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PROCESS FOR BENZENE ALKYLATI ONAND TRANSALKYLATI ON OF

POLYALKYLATED AROVATI CS OVER | MPROVED ZEOLI TE BETA
wEANBl§EFs CROSS REFERENCE TO RELATED APPLI CATI eiNSUSIu85/041354

present application is a continuation-in-part of

copending U S. Patent Application Serial No.

10/ 422,464 filed April 24, 2003, which is a

continuation in part application of US Patent

APPRGEESSFOR BIRZERE R2KY1 ffb@cmbef%%sﬁ%%mﬁw
Ipfls(l')urﬂljty to uYSmmfA DIA?R pA SOvE W%Ufé4l 1
10, filed Cctober M BE. Aﬁ € LY pr esent
application also clains pr| ority. The contents of the

af or ement i GRESSARPFERBNCEIEO Riftdl. ATHT2 APPATEATIONS

BACKERD RS PR KRR A Ol oot L EbSerfd 08" Farent
Applieation Saripldfat O 22464 fded Abyik 4 29% dieh fsacontmuatlon in part
%hi@xdl&ﬁ S Phteff Rﬁﬁﬁdaﬁoﬁlmf 0598 109 ﬁlem% 17,2001, now issued

ackqroun ylation of aro C CQ
a5, PateBt Nﬂsg %%%%ﬁé% @@%clﬁwqdrpéwmm}é rPV(s#lg;?ﬁgﬁep ication
Nol"®24A 10, ¢ikehDetaber 20; 2@(91); tmlmemneqirewnoﬁhpiicsu@r also claims

i.nternedi at es th 0
I G b cauifa of I Rmebohed PRERRe il e lportea by
r&fémmeﬁmanethbmrentlfaey det ergent i ndust ry. Generally,

catal ysts are used in these processes to enable the

chem cal reaction to occur _at mlder conditions (e.g

| ow t enper at ures and/ or BASHGROENP es) in addition to

1'"EBkR Jritie measidnon nore sel ective toward desired
pr od

In.1965 t reparation of c y t .
P eoc HToRieat BRORHL RO Brapu BmsScest R guS g ton el Sspmypic
hydrasarb@t ednystundsvas first described [ M nachev, Kr. M,
et al, Neftekhimya 5 (1965) 676]. Venuto et al (J.

Catal. 5, (1966) 81) subsequently described faujasitic
2 7Baskiey mﬁaﬁé} eviits for the al kyl ati on of benzene with
|'i ghiA118)1&{on"st-ardeRatt: c%%?poﬁﬁ’& WGBS SlefiREBasitRen ﬂ§&l 1ﬁfthezl§%1§:tlon of

t zeolites for al kylati bepnzene W th le
ma%}e (iemportant chemicals or petrocﬁemlrcl:gl products or 1ntermecfiate¥ suc

ethylbenzene for polystyrene polymer, cumene for phenol synthesis, and long chain
alkylbenzene for the detergent industry. Generally, catalysts are used in these processes
to enable the chemical reaction to occur at milder conditions (e.g. low temperatures
and/or low pressures) in addition to make the reaction more selective toward desired
products.

In 1965 the preparation of cumene by the reaction of benzene with propylene,
using zeolite X or Y as catalyst, was first described [Minachev, Kr. M., et al,
Neftekhimiya 5 (1965) 676]. Venuto et al (J. Catal. 5, (1966) 81) subsequently described
faujasitic zeolite catalysts for the alkylation of benzene with light olefins. US 4,292,458
describes the use of ZSM-5 type zeolites for alkylating benzene with ethylene. At
present, the commercial benzene alkylation processes with ethylene or propylene in
liquid phase often use zeolite beta as the alkylation catalyst (e.g. US 4,891,458).

U.S. 5,015,786 describes benzene alkylation with isopropanol catalyzed by zeolite
Y.
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present, the commercial benzene al kyl ati on processes

with ethylene or propylene in |liquid phase often use
waeakiot@|sbet a as the al kyl ation catal yst (e.g.PdBUS2005/041354

4,891,458). U.S. 5,015, 786 descri bes benzene

aI kyI ation with isopropanol catalyzed by zeolite Y.In

oS AT S b Vi Tt B
frofn &mwwefoe thei ailtylgxmmﬂben@na mathqropgerpr adéarasopropanol.
Pr epf’fe?ﬁfaﬂ?&yfm%ﬁ@ﬁﬁyl?ﬁé g.f %%t@y?at S ICBOHY)g‘a ﬁéxﬂgﬂiymflon of

the transa ati on aro

polyalkplatadisaonaatig hydregashens Mathareraatieubstrates Wﬁ’r’lé‘ﬁh 204t gasalysts
watBlstaliSinSdivhdt dhdSamre goreﬁﬁfﬁg S%se% 8@2@ d%@ga@dﬁ% gssl ?Bﬁ 006 gwi S.
I SC | an
4%&%8@%&5%&%"5@9 632, EP 687,500 and EP 847, 802
descEPE896A2, BP 687500 ord EX 847802ddeytitst thel prrdantisri af

mla}ﬂ?z{lﬁglg{eg %nit{cq{ydﬁ{gg{ﬂ%bé ﬁo&y%&?g@t{ f??d}%éa&‘t?o%t sruﬁgt?z?es R&t only by

nxemmsfailﬂwtms bt Wyan@@mf tre@saamka,uoataméﬁ camdined alkylation and
trEﬁs‘aﬁc%/ﬁJtllﬁg :p?sdepsn cRLQEES z&,meaﬁa(@ ehql gQﬂﬁcéﬁP Ireatcﬁo@seae@mwa

articul reactlons eSCTI on . of

inskids affrlaone foenappe wah st y&r@w P lenignd ansatkylaicn of
digﬂ@l&ﬂk%}é'o&ﬁh@@r@ﬁylbﬂr@éﬂw\bhﬁﬁa%ﬁe OTS t
I1S L, O. n .
6. sob Deab R ER0 B B2 BN ZeakleSond iRl Goygoand the Use
Therdof’Hiéscldses aimtnolled catiditinine seemummetthobigenic ¢onplateiin tenplate-
cdrftdl] Hf‘ﬁ? zES‘l?te?{OQﬁﬂiege ta(fﬂE Ieia c@dlk a%rlfaﬁmeaatcﬁ%)&tzﬁ Q'tﬂﬁl the catalyst

