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products, particularly ethyl benzene and cunene. BACKGROUND

[ 0002] Et hyl benzene is a key raw material in the production of styrene
and is produced by the reaction of ethylene and benzene in the
presence of an acid al kylation catalyst. O der ethyl benzene
production plants, those preferably built before 1980, used A1Cl3 or
BF3 as the acidic alkylation catalyst. Plants built after 1980 have
in general used zeolite-based acidic catalysts as the al kyl ation
catal yst. [0003].Three-.types of eth Iatlon reactor S stens are used
for producing etVANIALIYXLATER AROVEATIC GOMPQ "

| i qui d phase reactor systens, and m xed phase react or systens

[ 0004] I n vapor - phase reactor systens, the ethylation reaction of
benzene and EElylene is carried out at a tenperature of about 350 to

450C and a ure of 0- 3 6- mZ g) L n nul.ti

fi xed beds g‘Pmﬁgol ite '(1;2? afy %ﬁ étﬁ)ﬂe gﬁerg%) he? mitcdlr %Ps?eg%rt sprwiill%ng

benzene i n trhengailedand eramﬁatmmbduﬂglpaﬁmu&mb@éthyiﬂ:eﬁ&n&@nmcumene.

et hyl benzene, al though undesirable reactions also occur. About 15°
nol . % of the ethyl benzene formed further reacts with ethylene to form

di et hyl benzene isonmers (DEB), tri-ethyl benzene isonmers (TEB) and

heavi er ar o BACKGROIINDs (heavies). Al these undeS| rabl e reaction

roduct s, DEBs, and .,hegvi es, are, 0 eferred
!to o as pol yeﬁﬁ@‘#ét ed beﬁt}'é'a’eegz'frlséég) ey[rﬁﬁd?ﬁt@a }]!‘1"()? gn‘gﬁ‘ﬁj{ %{SW%‘?BBP'“
phase et hyl ds ipestuetd gnihe rreammfaetﬁgreab wail HeaigHe S g resembalofiaaCacid
al um nosi licat zeolltle %y g%.closed in US, Patent Nos.
3, 751, 504 ( it catp Y5t d?’si negRs produgtion, plants, fipse grgferably built
(Burress). before 1980, used AlCl; or BF; as the acidic alkylation catalyst. Piants built after
1980 have in general used zeolite-based acidic catalysts as the alkylation catalyst.

[0003] 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.

{0004] In vapor-phase reactor systems, the ethylation reaction of benzene
and ethylene is carried out at a2 temperature of about 350 to 450°C and a pressure
of 690-3534 KPa-a (6-35 kg/cm>-g) in multiple fixed beds of zeolite catalyst.
Ethylene exothermically reacts with benzene in the presence of such zeolite
catalyst to form ethylbenzene, although undesirable reactions also occur, About 15
mol.% of the ethylbenzene formed firther reacts with ethylene to form di-
ethylbenzene isomers (DEB), tri-ethylbenzene isomers (TEB) and heavier
aromatic products (heavies). All these undesirable reaction products, namely
DEBs, TEBs and heavies, are often commonly referred to as polyethylated
benzenes (PEBs).

[0005] By way of example, vapor phase ethylation of benzene over a
catalyst comprising crystalline aluminosilicate zeolite ZSM-5 is disclosed in U.S.
Patent Nos. 3,751,504 (Keown et al.), 3,751,506 (Burress), and 3,755,483
(Burress).
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2 [0006]1n recent years the trend in industry has been to shift away
from vapowoﬁq%b"%%'hyl benzene reactors in favor of |iquiRfTHHRERI/009448
reactors. Liquid phase reactors operate at a tenperature of about
150- 280C, which is below the critical tenperature of benzene (290C).
The rate of the ethylation reaction in a liquid phase reaction is

| ower as conpared to a conparabl e vapor phase reaction. Hence, the
catal yst volunes required for the |iqui cb phase reaction are greater
than those for the |iquid phase reaction, but the | ower design
tenperature of the |iquid phase reaction econom cally conpensates for
t he negatives associated with the higher catalyst vol une.

[ 0007] Li qui Jofdse et hid mcemnyeats thenrenkinuiidustra hastbatry $¢ shifirpway ifrogn

zeolite beta is disclags in US. . Patept No.,.4,891, 458 and r o n
e ent Cpubl veiSr BHrSRsETErnsans il bEBsher RIS Bt Ry TRl Rse
been hdi scl ?Eefhtér!@ m@fm/hez lt?:ﬂpbrhﬁﬁe sf abt _ursaLza?al ofithSis :‘Iﬁkﬁ\(J msei érfitigal
in these al kyl ation/transal kyl ation reactions, r exanmple, US. .. .
Patent No. A°HPYaEHER %f%eﬁéﬁﬁ%é%d’%‘ §|.:h°P¥ﬂ°'e H? the, ?%}%@Q%@SUQWSIG‘)“}CI
U.S. Patent JdNase readétidn ﬁjlgwém&g%ared—kosa c&ﬁ%‘:;ﬁﬁble’%pmS Hé%,rgNa?‘ﬂion. Hence,

(MCM56), U'S. Patent No. 5,149,894 (SSz-25); U.S. Patent No.
6,077, 498 ( Itreratplyst Melumesirpgiiead foxhs liamdpphase reasionsse eypter/thary Gpse

and 01121580 3&2@%%%11&%9&10& BLtk1Ywel 5&%@?%@?&8@ ¥ the 1ifuid phase

enpl oyed in hy n conver sion processes, such as aromaticCs

al kyl ati on, reacionreconemiically esimpsyisatasl forcthie mogativernassociatadwwithrthe ihighieg
known from Mol s?’%rﬁﬂﬁxlxee’ U S. Patent No. 3,966,644 that shaped

catal yst particlies having a high surface to volune ratio, such as

t hose having a pol yl obal cross-section, can produce inproved results
in processed00BTlch ar eLijuid whag ethylationdof bemdengsusing: ahsatelysfearmpusing

of reside. | eqv i.f g o U. 4
that a pol yl%ggfg yg{aa%yg{sc%esl%(} i1§I g%é@?‘%‘% gsohoﬁg%i;ﬁsﬁ% fl'(:g °§8%{ spaa? 7%3
| ocat ed aperRuhligattanNoeddt32 8l hendi F6RAS4DMpat tectutly itdagdets disctbsed ¢hat
pressure dr 9SS ked catal beds ,whi le minim zj catal yst

| oss due toq%rc@g'lggge,&gdﬁragf ong%'ﬁ @%us%xlmr%aguﬁsn gﬂévtei culftlggy E)?grrp?}éesg
of the '990 gikyletidn/tansllodation hedctions,| dyr eximhpleal U dPateratd Nd. o 2P2,606
ZSM5 cataly e ti a Lecti r e hyl.ati f

3 benzene at&%’é{f@@n?@@dﬁ%@té&% ggggsggt(hﬁf%ég}aﬁ%yﬁe##ﬁ%l 5370310
catal ysts of MORI-89)yEU)SCRotdht NbASH58/388 NOB6), S, Habnt 4a.08/1489,894
are necessar]ly in the vapor_phase. S. Patent_No. 6,888,037

0010] U. ]
di scl osed a EP&ceNsUrdPyBdiR© 7&?%&{5%% terg Basgnt fpblicqtion es.

contacting bgragmer280Gndwoph 2186 dej-2nt | east partial liquid phase
al kyl ating conditions with a particul ate nol ecul ar sieve al kyl ation

catal yst, wherein the particles of sajd. alkylation catalyst, have
surface to v@lﬂﬁﬂe rati YB‘Pa]ibon%(fegi&_el e%%ééﬁén opeRjOy stk h1o h&&ﬂ“ﬂﬁ%ﬁﬁ
to U S Pat egnvBRionbp8&sses’ buch RS aldriticd alRASIEo 8P el BBNAS cylindrical
benzene, unlike the liquid phase ethylation of benzene, is sensitive

to intrapar t$engaeraHPWEseR i) knavm,Eogh T frampleo LS. PHenNpj 896§,644

by sel ecti ”&hhh&a?@&@&a%ﬂ?z&&iéﬁs%fav&?ea Pigh b8 tPholh@ BlikYdurh 2@ hose
catal yst such that the surtace to volune ratio is wthin the

speci fi ed rakrying & pelviohal arnss-seation, en prodiemingprovethrasultain pyecesses which
decr eased wi i i i re drop across the
M%&A&gﬁﬁﬁﬂeaﬁé ][11a9?1%ee£ﬁ§ir afin B RIRHT p

first catal yst a resu the "activity o catal yst for the
propyl ati on of benzene_can be increased, while at the sane tine the

sel ectivity B00%he cat MrsevarodhitknowaeEpmabl-8. BatephNgy| 4461990 that a

speci es, su o L AAMEORHIDENES BATOE cERMIERL

[ 0011] Sur pr Fétl)lg%Py :ﬁo&/e.ver ,1 i ?ﬁhg% élg@mb%e OSI"I: t hat g;dtfga ﬁ © can

shape of reduce the diffusion path for reagenis and the pressure drop across packed catalyst
beds while minimizing catalyst loss due to breakage, abrasion and crushing. In
particular, Example 8 of the ‘990 patent discloses that hollow trilobal and

quadrilobal ZSM-5 catalysts are more active and selective for the ethylation of
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t he cat al%st E)arti cl es beyond the range disclosed in the U S. Patent
No. 6, 888WOPPEENA6RYi el d i nproved results, e.g., activityPEHEH97/009448
selectivity in the |iquid phase al kyl ati on of benzene to produce
nonoal kyl benzene, such as ethyl benzene and cunene. SUMVARY OF THE

DI SCLOSURE [0012] I n some enbodi nents, this disclosure relates to a
process for produci ng a nonoal kyl ated aromati c conpound in an

al kyl ation reaction zone, said process gonprising the steps of: 4
(b)contacting said al kyl atabl e aromati ¢ conpound and said al kyl ati ng
agent with said catalytic particulate material in said al kylation
reacti on zone mai ntai ned under al kylation conditions, to forma
product conperzepd ab¥707H a0d 3OR sl gcpresmeithan salid cxlindrigabeatalysiziodites same

over. vol une SR AP Bk Fafighe o it e Byesdifdn THE VAR pie e

aspects of this disclosure, said product conprises polyal kyl at ed
aromati c cof@p®pd(s) ddd.tPaemtolNar 6.888,030fdisclpsbdpal pricesy Ifet e@doducing

i d(s) id | kyl d ' '
O oo R e She R AL VPR fof BB e o
pol yal kyl at éshsapartial liquidophaes atlfydatinpvaemdithind withh acgaktydudite dnalecutat sieve

varoevry b SUSEI e wit B B S TR0 g e
over vol ume t4 abiendRitivesi bt 80do Tds Eanl2ENTchA] Acedriitgabil08. Parat Non

zone is operated under the sanme al kylation conditions, [0014]In
addi t i onal ésfﬁ@@‘?g’ ghe pgud gphase oErGPé[,a“?He"anF’é%en&f UE‘H % ﬂqe ﬂq‘l‘d phase

monoal kyl at @eh-ALRIRIC beRFRRUNE deRsitidk dtddTiREAGEtidIE [HSBA&BHs)2 Riffusion
conpared to the noles of said nonoall cyl ated "aromati c conpound

produced by liszitations: b pesticulgn by selpcting thet Sapaandiiize ebfhsr parjiclss of fhey

catalytic p i J f woll - @b ds
et neon 76" A ibrE alfRl Sichelhal B Selid RCTIBE IR 35 i TR Spifed
under the saamgealthy intriparticio défusiom distacetdin b decrarsgd mvitbouttgxeessiyeln

t he sane amup f t C rt t ' 0
enbodi nent s l%(fr%%ﬁgu?% ﬁ%i pg%‘éléo s'zj'.udrlg,8 atE ogy hn%n%ﬁf%&%&%@cf dg$ (§) %%%Jlugt ?:t%]r#ﬁ gﬁ’ﬁg@
conpri ses etthy kchahaetfier theaprdpplakiph aif deheerar cmabe inareaspduntiile atpie sase
benzene and sai d al kyl.at i ng_.agent rises ethylene. In di ti.onal
orbod ment s tORE fi logiiSty BE ey R TSPl Bl B2 oen
conpound corRdiisesropyitentne {DIPB Rty beatedhted. ar omati ¢ conpound

conpri ses benzene and said al kyl ati ng agent conprises propyl ene. |

n
further additional enbgdi nent f this,disclosure,. saj noal kvl
aromatic cor{%hgﬁd conpPPEEng c?‘Bﬂ’I"Y/ rbgg'féﬂg‘,v cspde i@?g?%% eci(éila‘%%%gl
aromati c cornheadlysopaticke behond eiecrangsldiselosedbinkthe AJ.8nPatagENb. 6,888,037
compri ses buc;[agn}?iéld improved results, e.g., activity and/or selectivity in the liquid phase

alkylation of benzene to produce monoalkylbenzene, such as ethylbenzene and

cumene.

