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CATALYST AND PROCESS FOR THE PREPARATI ON OF ALKYLATED
ARO MATI C HYDROCARBONS The present invention rel ates
WO 0008/002805 zeol it e having a beta-type crystall i PET/EP2005/006704
structure, characterized by a par ticular distribution
of the typology of the acid sites . This new zeolite
is useful in preparation processes of al kylated
aromati ¢ hydrocarbons through the al kyl ati on and/ or
transal kyl ati on of aromati c conpounds. Xn particul ar,
it is useful in the alkylation of benzene with
propyl ene or eth ylene and in the transal kyl ati on of
benzene w th polyi sopropyl benzenes or
pol yet hyl benzenes to give cunene and et hyl benzene,
respectively. The preparation nmethod of the new
zeolite is also object of the present invention. The
use of beta zeolite as an al kylation and transal
kyl ati on catal yst of aromatic substrates, has been
known for sone tinme. Optimal results in terns of
cﬁ%ﬁ%&' AP RrdEe 1% hﬁ-‘(}«f Pﬁﬂh}&?f?é&\’ﬂec?? {ABEYLATED ARO-
examnpl e, S0 et hy
S

I'n the synt hesi cunene an enzene,
i.ng [ Vi ng betatype structures, a
M%&&%rﬁéggOF%§%BR%32,814, and in particul ar using
catal ysts containin eta zealites according to at .
o GubE: Preasrh BB 00 Hree £ gayigtszeol 1R naving

I ndustrial processes, for the production of cunene, and
o A B8 Ee 1R e GTF 20T 1T oF oY RSP RS RORNEY | § PaT-
characterized by the presence of an alkylation section
tigqud aghi st RED Wk - SifkyFhe edypréaget ?5 Sbeai eyl sites.
together with 4
This new zeolite is useful in preparation processes of al-

kylated aromatic hydrocarbons through the alkylation and/or
transalkylation of aromatic compounds. In particular, it is
useful in the alkylation of benzene with propylene or eth-
ylene and in the transalkylation of benzene with polyiso-
propylbenzenes or polyethylbenzenes to give cumene and
ethyl benzene, respectively. The preparation method of the
new zeolite is also object of the present invention..

The use of beta zeolite as an alkylation and transal-
kylation catalyst of aromatic substrates, has been known
for some time. Optimal results in terms of industrial ap-
plication have been obtained, for example, in the synthesis
of cumene and ethyl benzene, using =zeolites having beta-

type structures, as described in EP 432,814, and in par-
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a certain fraction of polyal kyl ated by-products and
inpuri ties - as well as by the presence of a

WO ca@a®edsky | ati on sec tion wherein the pol yal kyPet/gB2005/006704

by- products are recovered to re-produce the nono
-al kyl ated product and inpurities. The selectivity to
throndaal kygiateedgraddisdts icontheiralky bataonestédtieen according
whi ch nust be as high as possible in order to have a
tbowhbradki desefipeldydhkglPated, ppodaats ihoEbe 81g , 802.
covered in the subsequent transal kyl ation section -

has anKegtikobe igrddesespriegessns,ptegedthesn WoFh cdimene and
| ow. production of inpurities, in particular those

ek FRAT beneeneh 0se d30idn ReoPaitBt ch8al kY sClese dandhaty char-
of the nono-al kyl ated product, such as n-propyl

abeazaned iw{t ReCaSEinddieopr QRUCL1 RP1QEISHMBNG L Q/n - in
xyl enes in the case of the production of ethyl

WPERECNTe FRAMON OB 1k dhd QL OO BDLOthe rogerher with

I mpurities such as ol 1 gorer butyl benzenes,

a0RZeNe3 1.l Ne oot %lgj,‘éqg(?g 89%8125 N8%ls e NANGS iignpuri—

t he case of ‘ethyl benZen nTinportant ro

i.n the_in tri_al .production of c ne.and et-hyl .

e BB AT SR S P RtsRr s BT B AR B M Ao sec-
a betatype crystalline. structure and .particul ar

td PR R 0 GSPAY L b EPa s o et gy Gecovered to
hi gher. selectivity t no- .al kyl.ated product as well

res B A0 TS MR O P PEPELCtRard ATmyid A
described for the first tinme in U S patent 3,308, 069

and R&ES BFd SCEHIVGNYn§ogBRErapLkiéares product in the alky-

lation section - which must be as high as possible in order
to have a low fraction of polyalkylated products to be re-
covered in the subsequent transalkylation section - has a
key role in these processes, together with a low production
of impurities, in particular those impurities whose boiling
point is very close to that of the mono-alkylated product,
such as n-propyl benzene, in the case of the production of
cumene, or Xylenes in the case of the production of ethyl
benzene.