Z€o I eve a and nor active

p@éﬂ%ﬂdy@tngtq@aﬁltm@w%mg§9m§1€6amlcréa ipp gf seodigRst i ons
in exi sPééxﬁnq;y 51@1%:@% ﬁézcﬂitela Bdtftﬁ) (igec tmgmp&forﬁﬁﬁéd ie@ﬁte HRta), disclosed in
S r ar e ollte e
(R BPovs oo Balent wplgrtioy hh e rC.a shAm Frad sites to weak acid
sited @veatarinin 0O end mahmtacmmahamadnvemuodnasediﬂmbdtatAsoa aitical step
. i t t
1n2thé 8&?&%@#)9 o?fu%ﬁ@u rtf?#{%l@% (z)%)\(t;lggtee% tg ex%ﬁlt%(ral tg/"’mll& nglcmatlon
cap herimplesegntest reptivelytepsilyat epal sedle nltlmr bmsgwa@@g fler ze@htecbed

ﬂﬁﬁﬁk ¥t altPhyuring i Bof COPYR der? s\éhv g B bBRDAERA with
Ienented [e atlve scal e elther

h1l8§) asrrfﬂréalatlwgtq RIS Pwﬁ@g@%“bﬁtﬁﬁ%ﬁs H\/%‘F caalyptRed.

during cal ci nati ons, using a very slow heating rate

conbi ned W|th hi gh aer| ntomnimze

formati on of "hot spots” qugat al yst bed. SUMVARY

An aAcmeimaicadlikylatain ocass sqeeddedhprioy iThe grévessiomprihe
coMtR4RE An GRIMHHcBhpound with an alkylating agent in the presence of a zeolite
beta in a reaction zone under alkylation reaction conditions, wherein said zeolite beta is a

high performance zeolite beta possessing a ratio of strong acid sites/weak acid sites
greater than 1.

The high performance zeolite beta was found to be far superior to conventional
zeolite beta in the aromatics alkylation reaction, such as benzene alkylation with ethylene
for ethylbenzene production, and benzene alkylation with propylene for cumene
production. While not wishing to be limited to specific reactions, other relevant reactions
include alkylation of benzene with butylenes(s), alkylation of benzene with C9 to C14
olefins, alkylation of benzene with alcohol(s), and analogous alkylation of naphthalene(s)
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contacting an aromati c conpound wi th an al kyl ati ng

agent in the presence of a zeolite beta in a reaction
wa@ooe/oomnaer al kyl ati on reacti on conditions, WhBCEBUS2005/041354

said zeolite beta is a high performance zeolite beta

possessing a ratio of strong acid sites/meak acid

wilhpEiggof fssihar. Bt Renedt o Hstnfiehe BalBIs i hpice
alky@bérdene bealkyinaphthaderse: d?rmtascrstaavet(gxaatpilezsmf said etkydrenzene and
allg}”&%l-g 521080%6 DR uRibon:ale (@HTnég’l %anf"ltn@ﬁﬁ L& fhtf'n&l(ene Ma.ny other

enzene product i on, enzene’a atron wt
arpmefied méaefmpl@méeﬁ élubrrwarereqq, gisludipg blehw% aRihs3feAg ape
pHRBanthfenk eAl1sh %&&S@cflb andl18@ ek bt af@’éﬁ@ﬁudrﬁh Q)tﬁﬁd’tlcs can also be
reactlggg i.ncl ude g Iat| n of 5 Wi t
eRlpyed RdBisaentiphy ot sATAleBRL R AtREen pbPoupdgysugh as
pyeldiiid, qamoah&)ahabioohnesﬁ axhrbm}@e coinpburals caublo kg firan. and

anal ogous al kyl ati on of naphthal ene(s)with ol efins or

al cohol s. The benzene or ht hal ene reagents can al so
" nel ud@EAAILEDIBSGRIFGHON @ PREFRRRHR FMBODIMENT (3)

Repr | >
SR TR et dapagiand =

AP 0BTHES G -RLee) with various
@gienltsﬂ 11{ch1d$ngl it @6t limiting tb ©lefics, Qg bCpGe biefins such as

t h th I
tﬁﬂsv% %%e”?%wa{?ﬂzﬁa?s e sruranseEl Bl es 5
penibgriel\heslenes (¢.8i, 8- hemmmtqrmnxtu&srtberewé(nm &%/CinEb/Gdeor mixed Cy-
nbltef' ﬁ%eﬁé %;O'mgﬂ&g SuchSHGéh ?{%}aﬂw biiah&), oL Rk tufCof RB%br more to

oxygen co nd$, such as iljran.

fopmth@ cErespesiing #kyian amipedripis EMBeny MRt agyixe alkylate
x‘oﬂﬂ& 'Hh g@ggéeﬁe% gl %E)Pédﬁct é’ﬂ?l"téiﬂﬁg feﬁ@@ddnkﬁle%ﬂﬁér cumene, and/or
er or mance, zeol i
b‘t%ﬁ’@’f’@nﬁi %HDaRIUSH rtigpufiafpds gapfpyed EPeﬁ?E%rﬁff)thWtkﬁla‘e
cdtﬁgsdn@tl& A 1k ltted alh;gatawm for be:izede can beud-Co ot n-0, polefimgto
ol efins such as ethyl ene,

prﬁﬁ'é%%/l %eﬁr glkﬁl%Flgﬁegﬁses (1- butene, 2-butene, isobutene),
pent ’@h@glkybtlgn ;eantpe paretee) ﬁxcmgly(@h eafalytic élStlllﬁlQﬁ)@'ﬁ@ﬁ@) or other

ty&l Slil’ 86#15&{68 yh@&fl%ﬁ’cftox]@e Itgcan bEehfried otBinGhpoPphall, Xﬁlﬁlcﬁﬂmse or

cohol s such as |sopropano
my(ﬁ:laﬁgpﬂh@pdph@em xture of two or more to formthe

Cor r pSqidibin g f&b&%b@t&c’?@? I@h&ﬁﬂd@{dﬁybmeﬁ forl donirhercial
m xead a a [ t
PR A T QU RS (b PO BESS: iufwfhen the
alkylefion reaction Mrmedlmﬂrac@ub@pmann ofquasinudianedusly. st ep
IS eﬂp%ﬂ%ﬁfoqx rbgtivf Qaﬁcﬂpgnst %@ wal b &h %n% gmgé_agg %(ﬁudeAJ t%ﬁrperature

t he atin enzene can

oﬁﬂr@m.ahgutt W0 g@@wt BOO&ar PEISRYIE 19 Fomrrbeut 200ps1g o about 600 psig,

a weight hourly space velocity of from about 0.5 to about 10, and a molar ratio of
aromatic compound to alkylating agent of from about 1/1 to about 20/1.