SUMMARY OF THE DISCLOSURE
{0012] In some embodiments, this disclosure relates to a process for
producing a monoalkylated aromatic compound in an alkylation reaction zone,

said process comprising the steps of:

(a) providing said alkylation reaction zone with an alkylatable aromatic

compound, an alkylating agent, and a catalytic particulate material; and



5 [0016] Additionally, this disclosure relates to a process for

produci ngV&291VBP&Pene i n-an al kyl ati on reaction zone, SBGHUAOGEWELIS
conprising the steps of: (a) providing said allcylation reaction zone
wi th an al kyl atabl e aromati c conpound conpri si ng benzene, an

al kyl ati ng agent conprising ethylene, and a catalytic particulate
material; and (b) contacting said al kyl atabl e aromati c. conpound and
said allcylating agent with said catalytqc particulate material in
said al kyl ation reaction zone mai ntai ned under al kyl ati on conditions,
to forma product conprised of said ethyl benzene and

pol yet hyl benzene(s), wherein majority of said catalytic particulate

material hadbh sufomircEingrsaid alkulatable arpmatin pamprungy and said ralisatingosgent
79.cm i, and whergid i chiatle batik@aR! matiril NI 5 ILPANEL ABLSIn 65E

sai d et hyl benzene in said produ IS reduc as conpa to the no
ratio of said polmamkaingtk nndercalkyletion gioaditions| oeformna weditt cenipbiged of
said catalytic pa§a§4 &%h@ﬁlﬁyﬂ?& éb&laﬁx\/@&ﬁ mcpri ty of said catalytic
particul ate material has a”surface area over 'volune rati o between 78
and 79 cm | velmteimamdioaitk \dfagaid ratadyict paiculatee maserind diaat £ durfacdesres hever

sane al kyl ation conditions. [001 I, sope additional enbodi nents,
this discl osvlﬂ’?lémf’éélﬁ’t%égrf’%teﬁ 3@%@5&“3? Pproduci ng cunene in an
al kyl ati on r[eet3}i on zOne,sod@d Chspecsess thiyTMdcidsues, t BAidS pedthucdf conpses

provi di ng sal |.cylation reaction zone with an al kyl atable argmatic
conpound COI’P&?X@LY‘FQ%B&{?%F COPRAWRG(S) 1andgths JeRlar 1813 9ls§aid polyalkylated

propyl ene, aRematie doRhptund(s)abvdrC sid!t MofBAIRYhRY; afRsht{c kosPBhRE tih Néhid
said allcylatable aromatic Conpound and said al kyl at | ngI glgent wth
sai d cat al ytAredyd s reduced as gampared| tojthe sugler mtip i seidopolyalkyletedraromatic

mai nt ai ned | &tk O3 L 4 t - o rvsed.
of said cumﬁ%ﬁh%‘lﬁ%g%gggg%%a?\%%g% s??&%gr%lnﬁsoqn%ﬂo ﬁ(aggggf lbzalgaéd
catal ytic paatalyti¢ pagicpiate magriah yshen wajotife of sridacaalptic petticniate miataial

f t t I ' I t] ..
gol 3|r ggpregpylizge%nggﬁg%s &O%er Vgé%gé%n&ﬁ%%gaf%ggﬁg 7?;% 3c| %i S?“ﬂé%%‘%&‘ﬂ"

as conpar ed reactidnczome inoparated endér thesaing alkylgioprcopglitivanzene(s) over
sai d cunene produced by said catalytic particulate naterial when

mej ority of [ﬁ@ip] cat al YrI i&dd?t%ﬁailcggp%tg of this disclosure, the moles of said

monoalkylated aromatic compound in said product is increased as compared to the
moles of said monoalkylated aromatic compound produced by said catalytic
particulate material when majority of said catalytic particulate material has a
surface area over volume ratio between 78 and 79 em™ and said alkylation
reaction zone is operated under the same alkylation conditions for the same

amount of time with the same amount of catalytic particulate material mass.

[0015] In some embodiments of this disclosure, the monoalkylated
aromatic compound comprises ethylbenzene, said alkylatable aromatic compound
comprises benzene and said alkylating agent comprises ethylene. In additional
embodiments of this disclosure, the said monoalkylated aromatic compound
comprises cumene, said alkylatable aromatic compound comprises benzene and
said alkylating agent comprises propylene. In further additional embodiments of
this disclosure, said monoalkylated aromatic compound comprises sec-butyl-
benzene, said alkylatable aromatic compound comprises benzene and said

~alkylating agent comprises butene.
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6 material has a surface area over volune ratio between 78 and 79
cm | and WRI2OHIREPat i on reaction zone is operated underPGTHES298709448
al kyl ation conditions. [0018]In sone further enbodinents, this

di sclosure relates to a process for producing a nonoal kyl at ed
aromati c conpound, which is suitable for retrofitting an existing

et hyl benzene or cunmene plant with a vapor, liquid, or m xed phase

al kyl ati on reactor having at | east one kyl ati on reaction zone,
conprising the steps of: (a) providing said al kylation reaction zone
wi th an al kyl atabl e aromati c conpound, an al kyl ati ng agent, and a
catalytic particulate material; and (b) contacting said al kyl atabl e
aromati ¢ cofpwhd and Aadaditioaallyylthisi digclagemt roliteh te i groasafor ipcoducing

particul ate erial in_s i on reaction _zone mai.nt

Cinder al ky! SEPUEedie A e ot ook Poreo it s T P i Aelips of
nonoal kyl ated aromati ¢ conpound and pol yal kyl ated aromatic

conpound( s) {amwherpeovidingj esiidt glkylativai thactivm| zane cwithr tn calkplatablentasomatic

19010] I n some aspeERoY CPRIFERRERIet o ARUR P SarC AP Fbfene
[0019] I n sone as a ?
particul ate mat erandla dagdytic partibwlae aidaluad vol unme ratio of greater
t han about 236 cm | r ef e,ra |:D ater than abou 1575 rrh( 150

e [0020fhe. Capieis cHbaTIYiEthblR SORA, FARORE At Al

sel ected from t hgygy Quf s&agmatg,ﬁﬂcm&esaaﬁmﬁﬁﬂIsam f&)hnﬁ:actlon Zone
choppi ng, extrusion, sievi g si ze reduction of forned cataly

any conbi nation tmentged kylatieprsondibans, farioEm %&FQﬁU@hFWF@ of

particul ate materd,a ¢ }eESnd pPRjcRAbdzend(§y e having a channel
Size greater than 5 A91 nol eculmayr Si eve ha? a framework structure

sel ect ed frovhertie Moty Gﬁr@lﬂbpa‘ﬁw Pmﬁmatquer@hdlaiimsmf@e area over

volume ratio of greater than about 79 cm”, and wherein the molar ratio of said
polyethylbenzene(s) over said ethylbenzene in said product is reduced as
compared to the molar ratio of said polyethylbenzene over said ethylbenzene
produced by said catalytic particulate material when majority of said catalytic
particulate material has a surface area over volume ratio between 78 and 79 cm”!
and said alkylation reaction zone is operated under the same alkylation conditions.
[0017] In some additional embodiments, this disclosure relates to a
process for producing cumene in an alkylation reaction zone, said process

comprising the steps of:

(a) providing said alkylation reaction zone with an alkylatable aromatic
compound comprising benzene, an alkylating agent comprising propylene,
and a catalytic particulate material; and

(b) contacting said alkylatable aromatic compound and said alkylating agent
with said catalytic particulate material in said alkylation reaction zone
maintained under alkylation conditions, to form a product comprised of
said curnene and polyisopropylbenzene(s),

wherein majority of said catalytic particulate material has a surface area over

volume ratio of greater than about 79 cm™, and wherein the molar ratio of said

polyisopropylbenzene(s) over said cumene in said product is reduced as compared
to the molar ratio of said polyisopropylbenzene(s) over said cumene produced by

said catalytic particulate material when majority of said catalytic particulate
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selected fromthe group consisting of ERB-1, .1TQ 1, PSH 3, SSZ-25,
MCM 22, MEMN28E/1386204 49, MCM 56, - and conbi nati ons t her eofPCTYURZOEY(0p448
sone aspects of this disclosure, the alkylation conditions include a
tenperature from about 20C to about 400C, a pressure from about 20.3
to 4800 IcPa-a, a weight hourly space velocity (WHSV) from about 0.1
to about 500 If' based on the weight of the al kylating agent, and a
mol ar ratio of said al kyl atabl e conmpounds over said al kyl ati ng agent
fromabout 0.1:1 to 50:1. [0024] The product conprises polyal kyl at ed
aromati ¢ conmpound(s), preferably the process of this disclosure
further conprises steps of: (c) separating said polyal kyl at ed

aromati c comuend(kas 7 paHacsaarea sverivelumeoratior batween 28 2alkif emi' candr saidi

stream and t?c?{‘ﬁe ' t: ' f ' s

transal | cyl aat(ulgg% eeg&gcidrﬁ%)a{%l\?\nb? ﬁﬁfgd?g@%ﬁh‘g%&u@g@%@nﬂ@m&* ons.

al kyl at abl e [6018fat i ¢ chnpone dwithertdnebq@limentsc thio diseldsneenseddtés ta b process
catalyst to I’OdUﬁe .a_transal éxlﬁgi on_ef ftl uent in g traﬁaj kgl .gﬂtbilonf
reaction zor®® nEPRYSPR e TRORRYIAledS Arqmatis i COmRosndy (YIBFR 15 Spifpble for
t ransal kyl atrepofiginkl ate@kistihg chhylbéfehs &f QahéhepRAAMAOH at Ghod! BHRE] Gr
conpound. [OOZShPr eferég)lvy,t he tran?\gl Kyl at iqon catal yst .conprises a
mol ecul ar si®®YEd sehase  HEYIRHOM TEFRL0L MBYINE - 3n 1528t PRg AkYigkiae Foaction)pors.

MCM 49 and Molgfisidiethe sepebkt e, faujasite, nordenite, TEA-nordenite,
PSH 3, SSz-25, ERB-1, ITQ 1, ITQ2, zeolite Y, Utrastable Y (USY),

Dealum ni zed Y, rare earth, exchanged Y (' REY), ZSM 3, ZSM 4, ZSM 18,
ZSM 20, or any coﬁ%i na?‘ioé’f‘fi‘f%e?aéﬁ)f '?‘ﬁi‘P’t?é'%B] P?%‘F‘QFaSP’F s¥ith an alkylatable
transal kyl ati on condi t jQRfatictehiidend, dLaREaahY hBerit] adPf cialyRE Yartiithte

pressure of 696 to 4137 |cPa-a, a WASV based on the wei ght of said
pol yal | cyl at ed ar omat i B¥aaiRbA®dd(s) of about 0.5 to 200 W, a nolar

ratio of said al ata REid PRRA - S Y, ;
aromat i ¢ compound( §) o?&gg‘sg to dS%lki Sg[gg)(%é; c‘?ﬁigg‘pe&%rk}d&g?ﬁ{eﬁlgglgg?
of the present inventiagenshaith daist oatalyisppasiculate omtetiad inokaidwalirglation

detailed description, Ld,gH5E20R0 S ARRENACThdd: Hiiation conditions, to form a

product comprised of said monoalkylated aromatic compound and
polyalkylated aromatic compound(s),
wherein majority of said catalytic particulate material has a surface area over
volume ratio of greater than about 79 cm™.
(0019} In some aspects of this disclosure majority of said catalytic
particulate material has a surface area over volume ratio of greater than about 236
em™, preferably greater than about 1575 em™ or 3150 cm™.

[0020] The catalytic particulate material is made by a process selected
from the group consisting of spray drying, crushing, chopping, extrusion, sieving,

size reduction of formed catalyst, or any combination thereof,

[0021] In some embodiments, said catalytic particulate material comprises
a molecular sieve having a channel size greater than 5 A. The molecular sieve has
a framework structure selected from the group consisting of *BEA, MWW, and
FAU.

[0022] In a preferred embodiment, said molecular sieve is a MCM-22

family material. In a more preferred embodiment, the MCM-22 family material is



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Feedst ocks

[ 0028] TheWPSAYEA¢2 used in the proecess of the discl osurBCT/H0UAO9448
al kyl atabl e aromati ¢ conpound and an allcylating agent. As used
herei n, an "al kyl at abl e arorratic conmpound” is a conpound that may
receive an al kyl group and an "al kylating agent” is a conpound which
may donate an al kyl group to an alkylatable aromatic conpound.

[ 0029] The term "aromatic" as used hereip is to be understood in
accordance with its art-recogni zed scope which includes substituted
and unsubstituted nono- and pol ynucl ear conmpounds. Conpounds of an
aromati c character, which possess a heteroatom are also useful.

[ 0030] Subst sdlettad] franm thrt group eopsistms ofERER 1 1 BEQHe PEEed, S8Z-25hMCM-22,

Lo the. ar orbRH S TEREDHeN e o BopPRAEOREReBE L bst | ut ba i th

one or nore al kyl, aryl, alkaryl, alkoxy, aryloxy, cycloallcyl,
hal i de, and[@@23pt her gn(sums agpicthofthisndiscloswre rthe akylation dpnditions include

al kyl ation reaction 031] Suj a ounds na

Gsed for ¢ n dompeaRise R Aok 40 b dn 2EAEE K0S BrReTGS e oEL AL o
napht hacenegie kFh-ans weid HOQNG spaddvdlBaRAW RISV E ot dbBub@.126 RBokES 010
preferred. L 032] Sui tabe;;%{al kt?/ Ssubstltut ed aromat?c cou ounds ?hat,
may be used obassm@ndh%c\msh ofithe| alyating \ageat, and @nmolar ratio of said
i sopropyl begge | & f1i5ht Mduwtanhi kasene,

et hyl benzene %%?lgg?ﬁgbuﬁg%ﬁgﬂr%gﬂmn%%%uty | benzene,
pseudocurrene o- di et hyl benzene, mdi et hyl benzene, pdi et hyl benzene,

i soanyl benzm 41i sohexth f’odﬁ?‘é‘ﬁé CRRRFISRS rﬁﬂl’?éhiléﬁé, aromatic compound(s),
pent anet hy!| QYddee RERY f:

1,2,3,5-tet arret E@% %r%r?gs $p&ﬁ56¢§gtrl et hyl bgﬁglg gses steps ©

1,2,3-trinethyl benzene, mbutyltoluene;, p-butyltoluene; 9
(c) separating “said polyalkylated aromatic compound(s) from said

product to form a transalkylation feed stream; and
(d) contacting at least a portion of said transalkylation feed stream with

a feedstock comprising an alkylatable aromatic compound in the
presence of a transalkcylation catalyst to produce a transalkylation
effluent in a transalkylation reaction zone maintained under
transalkylation conditions, said iransalkylation effluent which
comprises said monoalkylated aromatic compound.

[0025] Preferably the transalkylation catalyst comprises a molecular sieve

selected from the group consisting of MCM-22, MCM-36, MCM-49 and MCM-

56, beta zeolite, faujasite, mordenite, TEA-mordenite, PSH-3, SSZ-25, ERB-1,

ITQ-1, ITQ-2, zeolite Y, Ulirastable Y (USY), Dealuminized Y, rare earth

exchanged Y (REY), ZSM-3, ZSM-4, ZSM-18, ZSM-20, or any combination

thereof.

[0026] Preferably said transalkylation conditions include a temperature of
100 to 300°C and a pressure of 696 to 4137 kPa-a, a WHSV based on the weight
of said polyalkylated aromatic compound(s) of about 0.5 to 200 b, a molar ratio
of said alkylatable aromatic compound to said polyalkylated aromatic
compound(s) of 05:1 to 30:1.



