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Field O The Invention [0001] The present invention
WO 200atgss5t 0 a process for renoving substances PET/OR2084/009039
chem cal feedstock prior to catalytic conversion in
whi ch the catal yst would be inpaired by such
substances. In particular this invention provides a
process for extending the Iife of catalysts useful for
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such inpurities prior to contact with the catal yst.
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PODOBIS2004A089 Q88matic compounds such as cumene and ethylbenzene are

often produced by reaction of aromatics and olefins in the presence of acidic
molecular sieve catalysts. Liquid phase operation of aromatics alkylation
processes has often been found to result in reduced operating costs as well as
fewer undesirable byproducts than earlier vapor phase technologies.

[0004] Catalysts that can be used for alkylation of benzene with propylene
and also for transalkylation of benzene and polyisopropylbenzenes in liquid phase
include zeolite beta, zeolite Y, zeolite omega, ZSM-5, ZSM-12, ITQ-1, ITQ-2,
ERB-3, SSZ-25, MCM-22, MCM-36, MCM-49, MCM-56, MCM-58, MCM-68,
faujasite, mordenite, porous crystalline magnesium silicates, and tungstate

modified zirconia, all of which are known in the art.
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[0008] U.S. Patent No. 4,358,362 (Smith), which is incorporated herein by
reference, teaches a method for enhancing catalytic activity of a zeolite catalyst by
contacting a feed stream which contains a catalytically deleterious impurity with a
zeolitic sorbent. This invention uses a sorbent with a Si/Al ratio greater than 12,
10-12-membered rings, and a Constraint Index between 1 and 12, preferably
ZSM-11.

[0009] U.S. Patent No. 5,030,786 (Shamshoum), which is incorporated

herein by reference, teaches a process for production of ethylbenzene in which the
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is increased by reducing the concentration of water in
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5,744,686 (Gajda), which is incorporated herein by
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ambient-temperature clay. The propylene feedstock is pretreated by contact with ‘
an alumina to remove trace sodium compounds and moisture, a molecular sieve to
remove water, and two modified aluminas to remove other catalyst poisons. The
pretreated propylene and benzene feedstocks are then reacted in the presence of a
zeolite catalyst to form cumene without causing rapid degradation of the catalyst’s
activity.

[0013] PCT published application WO00214240 (Venkat), which is
incorporated herein by reference, teaches removal of polar contaminants in an
aromatic feedstock by contacting it with molecular sieves with pore size greater

than 5.6 Angstroms at temperatures below 130°C.
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[0016] In yet another embodiment, the invention is directed to a process for

alkylation of an aromatic hydrocarbon using an aromatic feedstock which has been
pretreated using the process described above.

[0017] In still yet another embodiment, the invention is directed to a process
for alkylation of aromatics using an alkylating agent and an aromatic hydrocarbon

which both have been pretreated using the process described above.

Detailed Description of the Invention

Molecular Sieve Used for Feedstock Pretreatment

[0018] Molecular sieves are porous solids having pores of different sizes

including crystalline molecular sieves such as zeolites, as well as carbons and



i ncluding crystalline nol ecul ar sieves such as
zeolites, as well as carbons and 4 WO 2004/085352
wEOAE38D4/ 009039 oxi des. The nobst conmer ci aPCHUS2004/009039
useful nol ecul ar sieves for the petrol eum and
petrochem cal industries are crystalline nolecul ar
sieves. Crystalline nolecular sieves in general have
a one-, two-, or three- dinmensional crystalline pore
S&)Elﬁg’st uqﬁ IP&Y'CB’%nJrL%lgl ﬂgéfuls{Pﬁ)?e%uﬁp sfSed ffornill% Woféﬁm and
eac sion ese pores selectively
a]daﬂfcherﬁmapmﬂue@les Ia&t crysall@stieslet g ﬂ@sress @ndtatixel decular
those nolecules that are too large. [0019]
AFIQYﬁSn@ genareldiage pobere b okthesze dimeisiopakeiiplliag pore structure
ites. a e- di mensional . m croporous
cFpans, @ Bl aBree & REIEE e S0 b SO FSp g hese
CPE1RE el ARl N Gdid?h ANIBEN & tHANichS -enk8 Ghd tp@fesaeﬁﬂ exclude those
general ly synthesized by the hydrothermal
cnmkmakbﬂzaamﬂnobﬁga reaction mxture of silicon and

a i hum urces O:he talI05| |cate nmol ecy] ar
t@% i tAumippglicatemo a( SRS lngpvn s zeplites, contain a

Ot a’iﬂlen'm%ﬁéil nﬁ‘&?f)&{)ﬁp%h%%h&f *?&'iﬁe%trﬁdsufu@{ 9'&”{5”%‘ and
in sone portion o ['M"ne framework are

ko] ednéhehaging tetf20ER4] uﬁytsl el ieds ase guresalBr eyndiesizad by the
formed into nol ecul ar sieve catal yst caonpositions to

i hyshothermaale iy s@llization iafya dertios paginrg o4t Blistangnd rjumipum

PO P SEREHRLET TRIRERE 3B MEAE: Bl Trodyon for

NetRelé, ag"auﬁine\dﬁ)nwfaﬁaozabdmwsjubstﬁaiea rfd)ﬁiluﬁﬁﬂ{r@ fn $me portlon of
bi nder. Al though the use of binders and matrix

nﬁle@rysmlbneafrankwmmrtﬁ aliso ksevnnint thearl ecul ar sieves to

f ec eve catal yst co sition hes.e

ofIORS o rboficn yieket 2 fEh fTRRSle, Hiflpgidentee caelyst
p&ﬁﬂ &ﬁl&ﬁstbrl grdvé}fﬁélp @ﬁra&lﬂ@f 319& & fa%flfte?té hbRdi€in commercial
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[0021] Preferably, the feedstock is at least partially dehydrated prior to
pretreatment. While the molecular sieves employed in the pretreatment steps
would be capable of dehydration, capacity for adsorption of impurities would be
reduced if significant quantities of water are adsorbed by the molecular sieve
pretreatment material. It is known in the art that drying a hydrocarbon feedstock
before pretreating with a molecular sieve having a high Si/Al ratio results in better
adsorption of polar compounds. Optimally, the feedstock would be substantially

dehydrated prior to pretreatment, with water content on the order of 100 to 200
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substantially dehydrated prior to pretreatnent, with

wat er content on the order of 100 to 200 5 WO
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No. 6,077,498, teaching ITQ 1, U S. Patent No.
Gopdinatigns thegegbhi ng 1 TQ 2; U.S. Patent No. 4,439, 409,
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PefeRt %9@,@39,ﬁ09,n§aching PSH-3; U.S. Patent No. 4,826,667, teaching SSZ-
25; U.S. Patent No. 3,308,069, teaching zeolite beta; U.S. Patent Nos. 3,130,007
and 4,459,426 and 4,798,816, teaching zeolite Y and its modified forms, such as
US-Y; and U.S. Patent No. 3,702,886, teaching ZSM-5, are incorporated herein by
reference. Descriptions of zeolite omega and mordenite are referenced in the
"Atlas of Zeolite Framework Types," 5th edition, Ch. Baerlocher, W.M. Meier &
D.H. Olson, Amsterdam: Elsevier (2001), incorporated herein by reference.
Preferred molecular sieves for use in the second pretreatment step include those
having an X-ray diffraction pattern including the following d-spacing maxima