This invention is also advantageous for the transalkylation of polyaromatics
which were produced as by products in aromatic alkylation. For example,
polyethylbenzenes (e.g., di-ethylbenzenes, tri-ethylbenzenes, tetra-ethylbenzenes, etc.)
were produced in benzene alkylation with ethylene, and polyisopropylbenzenes (e.g., di-
isopropylbenzenes, tri-isopropylbenzenes, tetra-isopropylbenzenes) in benzene alkylation
with propylene. These polyalkylbenzenes can be transalkylated with benzene in the
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The al kyl ati on reactor can be a fixed-bed, catalytic
distillation reactor, or other types of commonly used
woeascheriss |t can be carried out in vapor phaseCT/UBTOS/041354
phase, or m xed vapor/liquid phases. In addition to
fi xed-bed reaction, one inportant process for
commer ci a duction of . et nzene or mene [
PRS0 o & BT O ace e e SE R 0N PrdHes o nsralitbeRPas Gt B8 or
cuentd)iima fiasdtbed mdotot./ Tyzcdln trassa kg tatibh ocaction onditions include a
[ NP 6 d
te?v\w&&%ovm gljh %%,g%dc]aﬁfo a%Butr (tj e&% éftti{éj{r}ébg#tqéo gs1g to

ab®¥s ¢00 pigOTRAGE a@ie@ty abom rle%t@dﬁé)ngfﬁsvo?h@n@m ratio of

pREBPSHBics %o @Q?Npe@@@czﬂﬁﬂaﬂ e RotiAli 8N, hourly Space
to about 10, a

veI oci t about d
Cat | & #c0 afaeﬁeaw OE%ﬁi?G thePraraRy {nXERIRY: Q@éms Pa?wfi?do%ﬁeohte
opolculht dietethatitustan 2fhrdased iﬂimBerldWG Bilied'sirSnghdd sites", i.e. sites

T T e
a«ajlok@dnat wath Examplesk avdre pmmuygymm@m doynal that, by increasing
¢ oY Bﬁ&f%g%@ﬁl »sitkd, thdeh k%ﬂr@ﬁﬁ&?ﬁ‘?t?o tantlgl incregse in catalyst

tetra- et nzenes. etc.)  were produce Penzene
agiViyl ation with et hyI ene, and pol yi sopropyl benzenes

(€. 9In arfbithe? @RILOBAAE TEEIRSIte dritholbEPTsRFY¥ hAS A pEABHIume greater
tet r,@ |§opropyl benzenes) in benzene al kylation with

These pol yal kyl benzenes can be
t ran kahdcpfchhwlwimh t prdfemakembidimedtef tlegenseat nivehtial the zeolites

{’1%" e%ﬁlggél&?e Ka%%'&idlﬂ?}\&n}l& ﬂggﬁ@%@ it 1l§_yP' Q{?&@%{&?d sites to

malaﬁ@é sigpl oftat Isastried prefenablyc dast lohangl mdre; aeef@r ly at least 1.4, and
oS RefeRdbly ﬁ Iszst i samaAar WAL @QF& Fa@io e toRPMmonth desorbed from

pressure ‘of from. about 150 600 psi
t@ﬁﬁe’gewr elepylangieye ah i terBRRY w&e @% %%%da\m@&urm%@w strong
a¢id Isadss) tc&lhb ootalf anpreiiiy ldesypbel fe(gntﬂce abkgels of ﬂﬂl‘dc&&r SigWe at a
AR 0 e R PSS B3R B BRERRL 9!,
tmnmemtuneapntmlbdeiesmnomég PEYY) am@agecﬁlmnb@ancﬁ wibthe
pﬁ)%lec’hﬁgdes%hﬁémﬁi @§Pgteﬁﬂ N@%ds 053 B23 IEXGS: fes3 measur ed by

enper at ur e- progr anme ésorption (" TPD'
per f M%aamﬁula@b 8t %ﬁﬁﬁ’é’é’f% epbogimenb |tbe zeolitq\pyyraolecular sieve
cm&hs ﬁlﬂ:zﬁiﬂdyalupﬁﬁﬁ' ih @@flHca T@ﬂuﬁﬂi&ﬂﬂol@hﬁho Y 6t ln&rlﬁgl%r N@at is

nb d
el S e § PSGRT SR EiPy Bl e o gFIEday o agkam nitrogen
canpaoid réstreprefentative ek dreplos oﬁmbhﬂes ttere mbpy be nteasiomedobete, TEA-

mbPAHIE, MERRLS MERRR 6 OMENFY! FiCM-41, MCM-48, PSH-3, ZSM-5, Breck 6,
ZSM-12, ZSM-22, ZSM-23, ZSM-35, ZSM-48, SSZ-32, etc. However, the preferred
zeolite of the invention is zeolite beta.