-

3, 5-di et S&I t ol uene; o-ethyltoluene; p-ethyltoluene; mpro ]yl t ol uene;
4- et hyl - nWQI280/839¢Pnet hyl napht hal enes: et hyl napht hal ene;PCT/US2007/009448
2, 3-di met hyl ant hracene; 9- ethyl ant hracene; 2-nethyl ant hracene;

o- et hyl ant hracene; 9,1 0- di met hyl phenant hrene; and

3- et hyl - phenant hrene. Hi gher nol ecul ar wei ght al kyl aromatic

hydr ocarbons may al so be used as starting materials and include
aromati c hydrocarbons such as are produged by the al kyl ati on of
aromati ¢ hydrocarbons with ol efin oligoners. Such products are
frequently referred to in the art as al kyl ate and i ncl ude

hexyl benzene, nonyl benzene, dodecyl benzene, pentadecyl benzene

hexyl t ol ueni02bny| t ol These andoaey | faests arfethep prasarte dMeBior riball gbecome
Very often i i : L-Gh boid i IPyii ch
the al kyl - gnoriEias i s FRERE Ao uctMRiolp o] bl ApbortRa ity O
about C6 to about Cl2. [0033] Reformate streans that may contain
substantial quantities of benzene, toluene and/or xylene may be
particul arl al he PREPREMERR! i Attt
Al t hough t hé \MEEDDESERIPRTCIN B IRACP RRIED EMEG of

et hyl benzen®eedstagkgene, it is equally applicable to the production of
ot her C7-C2 yl arongti c_conpoun ch as Cs- | L.near and ar

| i near al ky?%@#ienes. ”fl?ﬁ)é‘iﬁc%ﬂ%t &B‘T%Zi‘éﬁﬁ?ﬂpé?ﬁeﬁa Oﬁ%t %ﬁ%of‘f‘fgtmﬁ% o<
used i ndE hi) au@ia&ﬂ&lesmmaﬁerrﬁmﬂlmfml kﬂl@heancan@mmi@( agel:rﬁ.nftlsoﬁsﬂl hekil, an
conpound(s),, an i, xtures_thereof. Cther suit e a atin nts
that may be' @3@%&% ATQURIIGRORANnd, S 8 GPRPARE aﬁémaéf gm{mﬁ@% group
i ncl ude any gk xR "aiKyIatilg AeRiTBksi £ cdthBANICVRIARAMN dofdy bi AN Eréip 0L
avai | abl e al kyl ating al i phatic groups capable of reaction with the

al kyl at abl e aliviatable eraBafotmPou™anpl es of suitabl e al kyl ating agents
are C2-Cl16 olefins such as C2-05 olefins, viz., ethylene, propylene,

t he but enes,m@zyj t he peRd aBes; “drbm&iie’aldanedds etdig! 1Sk ebedfunderstood in
monoal cohol s, dial cohols, trialcohols, etc.), preferably Cl1-05

al kanol s, saesprdangeetwidhoits etHegagnized,sconeo Puleh s indlydes sebstiteted  apdy
t he pent anol s 14 = f i ;
di et hyl et hg?i S‘é‘%&"g@gt'ﬁéﬁt %1ed r ?’Og?]ggﬁ%gg{nghgﬁdisc%#én{g%%gﬁy%%,ammanc
acet al dehydehapctepi whigh gpessgsiea hitatoataah et glse useill n- val er al dehyde;
and al kyl halides such as nethyl chloride, ethyl chloride, the propyl
chlorides, t utyl c i 1:g@ﬂ| sLh RES N ingag,s, a

forth. It igbg&e erall yg%%l e?‘?e tqg% f%e al k%/l gétﬂlhﬁlgr] <_51ger1?te Pl%sdsqclub tﬁ%
great er t hadlisleswdshouldopessessoatelepste pog diydioges gerndiectinbanded dp e

atonms. Thus th ' -G . -2 C

ar oup cons: AT HETofREbt A ERRRIE AR R RPNk ShRCOErn O AR,
alge][lft i ;ml ugm}sl, al_erq;ipdkllamataad?w,Iwclea]l‘l:er?dmhd@l@n@fmlgzt?érmbwwkhlghdaemt
ol efins) an ilu ne..f eedst. e.g., catalytic cracking

of f - gas) . Allﬂt?frfgﬁ gﬁ&ﬁ%&?@ﬂ%ﬁfﬁ%hgﬁi on Reactions [00351The

al kyl ation reaction zone is operated under alkylation conditions. The
al kyl ati on doA3i} i ons Shitabile arcesatic eompomds dhatpnay be weerh Eorathisr disclosure

pressure, the ¢ Qsltion qgf. t.h | kv| b i o]
t he conposi tlf’%lhlag?)“f’ e, PREATIeTS, aﬁ&géﬁ‘?&ﬁa h%’@h%@%kéﬁé@ggﬂ %H}g{f‘%ar?éia?g
conpound(s) phenantkydne] with bagzent beatg prefenmedar rati o). [0036]1n
addition to, and upstream of, the al kylation zones, the allcylation
reacti on sy y al $9..1.n¢cl - pas e r i r
typically | g@ﬁ?%ﬂal n agﬁ’rt%@ggaég osﬁbggtﬁ%r%a%ggﬁﬁgrﬁ% é’lu%égsrm% ezrl)bg)g 1ﬁ?’fe1
al kyl ati on rfeactthis. diselosiractinsladguachiehsd xyney| sisopropylbenzasneh normal
al kyl ati on catal yst, which may be s or different fromthe catal yst
Gsed i the MaPYbSGee PRI RIRTAER Bleon oty Tobny raeifepfy Sk,
guard bed i &Xi@e}rﬁ&,abﬁl?ﬂaeﬁ@fﬂ pReeiocanieheNé-disthyperizend) iydiathylbenzene, p-
t

conditions. A east a portion %f al kyl at.ahl e aromati ¢ conpouynd, and
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;



-

[0037] The al kyl ati on reactor used in the process of the present

i nvent i onWPOSWHBHE y operated so as to achi eve essenti HIYUPENN08448
conversion of the al kene. However, for sone applications, it nay be
desirable to operate at bel ow 100% al kene conversion. The enpl oynment
a separate finishing reactor downstream of the nulti-zones al kyl ation
reactor may be desirable under certain conditions. The finishing,
reactor woul d al so contain al kylation cgtalyst, which could be sane
or different fromthe catalyst used in the al kylation reactor and
coul d be maintained under predom nantly liquid phase al kyl ation
conditions. [0038] The al kyl ati on reactor used in the process of the
present i nvahtdiethyltelukineshbyetlgdtobusmey @-ethyltoluents sinrrrapydtelvend y4-athelm-

ol yal kyl at SHeRSehRbtEIERIerl, ARNHR IS S ERi AR BRRRIE” o-
Optionally émglaﬁﬂirhma; f r omnétbylahtbydcebeson r er_amﬂtl_ayiantbraeemay be 9,10-
Separ at e fr O PEPLREHEERS, P arrl O A e, LS epnariier, weight
reaction zogRyRESEHEEE hy aﬁhéaiuoa_maﬁaymmaiekuéeat@dstafm@umtebwg &t irichgle
[0035] The aMoEyHE: PRFacBRePt GHIOBHL a1 FRRAHED REdbErHBFRgan o peomate
e a [ n
al kyl ation gondeddoehs mtﬂ"@leﬁh‘ﬁiigl% ep¥) SRANrbiGiS afd BRRhRly referred to in
tenperature,” pressure | at abl e aronmati'c conmpound(s) to al kyl ati ng

agent ratiotheapd 28 Rbyiate dméll inghider hexydbenzang neonyNessarpgs rdodepylbenzene,
allcylation p%f@tgéc?l%%éml ude ekl at ur %oﬂ{rltrﬁgeﬁeo 400%@6@11%1%:1@

pressure of | cPa-a,” preferably, pressure of 20
4601 | cPa- apeInpdeco'ttdmlgp,, efcr Yersaofer alkplat lsmb%md a&sb(ghl h@hnafraetlm

based on th t t f

0.1 to 500 B ﬁlgf%r ‘bé‘gﬁp Jhofatled t'?gg?/\%mﬂm% ic el y Fﬁ‘gg‘%&%ﬂé%@m
W, and a nﬁ].samabmnl(hz.of al kyl at abl e aromatic corrpound to al kyl ati ng
agent fromabout 0.1:1 to about 50:1, preferably fromabout 0.1:1 to

about 10: 1. UE B eg@ﬂhﬁ&gl qwag&p tﬁz{tki‘r{aﬁ]éﬂﬂﬁ Lfas%gtgﬂnaoggmﬁm of

mai nt ai ned i*n edom hase [at1 on conditions
for predomi lbamm;, ﬂoimednmmaxgleab hyeyetiel pamticuladly dmt@let fegdontha peoagss of

100 to 260C_an essur.e 89 to 4501 IcPa ref [ abl

pressure of ﬂl%%ﬁf‘! OaghTO&'ﬁg & PLOCGQY HRKUhy, dirpet S??l}\ggfgggﬁfo%
ove][ all bIr eagit@lbevizest dr Hnaie, gﬂ ik ,eqﬁdl@faq:f;ﬁibhbflz t?tﬁflz ﬁmjdﬂl&ldﬂ of asthelecv—czo
preferably, Q.5 to 5 11.1, a_.nol ar tio of,a at a aronatic
D Commount S TaEPERF &Py FECH G A GisgevpR Rt YRl Bhapaes.
preferably fromabout 0.1:1 to about 10:1. [0040] The term

" predoni nat 0034 i qui d Pl allstdingesgeni(s) shdingley Seooskdain lldyidiglesure

| east 95 wt. % i hase, era wt ef er abl 9
W0 and mEeTRHAS plkeRh CompBng R e fiapiel oA B O RGeS et
carryi ng outothée shitdhle dalﬁ?l&ﬁﬂg addeytsatiadnmal benkefift i tie ghrbyekerd tHy
i ncl ude a terrperature of tfrom about 1Q0 to 300C, refe[abl

t enper at ur e SFclosEsEensseily npindeanypgliphatic or acmpat € greasn b having
1(Pa-a (100 ghe 6:hoRs afailabds \A@aﬁigyal dﬁhaﬁ& 9@’8&'{}5@ c&fabld 8P ré4tidA0Nith the
based on

IcPa-a (218 to 435 psia) ene_for_overall
reactor of @leateblz@@owtlc 9@1@?@% Eyamples qfémz@f’lﬁ plkylatineagspisaes Guilys

0.5 to 10 Wyesfis Sucf %@%g%léiﬂ;sbqw 8 gyén%ngara;}de&e%@%mg and the

overal | react or o prefera . and a
nol ar rat i o pefitehesiz €né1p clkaniold émeluswo nvﬁmnoab:ollol:so digleoholy,otrialcohols,

et o5l T ARG A2 by OIS AR Sl B0 0o

wi th propyl dmmrm and | tldae pentamﬁnar ﬁlz’cﬂze ethefsg omgabcthQOetherszmdlag

0" 1a0C ana Preduitier . Aiisfe 400 selbge FoRgieblyy aEdRidbde

proplonaldchyde, butyraldehyde, and n-valeraldehyde; and alkyl halides such as

methyl chloride, ethyl chloride, the propyl chlorides, the butyl chlorides, and the
pentyl chlorides, and so forth. It is generally preferred that the alkylating agent has



[ 0043] Where the allcylation systemincludes a reactive guard bed, it
i s mai nt VARSI at | east partial |iquid-phase condi tREIAES200799448
guard bed will preferably operate at a tenperature of from about 120
to 285C, preferably, a tenperature of from about 150 to 260C, a
pressure of 689 to 4601 1cPa-a (100 to 667 psia), preferably, a
pressure of 1500 to 3000 IcPa-a (218 to 435 psia), a WHSV based on

al kyl ati ng agent for overall reactor ofup 1 to 10 W, preferably, 0.2
to 2 If I, nore preferably, 0.5 to 1 W, a WHSV based on both

al I cylating agent and al kyl at abl e ar orrat [ c corrpound for overall
reactor of 10 to 100 preferably, 20 13 to 50 ICl, and a nolar ratio
of al kyl at ahb grﬂtﬂrtham{) quammsz mon¢ pydfeablyyna gesater fthamB abdon doms.

bout 10. 4], Th Ik t ed d in the . .
o fl uents hﬂfilﬁﬂ?ﬁ%‘ag S e feRARRY bk sF BEG R M foub Hpasting of
aromati ¢ coQp@inglétins addeCaCKylkahalsl The atitylatingoagpei idcludesTa donbyntrated

21y at abl GELAPBFRREIoED B PRV ErSgr HECRLATELA Ry PR FIErTe EATI e o8-

takes pl acecatafgic cRickEyGMERAL).Y |1 quid phase conditions. Particular
conditions for "carrying out” the predom nantly |iquid phase

transal kyl ati on of po al |l cyl at ed aromatic conpound(s) with

al | cyl at abl Allkylation and Transalkylation Reachiong o 5 t enperature of from

about 100 t gogyaput 3001653 aalpylaﬁsﬂr ﬁaa@imﬁ%oﬁ@ #1pekpad am&rW]aﬁon
based on the wei ght of the yal |l cyl ated aromati ¢ conpound(s) feed

to the reacFP’@ﬂﬂlUQ’é‘-hé”@falkY]é %159%41“9’155°f HhealisBEHOMBRRNFOMBIAYE tEIYPBTARTE,

t f alky bl a
(r:gmloguﬁd( g) Afsa;l% tﬁ%aéaqﬁéglﬁ%xgq;lfp%e;gan%,gaﬁeieya}dﬂh?% %nﬁfocaﬂa(s) Cto the

pr ef er abl y, cemposiios of thq aibylfing agenti and e aléﬂbt@blmm,hcm@pound@) to
t ransal kyl atal tn%aa%hfﬁnggﬁ%? Q e under vapor phase conditions.

Parti cul ar arryi ng ‘out the vapor phase

transal kyl at | on of polyethyl benzenes with benzene may include a
t enper at ur e [8836]r om abowadddkm topaudupstreag0ds, the alkylgtion gorss, ﬁgﬁilk)daﬂon

1601 | (Pa-a S h .0 n

feed to t he’“r:%éc ﬁ{%g%%ga)g?u%or glm eggtb)giagésplgi g%oul?‘;égg“%@ ?9&1%1‘,311)(
preferably, lécated mbfopte-tbactor sdpate fidohile rearadndgr otz alkplation efactor. The
benzene to pol yet hyl benzene(s) of from.1:1 1.0.5: I :
Co 3 1. [00JHAF i Bna BAE Ry st Is?ad?‘ﬁ@"‘?ﬁo%%%fﬁﬂ% 8%’89%5%@&??’@ bésdme
conmpound (l; oIaiffaest gb{hyhtlﬁemﬂlyﬁtushﬂénahé({mﬂﬁatﬂge aikyla?dm Ceaction Gustem,
conpri ses zene an ati.n conpri ses e e

[0048] 1 adehiEs GV Bich P ie, M) dOm AR aCirteh PR 18 sderien
conprises cCudRaitions. e 1@&:&%3&&1@1!@ lo aBdyQdTEt1E Qr&ﬁ:ﬁ’t‘iw&tﬂﬂp@ﬁm)iﬂcﬁlﬁ&ferably at

benzene and ;the al kyl ating a cqQnprises pro
least a port)llon of thge segoné feedgtPJck are pE&SE(P &uougei'l the reactive guard bed

prior to entry into the first reaction zone of the alkylation reaction zones in the

reactor. The reactive guard bed not only serves to affect the desired alkylation
reaction but is also used to remove any reactive impurities in the feeds, such as
nitrogen compounds, which could otherwise poison the remainder of the
alkylation catalyst. The catalyst in the reactive guard bed is therefore subject to
more frequent regeneration and/or replacement than the remainder of the
alkylation catalyst and hence the guard bed is normally provided with a by-pass
circuit so that the alkylation feedstock can be fed directly to the series connected
alkylation reaction zones in the reactor when the guard bed is out of service. The
reactive guard bed operates in predominantly liquid phase and in co-current

upflow or downflow operation.