12.4+0.25, 6.9+0.15, 3.57+0.07, and 3.42+0.07.
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Preferred nol ecul ar sieves for use in the second

pretreatnment step include those having an X-ray

diffraction pattern including the foll ow ng d-spacing
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with diameters of less than about 6 Angstroms include 10-ring pore zeolites such
as ZSM-5 and other such medium pore molecular sieves as well as Linde type A
(LTA) molecular sieves, such as 3A, 4A, 5A, and combinations thereof. Suitable
molecular sieves having pore sizes of at least about 6 Angstroms are MCM-22,
MCM-36, MCM-49, MCM-56, ITQ-1, ITQ-2, PSH-3, SSZ-25, zeolite beta,
mordenite, zeolite omega, US-Y, Linde type X (FAU) molecular sieves, such as
13X, and combinations thereof.

[0028] In general, molecular sieves preferred for liquid phase pretreatment

in either of the pretreatment steps would contain 10-ring pores or larger.



(LTA) nol ecul ar sieves, such as 3A, 4A, 5A and

conbi nations thereof. Suitable nolecular sieves
whaooi8s3pnr e si zes of at | east about 6 Angstr oOPGT/ERI04/009039

MCM 22, MCM 36, MCM49, MCM 56, I1TQ 1, 1TQ 2, PSH 3,

SSZ-25, zeolite beta, nordenite, zeolite onega, US-Y,

Li nde type X (FAU) nol ecul ar sieves, such as 13X, and

conmbi nations thereof. [0028] In general, nolecul ar

062HS pr Qlflﬁﬁa[ Q8lub a5 offleAl Uiseld RS a&?qelnﬁfc%g)‘ie(ﬁ{ {18 Nurfabd) ac1dgsne

either of t pretreatnment steps would contain 10-rin
potieity of a pantlgellar mplag@iap 6e%¢.086 ga@rzﬂmgusmw t0B0B3Increase

[ Zgl]ﬁ %(-%eta val ugals often used as an indicator of
VI“th fp Wning eenteAty v of a particul ar
| ncﬁggl ar ﬁl'e%‘f/%l hdladEAE ?%l?rredo‘looﬁgy Y)?ldgt%rmﬁln&i%{{ c81t1vent10nal

with 1 ncreased anewor um na con

(A6, Ties SitioAk nisahero fepicsent) & ebked ab PosiMle bBe ratio in the
determ ned by conventional analysis. This ratio is

it Wlpélcrféﬁm%h of thagncz,lﬁca%@s;eva@m@é st tceexclude ahallmum in

i d..apni on r f t.he ar, si
s b8 BB cegBAe e PR Rl e SPR0TR: RSk SR Ster
Gafve®Riith Si/AQtH6kar frRd® ¥ bhidhst Q@oﬁhgrﬁ?@ |L§e1%u’('\|ﬂ)f“i’l’r@t§econd
nol ecul ar sieves with Si/A nolar ratios | east

amtmatrﬁera istepus e prlefded to nse sebondr sipret havatg®inkl mbRp ratios
it referr to use nol ecul ar sieves having Si/A
|%5€Fa§‘?l eater than about 100. [0031] Wen

SULRIL Zes' Z‘Whén 8'91 BRsolka herﬁ?ﬁa‘ﬂ ﬁg&%qﬁ%g?i&gﬂr%wve can

SlI eve can onvenli ent Yy convert e

fber mnvgmnﬂﬂﬁldoylvh‘yedl i eherayidaigen fo@ﬂh{mgeh@rﬁll?fb}t hﬁtermedlate
monjum formas a result of ammoniumion exchange and
?%ﬂ%%twatq fothe prm e uEnfesmi nd eyl b apmanim Hen dege rand

f ?lr [Hﬁtlbﬂ O?ec uefrgl?lgléliiﬁglv%ﬂ% 1o eelqcrll fjayc%?ge& %) a hg{ ?éﬂo tilon to the

i thitdlgeh d6rn eGRer ﬁﬂhﬁ@ eff, theredleE i Yield wWiessn tﬂli'ba Bngl*ﬁQ}J hlkali
1.5 percent by weight, may be used. Thus, th

cmqt@ulwmbem @m:edmreéq:rabify 0 fess tpAnegholub . Sspezsent i.myweh)@t may
a by. iaon.e n er swtable
earrgheriyf %ﬁ&ﬂﬁglaf ok gﬁ{ﬂ\f UiheiglEou s cvapiioR teplaced by
T&pb@ohahg@bv‘ﬂtﬂ' dtBer QIYtaB‘I@Ym&EI SR o8 Glﬁhgskf“lthro @‘pﬁ’/?ﬁ’of the
zi nc ladium calcium or rare earth netals.
Pe0GAE TEtblemayclb@ng,sbf wayt af éxeogri@atiaked, tdyper, zinc, palladium,
above-descri bed crystalline
calctum, or rare earth metals.
[0032] It may be useful to incorporate the above-described crystalline
molecular sieve with a matrix comprising another material resistant to the
temperature and other conditions employed in the process. Useful matrix
materials include both synthetic and naturally occurring substances, as well as
inorganic materials such as clay, silica, and/or metal oxides. The latter may be
either naturally occurring or in the form of gelatinous precipitates or gels
including mixtures of silica and metal oxides. Naturally occurring clays which
can be composited with the molecular sieve include those of the montmorillonite

and kaolin families, which families include the sub-bentonites and the kaolins

commonly known as Dixie, McNamee-Georgia, and Florida clays or others in



nol ecul ar sieve with a matri x conprising anot her

material resistant to the tenperature and ot her
wa@eovdiogizens enpl oyed in the process. Useful naPei/xS2004/009039

materials include both synthetic and naturally

occurring substances, as well as inorganic materials

such as clay, silica, and/or netal oxides. The latter

may be either naturally occurring or in the form of

Oghieh 1RO YSaiReiBkR CahRPudt 19%aRoysitaC kilidg, Aokl 8fcrE, or

silica and netal oxides. Natur alﬁ,y occurring clays

vaniagkite. cSuchbdaysamap bsiused imiheratvistatene edginally siiesdeor initially

i nclude those of the nontnorillonjt d kaolin
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MR&h{dacatdorn; slRE3RImibA-rach@kdih0and Gilikemb@{8BO/iREnia. The
materials, the nolecular sieves enployed herein may
beatcisrmpas be adthedfdrn ef porgelis Thatalativerpomrtiens, ofsuclhcwar sieve
al unm na, SIi(‘fJol ca- alunina, .silica-nmagnesia, .
OPFROBE; Fich HIOREans PS4 GRFEEK. OF | AnYARgHS) basis. dpgy vary
ShidofAnith cARb ol A%l cbnftls FALRR S BERRSA LOGRS 10 SHSH 99
as siI'l1ca-alumna-thoria, silica- alum na-zirconia,
Sidr¢ehibp meight andragressually antheshhdeod-abagnesi dbont 8€ percant by
The matrix may be in the formof a cogel. The
reeight ofdhe Ay sernosils of nol ecul ar si eve conponent and