In accordance with a further aspect of the present invention, Applicant has found
that a zeolite or molecular sieve having an improved catalytic activity may be produced
by increasing the strong acid sites thereof. In this respect, Applicant has found that
during the procedures for producing zeolites and molecular sieves, and in particular the
procedure for removing the organic nitrogen templating agent, the conditions employed
therein should be controlled to preserve strong acid sites. In this respect, strong acid sites
are maintained by employing process condittons which prevent loss of those sites that are
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In accordance with a preferred enbodi nent of the

present invention, the zeolites or nol ecul ar sieve has
w@noohosss y- Activity Index (AAl), i.e., a ratipcDiS2005/041354

strong acid sites to weak acid sites of at least 1.0,

preferably at |east 1.2, and rmre preferably at | east

1.4 nd. nost. prefe rei |, 1S .
i o bsPeicig i SRR nfip S ERisH s of i g flaceerZed by it
Ad gitiat dsisdxelimﬂdehatl thosessites/emae aacrtb@dpe betspecifibling of
teﬁgg%l(am%%t%s o %IE ggt%lﬁésr 4 1@&1’1&9 s%v% Sihcthfe, the

anmonl a desor rom zeol 1tes or nol ecul ar
si evhn this respeetniseicaroying the Preanis @mse{l seraplating egept (ip general, at

le‘éﬁ%‘@%iﬁlbféoﬁistr&%})v&ﬁ afi€ired f&ﬂ@d BinbbemRek @és@ﬁt@ally all is removed),
control I edll%’esor as perfor

S t 6’%’6@&5? by eI EaRTeS e ass e about
SNC?C amdPocfefably the he&m@rrptoean&veﬂ’dge eanwdtumdfawl gredter than 550°C

(15 ggx%eg‘.?lhgtqea%f]? (2% tHeE}ncgf S fet %}Sov%ﬁ %31 n a ﬁrrefe'}p: %%ﬂéﬁﬁan?nédrt] gys%ntially all

isrronaved).aMogeayfer,6n a pmfeﬁnecbmbodummt heatipg ehewleé be pyntradled so to
hﬁ’lﬁt tﬁe ERIRLRIG1i6h tadfitie. Adresic Nhe AAfRtatRahcrbRGlHERS

organi c. nitrogen conp representative
n@s@awpus sutfigientiy sloy wihy thetrlec%ﬁyéﬁeat%ﬁ? FemRgatuLss phove about

5T petebntt@ andybiMnZdmidd@M 36, MCM 39, I\/CM41 I\/CM48
PSH- 3, . ZSM 5, . Breck

2,,.ZSNt 22, Z
75w B ieaR R, i S Saeyed opera g SHbmag e P g gemplating
agenoisipefonhed ine shallewbed m érderze odduce Idvet @Yerlhﬂatmg or the occurrence

;
oPRGShIET AR b G5 B0 Chy o B IBISE owin s i of
sufbrieatly bigh §uw6c1nbml¢rgtyasﬁ0h thpt ho bent densfey rate mamtaing thy catalyst

bfﬂﬁﬁénﬁ@rfaﬁfrf’ Qt%gl?q)ow th A6 ERRSIHAS aﬁchﬁ‘ 25¢C Qiftbrédedroph Hﬁsaverage bed
ereo n

i
g Hs B eo e AR ARl 65 gReg e minimized
byreinpoyingfintetmsdste spd id the paiifcratuleanmp loe tpeatetihotespbeby
e or anl
Y DR SRR e o PAE Y RS 96 e e
omae:sdm@u@tagomg Qiberpassibdities kmpwihinghe e praytbe esmnlwﬁgl to
L Sibt s %V%S&tﬂ%‘ driRd 6&%@&’06%@5%’0&9 proces S

con it1ons event | oss of those sites
ar epABRiganisdaye ﬁﬂ‘ﬁﬁé fquad ghat stsars pay) %fcht;th&%‘@bftlé?. aGHVItY of the

z&Rd d)rQﬂ&lbélﬂﬁ s@&@ A 1’@&11@ R F&fc&fddzeﬁibobjmtﬁt&m%élmmng the
\"%

A& molbid: S oot O mblREn e iRl e kO Rfa

cdlbieatiomakmperatuoe. Gnﬂltaﬂlwkldmeatmgetv eemsparatutes up to BHOIChiagned at

nﬁrﬁﬁﬁ{iﬁ% X o@mre‘? ttﬁl{%? a@d\g "C Redbo %e\pat&elggﬂ)ét

ene east /ot ’hereof 1S renove
temtRgratyrenarg rr@arcbed B ITRTTHER ﬁte@g@émdahﬁybhpreswe strong acid

sifed Ww&@emtk&%exmhﬂs%aﬁsaéﬂfwtém 4@1%{@(1@%@&@@&@5 ,8uélPas, for
e)?a\{r?prlg gsstthearrrlp %I;’é}rrlljlrn?gre%erﬁ)tly ess th%rkl)g ¥Emiin, out

While not wishing to be bound by theory, the current working model to explain
cause of the high catalyst activity relates to so-called "strong acid sites”. These strong
acid sites are reduced primarily as a result of a loss of a specific type of tetrahedral
aluminum. As a result, in accordance with an aspect of the present invention, in
producing a zeolite or molecular sieve, processing conditions that reduce the amount of
the specific type of‘tetrahedral aluminum and thereby reduce the number of strong acid



10

15

20

25

30

35

575C and preferably the heating is to an average
tenperature of no greater than 5500C (in general, at
wo e@s6E690 t her eof is renpved and in a preferrBdr/US2005/041354
enbodi nent essentially all is renoved). Moreover, in a
preferred enbodi nent, heating should be controlled so
dolimi the ' t . M mting
sfeR gy %wg.rela}%éﬁ?%@?@ggéﬂpﬁd%ﬁg FREEE ) oo P ERRY Sacivity
As bérkinebavetingicatiedyin ordsn ta minimizecthe lasy ef the apécifc tetyahedral
albfnfiRiey Qr'id%‘h@%b?%Yﬁaﬁbacﬁéhaﬁnﬁ&m&n%&ﬁ%ﬁs@roﬁ@ qélarsues the

mnimzed thernmore, in.one referuggd operﬁt
9

canditiann at whish e tempiANas pReNt iHeAoNed shewdRAEon 64 §0'a3 1 Feduce
arglg‘derfe‘lh)i’iﬂﬂtiﬁe bipc@ultseha lidraperiratts iabovay dbout 530°Cefiuagrélosgdd period of
i ng. or yr ren t t
(iR b SR & Pl RS R G e pm RN el gremple
butfnot limited mybpgloyabkeatiag of ths dinhl cilendtion tepérataper fi ci al
vel Of/fo% é)lvﬁru %p%te%@%%éiﬂ e Q&ﬁlltte &r rﬂ@l%fnﬁﬁr sr1éueeaﬂéﬂ}f3tr@1'nﬂ§al of the