14 [0049]In further additional enbodi nents, the nonoal kyl at ed

aromat i ¢ WOBGIIRA6280onpri ses sec- butyl - benzene, - t he al ky|PGTA$2807/009448
aromati ¢ conpound conpri ses benzene and the al kyl ati ng agent conprise
but ene. [0050]In sonme alternative enbodi nents of this disclosure, the
above nentioned processes are suitable for retrofitting an existing
et hyl benzene or cunene plant with a vapor, liquid, or mxed phase ,
al kylation reactor. In particular, the pjocess of this 'disclosure my
be used to retrofit an existing ethyl benzene or cunene plant using
pol ynmer grade or chem cal grade ethylene or propylene with m ninmm
amount of new equi pnent, such as, extra conpressors for the second
feedst ock, €8837A- separBhe aliylagpn mcﬁqrrumdgntth@a@cawm%tmrmseetmvan@on

ot her | 24! PEERormbR kAT S6 b Slflevd RECHBER) ERIIGL! lnyBRARS of the

install new or process reactors, con
equi prrent  t elkenps Howeus), yorcsmse ap;mliuatiomr, Ot BBWi begdepilnahte toGapteadty sit sbelow

0052] The al a n_and transal at e} st _use roc
bf thb d sl DY HREn Ko pRRRE . Phe’ SrflofRbR Y21 setRrle  Bnighinel  BAS57
g gle_i_ gf g/g%/# ggw&:gl%w df&hemlﬂh]z_(ly_ﬁesgalk%l&ﬁhh Eé’acltdﬂv{hﬂ%ﬂ deEivat1e unliéMcrtain
- et eolite ujasite,
mor deni te, PRAJIHGRY 1‘W'i‘et ggﬁi’mﬂ Eﬁ?ﬂ%n‘ﬁ?‘# SPEPRBGIL 2 og; eajalysty vhich
SAPO- 34 and :54idObét Same [&Qﬁ&hﬂéﬁe o fthe MﬁMﬁQ uberisd m&ﬂk?fatlék/éev{@& and

"material of the MCM 22 f am y" or "nol ecul ar sieve qf
fam |y"), a$ouldde mangiped mﬂﬁra&@gmlamthﬂr%ﬁpmseallad@@mﬂfqrﬁm a

common first degree crystalllne bui I di ng bl ock "unit cell having the
1VIWN f r aneeaig)t opol ope alkilatidh trefctbsd udeﬂ if th® ptdcabs @fﬂ;@&ﬂ@df&mnv@fmon

atoms whichis i n three-dj mension ce to describe the

rystal s b e gl spece o Fifpdeonzeps, b

edi tion, Zo%rm&ﬁ@ I?IBHME.% QP']ézﬁmsoﬁ{e Wolyalkylsted NGRERSS §ﬁéﬁj a3Sdialkylated

reference; b. nol'ecul ar sieves made from a common _second degree

bui | di ng aromatic compound(s). Optionally the effluent from the alkylation reaction zone
may be supplied to a transalkylation reaction zone which is normally separate
from the alkylation reaction zone. The transalkylation reaction zone produces
additional monocalkylated product by reacting the polyalkylated species with

alkylatable aromatic compound.

[0039] The alkylation reaction 2zone is maintained wnder suitable
alkylation conditions. The alkylation conditions comprise temperature, pressure,
alkylatable aromatic compound(s) to alkylating agent ratio, and alkene to alkane
ratio. In one embodiment, the alkylation conditions include a temperature of 20 to
400°C and a pressure of 20.3 to 4800 kPa-a, preferably, a pressure of 20.3 to 4601
kPa-a, optionally, from about 20.3 to about 2500 kPa-a, a WHSYV based on the
weight of the alkylating agent for overall reactor of 0.1 to 500 h!, preferably, 0.1
to 10 k!, more preferably, 0.5 to 5 h”', and a molar ratio of alkylatable aromatic
compound to alkylating agent from about 0.1:1 to about 50:1, preferably from about
0.1:1 to about 10:1. In some embodiments, the alkylation reaction zone is
maintained in predominately liquid phase. The alkylation conditions for
predominately liquid phase alkylation include a temperature of 100 to 260°C and a
pressure of 689 to 4601 kPa-a, preferably, a pressure of 1500 to 3500 kPa-a, a
WHSYV based on alkylating agent for overall reactor of 0.1 to 50 h’l, preferably,
0.1 to 10 ™!, more preferably, 0.5 to 5 h™!, and a molar ratio of alkylatable aromatic



15 bl ock, a 2-dinensional tiling of such MW framework type unit
cell's, fOVRiI2AY/B62onol ayer of one unit cell thickness" PGIEF2007419P448
one c-unit cell thickness; c. nolecul ar sieves nmade from common
second degree building blocks, "layers of one or nore than one unit
cell thickness", wherein the |ayer of nore than one unit cell

t hi ckness is made from stacki ng, packing, or binding at |east two
nonol ayers of one unit cell thick. The 1?lztacki ng of such second degree
bui | di ng bl ocks can be in a regular fashion, an irregular fashion, a
random fashi on, or any conbination thereof; or d. nolecul ar sieves
made by any regular or random 2-di nensi onal or 3-dinensional

conbi nat i oncahipaimdttoaiitylainpagentfromabditif).1 1 doethontic0: b potforpply from about
[ 0054] The I\/EYLZZ farrgtilmaterl als are characterized by having an X-
ray diffrac P incl udi ng d-spaci ng maxi ma at 12.410. 25,
3.5710. 07 and 3.4210.07 Angstrons (either cal cined or

as- synt hesi mmm] The Wﬁ&nf‘&ﬂédqmlmbr ligihigd pimye’husnd herein is understood

characterized, by ha in X ffractipn ncl udi n
- opaci ng. rexhming Al %25 w53k Hhuil irRchieBRaBR SELR 2 ASLA MR erply, 99
Angstrons (wtw%dqabglp?ﬁéramy,ggsswn%hem zed) The X-ray diffraction
data used to characterize said nol ecul ar sieve are obtai ned by

tandard t he K-al doubl.et

Chetdont 1 ol o anch 0GR ootcp iR tor SHR sUh R e pBRe YRR of
gotmt ertan?ﬁ%\%ﬁ%ﬂw hﬁ&lﬁghﬂbea w;ﬂﬂemtud wﬂfgwgiemublmevoliﬂwc
el on (0] e am I NCl ude | be N

No. 49954 3259fefatﬂSHa$elPH wralirs BE drom, ﬂwﬂ 5§a'§’ SREC) a PEes§uLEef) &93 Sa50
(descri bed 90 '?afss’/ I}Qlaz g;;r@f&ﬂﬁ?@ preEs%% éfﬁswed B@(ﬁﬂkP:Ela ERIDREAIS
Pat ent No. 02930 scribed Tn U.S. 077, 498)

ITQ 2 (desc pmm th@sech@m gtalerpdpr averpl 5@4%& t?fdhl ® 2“9@}9 7P¥f?9b1y

| TQ‘ 30 ( deS | P | |
102005118478 H’N%{/?‘%%gé’g%%‘%&a 05 0 8P FHIP R on §’°thh?{§',\“;‘{h"%e
(descri bed land (beSzerRafor oMeralbreag®r TS @anQ\/EM B@f?rdblgc 50 e $0 I g a

Pat. No. 5,364,526k 1]_ Qéa DL kg %ﬂ%%}T ﬂ&%o%{ﬂ:‘?% fl4® %&g&éfod rEferabl fré)m

i ncor por at e BN BUS y erfence Isto precia
the MCM 22 faboutl lyl tml@:¢u| ar sieves described above are distinguished
from conventional |ar ge pore zeolite al kyl ation catal ysts, such as

cur tace pocl8¥n cn Hatiale SqBidoBE M RSB (B S Mifihany ibia

pore syst emprhﬁsd: ﬂkyrmioaonﬂ laanzsmevath PROSBhT eay sulude z terapaatust of from

mul - | ayer HOWTGH APEComRRHED oF 1o EDCC ayRROHBATLR: preferably o

presence of apghihl @t@t@“ﬂ:hﬂmﬁ@u@&iof aboys 2000160 200(kPoA, a‘:MHSVebased on

Framewor k Types cl as e di f ent ter al s_.as vin
this sanme td’ﬁBﬂ’ﬂW Il"“’i"f(,}&%0 3§§2 E5°thg°nze e to
[ 0057] MCM 2%ti8f1éhd frgm%%ut 01 q&b @bMZt(SOt hq)r@fmblyeﬁm abbuted :k yd 80:0mat i cs,

i ncl udi ng et hyl benzene, is descrl bed in U S Patent Nos. 4 992 606;

5, 077, 445; 334, 7 H-3 | descr bed i.n,U S Pate

4. 439, 409, %@%’35 and Mered Tt Ra ol é??&ﬁl%st R SRR gt et is
in US. Pat effinDihed uiddh &9¥bastEBB‘tihl llﬁ;uﬂ?%ﬁﬁdebe&ldlﬁorﬁl rTiee garBabah will
No. 0293032. ITQ 1. is described in U'S Pg{ ent No ?%8 8 l%;%%bli S
descri bed i rPreferabily; Anerrie |at o femperyr L 210y Abrpt 199 de;

W01/ 21562. MoNERBirk HFHRSE Bbchﬁciﬂoriol%ﬁ“c Paaﬁl%géurm 686 .18 4302 kP2and 00 to
5,292,698. U S Patent No. 565 descri bes the synthesis, of

al kyl ar omat |6ﬁ§ psiaacpm&rﬁ'g}ya Rsﬂsb‘éfﬁ PEAO0 153000 KPaca (A3 ter436 dsiwi s WISV
MCM- 36. 'VCM d 8n %ﬁ&e[tis %gh{‘foh’ Fféﬂ]txﬁﬁtfmé\l%o 21436 11'5'7 ?ref&laayuég 8w

MCM 49 to ca yzet e esis o aromati cs, | udi ng
et hyl benzen€, niare greferabbg .5 o U. B, fae é’ﬁHSMobaseﬁ C@OBOtb%kﬂnmg agent and

alkylatable aromatic compound for overall reactor of 10 to 100 h?, preferably, 20



[0058] Alternatively, the allcylation and transal kyl ati on catal yst can
conpri se WOBY/138¢280r e nol ecul ar si eve havi ng a Const r ai MIT/US24¢5008448
2-12 (as defined in U S. Patent No. 4,016, 218), including ZSM 5,

ZSM 11, ZSM 12, ZSM 22, ZSM 23, ZSM 35, and ZSM 48. ZSM5 is
described in detail in US 17 Patent Nos. 3,702,886 and Re. 29, 948.
ZSM 11 is described in detail in U S Patent No. 3,709,979. ZSM12 is
described in U S Patent No. 3,832,449.14SM 22 is described in U S
Patent No. 4,556,477. ZSM 23 is described in U S. Patent No.
4,076,842. ZSM 35 is described in U S. Patent No. 4,016, 245. ZSM 48
is nore particularly described in U S. Patent No. 4,234,231. The
entire cont émf@ bt and k mbler wmtiovef gikyletsblesgroniatic saniponsd 4¢ elkylating agent
i ncor por at e% herec;ug % %Deftqbence. In sonme enbodi nents, the al kylation
and transal 891%1? % arat yst can conprise a medi um pore nol ecul ar

si eve having a channel size greater than 5 A [00591As a further

al ternativef0a44¢ al | cyThke polyatkiythted arsudticcgdrapoumd(s)dnathy siileents may be

conprise a |large pore | ecul ar. si evg havi,n Const r. ai | nd I
than 2. Sui Fgﬁﬁg%te affe @Wéﬂ%ﬁ%u I“Qﬁ‘ sﬁ%@%bﬁancﬁr%a%ﬂzeg%rfl{’%h%%)a?ﬁc
zeolite Y, WiKyiaed abdatic cdimydundiaindde hiyzteshs¥kiyDeiah bérwedr pdlyalkydated
TEA-nordenite, ZSM 3, ZSIXM, ésggzég a%?l ZSM 20. Zeolite ZSM 14 is
descri bed | ArQpaic gapRopnd(g) and thpalkylafable argmafic comPOYHL 5 descri bed
in US. Patent No. 3,972,983. Zeolite Beta is described in U S.

Pat ent Nos. [6043]8, 069, TheitarRalkyNiiond8adibh takeplaadinder plddoatamtlydiqdid
nol ecul ar sieve (USY) is_described.ijn U_S. Patent s. 3,,293,192 .and
3, 449, 070. a?%ﬁ(ﬁl‘rﬁ%‘él&- Pagicylariconditions 95 °M“§é’“gﬁb“pa?eé‘8"%‘§ﬁ'?‘ﬁe“q“’d
met hod founghhde Haﬁsauféaam oRpolvalkdidicdOBrondiel témpslid(S) ndthdali@latdite
in US. Patent No. 4,401,556. Rare earth exchar&ged Y‘%PRYQ |a} .
descri bed i Arematic eempendygay inalyde piEmpergpgatiffan akowy 1097 tahow, 300°C,

occurring myt %gsa{e Htod © Aah9 xpavah Nehke bdied ¥R iNSkvkigh O the poRaliy1ASd
TEA- nor deni t I.e., synthetic nordenite prepared froma reaction

m xture conpromaigcempeundisifhed toibe aeasiionizere of figmeabent §.5 to about 200 hr?

TEAnor deni te_isS, di d. 4 : ;
3. 804 104, PR aeg‘%?q%epag‘g’n?%ﬁltkglag?blgﬁ&%%yggwéuﬁ'g? %3%%%%‘553?? i aromatic
ar e i ncor porcatrgebuhéfsgiofi fioyn 0.6fletoed b, prERe8dy. Inl s h@: 1 cmoveiprefaraldy, 1:hdo
nmol ecul ar sisﬁﬁes may be used for the alkylation reaction in this

di scl osure i'ntlude a nol ecul ar sieve having a channel size greater

than 5 A such as a MCM 22 fanmily material. Exanples of the MOMR22
fam |y mat er[p8d6Jusef ul In additivrsl dndwdiosents, the draBRBkylationT@agtiorPBies place

SSZ- 25, MCM 2 MCM: 3 MCM, 4.9 o) and: i nations r

Ot her ol ec LH‘"éPr WYy gga%cynglgo&g.%cugdg L %#’gfn?og o g}ggﬁl 1 té p%i \ga%r phase

di scl osur e arssalkiatoh af polktisylbsresndsawith dheazéneanmydindudd auempermture of

selected fromth roup consi sting of *B AU. Sa

catal yst myTHB8 agg'gtd?#ﬁoﬁgf"l’f %Qeeﬁ B’f‘?§%’lr?l<5§¥ Ml@g ahd \%fﬁg%aseg%n
the weight of the polyethylbenzene(s) feed to the reaction zone of from about 0.5 to
about 20 hr”!, preferably, from about 1 to about 10 hr™!, and a molar ratio of benzene

to polyethylbenzene(s) of from 1:1 to 5: 1, preferably, 2:1 to 3:1.