[ ani c | g e [ .
BBSIET, © R S TR asPo T COINEONS RS, B i
f4 pewhettemevhaRiithe Sofbenthetidledde i HeCRh ofY MRUDRE of 1/16
and nore usually in the range of about 5 to about 80
peel ént /4pipch wasirgdate of pellvts, diler sorhsobshapes fODYA¢s emmodes of
general , although it i referred tao .condugct, th

SOBAL AR PS CRIoNeA | TR QPSS COMIGRG F{egteln o the first
SRERERheRAEED GhiBSbAlBtelRinkAChy YEABRY cohsldexfBnBCHcRiding the
1/16 inch to 1 /4 inch extrudate or pellets, other
saativendf thé dgpelsaranitie sieziesl degrem d€ sefofement rihatttermbyinggudged
enpl oﬁled' Thg preci se conditi oﬂ‘i\ selected for the
firomthe phserved SRARHE CORCAUGIES ObiBe AERIEAWRSIEd by vari ous

C gder atil gF I-RGl udi t g
QL8 L D0 e e
] afd@edeating units may be used to avoid any need to shut down the process while

regenerating or replacing one or both of the pretreatment molecular sieves.

[0036] A preferred embodiment of this invention employs spent catalyst for
either or both of the pretreatment steps described herein. The term "spent" as used
herein will be understood to refer to a molecular sieve which has been used as a
catalyst and is no longer being used for catalysis. A spent catalyst will usually be
a molecular sieve which has been used and regenerated with a subsequent loss of
selectivity and/or activity. Spent catalysts may also include used catalysts which

have been replaced for any other reason.



fromthe observed catal yti c consequences of the

pretreatnment. [0035] It will be obvious to one skilled
WO pootlogszsz t that parallel or series sets of PCT/US2004/009039

pretreating units may be used to avoid any need to

shut down the process while regenerating or replacing

one or both of the pretreatnent nol ecul ar sieves.

[ 0036] A preferred enbodi ment of this invention
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pretreat ment Steps described herein. The term "spent™
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i nclude used catal ysts which have been repl aced for

athaéﬂlﬁ% thighsa dels gf Honprpan dess2mpevrkusPeturcs douisty have
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hive bat varel sl ﬁhmemﬂaﬁamutaj @atean sutlzentivllye- hypdnciphi ¢xample is
than the hig siliceous materials. Therefore, such
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am ha con ar sPeve ris lsed
a@@ﬁﬂ;&ent wth wet hydrocarbon feeds, it will tend to

retaln nore of its dry adsorption capacity. These
al083¥tent s Thsl effdcorof svaten am the capaciy e 3lh hywiophobiguanelgenlar

th k t bstantially -
it prwtG R the e ‘4 BRp R B g, 8 Eoplatyohee for
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al um na cont'ent exanple and for which US-Y represents
dlleisg lalays,diowevenas: veex sepk ecnd@ 6038 8ie potentiel ¢@timimnt must be

Wi Rcrrighonts Fptred ot TRORCAGIDL | BhFch ey setugted
%}Q{?&Qﬂfolﬁoéﬂ:e%nfsoére routinely treated over clay to remove strongly basic
nitrogen compounds prior to their use in many petrochemical processes.

[0039] For reactions that occur at higher temperature in the vapor phase,
even highly polar nitrogen compounds will exhibit an adsorption / desorption
equilibrium under reaction conditions. In the vapor phase alkylation of benzene
with ethylene above about 375°C, as much as 10 ppmw of ammonia can be
tolerated in the feed. Even though this level of feed ammonia affects catalyst
activity, a lower steady state Ievel of activity is reached and ethylbenzene (EB)
can be produced at commercial conditions. Ammonia is a highly polar and basic

nitrogen compound, although it is also highly volatile. Since many petrochemical

10



adsor bi ng highly polar conpounds from wat er saturated

hydr ocarbon feeds. These clays, however, are very
woweak/osssszils and the potential contam nant nustPEGEUS2004/009039

highly polar in order to be captured on this acid

clay. In fact, water saturated hydrocarbon streans

are routinely treated over clay to renove strongly

basic nitrogen conpounds prior to their use in nmany
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occur at higher tenperature in the vapor phase, even
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adsorption / desorption..equilibriumunder reaction
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material inmpact on catalyst activity over ti
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sieve in the first instance, and then a "more hydrophobic" higher Si/Al molar ratio
molecular sieve in the second instance, removal of a full range of nitrogen
compounds can be accomplished, and the high efficiency of the pretreating system

to remove even trace levels of these contaminants can be maintained for extended

periods.

Alkylation of Aromatic Hydrocarbons

[0041] In a further embodiment of the improved alkylation process of the

invention, at least one alkylatable aromatic compound, such as benzene, is
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[ 00401 The use of two nolecul ar sieves in series as
descri bed above is surprisingly effective for
wa@dmangisson of a range of pol ar compounds, andPCEEN2004/009039

t oget her can substantially enhance the cycle |ength

for the pretreating system while providi ng maxi num
protection for the catal ysts used in | owtenperature,

| i qui d- phase processing of chem cal feedstocks. For
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contacted with a first pretreatnent nol ecul ar sieve
dp gonfadiet wih epiyiane da threpresenpppanalbylagorvasalast, such as MCM-

dz?iﬁ%’ﬁﬁ/ﬁ% R0 E MR et RgTyinn Gpgtions t form
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ST A—

Omtfably@ or trm)repnml(eodblr asmvai; Joptiatedhe firsoaadioe sgprond qﬁétreatment
r|S| o e al kyl group derived. from said

eﬂl pudar; s %@S o Crl bslatear agy yormya feated pdkofladingsagselc Qlien at
{ %ﬁ% j?) ghat@d fa'r(lﬁ Etlm!)r?iﬁzg}l\rﬁlr Sél@(? jirodt?cg& hTﬁgn %ﬁ %%agt a

ecu a Seco r siteve, SucC

I‘yﬁMcﬁQof the pquaﬂdyleted arbmetd e&nb@ﬁﬂed)%nﬂezﬁdlééﬁ%e alkylatable
stream The treated benzene feedstock stream is

6ormalic eqmppund eqaﬁy be neontpctedy eur}skesewﬁﬁ@emf reggtion conditions

o AR e BRI NeohR in iR prtened Qg Chtalyst

ftoravnvat hy lhenaepatiods ©8 q&dlyalkﬁaeeldfamaﬁé REMPEEL(s) to a

such as ethylene, may be contacted one or nore
meorwelky tatedsirematic corupdunds the fir st and/or second