the ca erature cgOIﬂ to no nore

tentpietingtsgent shoUG alsoespaReliEdip e Qe Rjaats ggposure to
fr%gﬁgl 84 e abbutys3be@NYr RRImpIBL the @xch@ﬂ@é’ figRtanf gind UdldiBation

al cj natlon can be mnimze

* of the i adhangsd ZeqJji of Mojequlay @ﬁ’ﬁeﬁ‘flﬁpﬁ%nﬁfa%%n@?mé%tempﬂmws

I&Qﬁblﬁa@ﬂge Refludep s 1shyot ligdieditoyglactinb br fill dxohange pdia WiktloWH,NO;

g ncPifim g B 287 B llecRERERS  BRaBlol 1Be ofprgani

agents 1alptomdl9'reb Erenphding the asohifen prinplechler sieveontar hdesired ghape or
fo?ﬁj %‘E Jﬁﬁﬁrglzeé oPRloidot s. Applicants have

t steamnmay affect {he cata c
acti th gn@farg did npbrscograzeghatsiiong asid sites @@@ohtgéargl molecular

s&&e%%c{reasb 'éat@ly@k%f:ﬁﬁf;eﬁldaﬁitqﬁomﬂﬁg corfditicls (forrprB@uduli@zeohtes and
e or ve

oLt e TR eSS B R Ao LS i,
piceessimpateps afterGonmatidn efdhtiemlitasgr imwlcoutpy sicse mdgsedﬁybe ngmber of
st?cgn%s 1%3@%&&4&58&‘%&@& tgé Pf&éﬁt Qn\te%tl&? RE sadHeBSction

efmoves wat er ore t énper at ur es
resnkedrisachduttion imeatalgtiorhdiivityze st ean ng, and thereby

preseqy E‘eo?ﬁés%ﬁ n%lé&laﬁ'sie%s of tHe Bﬂ:@erﬂ nib@ﬂh&?ﬂltay bBicémBRRd with
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rrent worki node [
13 e R Ar B A B M Eot BBt Bl lkrgeen
fariigséation leestenge, rtm@eoams or giolesylaz sigve emmnbt%pmf preferably
rg:ﬁld@s %ﬁgﬁﬂ){a cﬁ‘f acﬁl 41t9§ 8s RireifatiRe Ql'eidrfBe& YRE réifresentatlves of metal
As a resul in a%cog gn)c% H
c@trona,stb@retmayfbet fﬁ@nt}ﬂﬂé% gaftons ﬁf/@FﬂqPoI;[\A (Mg Ca, Sr, roup IIIA (B,
Al, Ga, In), Group IIIB (Sc, Y, and the lanthanide elements), Group IVB (Ti, Zr, Hf),
Group VB (V, Nb, Ta), Group VIB (Cr, Mo, W), and Group VIIB (Mn, Tc, Re) of the
Periodic Table of the Elements. The use of such metal cations is known in the art, and
the incorporation of such additional metal cations and the amount thereof is deemed to be
within the skill of the art from the teachings herein. Similarly, the zeolites or molecular
sieve may be employed with one or more inorganic oxide matrix components, which is
generally combined with zeolites and molecular sieves during the exchange with a metal

cation if used. Such matrix components are general inorganic oxides such as silica-
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produci ng a zeolite or nol ecul ar sieve, processing

condi tions that reduce the anobunt of the specific type
wobdens@ebedr al al um num and t hereby reduce t hepOmBENNS/041354

of strong acidsites should be m nimzed or avoided in

order to provide for inproved catalyst activity. As
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reac:tdr tTihe feeduste wods G2igaminc Bopdlil §01'matlpn theagantersiemperature,

esr Q.laﬁ]s cﬁljat?laﬁ@rpra'tet Rere YorfIREEUBC S350 Rig, E!ﬁd)Z@D gram/min,

ape or form shoul d “al so be mini m zed

» remrluelar %elrmrrecfprrwwndhedreﬁﬁ?r (BRSSP IEITHES a8 prgculation

ra?&\bvgreﬁiohﬁﬁlly & 1zeet) 30@ sit) SndTROCEmARInG rp&sivelyc rapeoducts:

wRGHBFHPE O St S DA

flanatetettord to prevent | oss of strong acid srtes In

the prl ga{tal Lt 2t 1‘5{ gssecﬂ PsH R eﬁﬁ& Rlach ﬁ?ctdo‘ﬁ@taﬂ{ withén
oResd Mshedafen

zeol i eve reduced e nunb
assumpfign 6] dorﬁplt tesction kingligs sCHalYSus I G lten%augr%% Gy the key

byPRSGRE, Qfbh a%ﬂﬁeﬁyﬁénie%em 1268 féerB' s{1RHesis) ad f- PGS Ib&ene
I'n_catalytic a&;rvrt e.zeolites and nol ecul ar

(nfB\apd Qaflsqm@ BZRH( D fof CEmeRYBYS S onbi ned wi t h
ot heThéerailRking Gxamﬁeskil‘lmw the pheesrdf théimvereiomamsing, high

pq:rgOl ot & aﬁga bgegad as 8%1?0\/5%2 tonrﬁs)é g?%ﬂ&ﬂ?&lray c?tglygﬁtagllllustrated

ogen-tormng-cat
ms:hehangmsonfexam@eieol | tes and rml ecul ar sieves are
netal cation exchanged after the hydrogen form ng

comonent 1 HeRBYPIIRCASRABRr ARATREE HAVREES of aci c

ERAhfIe 18&1dr@r1@mm\mcaﬂ@mrzr 43 As representatives of
et ain Example 1 and Comparative Examples 2 and 3, benzene alkylation with