[0047] In some embodiments, the monoalkylated aromatic compound
comprises ethylbenzene, the alkylatable aromatic compound comprises benzene

and the alkylating agent comprises ethylene.

[0048] In additional embodiments, the monoalkylated aromatic compound
comprises cumene, the alkylatable aromatic compound comprises benzene and the

alkylating agent comprises propylene.



al kyl ati on zones of the present invention. Preferably, however,

cat al yst sSWOr280%18&3n for the different al kyl ati on zones-P&TdUS20¢7/009448
transal kyl ation zone, so as to be tailored for the particul ar
reactions catalyzed therein. In sonme enbodi nents of the present
invention, a standard activity catalyst for exanple, 50% zeolite and
50% bi nder is used in the higher tenperature al kylation catal yst beds
and a higher activity catal yst for exar'q) e, 75% zeolite and 25%

bi nder is used in the | ower tenperature al kylation catal yst beds,
whil e suitable transal kylation catalyst is used in the

transal kyl ati on zone. In such an enbodi nent, any finishing reactor
zone coul d fomioyde a NaMidthee aidditionhl Retbokdiments,etenmmotlkylatédy atamatic

phase operation. 062] Accor di t.q the digclogu it has. .now been
found that FHEBPPYEL;P & %ﬂcg%tﬂf%eé‘ﬁe‘?ﬁ’ ﬁ’@n?@ﬁiﬁ?@es%ﬁ’?ﬁaﬂcvg%mom
shape and siggpsikes etz dddothe sliglatingegahl comisedutant al yst. Wen the
majority of the catalyst particles has a surface to volune ratio of

hi gher than_79 cncl, the activity and the,nono-selectivity for

pr aduci ng iRy berlPoRtr AR, FERHTERE. P 466 FE-GRIEms 2bPYs
of the maj Opidn¥ioféd tEesadsahies buibabld i fol Qetrbfi€ingase existivghehglberzéne or
and nono-selectivity of an al kylation catal yst inprqoves when the,
surface to $BMERR Pt Withor vanes iRlidaroyixed phase gkylation feaﬁtglr,tlpcnag_gcqlg,
hi gher t han g6 PEEIR SRLksie bl N8R #RtrofPRA eﬁfsﬁﬁgreﬂ'ﬁ’lb’elﬁhﬂé@f

than 1575, and" nost preferably higher than 3150 cm 1. [0063] The term
"t he maj ori teymehe plant swingl pympm grade |os shemical geaderrdhdepe appiopyikne with

| east 51 wt. % . f € ; i FORIRN del¥nd
of the cat alnégsl{rﬁ%rglrﬁgﬁetffa%%%gﬁ#ﬁ%g%ct I gl/ia?};%?é)gﬁ&g{%%rgt ?an seedn
cat al yst i s femistavkyd ersratdepamtionntolomnnboro dighy| gase dndr arematiss.c ang oother
(e.qg., nnnoalk.lbegzene) produced per unit anount of tinme per unit
amount of catlay&™ used at certain conditions. The activity of an

al kyl ation catal yst was nmeasured in this disclosure usi n& the kinetic
rate const arf00TH] a secAndisol bein Swdeiny firaiiofigt ingans tpHastakk pawiorgnodified
activity of two alkylation, . I . - i
Thei r aoti Vil RS TRGTS Py gL a3 ot R B IR L QR E
al kyl ati on gqeockstingmpdartonpri se tenperature, pressure, conposition of
feedst ock (al kyl atabl e aromati ¢ conpound and al kyl ati ng agent), and
wei ght - hour | y- ce-velocity (WHSV). [0065] One by-product of

al kyl ati on r-éé%%&l%tsjn i s polyal kyl ated aronmati c conmpound(s) (e.g.,

bi al | Cyljbe][lz[ﬂﬂﬂlls) ) | ;I"_Iﬁ‘he aﬁ&ysmfdnvitut@/trmd allioy at(ijdﬂ@dt?lgeﬂua:dauaﬂl' ?(process of
conpound o n ation ca i s _def.ined as.the es 0 .
nonoal kyl at etge éﬁl T8 8’&@%@%“6&1&’8@8{‘%’.”%38‘%? E’gftyg?%ﬁ Mch-22
aromati ¢ cornpmilytpalerial (g MCMIDE, MEM49y MEM-865 MEMyS6 FPSHMS, SSZ-25,
al kyl ation I an._he conpared by conparing t.hei elegti.vitie
under exact Cﬁé’ﬁ“%i‘@“ﬁ# E?Igé&)i b @Gﬂﬂﬁet %/fﬁjﬁgSTIPeTﬁéorgFW,Q{E%ﬁn@gﬁl&? i8ﬂ§
conpri se t engifionhly SAPD fivlbubr skSP@ss.| SARP0034 beeBaPOskl) al kyl at abl e
aromati ¢ conmpound and al kyl ati ng agent), and

wei ght - hour | y- cevel gci t ) i 066] Pr.odugi ng..t he .al kyl ati

cat gl yst wi t[ﬁos:ﬁ'z desi &g‘ﬂ t%/rﬂ{ }/fg?ﬁiz&[ ?@rfgaﬁ;ﬂﬁgcfggawa'regﬁg?ﬁ%’eégeﬂd'zz
achi eved by fafiily”@r Fiidleduld sk tof SheeMIME2 Dfandiye),catiaed Rérein; irejudesi ng
a shaped catal yst particle, such as the grooved cylindrical extrudate
described in U S. Patent ,No, 4,.328,13Q ot a holl ow or.sol.i d pol I
extrudate as descfi bed Yl é’?"é"tseﬂ‘[agﬁloéo%, A4P7YEE ﬁfﬁ{; dgﬁlielgrcel%tgﬁ‘%c
contents of both of whbahdiagelodkctumipesl! havihg ke MWW riedneevesnk opélopgT.
met hod of producing the alkylation catalyst with the desired.sutface
to volune ratio may be%‘é@&c?lﬂlst%ﬁpéha fent ofatgms vaach s "?IE‘?HB ee-

of producing the al kyl aihokiGal 8patsto BeddpiteliBe dABtA a8l dsitiibas en tHe "Atlas
volume ratio are spray drying, crashing, choppi rIIi%1 extrusion, and
of Zeolite Framework Types", F edition, 2001, the entire

content of which is incorporated as reference;

b. molecular sieves made from a common second degree building



production, nodification and characterization of nolecul ar sieves, is
descri bedWDrR00HS990k " Mol ecul ar Sieves - Principl es of FSIM$20&V99E8d
I dentification"; (R Szostalc, Blackie Academ c & Professional,
London, 1998, Second Edition). In addition to nol ecul ar sieves,

anor phous materials, chiefly silica, alum numsilicate and al um num
oxi de, have been used as adsorbents and catal yst supports. A nunber
of 1 ong-known techniques, |ike spray dr¥§hg, prilling, pelletizing
and extrusion, have been and are being uUSed to produce
macrostructures in the form 20 of, for exanple, spherical particles,
extrudates, pellets and tablets of both m cropores and other types of
porous materials for usleck e 2alimbysiosg! tdohgoohiuchnVAMWY famesvork aygreunif

summary of these techniques i s described in."Catalys uf acture,
A TE Bifles and T A CBoIRTNE B SToRBREs OF RER MGt EEL igbaeS’ pieferably
[ 0068] Al t hough the al kyhead-uit céll Biclafesgf the disclosure is
particularly selective towards the production of the desjred

monoal kyl at ed speti es, POHSURF kieves; Bizde: Bpmpicprmmen safmf Seargs chuildipg

pol yal kyl at ed speci es. pllBls HBFrPTHECERS df Rlodd ahhy dnBClsE &Rt Bfckness”,
further steps of separating the polyal kyl ated species fromthe

al kyl ation ef fl uent anwhewsitthedeyerioemark thangensi unibeedl thigkmess ig mage drom
aromati c conmpound, e.g s ol g d i 0, :

2L Tabl 6 transal kyl af PackiipZREing, B HALAFicaH Bhd MbroREELPEr Ol ni?
reaction i s conducted ¢ell thideJhestaskingael suchiseeond degreg kyilding dlocks can

reaction. [0069] The diggch i L : ECUE ar i

with reference to the %ff%#%%ﬁ%%ﬁé%ﬂ%ﬁ%@%ﬁt#a%%oﬁb%?é%r\gmﬁ%ﬂsa%ql’ or
Exanples will serve t ocadyedrhisination thetaodifa t he process and sone

advant ages of the,present invention. .Jn the Ex | es, catalyst .

St ivity 1 def i bymPlseBRERHEes fiak byighat A of Eendbf ZdBensionat o
i s determ ned by assunBfiimessiond eombinatieAcbf otiniti Bells dmvidgortha MWW
di scussion of the determination of the kinetic rate constant,
reference is directed TeMeROIEiWgOIous Reactions: Anal ysis,

Bxanpl es, andoSpactor PasNIOM-Y2 famdly dhbidhibts ot etluSoltifecRogtiampsin 1y
L. K Doraiswany and M M Sharma, John Wley & Sons, New York (1994)
and to "Cherfid¥ Aliffractien ingHemnipichiding dppagipe anaxigpedisis)- &H0-28y §.87+0.07 and
cast ef I”VIL't M 3.@%0.?‘?‘% }:Bins (8RS calbAOd ! 43- t}i&ﬁ:ééi&%ﬂ}g"ﬁ% M@AVRYY Thmily
y I's defined as the weight ratio of nonoal kyl benzene over
pol yal kyl bermategiaisnmaliealse oo charastenigpd day hawing pneXrraxt @iffsactioan patfren
including d-spacing maxima at 12.4+0.25, 6.9+0.15, 3.57+0.07 and 3.42+0.07
Angstroms (either calcined or as-synthesized). The X-ray diffraction data used to
characterize said molecular sieve are obtained by standard techniques using the K-
alpha doublet of copper as the incident radiation and a diffractometer equipped
with a scintillation counter and associated computer as the collection system.
Materials belong to the MCM-22 family include MCM-22 (described in U. S. Pat.
No. 4,954,325), PSH-3 {(described in U.S. Pat. No. 4,439,409), SSZ-25 (described
in U.S. Pat. No. 4,826,667), ERB-1 (described in European Patent No. 0293032),
ITQ-1 (described in U.S. Pat. No. 6,077, 498), ITQ-2 (described in International
Patent Publication No. W(097/17290), ITQ-30 (described in International Patent
Publication No. WO02005118476), MCM-36 (described in U.S. Pat. No.
5,250,277), MCM-49 (described in U.S, Pat. No. 5,236,575) and MCM-56
{described in U.S. Pat. No. 5,362,697). The entire contents of said patents are

incorporated herein by reference.



21 [0072] Benzene was obtained fromthe ExxonMbil Baytown Chem cal
pl ant. THEORENIZBPEIWasS passed t hrough a pretreatnent veP€aIUSRRT/009448
vessel ) containing equal parts (by volune): a. 13X, 4A, Engel hard
F-24 Cay, Selexsorb CD (in order frominlet to outlet); and then b.
through a 250 m vessel containing MCM 22 catalyst. Al feed
pretreatnment materials are dried in a 260C oven for 12 hours before
usi ng. Propyl ene [0073] Propyl ene was o I ned from Scott Specialty
Gases and was pol yner grade. Propyl ene was passed through a 300 m
vessel containing pretreatnent materials in the foll ow ng order: a.
150 m nol ecul ar sieve 5A; and b. 150 m Sel exsorb CD. Both

pr et r eat menf00s8] er i al 4t \ierto I:Ie: iaptheiciatai 26O MEMRY damilp molacylabefieves

usi ng. Et hyI en (£074 Et h bt ai_ ned Scot t _Spe
Cases and VESHbHY RieR g AL SaUORT 18 g Pk pharion
vessel cont @dtﬁlllysg ﬁi’cﬁtars&ﬂémﬁﬁte, M A hoadénite ihhkatfthé MOMAZR aratkeials lsave
150 m nol ecul ar sieve 5A; an

12-ring surface pockets which do not communicate with the 10-ring internal pore

system of the molecular sieve.

[0056] The zeolitic materials designated by the IZA-SC as being of the
MWW topology are multi-layered materials which have two pore systems arising
from the presence of both 10 and 12 membered rings. The Atlas of Zeolite
Framework Types classes five differently named materials as having this same
topology: MCM-22, ERB-1, ITQ-1, PSH-3, and SS8Z-25.

[0057] 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 is described in International Patent Publication No.
WO097/17290 and W001/21562. MCM-36 is described in U.S. Patent Nos.
5,250,277 and 5,292,698. U.S. Patent No. 5,258,565 describes the synthesis of
alkylaromatics, including ethylbenzene, using a catalyst comprising MCM-36.
MCM-49 is described in U.S Patent No. 5,236,575. The use of MCM-49 to
catalyze the synthesis of alkylaromatics, including ethylbenzene, is described in
U.S. Patent Nos. 5,508,065 and 5,371,310. MCM-56 is described in U.S. Patent
No. 5,362,697. The use of MCM-56 to catalyze the synthesis of alkylaromatics
including ethylbenzene is described in U.S. Patent Nos. 5,557,024 and 5,453,554.
The entire contents of all the above patent specifications are incorporated herein

by reference.

[0058] Alternatively, the alkylation and transalkylation catalyst can
comprise a medium pore molecular sieve having a Constraint Index of 2-12 (as
defined in U.S. Patent No. 4,016,218), including ZSM-5, ZSM-11, Z8M-12,
ZSM-22, ZSM-23, ZSM-35, and ZSM-48. ZSM-5 is described in detail in U.S.



b. 150 m Selexsorb CD. Both pretreatnent materials were dried in a
260C overWwO@po71139628ur s bef ore using. Nitrogen [0075] N t rREJEFE20R74009448
ultra high purity grade and obtained from Scott Specialty Gases.

Ni t rogen was passed through a 300 m vessel containing pretreatnment
materials in the follow ng order; a. 150 cc nol ecul ar sieve
5A; and b. 150 mMl Selexsorb CD. Both pretreatnment materials
were dried in a 260C oven for 12 hours fore using. 22 Cunene Batch
test procedures Equi pnent [0076] A 300nl Parr batch reaction vessel
equi pped with a stir rod and static catal yst basket was used for the
activity and selectivity neasurenents. The reaction vessel was fitted
Wi th two repateabNosy 85K2,886 and (Ree 2970480 dASM i Hnisofledeeibedin detml in U.S.