AR 2 PRIt MR AR o rocesPonbaHing | Badidvishepiase
%Inyaglg}gé‘tﬁ(ﬁlt &idp Hr0 "RithGle CRIRAL MHiptcveledi iR RENGGEe WiE he
process of the present invention by the addition of a pretreatment step as described
above. For example, U.S. Patent Nos. 4,962,256; 4,992,606; 4,954,663;
5,001,295; and 5,043,501, each of which are incorporated herein by reference in
their entirety for the purpose of describing particular alkylation processes, describe
alkylation of aromatic compounds with various alkylating agents over catalysts
comprising a particular crystalline material, such as PSH-3 or MCM-22. U.S.
Patent No. 4,962,256 describes preparing long chain alkylaromatic compounds by

alkylating an aromatic compound with a long chain alkylating agent. U.S. Patent

No. 4,992,606 describes preparing short chain alkylaromatics by alkylating an

12



portion of the polyal kyl ated aromati c conpound(s) and

at | east one alkylatable aromatic conpound can be
wa@omuagidsrl under sufficient reaction conditi onBCT/US2004/009039

(preferably Iiquid phase) in a transal kyl ati on section

in the presence of a catalyst to convert at |east a

portion of the polyal kyl ated aromati ¢ conpound(s) to a

nonoal kyl ated aromati c conpound. [0042] Mbst aronatic

ahrioytladit cOMpOURICRES @ Shora vhdig akylatiflp iaferRNBSE Patent No. 4,954,663
transal kyl ation step are suitable for the inprovenent
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r efhanginedisting, ohthertypest of alkylafion prdvesgesiraste nefy be improved

descri bing particular al kyl ati on processes, describe
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avBieht insludsprpdlivld swstifnted | andg ussidistitutedk yhaator nepdagetstnuclear

cidn e85, RS B s 3 Ridrontom
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a short c UsS P .

C ain alkylating agerit. U S. Paten
4reg8ipngedditiceasdlededal kyl ati on of phenols, and U. S.

P t No.,5, 001,295 teaches al kyl ati on of .

n@bﬁ{ﬁhal gr%lisf&u@d PRt coppownds iadrepndeslkylpied herein must
- | .

PERRECSL 100 B g BN LA ML e FRERER B o

| ireiatig ring$ chinde tsypaituted etk phabi atorp UG SE9E al\lk'tirglb alkoxy,

may. be inmproved w th the @Lesent i nvention. [0043]
THEloKEr Bycleplisrabalide, prd/prpiber graaips avhi¢he da ey intexfere ewith the

C ; ich are useful herein is to be understood
i%ﬂgggggggﬁgngﬁth its art-recogni zed scope which

i jooksides auktables tab&hétwt%rwapooﬂasmm&et WefknBD NQaphdAtine,
pol ynucl ear conpounds. npounds of an aromatic ‘
cmﬁ/ra@etn@r naphthepensoperalese.aohmcas.catl phenapthrene. N or )

| so ef ul ovi.ded t hey do not_ act as cat gl yst
00462 | iRerally oS ST EreRps s FRbhe RiseRkoabstivents on

the aromatic compound contain from 1 to about 22 carbon atoms and preferably

from about 1 to 8 carbon atoms, and most preferably from about 1 to 4 carbon
atoms.

[0047] Suitable alkyl substituted aromatic compounds include toluene;
xylene; isopropylbenzene; normal propylbenzene; alpha-methylnaphthalene;
ethylbenzene; cumene; mesitylen‘e; durene; p-cymene; butylbenzene;
pseudocumene; o-diethylbenzene,  m-diethylbenzene; p-diethylbenzene;
isoamylbenzene; isohexylbenzene; pentaethylbenzene; pentamethylbenzene;
1,2,3 4-tetracthylbenzene;  1,2,3,5-tetramethylbenzene;  1,2,4-triethylbenzene;

1,2,3-trimethylbenzene, m-butyltoluene; p-butyltoluene; 3,5-diethyltoluene; o-
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[0044] Substituted aromatic conpounds which can be

al kyl ated herein nust possess at | east one hydrogen
w@r@asissect | y bonded to the aromati ¢ nucl eus. PATYES2004/009039

aromatic rings can be substituted with one or nore

al kyl, aryl, alkaryl, alkoxy, aryloxy, cycloalkyl,

hal i de, and/or other groups which do not interfere

with the alkylation reaction. [0045] Suitable
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diirehhyh BResanisikenas 3- met hyl - phenant hr ene.

Hi légler rrg{becul ar 1\/\2@5%@& kyl aromati ¢ hydr ocar bons
CH048] so DbEheusiidlaings bgertd nehictataee i weful alnd thenGrotdss of this

aromati ¢ hydrocarbons such as are produced by the )
alwsmian; gaicERlyainglvde japy aliphatiscerr romstigiorganit sempound having

?ﬁljleeggfr‘r?{o% a§%§’i&%l§ %ﬁ&ﬂ%&glaﬁg eatgcgg 31)%5 ltcls bl f rrgaec%o}l owiit}{] the

as ‘a e’an nzene,

ngiRylbherzaomatid @dmﬁ‘ayshﬁ@ hE&BRbly RaRtREANYIRRBZEPE possessing
hexyl t ol uene, nonyltol uene, dodecyltol uene,

pEamadiedy eabereremse txamyiss pf eitable akKipting egdnts abvkifimeduch
a% gth?ie%@, BPoiplyie?lg, ftl{eagltltier?eg, ia:rrld the pentenes; alcohols (inclusive of
monoalcohols, dialcohols, trialcohols, etc.) such as methanol, ethanol, the
propanols, the butanols, and the pentanols; aldehydes such as formaldehyde,
acetaldehyde, propionaldehyde, 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.

[0049] Mixtures of light olefins can also be useful as alkylating agents in the
alkylation process of this invention. Accordingly, mixtures of ethylene,

propylene, butenes, and/or pentenes which are major constituents of a variety of

refinery streams, e.g., fuel gas, gas plant off-gas containing ethylene, propylene,
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whi ch the al kyl group attached to the aromati c nucl eus

varies in size fromabout C6 to about Cl2. Reformate,
wespeosasty reformate containing substantial RERUS100€6809039

of benzene, tol uene, and/or xylene, would al so

constitute a useful feed for the alkylation process

of this invention. [0048] The al kyl ati ng agents which

are useful in the process of this invention generally

i 6], udgplthy akrddieat bef-@k aroatmﬁh% UghNiotefGRMP AUy FCC

having one or nore avail able al kyl ating aliphatic

gPrenpE/ wapphestesams edet o nsefiul #lkylating agduyd laereibl e

B o SRR GPomPistrE B0 e, "a hitay Ebea faprayed the
re§enk iARhBoRlKML& bhgi @fh?l‘tﬁﬁfengl %I)linnﬁle SEERion3F benzene

et hyl ene, propyl ene, the buténes, and the pentenes;
avviblkdilytengi aohersi vem dhe reavinoadCionatss with akemiales ethyltoluene
t iahﬁoholsﬂ etc.) such as nfthanol, et hanol, the
pf:r%tBa g1 sactioReothigiuehs uith sthylongeand symensssirony therrpaion of