ethylene to form ethylbenzene was performed according to the method described above.
In Example 1 the catalyst of the invention “high performance beta” was employed in the
alkylation process. In Comparative Examples 2 and 3, conventional zeolite beta from
two different sources were used. Table 1 below summarizes the test results of the high
performance zeolite beta and two conventional zeolite betas. Compared to the two
commercial zeolite beta, the high performance zeolite beta is two times more active.
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cations, there may be nentioned cations of Goup HA
(My, Ca, Sr, Ba), Goup IIlA (B, Al, Ga, In), Goup
wo b@Bo6Ess Y, and the | anthanide el enents), G POpPUBMBS/041354
(Ti, Zr, H), Goup VB (V, Nb, Ta), Goup VIB (Cr, M,
W, and G oup VIIB(I\/h Tc, Re) of the Periodic Table

of .he ene h ' '
F el o F S L35 gl BB 8 e amons
diffecnt zeotitd betecadly gagivom theafhittuation afiDERYER eas apgundd.001 due to

thg@ Q)n o?eﬁ;z/lé%kgh&mt.rg@oﬁlﬁ'thé ffefl the art fromthe
|ngs rein. Simlarly, the zeolites or nolecul ar
SI eve may be enployed with one or nore inorganic oxide
matri x components, which idabéderal |y conbined with
zeol i t es Tesidesnitsloddifftrent zeslite hesasin gepeqnp glllatien Wit siylfge wit h
a netal cation if used., Such matriXx conponents are
general inor gabkemplildes such GesnrsiBxapplf 3 ini ndsomp. Example 3
clays, al umi na8ishgsrforpane beigt ¢ Comysaionalpet k npy ¢REvenfional beta I
the formof a sol hydrogel—or 3?%9%%%4%_
a‘P‘E}!;?‘i'tPizﬁkeb)& 1ic376r silica-al ufitia conponent such as a
6P EnfiBnal silica-al unina catal yst. The matrix may
be catal tlcaII ctive or iner n preferr
8¥?0 onbi ned wit O@ﬁmtnx t he z(go ite
o‘PEﬁ@iBe(é‘iﬁ‘f")ar Si eve corrponent has a nurrber of strong

n\lo dacecri had Ac } uuvp

NP BB T BFAEP] PRI T SC oG He G s, t he
processing conditions should be controlled to avoi d
E%mémadtiaﬁmﬁe%bbﬁm%legelaﬁaw ar sieve to elevated

tenperatures for D time. The."high
per f BrErampde 4 awd CP@PB@P&@ gﬁ"éf‘%‘??é ‘\‘z\g’sbeé‘%%ﬂe&élfygﬁuqnnwgh
Pfleid toytoith c@RenieRas p@fbrmfed hedvzding torht mevhef dessribedlabbve. In
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co‘@@?ntfornﬁ %oﬁfeh% Vr%&) {(;'Y ERF&ED Gsed)- ﬁ@le ?sﬂn%%h@festd results of

st zes of , crush
high pex @mmeemoélse b%§onbea@eaaluh¢taa?nﬁ/zsohtpb’ SS t ube

r eact@hpartd e E@tercal BatilSts Gilgﬁﬁéﬂmrﬁ)ang@ieoﬁf’e Bedd (KEROSH thore
t he reaCtor te er t 123({ reSS ul at.i on
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aGtye EhafeoBVsHGo gy 5%1& 0 FGFAR M
bye@iees, ihl ag nPBdedlIFBn erefshgmh)t ]oumr trfmlrmegr,pezrformance zeolite
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coneysmmal zeolite, YTm@rq@rtmwereme ah@wz@b'%y T@erefore zeolite Y is
m%gllr' le?f’?e(ﬁecwv& haPBe i b3 t@lheQie&%ed‘%‘fbh@:t ©aR{onbay186d béiene

ane detector. The catalyst activity was
(Cemﬂ@ssed in specific reaction rate constant with an




assunption of I s order reaction kinetics. Catalyst
sel ectivity can be gauged fromthe key byproducts,
wae pali/oeEsDi et hyl benzene/ EB rati o for EB synt heBCBHUSBNS041354
n- Propyl benzene (nPB) and D -i sopropyl benzene (Dl PB)
for cunene synthesis. The follow ng exanpl es
illustrate the process of fThleRknventi on using high
per f or mpREEsuELTliffeRnt2edlit caaysaliyshzeasalopaaseith frylse of
conventional catalysts as illustrated in the

conparison exapgdpie 4 EXAVPLESC /) ExalMpRBATT VE Eotip/Mistatuple 6
Exanpl e 1 and Kghpafotandé®etiX argaleasonl bamd 3 | n Eoogempomel Y
1 and Conparative Exanples 2 and 3, benzene_al kyl ati on

Autivity et hyl ene 1.87 f or m et hyl benitene was per f or nb&8
(an’oDi/digng to the nmet hod descri bed above. In Exanple 1
the catal yst of the invention "high performnce beta"
KmsByqrrpﬂws*d in the al kyl ati on process. In Conparative
rgl es 2 and_ 3, conventional zeolite beta fr t wo
dintRRmem) sour€®s were used. 2PAbl e 1 bel ow sunffdri zes

t resul of the high formance zeoli{g,; beta
H)SP#KB&/&)onvenél onal zeolite '%‘tr as. Conpared to the

* 1t-W= c-Bropebeniead, DIRBEGT Prisoptyeyleenzenthe hi gh perf or mance
5 zeolite beta is two tinmes nore active. Formation of key
iyl benzene (DEB), is
Y & P eFert zeolite beta catal ysts
gi veIm Exlﬁﬁlpﬂé mde@bmparauf/e PEmHB 8\patyalkybatedalon(fie compounds

to.the. v
b BARHAE Y o B30 U5 GEHFRURI Nl Tesingvas
carmedban e the el ped réastor in lignié phase cinsflewangsice 3P (@amg of catalyst
10 %We& irfa %mID X amRk&cRr i 4R 1@’%&1@&5@% bekefeed is a mixture
nventional beta | Conventl on L;’él LE%V(P;@% )Th
ofprazene§Bpkand dirpthydtenzenp) (DER) faty ‘Q%Z’é €
DEBRGRAE LERNES ofﬂlﬁ&exﬁﬁoﬂ&rs Mdlﬁgel BDEB (644 %)1 1, 4BER (29.6%)
I.ITferent
b i - LAAT O MasipTRL B e 1 ERBY H Rl 204°c
foé 6 drsGaittpeactdt presdxasm keI 05psan D@ingiba z@h@eaeaqura@mmrature
15 and ﬂ‘rgssure were controlled at 204°C and 300 psig, respectively, with WHSV of 4.
The feed or product sample was analyzed by GC equipped with a capillary -
column (DB-1 60m, 0.25 mm ID) with a flame detector. The test results are set forth