O ame of caPaepeNonsrEo STBCASVR L2 dfseRRr iR SaPosabRor Sss U 7t
The cat al ysts d@asrib&IRVES. Patit Nee4386aA73BSMDBH ddselibed H WIS, Phteheor
of quartz chips was used to |ine the bottom of _t he btgsket oliowed by

| oadi ng of &fTI6eF4RMZSMBiels desembes in HiS Ragrnt iR bP 104930554 psomore

first layer ? icg}é&hi &eseﬂiafzfin 0.S SR NRWES 34083 10tk teitied b diftet OF hi €Re
pl aced on tOp of tHhe cata %st. The catal yst basket containing the

cat al yst andbovearnaters hipesifieatiops atre dinicarnemated chersin kg0 acistaneai dht sqme
air 16 fhrs) embodiments, the alkylation and transalkylation catalyst can comprise a medium

pore molecular sieve having a channel size greater than 5 A.

[0059] 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, TEA-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.

[0066] In some embodiments, the molecular sieves may be used for the
alkylation reaction in this disclosure include a molecular sieve having a channel
size greater than 5 A, such as a MCM-22 family material. Examples of the MCM-
22 family material useful in this disclosure are ERB-1, ITQ-1, PSH-3, S8Z-25,
MCM-22, MCM-~36, MCM-49, MCM-56, and combinations thereof. Other

molecular sieves may be useful as alkylation catalyst in disclosure are molecular



[0078] The reactor and all lines were cleaned with a suitable sol vent
(such as WOl2eHBp629ef ore each experinment. The reactor aRCTAUS200V(98418
were dried in air after cleaning to renove all traces of cleaning

sol vent. The catal yst Basket containing the catalyst and quartz chips
was renoved fromthe oven and i mredi ately placed in reactor and the
reactor was immedi ately assenbl ed. Test Sequence [0079] The react or
tenperature was set to 170C and purged Eéth 100 standard cubic
milliliter of ultra high purity N2 for hours. After nitrogen had
purged the reactor for two hours, reactor tenperature was reduced to
130C, the nitrogen purge was discontinued and the reactor vent

cl osed. 156sitgehaving adremeavask siadbule selected i900the gronpeenystingeeSHBEA,
per f or med i§4 \gl 0sS ystem The benzene vessel was pressurized to
11622 1(Pa- ?’1 oaltf@ifb?-with ultra high purity nitrogen and the
benzene was transferred into the reactor. The agitator speed was set
to 500 rotafég1]per i PurhecHtalys) may e tuhed irclah dhe tarssaditylatiedzane and the
equilibrate for .1 hour. A_.75 m transfer.vessel s then fill ith
26 1g 11 qui AU 2hess, A Be el dveicte Trekeray bOSlurt cafyd e
connect ed Wchbsed 138 theldifRreht RBAatRsi fines 23d thd frandalighatiiil kdn¢, so as to be

nitrogen. After the one-hour benzene stjr ‘ii nme .had el a seg .the

propyl ene wédilared ferrthe pagicplas reacieny gafakyre ﬁ’ef‘ﬁ%-%e%’& pmbadimentsffhe

kPa-a (300 peisht HvehBOIE D SANNEE 08Ity BitAlya RREXGMPNSE B84 zb6lite and 50%
propyl ene véssel and open to the reactor during the entire experipent

to mai ntai n binstestiamsed dacthe dvighsrctsmperaterar aligatipr cptadyst heds and a higher
sanpl es wer %cﬁ Ratilyse Sor @)%.tﬂ%l%ovs%59eoli@9mﬁﬁgcygﬁﬂﬂg} Rs Afd®n the lower
e Ppr opy‘f ene. Et d

addi tion of t benzene Batch Test Procedure .

Equi prent [ 068p$raneealkylatiarcatdyst blads, eddlei soiiable srpasalkylatipp catalyst is uged
stir rod and I.C . SKEL MBS ; t #h‘fd.
selectivity lﬁéggmﬁ%lgﬁggg@tﬁggge@cﬁcon vgégg?lwm%lé’ ?ﬁ ?@i WI# ﬁaag{%ﬁj zone
renovabl e vesshl intludetadCMH22adtadyst bad 6dr greduementlClguidgiase operation.
Pretreatment and | oadi ng [0081] Two grans of catalyst were dried in

oven (in air 260C f . hours. f :
oven and i m{ég@t ely | é%él)elﬁl nlréntéoél? hdy%%stﬁg%’ %ﬁ%%%@:otegﬁﬂrﬁft&a{ P{a?ylté(imd
of quartz chihase sikglatioradfbeniennds sdnsitivetts tm shhipe led fias o€ thefraktidewel thy
| oadi ng of fiv rams_of t cajal yst .into.the hasket.. op .of

first Igayer %lfﬁﬁﬁ%ﬂ Pﬁwg}ﬁf'p HeR %Eﬁﬁjﬁya?iéweo?ataﬁ%ﬁﬁafhgﬁf B’gg\ﬁass“r{,aﬁgﬁo
pl aced on t apl@hetrafio Gt k&t thahh®o eal'alihis activisk @hd ahatmaomy-sdedtivity for

catal yst and quartz chi was placed in an oven at. 260C overni ght |
air 1% hrs) _prgducing monog?kylbenzgne ?mproves wri'wn tﬁe surface to volume 1afo of fhe

majority of the catalyst particles increases. Both activity and mono-selectivity of

an alkylation catalyst improves when the surface to volume ratio of the majority
of the catalyst particles is higher than 79 cm’!, preferably higher than 236, more
preferably higher than 1575, and most preferably higher than 3150 em™.

[0063] The term “the majority of the catalyst particles” as used herein
means at least 51 wt.%, preferable at least 80 wt%, most preferably majority of
the catalyst particles.

[0064) The activity of an alkylation catalyst is defined as the amount of
monoalkylated aromatic compound (e.g., monoalkylbenzene) produced per unit
amount of time per unit amount of catalyst used at certain conditions. The activity
of an alkylation catalyst was measured in this disclosure using the kinetic rate

constant of a second order reaction kinetics. The relative activity of two alkylation



[ 0082] The reactor and all lines were cleaned with a suitable sol vent
(such as woluerBysdef or e each experinent. The reactor arRCEU$2007/000618 .
were dried in air after cleaning to renove all traces of cleaning

sol vent. The catal yst basket containing the catal yst and quartz chips
was renoved fromthe oven and i mredi ately placed in reactor and the
reactor was i medi ately assenbl ed. Test Sequence [0083] The reactor
tenperature was set to 170C and purged ygth 100 standard cubic
milliliter of ultra high purity N2 for hours. After nitrogen had
purged the reactor for two hours, reactor tenperature was increased
to 220C, the nitrogen purge was discontinued and the reactor vent
closed. 195c4aB88R ¢n b@4obgRzanbyVimpapiagetieir dctivitisOtnder dxactntfecsame
vessel , perfor Ios_er?‘?L ste The,_ benzene vessel was

d in
pressuri zedakkyla 1198292311%8’9513& 35%?% coRdigong §mPRIe IR Ay, pressure,
hi trogen anéoﬁlﬁsslﬁeﬂ%?&sed%%kt (@mmtﬁlé%mmcoc&rhsowsﬁ@mymﬁg agent),
agi tator speed was set rpm and the reactor was all owed
equi | i brat em@We@WQNIYﬁPP@VQlﬁ@%WF benzene stir time had
el apsed, 39.4 g ethylene was introduced into the reactor. A 31887

lcPa-a (300 msg) ni t rgge 'Eersﬂ'ﬁﬂﬁtﬁ Wﬁlk’}ﬂn@haﬂeﬂ%xﬁ‘i&"@@%ﬁ%ﬁt& aromatic
propyl ene vessel and open he reactor during_the éentire experinent

to mai nt ai ncewngwRk(s) (fe&ebiaﬂfﬂb?f@ﬁ%%(?ﬁ g pelectivily @e@t’n‘)ﬁ_kﬂﬁ‘i@@ aromatic
sanpl es wer g, {q@gﬁﬁhﬁf ﬁloalkg%tloillzpﬁgalééols sl Ad0nOILs 8f tnﬁfnoalk Jated
t et I

addi tion of ene nmene ed Bed Test Pr ocedure [ 0084]
experi nents amaimw:dpcmm;b praduged ipredadie d’f ;@ﬂﬂlk}dategl apom@gic cgmpoand(s)

reactor in

control |l ed P (Rm%% —@?’V%rrﬁ(m %éie%gpé’g;@ was a%t#i&g&g%l Yé?i%r'ilnenpél”fed by
260C i n air chmpating theinr sldutifvities innhdlexgct E:epemhamikydaﬁm e:oudilictus:t"ﬁhle
with catalys s. whol e..extrudates | oaded into the 3/8" r ﬁ c¥ By}gck
catal yst bed K¥AEHoR, FORditions, RORIPEYF fEMPIAUR PIFEUFS SORPOSY RS Theds

cat al yst \Naﬁalltﬁlathb@e(hfdiﬁtakﬁcdrﬂpcmrﬂranﬂ sikbatng agdest),zad weighd-hotriyrepdre-
dependi ng on t%&ﬁ % experinment. All catalysts were packed with
inert sand & "I"}WI( ®V)nterstitial void spaces. Reaction conditions
were 125C, benzene: propyl ene nolar ratio of 2.8, and 31887 1lcPa-a
(300 psig). [M&] ht HouPtodu&ipgc eheValigtation samlyad) with etheddesireg shdace to

experinments apd ranged fro 1 ene_basis) to 3 11
WHSV ( pr opy MOHENGEE OGN T?fgbé#%?c}ﬁ‘ﬁ‘iﬁx ép‘"z%“gy h’d’g e Qawi%f%? °€\’g§ caéIYSt
brought to rRast bR Br Haped a3 faarlﬁﬁélsﬁcﬁ 29 thepgicdiedicklindvidal @8 Gdate
and heated to reaction tenperature élZSC bef ore i ntroducin % feed.

The cat al ystdesgribedinilé 8 Pytent Nowdd28.d 38 gtir bolpw s sobf nokdobs] extmdate as
to achieve gfeafhedSihaliss. Patak Ns @41"‘9@ GRe ERSChntdrd 8F ¥oth of which are

Preparation and Characterization [0086 MCM 49 cat al yst were
pr epar ed by lmrp@@tqq!g hgreim xhy refergncgo ther method of producing the alkylation

catalyst with the desired surface to volume ratio may be used in this disclosure.

Examples of methods of producing the alkylation catalyst with the desired surface

to volume ratio are spray drying, crashing, chopping, extrusion, and sieving.

[0067] A summary of the molecular sieves and/or zeolites, in terms of
production, modification and characterization of molecular sieves, is described in
the book “Molecular Sieves - Principles of Synthesis and Identification”; (R.
Szostak, Blackie Academic & Professional, London, 1998, Second Edition). In
addition to molecular sieves, amorphous materials, chiefly silica, aluminum
silicate and aluminum oxide, have been used as adsorbents and catalyst supports.
A number of long-known techniques, like spray drying, prilling, pelletizing and

extrusion, have been and are being used to produce macrostructures in the form



wt. % MCM 49 crystal and 20 wt. % al um na into solid quadrul obe

ext rudat e¥0frewWY138628 di aneter of 1/20 inch and a | engt h GICTIVSR00MODL48
quadrul obe (hereinafter "MCM 49 1/20 inch Q catalyst"). The resultant
catal yst particles had a surface to 25 volune ratio of 198. A 50-60
mesh MCM 49 catal yst (hereinafter "MCM 49 50- 60 nesh catal yst") was
prepared by crush the 1/20 inch quadrul obe MCM 49 catal yst. The 50-60
mesh MCM 49 catal yst particles had a su éace to volune ratio of 610.
[ 0087) A MCM 22 cat al yst were prepared bé extruding a m xture of 80
wt. % MCM 22 crystal and 20 wt. % alumna into solid cylindrical
extrudates having a diameter of 1/16 inch and a length of 1/4 inch
cyl i nder (hefefsratka@npleMaghdcal/ pirticies) eRradited, y péllets abide tatdan| sfabioth
MCM 22 cyl i nder cat al éSt particles had a sLHrface t,o voluge rati o of
88. A 50- 60 THESRONERNS Pthestpesaf POFRISInafsKiels forwienp satabsis; gdspippion and

catalyst") Y55 ReRBAECd RY sshihaly (dFe tHsd GtebRiBusy ik NelREriBdVB2“Catalyst
catal yst. The 50-60 nesh MCM 22 “cat al%Stha articles had a_surface to
¢

vol ume r at i Maufshae. [ A0Bg§tiey aad Tt areel| yelkepdYew Yodh 4988- by
extruding a mxture of 80 wt.% zeolite Beta crystal and 20 wt.%

al um na int qodg)! d Cy! ANRGRATheCX I 1A6Bh SobRY I dT0the AsABRIe is Yardéulily
inch and a I'ength of 1/4 1nch cylinder (hereinafter "zeolite beta

1/ 16 i nch Cselactitey dowardsThe p tiamt of, dks idegirgsbirporaalkylated sngcigsy dhe

particles h r ek | f 38 eghi
beta cat al y%%@?’e%ﬁgf ?J(lal(ri) rYzeo 'tél%tl‘)lg?%%g -GBO%Eﬁ%Sgct[ argr%sgif t ?\ikfégs%"
prepar ed by peoags$ préferably dncludes ¢iyd ifurther steps iafesdParatingathel polyalkpiated
50-60 nmesh zeol.ite Beta catalystopartic d ] .

Fatio of 610PNBUBER e TRy pEh b S 1Bus WidERidcinl BhesPRble
sanpl e B, angmaipkcemppundregprietsaed ihya aamaikyladorHrdagton el a tswitable
crystal with water. and bj nder_ accardi to t .0l | owi..ng .procedur e,
(0007 A ol uireaibrearm cRg RS Brafeiibly, B psalkDalipn st L EBRERIE ine
t hi s procedyggirateAracéeirog the WkyivnGBadtioahydrat e sol ution (ACH, from
Reheis Inc., Berkeley Heights, New Jersey) to deionized water and

m xed at 70 for 10 m.pujes usi a Yamat o el, 2100 .ho eni zer
(Yamat o Sci 3“% i c AmefPegiseipsure ngﬂﬁéﬂ?ﬁﬂd?ml@%%ﬂﬁ?‘fn%fg)w%g?ﬁbmce
ol ecul ar  sitgvige foMoWidEExafplebe sol ution fromstep (A) and m xed at
700 RPM for 10 m nutes using the Yamato

[0070] The following Examples will serve to further illustrate the process
and some advantages of the present invention. In the Examples, catalyst activity is
defined by reference to the kinetic rate constant which is determined by assuming
second order reaction kinetics. For a discussion of the determination of the kinetic
rate constant, reference is directed to “Heterogeneous Reactions: Analysis,
Examples, and Reactor Design, Vol. 2: Fluid-Fluid-Solid Reactions” by L. K.
Doraiswamy and M. M. Sharma, John Wiley & Sons, New York (1994) and to
“Chemical Reaction Engineering” by O. Levenspiel, Wiley Eastern Limited, New
- Delhi (1972).