%ﬁ@n@%&%ﬁ%@l%hyde’ acet al dehyde, propi onal dehyde,

but yr al and n-val eral dehyde; and al kyl hali des

sji@ob1jas netlhy laligMdtni fiecese bhyis ehile@fibSl s cdrfiifcel QB that the
chl orides, the butyl chlorides, and the pentyl

CHEHHE deactadfdi-& o the plkiylatgbde 40qmatio compeumst ahd ghe alkylating

0 ins. can al so be useful as .alkylati agents ip the,
SAeEY B AP Bl S5t oF SR eoncothu s rgidle fenchion
MoKk Wi@Sas) ForedxamipR) §n a RWORALEN SontAHING NEAxe @B R'the catalyst
pent enes which are major constituents of a variety o?

reshinesitipns undaneffectvey alkylaieh gaditionas Phchntorditiongaaclude a
cont ai ni ng .et'hyl ene, opyl ene, 14 2004/ 085352
iepeiBi Bt aborep L W6 %hink 300°Ey apdearciarabiighsmeen about
W' i .ol ef.i in )
oanCt) Dl 150, B of SHANAIY, B0 oo 250 sl

agdmrafetabtyefrom aboGEio abygpi [ at@bssRtdsCa alotatlradid OMalkylatable
reactions which may be inproved the present invention
| g copPay egalkylaling egend s oo rabele Orlelata ot §0:1, and

' I cunene, from the.reacti,on of
SORERSy i BRSNS CHTBPR LG BT AR Ry suc
nebsity QWIS V) of bemeeivabbut &t NYhEBEY hal) q)r@fm%ge&t%&ﬂo.5 and
the reaction of toluene wth propylene. [0051] The

ORyarat i on process of this invention is conducted such
t | at abl e

T SRS E R -
and can be neat, i.e., free from intentional admixture or dilution with other
material, or they can be brought into contact with the zeolite catalyst composition
with the aid of carrier gases or diluents such as, for example, hydrogen or
nitrogen.

[0053] When benzene is alkylated with ethylene to produce ethylbenzene,
the alkylation reaction may be carried out in the liquid phase. Suitable liquid
phase conditions include a temperature between 300° and 600°F (about 150° and
316°C), preferably between 400°F and 500°F (about 205°C and 260°C); a
pressure up to about 3000 psig (20875 kPa); preferably between 400 and 800 psig
(2860 and 5600 kPa), a space velocity between about 0.1 and 20 WHSV,
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agent, are brought into contact with an al kyl ation

catalyst in a suitable reaction zone such as, for
wex@apsss2in a flow reactor containing a fixedPChes2004/009039

the catalyst conposition, under effective al kylation

conditions. Such conditions include a tenperature of

fromabout OC to about 500C, and preferably between

about 50C and about 250C; a pressure of from about

Gréfetad 5)!’?‘9@1%6@5%@6@5]}3% based ortdhe cRiy@éRr b Yanll raqaﬂlo of the
about to about 100 atnpspheres, a nolar rati o of

dekgangtia Blecethdensmintthealsyationredcton fratrklzl a0 Bérd ragjen praférably

ftrom baut 8)%0% to about 50:1, and preferably can be

naine 'jrl m[garabout 10: 1; and a feed wei ght ;
spa 0

Sﬁwﬁy PAORLESLEEh: &t LY S5 ERVRSD,PNRedy 8t

Thativeacdyaaltstakaplabeunder Bititphate@ndajons 1rm:haﬁ@ ®feniptéature
i quid phase and can be neat, i.e., free

iHfttntor eheat 23076 xa-&r 8P 40 akeviul R, \ﬁn&ahff@mh@gm 10°C to about

t {
TRsy Zhrestits PERoE R RRSHMEL b % R B Goalpd kgt 20
QB6sphefesdaddandrsmati€ By @carb& werRNRb Ry &Bédé 9&6&t}D{WHSV)
ni trogen. [0053] Wen benzene is al kylated wt

ot Higpneafeovt 8. 1po de aleo s 25 b e preavably frone 1 Al kgu Sﬂhrdn

Ao o 1T eme e o e e oo gutte such as, for

eRhRpleat MEGnd LRSS 399 rdHad E ap 20
1%% , p?lefrér ablly bgt %@n 40 a?]ag 5%&“‘}%%0313% gs sulfur

@ndtaﬁﬁﬁg:)ipmaouq;ﬁsesﬂmgal umthoncmhpcﬁﬁﬂ@ Pl$d agneriz0&hpounds,
eferab bet ween 400 and 800 psig (2860 and
@8 (?0 a“oé}s §!;5%E‘éf v elesE  PPUFEE\ER SOBBBYAANES ianaﬁ%ﬁctwate or

SR R A SRR LA O 3R L  c

dranatekenedl fedike strda@z@n@ay (betﬂii@dlﬁbbm&h eftBler Nlif Gbr Vapor phase
al kyl ation reactor from1:1 to 30:1 nolar, preferably
i@t’é’é‘dﬁi“’t‘lfs@fttbeﬂ@ancm¢ fem W@bsﬂ]hGWMTanene i s

ﬁgﬂg%ﬂ ?gﬁd%ﬁe cesg%lt; %Sﬁ)rtgg Efﬁvgu qion ﬁ&ggﬁgé’}ﬁggﬁé are removed
SRS b g pradmpn e gt O R i
astsuds thepscle tmp betymen eaialyshbloange@Bo batprosptieg eeisoning and
pofc'entlal pﬁlggln f O{n tl?e Vgluagle cata )?sgcéj t Tl%e operating conditions of the
pretreatment step are such that the feed is in the liquid phase.