below in Table 3.
20 Table 3
Test results of different zeolite beta in transalkylation reaction
Example 7 Comp. Example 8
High performance beta Conventional beta I
Total DEB Convention (%) 36.5 11.9
Ethylbenzene in Product 247 7.6
(wt%)



propyl ene to form cunene was perfornmed according to

the nmet hod descri bed above. In Exanple 4 the catal yst
wobomkleoissivent i on "hi gh performance beta" was popUsyeso41354

in the alkylation process. In Conparative Exanples 5

and 6, conventional zeolite beta and conventiona

| Y, . T ble 2 '
£} e 5 PO e RS Bef R Bt
incamnioans inmok mobesigpedndthare cdnivertional Betapmbett actovity and EB yield.
Hgg%ﬁnﬁlce %@81% %gttasfs thPéte}né%%ﬁérQ I t?laﬁ Q@Je}lﬁ‘orﬁ? L& litSbeta.

an conventi onal a an Yo oI e
act | While Haerabeuo HpscapHon Gof41Ba Mo mecnf@y thessspeRkégsshould not be

co?lk'l‘f’l!ikdaa% 1RhBitRAd oﬂh@%weﬁﬁ&l %h! ©Bielyad eBIplifiBatink ohbl@fbrred

performance zeglite an conventi onal ol
erbeamenip syt oAt SHGOAR UGN DR ot ot S embodiments
withiR\(eédop ahd et ofithe Mvemtidnhuselefihédeys thewiams hpypentléehereto.
beta catal ysts. Therefore, zeolite Y is nuch |ess

sel ective than zeolite beta to the desired product of
nono- al kyl ated benzene (cunene). Table 2 Test results

of different zeolite catalysts in benzene al kyl ation

wi th propyl ene Exanple 4 Conp. Exanple 5 Conp. Exanple
6 H gh performance beta Conventional beta Conventi onal
Y Activity 1.97 1.16 (cnB C37s-g) Key By-products*
n-PB (ppm) 276 298 224 DIPB (wt% 0.45 0.53 1.63 *

n- PB = n- Propyl benzene, DIPB = D -isopropyl benzene
Exanpl e 7 and Conparative Exanple 8 In Exanple 7 and
Conparati ve Exanpl e 8 pol yal kyl ated aromati ¢ conpounds
were transal kyl ated with benzene to produce the

nonoal kyl at ed conpound. Testing was carried out in the
fixed bed reactor in Iiquid phase, up-flow node. 30
Grans of catalyst were |loaded in a 7/8" ED SS tube
reactor in "as is" extrudate form The feed is a

m xture of benzene (Bz) and di-ethyl benzene (DEB) wth
a nolar ratio of Bz/DEB of 2.3. The
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DEB was a mi xture of different isonmers, including
1,3-DEB (64.4 %, 1,4-DEB (29.6% and 1,2-DEB (4.1%.

wadb@eoatiss yst was washed prior to the test by boOL/US2005/041354

benzene at 204 OC for 6 hours with reactor pressure
set at 300 psig. During the test the reactor

- WEEAP S at WISV GS:pr essure were controlled at 204C and

300 pSig, respectively, with WHSV of 4. The feed or

pr od qU| pped with a

caplrl ary gﬁ# a%%@ﬂ?k%é&dcog% ID) with a flane

det eginfcting e atodsdticrcenipbiusd @itk asketstone alkylzaeihgwgetm in the

Table 3. Table 3 Test results of different .zeol dit;
Prsgange pha peolite Btk 11 SIGR ateagtipn gon kgt I%Fﬁﬁmon conditions

beddid Beth possesses a

o gL B BN S i B QA e etd
raRo of sieang2atid siesve@lnnedlisites greateetanfir om t he resul ts

above that the high performance zeolite beta of the

invention is nmuch nore superior than conventional beta

i n bot thagidc¥dstof cRit 16Eheréikikh arbinghic @@ﬁ}ﬁ(ﬁfnﬂﬁ@&ﬁected from the
zeolite beta is three tinmes nore active tha

group vensisting Aif berasne.tadkybatedbenzpng, aaphibalansangd aéi@é%‘?‘i‘ pnhgpplene.
contai ns many specifics, these specifics should not be
construed as |imtations of the invention, but nerely
as exerm protesabf clmisn Divhpreaf teratic/laingagenmrenpristseat éait one
Those skilled in the an wi |l envision many ot her
cosppyard e thegrewn of Gata é’é?ﬁé‘sand spirit of the
i nvention as defined by the clains appended
hereto. WHAT IS CLAIMED I'S: 1. An aromatic al kyl ati on
pr oc4sEheomogess of clgim t erierei thegllytatigagentiis ebylepound
with at | east one al kylating agent in the presence of
a zeolite beta catalyst in a reaction zone under
al kyk afﬁeogfoés&@ef £19fn TR OR%IERatigQigkhids propkdect
containing at | east one al kyl ate, wherein said zeolite
bet a possesses a ratio of strong acid sites/weak acid

oner B Fhchace BRERE! ofrshl s "QAERE Bncf Phlivine,

group consi sting of benzene, alkyl ated benzene

napht hal ene and al kyl at ed napht hal ene. E‘I&" grggcess
of clallg proggss Pé?lﬁm@ hevheraiy Fhétqnﬂ’daté{wmd%
| east one

8. The process of claim 1 wherein the alkylating agent is an n-Cy to n-Cy4 olefin.

9. The process of claim 1 wherein the contents of the aromatic compound and

alkylating agent are in the gas phase.

10. The process of claim 1 wherein the contents of the aromatic compound and

alkylating agent are in the liquid phase.

11. The process of claim 1 wherein the contents of the aromatic compound and

alkylating agent are in the mixed gas-liquid phases.