[0071] In the Examples, catalyst selectivity is defined as the weight ratio

of monoalkylbenzene over polyalkylbenzene in the product.

Examples
Feed Pretreatment

Benzene



26 honogeni zer Model 2100 used in step (A); (C adding de-ionized
wat er to Weleov13e628l urry | ess viscous and mlling the sIROTYyS2087/00338
RPM using a Silverson 4LRT hi gh-shear m xer (Silverson Mchi nery
Inc., East Longneadow, MA); (D) adding Versal 300 alum na (UOCP LLP,
Des Plaines, IL) while under m xing at 700 RPM usi ng the Yarnato
Model 2100 honogeni zer; (E) passing the slurry fromstep (D) through
an in-line high-shear m xer at 7500 RPM,(Si|verson Machinery Inc.,
East Longneadow, MA), the slurry producéd had a pH of 3.2 neasured at
23C. This slurry now contains about 22 wt.% solids, of which 80 w.%
bei ng nol ecul ar sieve MCM 49, 10 wt. % al um na derived from ACH, and
10 wt. % al ufaom2] der i v@tnkzemenwile robedin@D@onl thenEzxodddbil dBaytowa\Clhitnyicelo

produce a spra ied catalyst. [O 9%%8 r,ay dry of the abaoyesl urr
was conduct El&n%s?h‘@e%m?ﬁ%t%aﬁ)@gsf% P‘g%h oft ypégﬁ?a%’ﬁ’étt o e§gcelye valegéél)
Arerica, O gagsiaiipdequbBpaniéqbl volidic)anount of 626.1g of the slurry was
spray dried. The spray dryer operated in a down spray node using an

atom zati on nozzl e of e r ryjng ndi ti Qps,.are; feed.

rate: -36-40 g/ni A inlk ﬁé&ﬁsﬁﬁfﬁ-%@ ag[%g?ﬁsﬁé’[ﬁeﬁn(“bf’&%ﬁ)@ infet,

kPa-a; carrier gas (nit o arid i at 60% of full setting. Spray dry
&

products were collected in a _cyclone. [0092]Wiile the cal cul ation of
cyl i nder geonetry-is verougkaRan, mkyessel soutamipg HC-Mr22 falyshdr ul obe
geonmetry | SAWPY&&%E%@F Bt &S kO RReP §h 8B bIGH 8N €2 hours before
cal cul ations 1 nvolved 1n determning the SAN of the quadrul obe
materials. P#ingneter (P) 6nr Cross Sectional Area (AX) (16+z),
Particle Suﬁ%gelférea (SA) SA, = 119+ PiL Volume (Vi) V1= AxiL SAV

[0073] Propylene was obtained from Scott Specialty Gases and was
polymer grade. Propylene was passed through a 300 ml vessel containing

pretreatment materials in the following order:

4. 150 ml molecular sieve 5A; and

b. 150 ml Selexsorb CD. |
Both pretreatment materials were dried in a 260°C oven for 12 hours before using.
Ethylene
[0074] Ethylene was obtained from Scott Specialty Gases and was
polymer grade. Ethylene was passed through a 300 ml vessel containing

pretreatment materials in the following order:

a. 150 m]l molecular sieve 5A; and

b. 150 ml Selexsorb CD.
Both pretreatment materials were dried in a 260°C oven for 12 hours before using.
Nitrogen
[0075] Nitrogen was ultra high purity grade and obtained from Scott
Specialty Gases. Nitrogen was passed through a 300 ml vessel containing

pretreatment materials in the following order;

a. 150 cc molecular sieve 5A; and
b. 150 ml Selexsorb CD.

Both pretreatment materials were dried in a 260°C oven for 12 hours before using.



SAN = ESAI /EV; WD 2007/ 139629PCT/ US2007/ 009448 27 particles as

cyl i nder sWai2007/89€2925 nmm di aneter and 0. 25 nm | engt h. TRETVEE2DGNNES
table below listed SA/V ratios for the particle sizes tested. Nane
1/ 20 inch Quadrul obe 1/16 inch Cylinder 50-60 nesh particle Geonetry
Quadr al obe Cylinder Particle D anmeter 1/20 inch*
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Cumene Batch test procedures
Equipment
[0076] A 300ml Parr batch reaction vessel equipped with a stir rod and

static catalyst basket was used for the activity and selectivity measurements. The
reaction vessel was fitted with two removable vessels for the infroduction of

benzene and propylene respectively.

Catalyst Pretreatment and loading

[0077] Two grams of catalyst were dried in oven (in air) at 260°C for 2
hours. The catalyst was removed from the oven and immediately. A first layer of
quartz chips was used to line the bottom of the basket followed by loading of one
gram of the catalyst into the basket on top of the first layer of quartz chips. A
second layer of quartz chips was then placed on top of the catalyst. The catalyst
basket containing the catalyst and quartz chips was placed in an oven at 260°C

overnight in air (~ 16 hrs).

[0078] The reactor and all lines were cleaned with a suitable solvent (such
as toluene) before each experiment. The reactor and all lines were dried in air
after cleaning to remove all traces of cleaning solvent. The catalyst Basket
containing the catalyst and quartz chips was removed from the oven and

immediately placed in reactor and the reactor was immediately assembled.

Test Sequence

[0079] The reactor temperature was set to 170°C and purged with 100
standard cubic milliliter of ultra high purity N for 2 hours. After nitrogen had
purged the reactor for two hours, reactor temperature was reduced to 130°C, the
nitrogen purge was discontinued and the reactor vent closed. 156.1g of benzene
was loaded into a 300 ml transfer vessel, performed in a closed system. The
benzene vessel was pressurized to 11622 kPa-a (100 psig) with ultra high purity
nitrogen and the benzene was transferred into the reactor. The agitator speed was
set to 500 rotation per minute (rpm) and the reactor was allowed to equilibrate for
1 hour. A 75 ml transfer vessel was then filled with 28.1g liquid propylene and
connected to the reactor vessel, and then connected with 31887 kPa-a (300 psig)



1116 inch 1/106 inch Length "A inch "Ainch 1/100 inch SAV (iII)’

198 88 61W03AMN/13¢6m9| ) 78 35 241 *Di ameter was neasured RATISR0GHB448
m ni mum
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ultra high purity nitrogen. After the one-hour benzene stir time had elapsed, the
propylene was transferred from the vessel to the reactor. The 31887 kPa-a (300
psig) nitrogen source was maintained connected to propylene vessel and open to
the reactor during the entire experiment to maintain constant reaction pressure
during the test. Liquid samples were taken at 30, 60, 120, 150, 180 and 240 min
after addition of the propylene.

Ethylbenzene Batch Test Procedure

Equipment

[0080] A 600 ml Parr batch reaction vessel equipped with a stir rod and
static catalyst basket was used for the activity and selectivity measurements. The

reaction vessel was fitted with a removable vessel for the introduction of benzene.

Catalyst Pretreatment and loading

[0081] Two grams of catalyst were dried in oven (in air) at 260°C for 2
hours. The catalyst was removed from the oven and immediately loaded into the
catalyst basket. A first layer of quartz chips was used to line the bottom of the
basket followed by loading of five grams of the catalyst into the basket on top of
the first layer of quartz chips. A second layer of quariz chips was then placed on
top of the catalyst. The catalyst basket containing the catalyst and quartz chips

was placed in an oven at 260°C overnight in air (~ 16 hrs).

[0082] The reactor and all lines were cleaned with a suitable solvent (such
as toluene) before each experiment. The reactor and all lines were dried in air
after cleaning to remove all traces of cleaning solvent. The catalyst basket
containing the catalyst and quartz chips was removed from the oven and

immediately placed in reactor and the reactor was immediately assembled.

“Test Sequence

[0083] The reactor temperature was set to 170°C and purged with 100
standard cubic milliliter of ultra high purity N, for 2 hours. After nitrogen had
purged the reactor for two hours, reactor temperature was increased to 220°C, the

nitrogen purge was discontinued and the reactor vent closed. 195 grams of



[ 0094] The particl e sizes and SA/V ratios of sanples A-C were measur ed
and |i st a80i2a0%13862001 | owi ng tabl e: Sanples A B C Parti clRETUS2007AM94481
25 pm 14 pm SA/V (in-1) 7257 6096 10886 SAN (cmt |)
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benzene was loaded into a 600 ml transfer vessel, performed in a closed system.
The benzene vessel was pressurized to 11622 kPa-a (100 psig) with ultra high
purity nitrogen and the benzene was transferred into the reactor. The agitator
speed was set to 500 rpm and the reactor was allowed to equilibrate for 1 hour.
After the one-hour benzene stir time had elapsed, 39.4 g ethylene was introduced
into the reactor. A 31887 kPa-a (300 psig) nitrogen source was maintained
connected to propylene vessel and open to the reactor during the entire experiment
to maintain constant reaction pressure during the test. Liquid samples were taken
at 30, 60, 120, 150, 180 and 240 min after addition of the ethylene.

Cumene Fixed Bed Test Procedure

[0084] All experiments were conducted in a fixed-bed, 3/8" or 3/4" OD
tubular reactor in a downflow configuration. The reactor fumace was controlled
in isothermal mode. The catalyst was dried off-line at 260°C in air for two hours
before loading. Experiments were conducted with catalyst as whole extrudates
loaded into the 3/8" reactor. The catalyst bed was axially centered in the middle
furnace zone. The catalyst was used extrudate form or crushed and sized to 50-60
mesh depending on the type of experiment. All catalysts were packed with inert
sand to fill the interstitial void spaces. Reaction conditions were 125°C,
benzene:propylene molar ratio of 2.8, and 31887 kPa-a (300 psig). Weight Hourly
Space Velocity was adjusted during the experiments and ranged from 1 h”* WHSV
(propylene basis) to 320 h'! WHSYV (propylene basis).

{0085] At unit start-up, the reactor was brought to reaction pressure 31887
kPa-a (300 psig) with nitrogen, and heated to reaction temperature (125°C) before
introducing feed. The catalyst was typically allowed to equilibrate for one to two

days to achieve steady state before data was collected.

Catalyst Preparation and Characterization

[0086] A MCM-49 catalyst were prepared by extruding a mixture of 80
wt.% MCM-49 crystal and 20 wt.% alumina into solid quadrulobe extrudates
having a diameter of 1/20 inch and a length of 1/4 inch quadrulobe (hereinafter
“MCM-49 1/20 inch Q catalyst”). The resultant catalyst particles had a surface to



2867 2408 4300 [0095] The MCM 49 1/20 inch Q catal yst, the MCM 49

50- 60 nmesHOATAYEP, the MCM 49 sanple A the MCM 49 sarRdT&iB007 0102448
MCM 49 sanple C, the MCM 22 1/16 inch C catal yst, and the MM 22
50-60 nmesh catal yst were tested according the cunene batch test
procedure. [0096] The MCM 49 1/20 inch Q catal yst, the MCM 49 50-60
mesh catal yst, the zeolite beta 1/16 inch C catal yst, and the zeolite
beta 50-60 nesh catal yst were tested aog)rdi ng the cumene fi x-bed
test procedure. [0097] The MCM49 1/20 I'nch Q catal yst and the MCM 49
50-60 nmesh catal yst were tested according the ethyl benzene batch test
procedure. 28 [0098] The catal yst selectivity was neasured by the

wei ght r at i eolafnediatio iof 980y b0&0zeesh MEON-4 catdlgstdhetehefioe FYHEM:4Q 5O

of di-ethyl benzene qver _.ethyl benzene. The.rati wer.e no iz t,0

oxtr udat or. B0 TEFBFARIGEES P EBRFD I GriRe LEnEe sBedTer G
catalyst. The 50-60 mesh MCM-49 catalyst particles had a surface to volume ratio
of 610.

[0087] A MCM-22 catalyst were prepared by extruding a mixture of 80
wt.% MCM-22 crystal and 20 wt.% alumina into solid cylindrical extrudates
having a diameter of 1/16 inch and a length of 1/4 inch cylinder (hereinafter
“MCM-22 1/16 inch C catalyst”). The resultant MCM-22 cylinder catalyst
particles had a surface to volume ratio of 88. A 50-60 mesh MCM-22 catalyst
(hereinafter “MCM-22 50-60 mesh catalyst”) was prepared by crush the 1/16 inch
cylinder MCM-22 catalyst. The 50-60 mesh MCM-22 catalyst particles had a

surface to volume ratio of 610.

[0088] A zeolite beta catalyst were prepared by extruding a mixture of 30
wt.% zeolite Beta crystal and 20 wt.% alumina into solid cylindrical extrudates
having a diameter of 1/16 inch and a length of 1/4 inch cylinder (hereinafter
“zeolite beta 1/16 inch C catalyst™). The resultant zeolite beta cylinder catalyst
particles had a surface to volume ratio of 88. A 50-60 mesh zeolite beta catalyst
(hereinafier *“zeolite beta 50-60 mesh catalyst”) was prepared by crush the 1/16
inch cylinder zeolite Beta catalyst. The 50-60 mesh zeolite Beta catalyst particles
had a surface to volume ratio of 610.

[0089] The three spray dried MCM-49 catalysts (sample A, sample B, and
sample C) were produced by combining H-form zeolite crystal with water and

binder according to the following procedure.

[0090] A slurry containing 20-25 wt.% solid was prepared according to
this procedure: (A) adding aluminum chlorohydrate solution (ACH, from Reheis
Inc., Berkeley Heights, New Jersey) to deionized water and mixed at 700 RPM for
10 minutes using a Yamato Model 2100 homogenizer (Yamato Scientific America
Inc., Orangeburg, New York); (B) adding molecular sieve (MCM-49) to the
solution from step (A) and mixed at 700 RPM for 10 minutes using the Yamato



Cat al yst Normalized DI PFB/ | PB or DIEB/EB (%9 DI PB/IPB or DI EB/ EB
reduct i orwQ2po3Ne249 cat al ysts tested with cunene bat ch POTAIS2007/009448

procedure MCM 49 1/20 inch Q 100% MM 49 50-60 nesh 70% 30% MCM 49
Sanmpl e A 66% 34%
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homogenizer Model 2100 used in step (A); (C) adding de-ionized water to make
the shury less viscous and miiling the slurry at 6000 RPM using a Silverson 4LRT
high-shear mixer (Silverson Machinery Inc., East Longmeadow, MA); (D) adding
Versal 300 alumina (UOP LLP, Des Plaines, IL) while under mixing at 700 RPM
using the Yamato Model 2100 homogenizer; (E) passing the slury from step (D)
through an in-line high-shear mixer at 7500 RPM (Silverson Machinery Inc., East
Longmeadow, MA), the slurry produced had a pH of 3.2 measured at 23°C. This
slurry now contains about 22 wt.% solids, of which 80 wt.% being molecular
sieve MCM-49, 10 wt.% alumina derived from ACH, and 10 wt.% alumina
derived from Versal 300. It was used for spray dry to produce a spray dried
catalvst.

