%%%ﬁnﬁheﬁgi rgjmtat
ef | uent und@fert r@RaAIokY! Sidhonh&ONdid | 266nd SRLEidOUIdNB is
f eedst ock conprises benzene, said transal kyl ati on

ef | uent whipesflosumaselys digquidinphase, vibereinn sl dsecond  effluent

g? n‘ilzgl ? (r)ls 'cgm%)}lee% sa(u? %unqgﬁje a(n% oﬁﬂ'ﬁiylf'ﬂgd ZohRHP g&%})&[n%(s),

® separating at least a portion of said first and second effluents to
recover said polyalkylated aromatic compound(s) to form a
transalkylation feed stream; and
(2 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,
said fourth feedstock comprises benzene, said transalkylation
effluent which comprises cumene,
wherein said conditions in steps (b) and (e) 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 h, wherein said first and
second catalysts are molecular sieves 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, wherein said



2850C 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
wQ@Qook/10747vherei n said first and second cat al ySPGI/E8I06/007262

nol ecul ar sieves selected fr the group consisting of

MCM 22, MCM 36, MCM 49 and 56, beta zeolite,

faujasite, nordenite, PSH 3, SSZ-25, ERB-I, ITQI,

I TQ 2, zeolite Y, Utrastable Y (USY), Deal um nized Y,

rare earth exchanged Y (REY) ZSM 3, ZSM 4, ZSM 1 8,

ZSM 20raialldMtion 0 redhdisibhonof heaidofransatkgiation zone include a

sai dtransal kyl ati on conditions of sai ran ati

zone i tesineersing afdRfidp 200 et 2 PERHSHH Ogé%@ g}aﬁ(g{’w (? to
pressu . 696 - : . ; .
Peev ba R A Al STt A of ORPRk e Aot
ar omat tempamds widsbonf bcat100. 't @ HOB ki, of sad| alkylatable

ratio of sajid al kyl atable aro iCc,CO und to said.,.
pol yal RIPIEAISFORHORE it S@gyﬁﬁ)&ﬂ%ﬁﬂﬁ Aoatic Copgpophds of 1:1 to
wher ei goga e%éh?@%ﬁl &éhﬂsﬁk?%ﬁ%& 3hdleis b mAesMiregelAtelected

sieve sel'écted fromthe g consi sting of beta .
zeol i t éonf thej @i eonsimtindexiibets, zeplits), ifavgasite, wordeade.aaspbte Y,

Y (US | uj nj h Y :
ZSI(\/L 3%?32{13 g)sﬁ?é?g g%ﬁ%ﬁ?e%gﬂ 5?"??? Xeggﬁgﬁg‘ﬁg‘%l}ggé Flkey)
t her eofzsn28; Z&MPs, OTEMVS| §f ZEMVPLO G @h}n orabinatidtyihaicef

aromati c conpound, whi chis suitable for retrofitting

an existing ethyl benzene or cunene plant with a vapor,

li,gquid,, or mx : | atd r QARG 2 which i
plzgr al ﬁ )Pr%(fessf ggrcﬁspgcﬁl %%nléésf %Hr{#t’l?%gl %gﬁ%‘a?i rst c{ﬁga’ct“lf (IJCn ®
zone agght#ls eaoRtofigiagt dnoexigtimgesthylbenrehs onguinkee ptappwith a
of : (a) introducing a first feedstock and . a seco

f eedst o@RoT: dagish Pr P Pose alloHatisn EACtRh g _g,%q‘a,raﬁty of
first fr%?géﬁ Q%SQHﬁﬁﬁihgi%zﬁ@{]re%bM ARk AfRBRd tdaction zone,

compoun erein s second feedstock conprises
an al keompsisidg #tie dtgmstf: 1 wt . % al kane; (b) contacting

said first feedstock an aj ecqnd fee i,t h

first €& al yefOqUigat “?gf?%‘#%”gé‘&‘ai aoﬁe"?Bﬁég‘%odgkoﬁ%é el fist
a first efflueRby z6@ dhkidiStaid Gk FéedhtoZloBePiiel @n alkylatable
mai nt ai ned under conditions such that said first

reacti on zomeoraiqpeanpaundieht Wheteingsaidl speendfecdgiakepqiprises

sai d an alkene and at least 1 wt.% alkane;

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

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

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

()  contacting said at least a portion of said cooled first effluent and

said third feedstock with a second catalyst in said second reaction



first effluent conprises said alkylated aromatic _
conpound, unreacted al kane, and pol yal kyl ated aronmatic
wae@oeowpaemd(s); (c) cooling said first effluent PET/OS2006/007262
separation of said unreactedigl kane fromsaid first
effluent; (d) supplying at least a portion of said
cooled first effluent and a third feedstock to said
second reaction zone, wherein said third feedstock
conprises an al kene; (e) contacting said at |east a _
portion of 3¥iedtedupderef ar second f ¢ffuent, said sedondt khomed being
feedst ock w . St 4 ai.d secqnd . .
reacti onz o\r/:qé]tapl ct)glﬁ‘?dg‘%gdc%g cgr?&sl@é%nsgmé B-fal% ﬁaéﬁts ?°°§§ir8a°§188 Gie
zone bei ng priohiiangd Ugaidr d;ﬁm@,li tolRAEin S Well tdRadnd akfuent
second reaction_zone, is_predomnantly Iiquid phase,
wher ei n sai 6PRRIESH Gk alkylaind awmpmtic seompoang andkpelxelisslated
aromatic co al kyl ated aromatic
comound(s)@%%ﬂgggrg ?lgﬂ%z’g said first and/or second
ef fl ue s t seprmting esaid afidt pokdioal kecbad edflasmsetol €ecover gaid
| kyl atj on feed strea an
compound(s) toal olgrer:] A tngalnsa y adI t a transalkylation feed
(g) cont act PHY*EYIaed geqmapigompoyRd(s) tostory :
transal kyl afijam: hggd streamw th a fourth feedstock in
the presence of ’.a transal kyl ation catal yst to produce
a tran&l ky¢aticong ef ebst@mportion of shiddrepadlkylbtidr fead stream with

Said fourtnt el B s Fudtnfy of Ryrardinaton saaiyst
aromati ¢ copauirdasiransaiiythtioh 0GRkKY irdtd WnefEIMEH reactor

whi ch conprises al kyl ated aronmatic conpound. Z1. The

process of SreEted 2odenniransalloylasion ccanditionas eaid sfouritfeedstock
compound i s enzene he ss of claim 20, .
wher ei n sai %ﬁﬁ%até{g aa}ﬂéﬁéﬁa}ﬂ::g coapn('gprg%tﬁcd | DURPHRLS),  said

transalkylation effluent which comprises alkylated aromatic

compound.

21.  The process of claim 20, wherein said alkylated aromatic compound is

ethylbenzene.

22.  The process of claim 20, wherein said alkylated aromatic compound is

cumene.