11
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compound fromthe group of C2 to C6 olefins. 4. The
process of claim1 wherein the al kylating agent is
wetbdugloenss 5. The process of claim 1l wherein ther/Uus2005/041354
al kyl ati ng agent is propylene. 6. The process of claim
1 wherein the alkylating agent is a butylene. 7. The
process of claim1 wherein the al kylating agent is
n- hexene. 8. The process of claim1 wherein the
al kylZatlhe gm&Q@rﬁf Cfaémaln vihersin the appnggticogimopnd & beppene, the
oI R e s B e e A S B a ety lone
mphasgio ofQ.to The process of claim 1l wherein the contents
of the aromatic conpound and al kyl ating agent are in
the liquid phase. 11. The process of claim1l wherein
the CONfIRYScAS of d8inRl Wik the QBHIRL BEtaBAsla %tiﬁyétasttﬂoﬁg acid to
agent are in the mxed gas-liquid phases. 12,
weakorcabsitesbf atiledstnl 2, wherein the aromatic conpound i's
benzene, the al kylating agent is ethylene and the
al kylation is carried out with a benzene/ et hyl ene
ol ar4. I'pid fro&ss f ¢18inP1 whireir the ZB6106 B6ta has a edtiy ¢¥ strong acid to
wherein the zeolite beta has a ratio of strong acid to
wegkaacidgited of pttleast - at | east 1.2. 14. -The process of
claim 1l wherein the zeolite beta has a ratio of strong
acid to weak acid sites of at least 1.4. 15. The
pr OCES STIaf protess of dlainh & médiereint the zzelitk bbta hae b aathvasf strong acid to
rati o of strong acid to weak acid sites of at |east
waakgpacid gtes phat lsihddss of claim 1 wherein the zeolite
beta has a pore volune greater than 0.7 cn8/g. 17. The
process of claim1l wherein the at | east one al kyl ating
ag e n16 c’Dlmpprbsmss oficlainx & ovhotedi the zsolite drtaden  abre veduae greater
8 tavo ol efins selected fromthe group consisting
t‘}ﬂ/(gene propyl ene, butene, 2-butene and
|sobutylene and the process further includes a
fractionation step for separating m xed_ al kyl ated
pr odUt Bhe pracesyhEclpin ¢ adwrean thejag q%tpwkmatwgt%ém comprises a

oS 0858 SR PRGNS ok SDBEin o
ethylene, pbspyllendObnsiey 2 tbatene and isobutylene, and the process further includes a

fractionation step for separating mixed alkylated products.

18. The process of claim 1 wherein the alkylation reaction conditions include a
temperature of from about 100°C, to about 300°C, a pressure of from about 30 psig to
about 600 psig, and a weight hourly space velocity of from about 0.5 to about 10.

19. A transalkylation process which comprises:

contacting a polyalkylated benzene with benzene in the presence of a zeolite beta
catalyst in a reaction zone under transalkylation reaction conditions to provide a product
containing a monoalkylated benzene wherein the zeolite beta catalyst has a ratio of strong

acid sites to weak acid sites greater than 1.0.
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about 600 psig, and a weight hourly space velocity of
fromabout 0.5 to about 10. 19. A transal kyl ati on

w@e@emsEsvhi ch conpri ses: contacting a pol yal kpdBUSDN0S5/041354
benzene with benzene in the presence of a zeolite beta
catal yst in a reaction zone under transal kyl ati on
reaction conditions to provide a product containing a
nmonoal kyl at ed benzene wherein. th eolite beta )
Cat e sThererssalky ALOTOPToPESs OF BALD AL PSS (e reastinp aRneisiadined
ite reater than 1.0.20. The transal kyl ati on process

bé%é%i%?n119 wherein the reaction zone is a fixed bed
reactor. 2 1. The transal kyl ati on process of claim 19

o 62k CHSUMBRISLRES] BRCTs ShEaTS 1 L B reL A e benzene
cogxgﬁ{s%l)&e&%ﬁ&@ co{/n?bﬁﬁd‘%'lé%?eﬂzﬁﬂl@ t}ﬁzrgqo?;?édlﬁ%ﬁhg bbeR#sRnzene,

e transal kyl'ati on process of claim19 wherein
trietiy lhpatenalaki tataethybenzewe conpri ses one or nore
conmpound sel ected fromthe group consisting of
di i sopropyl benzene, tri-isopropyl benzene and

t et r g i BIRPERARNKPRASE PRCcesd DS clhhie 10 fndidsaih ke pllyabiylated benzene
process of claim 19 wherein the phenyl to, al kyl nolar

I

canagirises pre Grimaene compornsbepiectay. from thegiaumeensistias ‘\éf del ai m
. 19 rein the j t K ' trong acid
IS?WO&EW%?’&“'SI?@E%}@C%% %I agggﬁllgﬁ%se%gépr ocess of

claim 19 wherein the zeolite beta has a ratio of

strong acid to weak acid sites t l.east .1.4. 28.

The B0 ReswangplkylalpRPregesiiod Fah q% H@%ﬁﬁﬁ@%‘ﬁg g mplar
raiiggé ﬂggfl L6909 AC d to weak acid sites of at |east

he process of claim 19 wherein the zeolite
beta has a pore volune greater thanh 0.7 cnrVg. 28. The

f cl ai 0. wh in.the t | ' )
P oot oHRRE PhReT A Mgt BE Zh P Rt hgS BH bt srong acid o
wehomtid 4RQEat festalput 3000C , a pressure of from about

150 psig to about 600 psig, and a space velocity of
fromabout 1.0 to 10 WHSV.

25. The process of claim 19 wherein the zeolite beta has a ratio of strong acid to

weak acid sites of at least 1.4,

26. The process of claim 19 wherein the zeolite beta has a ratio of strong acid to

weak acid sites of at least 1.6.

27. The process of claim 19 wherein the zeolite beta has a pore volume greater

than 0.7 cm’/g.
28. The process of claim 20 wherein the transalkylation reaction conditions

include a temperature of from about 150°C. to about 300°C., a pressure of from about 150

psig to about 600 psig, and a space velocity of from about 1.0 to 10 WHSV.
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