[0091] Spray dry of the above slurry was conducted using a Yamato DL-
41 spray dryer (Yamato Scientific America, Orangeburg, New York). An amount
of 626.1g of the slurry was spray dried. The spray dryer operated in a down spray
mode using an atomization nozzie of 1 mm. The spray drying conditions are: feed
rate: 36-40 g/min; inlet temperature; 350°C; atomization pressure: 132 kPa-a;
carrier gas (nitrogen) flow at 60% of full setting. Spray dry products were

collected in a cyclone.

[0092] While the calculation of cylinder geometry is well known, the
calculation of the quadrulobe geometry is more complex. The equations below

detailed the calculations involved in determining the SA/V of the quadrulobe

materials.
Perimeter (P) 6mr
Cross Sectional Area (AX) (16+m)”
Particle Surface Area (SA;) SA; = 24+ PiL
Volume (Vi) Vi=A,L
SA/V SA/V =ZS8A/FV;
[0093] Surface Area/Volume ratios were calculated for the quadrulobe and

cylinder extrudates and for the 50-60 mesh particles by approximating the



MCM 49 Sanple B 77% 23% MCM 49 Sanple C 91% 9% MCM 22 cat al ysts
test ed Wwwb 20ent80629bat ch test procedure MCM 22 1/ 16 i nclpC@s2084009448
MCM 22 50- 60 nmesh 87% 13% MCM 49 catal ysts tested with cunene fi x-bed
test procedure MCM 49 1/20 inch Q
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particles as cylinders with a 0.25 mm diameter and 0.25 mm length. The
following table below listed SA/V ratios for the particle sizes tested.

Name 1/20 inch Quadrulobe 1/16 inch Cylinder | 50-60 mesh particle
Geometry Quadrulobe Cylinder Particle
Diameter 1/20 inch* 1/16 inch 1/100 inch
Length Y4 inch ¥ inch 1/100 inch
SA/V (in™h) 198 88 610

SA/V (em™) 78 35 241

*Diiameter was measured across the minimum.

[0094]
and listed in the following table:

The particle sizes and SA/V ratios of samples A-C were measured

Samples A B C

Particle size 21 pym 25 um 14 pm
SA/V (in™) 7257 6096 10886
SA/V (em™) 2867 2408 4300

[0095] The MCM-49 1/20 inch Q catalyst, the MCM-49 50-60 mesh

catalyst, the MCM-49 sample A, the MCM-49 sample B, the MCM-49 sample C,
the MCM-22 1/16 inch C catalyst, and the MCM-22 50-60 mesh catalyst were

tested according the cumene batch test procedure.

[0096] The MCM-49 1/20 inch Q catalyst, the MCM-49 50-60 mesh
catalyst, the zeolite beta 1/16 inch C catalyst, and the zeolite beta 50-60 mesh

catalyst were tested according the cumene fix-bed test procedure.

[0097] * The MCM-49 1/20 inch Q catalyst and the MCM-49 50-60 mesh

catalyst were tested according the ethylbenzene batch test procedure.



100% MCM 49 50-60 mesh 46% 54% Zeol ite beta catal ysts tested with
cunene fiWwOI28er/x38629 procedure MCM 49 1/20 inch Q 100% NOWU0S06803
mesh 58% 42% MCMA9 catal ysts tested with et hyl benzene batch test
procedure MCM 49 1/20 inch Q 100%
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[0098]

isopropylbenzene over cumene or the weight ratio of di-ethylbenzene over

The catalyst selectivity was measured by the weight ratio of di-

ethylbenzene. The ratios were normalized to extrudates as shown.

[0099] The following table summarizes the results.
Catalyst Normalized DIPB/IPB or | DIPB/IPB or DIEB/EB
DIEB/EB (%) reduction (%)

MCM-49 catalysts tested with cumene batch test procedure

MCM-49 1/20 inch Q 100%

MCM-49 50-60 mesh 70% 30%

MCM-49 Sample A 66% 34%

MCM-49 Sample B 77% 23%

MCM-49 Sample C 91% 9%
MCM-22 catalysts tested with cumene batch test procedure

MCM-22 1/16 inch C 100%

MCM-22 50-60 mesh 87% 13%

MCM-49 catalysts tested with cumene fix-bed test procedure

MCM-49 1/20 inch Q

1006%

MCM-49 50-60 mesh

46%

54%

Zeolite beta catalysts tested with cumene fix-bed test procedure

MCM-49 1/20 inch Q

100%

MCM-49 50-60 mesh

58%

42%

MCM-49 catalysts tested with ethylbenzene batch test procedure

MCM-49 1/20 inch Q

100%

MCM-49 50-60 mesh

T7%

23%

[0100]

As results clearly shown, for both ethylbenzene and Cumene synthesis,

an increase in SA/V (greater than 79 cm’') results in substantial decreases in
DIPB/IPB ratio, resulting in a more selective to the desired product ethylbenzene
or isopropylbenzene (cumene) and economically attractive process.

{o101]

articles, publications, manuals, and other documents cited herein are fully

All patents, patent applications, test procedures, priority documents,

incorporated by reference to the extent such disclosure is not inconsistent with this

disclosure and for all jurisdictions in which such incorporation is permitted.



MCM 49 50-60 nesh 77% 23% [0100] As results clearly shown, for both
et hyl ben2%0a0@id?€28nene synthesi s, an increase in SAN ( PCIATSZO0W (09438
79 cnil) results in substantial decreases in DIPB/IPB rati o,
resulting in a nore selective to the desired product ethyl benzene or
i sopropyl benzene (cunene) and economically attractive process.
[0101] All patents, patent applications, test procedures, priority
docunents, articles, publications, nan s, and ot her docunents cited
herein are fully incorporated by referefice to the extent such

di sclosure is not inconsistent with this disclosure and for all
jurisdictions in which such incorporation is permtted. 29

[ 0102] When [018R} i caWHeavsumerical tiswan dinritsmend amtnempplenppérrﬂimﬁs aare listed

i sted herej ranges .from limt to,.an imt are
Cont ol ot CHoteith SOEERCTL e Pt rLArbldonsh BB, are Rodtemidti:

di scl osure [p08] beewHiRs ¢id Hdstritivd BAbbdiRndnEY | 3fy the tdisdldsurdehave been
under st ood that_variqus qther, npdificat |c§>nsow I I%Qg%appa%ent to. and

can be readfifspribad avitypartigdaribi it widldbg podesgtogd th epaptifiegtions

fromthe spiyitheadifhadaRRE 288 6&%&&%&119%‘5& b IERE A dYin the dr@v\ﬂi%ut
i ntended that the scope of the clains afpen ded hereto be |imted t

t he exanpl edepaving dsemi thei smnt sad scope Iihtheedisclostrer Aacerdinglyy it H"enOt
claims be c éﬁcfeﬁetga?ﬁlees@ iR/ éi'&inﬂ:' \}:g%{l@ecf by %ﬁflte@g(f:ﬁfét : Sidnfples

novel ty mhlc resi rnt resent 1on, 1ncluding res
whi ch woul dahe deseaptaﬂlsasetefqmth/abwm ﬁmt tretheofthily thehokdms ke lcoustinedt a%e

art to whi anéoquads'sﬁl%l alf H{eefe%g{rtesa of %atentable novelty which reside in the present
invention, including all features which would be freated as equivalents thereof by

those skilled in the art to which the disclosure pertains.



30 CLAIMS: WHAT IS CLAIMED IS: 1.A process for producing a

nonoal | cyl ated aromati ¢ conpound in an al kyl ation reaction zone, said
process conprising the steps of: (a) producing a first catalytic
particulate material having a ratio of30surface area over surface
volune ratio greater than about 79 cm1, (b) providing said

al kyl atio i’ lon zone with an allcylatable aromatic conpound, an
al kyl ati and said first catalytic particulate material; and

(c) cont awﬂm@@ﬂ@bqyj atabl e aromati c conpound and said
allcylating agent with said catalytic particulate material in said

al | cyl ati bn r eAcproesss Zongraducingas medioalivslatedadrkmatic icompowntin o rakylition
form a product rised _of said nonaoall ¢yl ated_ aromati ¢ conpound and
AR el oS cOpRatng 56 FBBED) e ol ar

pol yal | cyl at ed a0 rati o of

sai d pol yal | cyfapt edpratQetag iaCfies0 ¥RQLMHE (SaktiWAE rSAbghTRRAR & M RbE durface
aromati c conpound produced by said first catalytic particulate
material is | e¥8apyasutpce yaime ratin greaterf thpwabowlt RYcmi ed aromati ¢

conmpound(s) ov, no, d [ onpound oduc second
catal ytic par t@éul aé} ggir?alﬁ?éer%lg% a@t&%@éi I%aéﬂoﬁly S o“ﬁ{hr ﬂcqg%ﬁya?genérqn?m
operated under the cangoual) ayilkylatng s@adiand esld firfearaditlt fktidudas maklial:
wt. % of said second catal ytic particulate nmaterial having a ratio of

surface area over f ace vol ume between 78 and 79 cni'. 2. The

Dorroond pr onciely s HBRAEE Rl AIREER £t ColRANR! &4 816 thgaag ot

conpound produced by sai Irst catal ytic par
igr eat er than twih saitl estabfticrpamiaildte yasdrat iresaddaikylatico raaotinrdzqteqdaiaRthed

I EATIRA R SN R
e 2o sk g PO BB o LA P
particul ate mat er i awhereby the molar ratio of said polyalkylated aromatic compound(s) over
said monoalkylated aromatic compound produced by said first catalytic
particulate material is less than the molar ratic of polyalkylated aromatic
compound(s) over monoalkylated aromatic compound produced by a second
catalytic particulate material and said alkylation reaction zone is operated under

the same alkylation conditions,
wherein at least 51 wt.% of said second catalytic particulate material

having a ratio of surface area over surface volume between 78 and 79 cm’™’.

2. The process of claim I, wherein the moles of said monoalkylated aromatic
compound produced by said first catalytic particulate material is greater than the
moles of monoalkylated aromatic compound produced by said second catalytic
particulate material and said alkylation reaction zone is operated under the same
alkylation conditions for the same amount of time with the same amount of
catalytic particulate material mass,

wherein at least 51 wt.% of said second catalytic particulate material

having a ratio of surface area over surface volume between 78 and 79 cm™.



having a ratio of surface area over surface volume between 78 and 79
cmi. 31 3. The process recited in any preceding claim wherein said
catalytic particulate material is nade by a process selected fromthe
group consisting of spray drying, crashing, chopping, extrusion, and
sieving. 4. The process recited in any preceding claim wherein said
catalytic particulate material conprises a nol ecul ar sieve having a
channel size greater than 5 AL 5. The process recited in claim4,
wherein said MCM 22 fam|ly material is selected fromthe group
consisting of ERB-1, 1TQ 1, PSH 3, SSZ-25, MCM 22, MCM 36, MCM 49,
MCM 56, a%d cohbf REAGeEhECitRG b gy Grecedingpeletas whewsin said dammlyticapariidylate

wherein said : r..S4 f rk.structure.selegted fraom
t he group con;@é{%ﬁggﬁﬁﬂe ap%g\ﬁ Sg%gtgg m 4e gD FP5LEag of sy dging,
any precedi ng ehsiing, chbepieg rexgasien MmieRNM gyl ated aromatic conpound
conprises ethyl benzene, cunene or sec-butyl -benzene, said

all cyl atabl e aromati c conpound conpri ses benzene and said allcylating
agent selgct edrfid Mk [t . et e pr l.ene an
but ene. 8. The pr cecs%e?eg({:t?dtvg%%?lgsﬂéﬁ%dg%e@%ﬁngﬁ%ﬁ%% ﬁ%lgfcgf%{ﬂbcr ngc’ﬂate
conpri si ng st epstedl cofuprisseparoddculg sivad Having ¥ shdry] diesteaeomiah 54
conpound(s) fromsaid product to forma transal kyl ati on feed stream
and (d) contacting at least a portion of said transalkylation feed
streamwigh a TIRAAeLAS keGiRh b0 Uheli HiaMEHEIALAMR i FRIMRWALed
in the presence of a transallcylation catalyst to produce a

t ransal kyl at i ofomftihe grenp comsistingrofHRE-1 K | B3¢ 8624280 Micive22, MCM-36,
mai nt ai ned un r ylation canditians, ,said transal kyl ati on

ef fl uent whi ﬁ%&?ﬁé@@@?&ﬁﬁ?&%ﬁ?m&&ﬂa%ﬁé kyl at ed aromatic
conpound, wherein said transal kyl ati on catal yst conprises a nol ecul ar

si eve sel ected . . . . . .
6. The process recited in claim 4, wherein said molecular sieve has a framework

structure selected from the group consisting of *BEA, MWW, and FAU.

7. The process recited in any preceding claim, wherein said monoalkylated aromatic
compound comprises ethylbenzene, cumene or sec-butyl-benzene, said
alkylatable aromatic compound comprises benzene and said alkylating agent

selected from the group consisting of ethylene, propylene and butene.

8. The process recited in any preceding claim, further comprising steps of:
(¢)  separating said polyalkylated aromatic compound(s) from said product to
form a transalkylation feed stream; and
(d)  contacting at least a portion of said transalkylation feed stream with a
feedstock comprising an alkylatable aromatic compound in the presence of a
transalkylation catalyst to produce a transalkylation effluent in a transalkylation
reaction zone maintained under iransalkylation conditions, said transalkylation
effluent which comprises additional said monoalkylated aromatic compound,

wherein said transalkylation catalyst comprises a molecular sieve selected



32 fromthe group consisting of MCM 22, MCM 36, MCM 49 and MCM 56,
beta zeolite, faujasite, nordenite, TEA-nordenite, PSH 3, SSZ-25,
EBB-1, ITQ 1, 1TQ2, zeolite Y, Utra ble Y (USY), Deal um nized Y,

rare earth exchanged Y (REY), ZSM 3, 4, ZSM 18, ZSM 20, or any
conbi nati on t hereof.

from the group consisting of MCM-22, MCM-36, MCM-49 and MCM-56, beta
zeolite, faujasite, mordenite, TEA-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