[0057] In some embodiments of the invention, the feedstock stream to be
pretreated, i.e. the alkylatable aromatic compound and optionally, the alkylating
agent, one or more of which contain some or all of the above-referenced
impurities, are brought into contact with the first and second pretreatment
molecular sieves, respectively, in a suitable pretreatment zone such as, for
example, in a flow reactor containing a fixed bed comprising the molecular sieve,
under effective liquid phase conditions to effect the removal of the impurities by

adsorption. The alkylatable aromatic hydrocarbon and the alkylating agent may

be contacted with the first and/or second pretreatment molecular sieves either
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at nospheres; and an aromatic hydrocarbon wei ght hourly

space velocity (WHSV) of fromabout 0.1 hr-' to about
wQa@4l08335preferably from1 hr-' to 50 hr"'. [ OPSBEPSZ0€009039

aromati c feedstock streammay contain inpurities such

as, for exanple, olefins, diolefins, styrene,

oxygenat ed organi ¢ conpounds, sul fur contai ning

conmpounds, nitrogen containing conpounds, oligomeric

corpennds, or agghcaemiynat Tpes féféif&pfoona-ﬁ%ﬁ§ élﬂ?l@ﬂré& 118 the

or contam nants can deactlvate or plug alkyl ation

aprdireatmeniasiens| ikglbde o @ﬁrmmfmtarw@ﬁ @omﬁbesw O°Frpe| rboute®0tRyand

ittt Beiveit R 130 e G500y SDOE FraSnt Boel e pelocity
f B89 B¢ bR EYouTBYL 159 HRd bGPt ?%1\31 ed@t%&b BPHORLPS

056] "I n the process of the present tion

|11mpa.lmut i168 laf' pamdaowesure hetogh abbagadbrds aﬁcpfab@tit 600 Bsig.
pretreatment step. The renoval of these inpurities

eXPUAMEE CoReitigns ©r therprosesaimee staps Aapshe @nﬁaﬁg@bm@ that are
CABTRAE P E A RR RSl MRS G i

pretreatment step are such that the feed is in the
Iqu|d phase [0057] In sone enbodi nents of the
n, the feedstock streamto be pretreated,

s 1 S R RS R o
SEBr&EntdhbertfontBLalRPRMEn LELS LRPGRE }g}d%&\fﬂotn' & befilefie feed

brought into contact"with the first secon
pwest comddchrelwith avbmeutional 4 BEvesleculassievt in\ael qp;ﬂolwnpratreatment
r et.reat nen such as, for exanp in a

?‘%%{Na%S&Ea‘fe dchseaie eﬁé and pnizgaed sthylerpwFsi mtqcrﬁél with an
Con}?%@éatﬁ%ﬁ\fﬁ eééﬂﬁit%kxdaf sfu?tﬁﬁle\{ﬁ]o d ?lﬁisg %ﬁaﬁ% ondlgons to

Itions ect renoval Url

getsdudet ethylberAae.al Ryd adtbityeoR tenalkiyatiby Hatdast Q@Bh@adby 38
the al kylating agent may be contacted with the first
sagent aBechsieg pr stvaanfore A daps aden she binzorssfeeil taspreticgted

/ CT/ 004/0 9039 se n
Rt e T s e P LT
phelet@al 5B wab QBSed RCIHEABD it BERRSRLHA& Uil HRNMIARAMeam
70F to about 600 F, and preferably bet ween about 150F
afndn abo 13X 30deculay Sm'leg Haftérahe hyditipaof theed & amdlyculz(r\&@‘e’) the

et ween about 1 ht-'_and ab 200 hr -
erae e EHY" Wﬁ‘é“se fsing the &a@ﬁoaﬂf?yliw ﬁ?talys"a%*hano interim

RegSRIH BN P BlodERReADOte P &Rhe@NEr INOWenfIL PRUIwith 13X

molecular sieve and 4A molecular sieve followed by the alkylation of benzene
with ethylene continued to be operated at substantially the same operating
conditions for another 22 days. During this time, the activity of the alkylation
catalyst showed a further decline of only 2 percent over the second 22 day period,
for a total reduction of 40percent from the initial catalytic alkylation activity.

[0059] In an experiment comparable to that above, an approximately equal
volume of MCM-22 was placed in a pretreatment unit downstream of 13X
molecular sieve. The reactor remained in service and operated with no interim

regeneration procedures. During a test of 22 days in duration, the activity of the
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OQperating conditions for the pretreatnent steps can be
any conditions that are appropriate to achieve the
w@e@iosizsed i nl et conditions for the al kyl ati onPCT/US2004/009039
reacti on. Exanples [0058] The follow ng exanpl es
provide an illustration of the effectiveness of the
present invention for alkylation of an aromatic
hydrocarbon. A benzene feed was contacted with a
CARYIaHoA @B@lyst showedl £6 WdattionheM&:1ind. aT'hééQféx%@hments reveal a
pretreatnment unit. The treated benzene feed and
mubs@ahd@népmuoen@lbmgnﬁm axtuedonintthe sate oﬁcbakqusitagmlg

RRGOe T ot? oBHaRe FeeniBY v dhin aki%ﬁ#/ b aFo Dy ditional
GV H¥n© Ete?@ Caldey E(%lbl‘ﬁ@d C\%l? t}{é t CF% é}ﬁv\ﬁ%&?% 8described

percent after belng on stream

bebvrenend eech wambipaidnse alteedonsvdeté'd 10'3)§e nwiﬂemu{har sc®b&US. this
Subsequent |y, an approxi mately equal vol unme of 4A
nMBVediar si eve was added to the top of the
pretreatnment unit and downstream fromthe 13X

nol ecul ar sieve. After the addition of the 4A

nol ecul ar sieve, the reactor remained in service
using the sane al kylation catalyst with no interim
regeneration procedures. The pretreatnent of the
benzene feed with 13X nol ecul ar sieve and 4A

nol ecul ar sieve followed by the al kylation of benzene
with ethylene continued to be operated at
substantially the sane operating conditions for

anot her 22 days. During this tinme, the activity of the
al kyl ation catalyst showed a further decline of only
2 percent over the second 22 day period, for a total
reduction of 40percent fromthe initial catalytic

al kylation activity. [0059] In an experinent
conparabl e to that above, an approxi mately equa

vol ume of MCM 22 was placed in a pretreatnent unit
downstream of 13X nol ecul ar sieve. The reactor

remai ned in service and operated with no interim
regeneration procedures. During a test of 22 days in
duration, the activity of the 17 WD 2004/085352

PCT/ US2004/ 009039 al kyl ati on catal yst showed no
addi ti onal decline. These experinents reveal a
substantial and economcally significant reduction in
the rate of catalyst aging. [0060] It will be

recogni zed by those skilled in the art that additiona
pretreatment steps can be conbined with the
pretreatment process described
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above, and such conbinations are considered to be
wWithin the scope of this invention. 18 WO 2004/ 085352
wOEDAE38D4/ 009039 CLAIMS | claim 1. A proceBGI/U82004/009039
converting a hydrocarbon feedstock using a catal yst,
said process conprising: (a) contacting the
hydr ocarbon feedstock with a first nol ecul ar sieve and
then a second nol ecul ar sieve to produce a treated
hggrgaass bon feedstock, said second nol ecul ar sieve
being different fromthe first; and (b) contacting the
treated hydrocarbon feedstock with the catal yst under
Q ersion conditions to produce a converted
hg PBTarbon. 2. The process of claim 1, wherein the
first nol ecul ar sieve has a Si/Al nolar ratio of |ess

tSP/aRI a%{)ﬁ)]rtgg %@rtf’n%r gfoc?.%gﬁlfgédgﬁ}i \élesil}hgag -F%'g\lyst said

ppl@@@gsm@l ngl!ngu m 2, wherein the first nol ecul ar sieve
has a Si/ molar ratio of |ess than about 2. 4. The
procesg,of I

s 13)(@&% ceo‘(r}uﬁ@uﬂé axesh\gfgietféﬁfﬂéntf%]%s{ocﬁ %th@ﬁ&?fﬁo?ercuﬁr §¥Ge and

pr ecediheg ackaind mulbeulai sietche mehesd tfHa{efdQLﬁdﬁfcaﬂjoﬁVfEedsﬁ)ck
selected fromthe group consisting of MCM 22, MM 36,

MCM 49s2idgaopadmolqeylar sieve freing dlfﬁesmt FronsthEfirst; andkol i t e
beta, nordenite, zeolite onmega, US-Y, ZSM5, and

conbi n@di o&mmtat:timg gwf treaauyhyak-ocabavhfeadsyodiewnh shpecitalyst under
catal yst. 6, The process Sf claim1, wherein the first

mol ec uFHVeISiomAen %1085 tp3xodygs| aopeitedhvevecarion. t he

second nol ecul ar sieve has an X-ray diffraction
pat t er hhe Pfﬁé¢5§ of algim A e wheteimothie figstanelpedinrsieveeas mebi/Al molar

SR RLERs o Pl end RE S Fifspuli et b SR Bk aptio of
Sye¥8r than Mk 522.

3. The process of claim 2, wherein the first molecular sieve has a Si/Al molar

ratio of less than about 2.

4. The process of claim 3, wherein the first molecular sieve is 13X molecular,
sieve.
5. The process of any preceding claim, wherein the second molecular sieve is

selected from the group consisting of MCM-22, MCM-36, MCM-49, MCM-56,
ITQ-1, ITQ-2, PSH-3, SSZ-25, zeolite beta, mordenite, zeolite omega, US-Y,

ZSM-5, and combinations thereof, any of which may be a spent catalyst.

6. The process of claim 1, wherein the first molécular sieve is a 13X
molecular sieve and the second molecular sieve has an X-ray diffraction pattern
including the following d-spacing maxima 12.4+0.25, 6.940.15, 3.57+0.07 and
3.42+0.07.

7. The process of claim 5 or 6, wherein the second molecular sieve is MCM-

22.
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19 WD 2004/ 085352 PCT/ US2004/ 009039 8. The process of

claim1, wherein the first nolecul ar sieve has a Si/Al
worRioanss3sati o of greater than about 5 and t he BED/UOR04/009039

nol ecul ar sieve has a Si/A molar ratio of between

about 1 and 2. 9. The process of claim9, wherein the

first nmolecular sieve is MCM22 and the second

nol ecul ar sieve is 13X. 10. The process of any

pg.ece dTH%quS&é‘é‘s oY cMBen e{Vﬂeﬂefheth? il QGALROR sflé?vt%gﬁg Q&K/Al molar

contains 1ess than 200 ppmw of water prior

cratit aftgrexgervihtun abtie I and tharedcond nenlecuddresieve Hak. a Bi/Al molar
praocess for converting a hydrocarbon feedstock using a
cr&flaptjé@twe%a@utﬂa@a@éss conprising: (a) contacting the
hydr ocar bon feedstock wth at |east a first nolecul ar
sY.eve Hdprobess of ckandhdvhendie thel st siokacslansizrveiinMEid-22 and
ft':hrst and ?ec?nd. rmlg;gl ar sieves have different pore
ditG sesend molecylassigyt el At reated  hydr ocar bon

feedst ock; and (b) contacting the treated hydrocarbon
f Hbdst Bekpicess aftanycereeddjng claimdwhereimniberhsidserarbon feedstock

condi.tions,to oduce converted hydr.ocar.pon. .__The
Bk 0 20 BOASE P PR R 8 ML RE S 47 ap it
hasyea pore dianmeter of at |east about 6 Angstrons and
the second nol ecul ar sieve has a pore dianeter of

llﬁls 2 ; tgg{}ot\?ﬁgg Yo 901@%18&%{ e? g?drﬁ%%ggg I?gedg{o%ﬁ ql%ﬁlggg c&t!agjs{,n said

erein ular-sreve-i
sgbest esmpifigiegn t he group consi sting of MCM 22, MCM 36,
MCM 49, MCM 56, 1TQ 1, 1TQ2, PSH 3, SSZ-25, zeolite

beta, @prdeRintRting ﬁféla Rﬁd?oc%f[ﬁﬁafeecﬁ%cif'mdﬂpgt llz%s@ Q%rsttd@gcular

X nol ecul ar si eves, d conbi nat1ons thereo any o

whi ch siewe foel thempentcondamalegslar siofe Wheeipr theefist ahd second
claim 11, éZ, or 13, wherein the second nol ecul ar
si eve elecwar stevey bave rAtifEeng PetR diagpaisrss th produce adeeated

type I eye medi um pore zeolites, ZSM5,
and cg}#g? (gnca |8nsecghog}éé%}q 20

(b) contacting the treated hydrocarbon feedstock with the catalyst

under conversion conditions to produce a converted hydrocarbon.

12. The process of claim 11, wherein the first molecular sieve has a pore
diameter of at least about 6 Angstroms and the second molecular sieve has a pore

diameter of less than about 6 Angstroms.

13.  The process of claiml 11 or 12, wherein the first molecular sieve is selected
from the group consisting of MCM-22, MCM-36, MCM-49, MCM-56, ITQ-1,
ITQ-2, PSH-3, SSZ-25, zeolite beta, mordenite, zeolite omega, US-Y, and Linde
type X molecular sieves, and combinations thereof, any of which may be a spent

catalyst.

14. The process of claim 11, 12, or 13, wherein the second molecular sieve is
selected from the group consisting of Linde type A molecular sieves, medium pore

zeolites, ZSM-5, and combinations thereof.
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WD 2004/ 085352 PCT/ US2004/ 009039 15. The process of

claim1l, wherein the first nolecular sieve is 13X
woddosd3sr sieve and the second nol ecul ar si evECT/ES2084/009039

16. The process of claim1l, wherein the first

nol ecul ar sieve has a pore dianeter of |ess than

about 6 Angstrons and the second nol ecul ar sieve has a

pore diameter of at |east about 6 Angstroms. 17. A

piocespnd HfokkYdration of, @rﬁgéfno% ifﬁsth}‘r%ﬂ:%ﬁ{rbglgve is 13X

sal d process conprising: contacting the aronati
hydicoalar Hiove aidithe tevond nidlenbmisien®ietal ar  si eve
materials to produce a treated aromati ¢ hydrocarbon;

ang (brne ?Eﬁc@@ bheldiker I, rerdred ﬂié OfiRE ol OSAPRI 2 pore
with an alkylating agent in the presence of an

afliayiewt iobdess athan yboutahdngstdens ahdk yheasdcond oorietivldrosiset s a
produce a | at d aromati ¢ hydrocarbon. 18. The
pP‘?ng?én%?r o%a&?/e gf‘%fit’ﬁ’nfshe two different

nol ecul ar si eve rraterl_ als are a first nolecul ar sieve
h&{i ngAapsicesy fomlalieylation of ofn |asersatich dyydedsethons saigingrrecess
second.nol ecul ar sieve having a Si/Al nolar ratio of
gfEeRE & han about 5. 19. The process of claim 17 or

18, wherein the aromatic hydrocarbon is benzene or
t ol uen@) Xontaghag ;sh%@gg%at@f hydragaphony withgtwa, ditfegent molecular

wher ei Hextehrﬁ%t%hg}% oy Hor&gcea g ﬁ%?d i Oﬁ}am’( lhg{fr%cargoﬂ 72%hr ough

propyl ene. ocess 0

20, wherei ortion f|r cul ar

St eve {0 B i udn &t Byrgrad P#0RR %@@él"agkﬁ%rmg agent
0f 1 2l The Besb N iy LI, WP SEE AN

si eve i|ms %éfegctg omt grao ongﬁ%'tq%n IE[{PJ W%SHS fo
MCM- 36proﬁ@da4193,lkylh@ﬂ/laﬁﬁnatic'[@dﬂqcaﬂb’6@ 2, PSH 3, SSz-25,
zeolite beta, nordenite, zeolite onega, USY, ZSMJ5,

angl comid RRddesNoft HIBMEOr7, WYeil thahted) diB¥reRe nfolSRERt sieve
catal yst. = 23. The process of any of clainms 17 through

2matenhlsaed o fitsh ncdecratsieye hiidg o SaiAd amlamatiaiohess $ws about 5
%ﬁ%}?%@é%@@%g gi‘évvé) Lav\fr% ae éi/AFr]ﬁo ar rz%t?oogr g9§a5t§r5t an about 5.

19.  The process of claim 17 or 18, wherein the aromatic hydrocarbon is

benzene or toluene.

20.  The process of claim 17, 18, or 19, wherein the alkylating agent is ethylene

or propylene.

21.  The process of any of claims 17 through 20, wherein at least a portion of

the first molecular sieve is 13X molecular sieve.

22.  The process of any of claims 17 through 21, wherein the second molecular
sieve is selected from the group consisting of MCM-22, MCM-36, MCM-49,
MCM-56, ITQ-1, ITQ-2, PSH-3, SSZ-25, zeolite beta, mordenite, zeolite omega,
US-Y, ZSM-5, and combinations thereof, any of which may be a spent catalyst.

23.  The process of any of claims 17 through 22, wherein the aromatic

hydrocarbon contains less than about 200 ppmw of water.
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24. A process for alkylation of an aromatic
hydr ocar bon, said process conprising: (a) contacting

w0 b@4as3ant i ¢ hydrocarbon with a first nol ecul BET/EE0€009039
and then a second nol ecul ar sieve to produce a treated
aromati c hydrocarbon; (b) optionally contacting an
al kyl ati ng agent with one or nore nolecular sieves to
produce a treated al kylating agent; and (c) contacting
the traatgdeas qﬂptdl 1S QFasPoRWh t&@ l‘gﬂr@éa@’dn Y process
agent, of optional the treated al ting agént, i'n
t benpiigsence of an al kyl ati on cat al yst and under
al kyl ation conditions to produce an al kyl at ed
aromat {5 hyes@sam2oMe afdmati By R6QRESS vith &If@émlgfécum sieve
wherein'the first nolecular sieve has a Si/A  nol ar
rati o aid |thes & hapormboutledilandievd etos gpeahae ol geattdraromatic
si eve ﬂ)?% €|/AI nolar ratio of greater than about
5. 26. DHEPPPeess of claim 24 or 25, wherein the
first nolecular sieve is a 13X _ nolecular sieve, and
the se@und apfieelly acodiciipe pe alkylating dagent nwith eonfr oypmore

7o o, melitu st G epl Bl fme it i, T

zeolite _omega, US-Y, ZSM5, and copbi natjons . thereof,
any of (@i cﬁmﬁ%ﬁmﬂeﬂlﬁ Gpatsst apommaticy byd rOQanOWH’@tb@Sc%%%latmg

of cla 4 S,
por e %%Qn? r gén% 15} que%feﬁ a{llfélgl!ér?g&%g&{t,r gﬂns?ﬁ/ea %@%rﬁ:@ of an
secon dal[t'?laﬁﬁnl b@tﬁly§ﬂ deurtdas alkylaa6:€ corndli@emt 8 pr&fuck @f Sikylated
t han about 6 Angstrons. 28. The process of claim 27,
wher ei froptéic hydrocanbphecul ar sieve is sel ected from
t he group consisting of MCM 22, MCM 36, MCM 49,
MZW 56The Pedckss bT Qadn 24PStheBein SBZ 2§, mDth]iat eiebethas a Si/Al
rmrggnlte zeolite onega, US-Y, Linde ty

gt ofsless,than ahort Soandhm seqonA énqlﬁréwcﬁﬂeveamff agti/Al molar
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%ﬁ%gg%ﬁmﬁpég The process of cI ai m 27
rein the se nol ecul ar si ev ct
LRE or DU PRSRS QHE oF Ot phavegpabndrs radtnde révee, 13X
nﬁl@le‘éﬂhp%ﬁéife, and the second molecular sieve is selected from the group
consisting of MCM-22, MCM-36, MCM-49, MCM-56, ITQ-1, ITQ-2, PSH-3,

SSZ-25, zeolite beta, mordenite, zeolite omega, US-Y, ZSM-5, and combinations

thereof, any of which may be a spent catalyst.

27.  The process of claim 24, wherein the first molecular sieve has a pore
diameter of at least about 6 Angstroms and the second molecular sieve has a pore

diameter of less than about 6 Angstroms.

28.  The process of claim 27, wherein the first molecular sieve is selected from
the group consisting of MCM-22, MCM-36, MCM-49, MCM-56, ITQ-1, ITQ-2,
PSH-3, SSZ-25, zeolite beta, mordenite, zeolite omega, US-Y, Linde type X

molecular sieves, and combinations thereof, any of which may be a spent catalyst.
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zeolites, ZSM5, and conbinations thereof. 30. The

process of any of clains 17 through 29, wherein the
wowrdoesssnt ent of the aromati c hydrocar bon i SPCBEES2004/009039

than 200 ppmw. 31. The process of claim 30, wherein

the water content of the aromatic hydrocarbon is |ess

than 100 ppmw. 32. The process of any preceding claim

wherein the first nolecular sieve and/or the second

MY eCUrRL ,SbaXSf bRiR 25 RFilreindh&letshd nfecular sieve is selected

from the group consisting of Linde type A molecular sieves, medium pore

zeolites, ZSM-5, and combinations thereof.

30. The process of any of claims 17 through 29, wherein the water content of

the aromatic hydrocarbon is less than 200 ppmw.

31.  The process of claim 30, wherein the water content of the aromatic

hydrocarbon is less than 100 ppmw.

32. The process of any preceding claim wherein the first molecular sieve

and/or the second molecular sieve is a spent catalyst.

23 )