Reduction in the formation of other impurities such as
oligomers, butyl benzenes, pentyl benzenes in the case of
cumene or diphenyl ethanes in the case  of ethyl benzene,
also has an important role in the industrial production of

cumene and ethyl benzene.
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conposition: (x/n) M(1 .0 -x ) TEA AlQRySi Q2w H20 (1)
wherein y ranges fromb5 to 100, wis |lower than or

weowalooses 4 , Mis a metal ion, such as, for eREIPP®)5/006704

sodium n is the valence of the netal ion M, may have

a value ranging fromO to 1, TEA is a tetraethyl

anmoii wew ceollittd sndkinemielt s theemefalind pnheamnnge a beta-
renoved fromthe zeolite through i on exchange, for
tepanpdeysd 4 1 amnoat vocourer anel ddwet zadldr eacidiitys charac-
so-called acid form is obtained foll ow ng subsequent
tealigitnatd, oncaghiel gr eseneehobvahgf er et gkendsselecacidity to
sites in beta zeolites, classified as Brnsted sites

P16 81ates) it agd dysit ess Wi TBywEANEBEmation of im-
classified as Lewis sites (nonprotic sites) is

Aesifided, for exanple, in Zeolites, 1990, 10, 304, V
L . Zhol obenko et al . and in J . Catal ., 1998,

180, 234, RohiKinkel efegl-fhea 258 aye! FLative @ in U s,

quantitative determnation of the Brnsted and Lew s

paact:ieq1.t5i §e§0996696 rih% Qt%?t %‘ili%'azii%] ;2% feral chemical

spectrostopy, with the hel p of probe-no es, anong
<%/\A?ril cohsig:yir ind_i ne is the nost widely used, as descri bed,
or exan‘pq e, by CA. Eneis in Journal of Catalysis,

nat ur e ( B RUELH oD b e Al *des @2 Feeh n ()

colLes, L generaloand. 1 pert ol 3 N BRLE or couat o
4, M is a metal ion, such as, for example, sodium, n is the
valence of the metal ion M, x may have a value ranging from
0 to 1, TEA is a tetraethyl ammonium ion.

It is known that the metal ion can be removed.from the
zeolite through ion exchange, fbr example with ammonium ni-
trate. The zeolite, in its so-called acid form, is obtained
following subsequent calcination.

The presence of different kinds of acid sites in beta
zeolites, classified as Brensted sites (protic éites) and
of acid sites which can be classified as Lewis sites (non-
protic sites) is described, for example, in Zeolites, 1990,
10, 304, V. L. Zholobenko et al. and in J. Catal., 1998,
180, 234, P.J. Kunkeler et al.

The qualitative and quantitative determination of the

Brensted and Lewis acid sites can be carried out through
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operations effected on the zeolite material, con
sisting of ion exchange treatnent, vapour treatnent,

wo p@ano2soirent with acids or thernmal treat nent. PdhEB®05/006704

treatnments are generally directed at dismantling the
structure of -the alum num present in the crystalline
ilrefirtareel ofpediercectpye andlr etlad | dedpi ngf | pprialbe-molecules,
extral attice positions or renoving said al um num from
drfeiz edliiche pyiridricder itso tolt aost fddedyanpld, zeolddsesribed,
with a high Si/A ratio. De-alum numating treat nent
fnescidanglac! pepresenEmeie on theusmmin efdcemallysis, 1993,
wi del y-used types of post -synthesis treatnment in

zepl idses, in order to enhance the catalytic

performances. In Zeolites 1990, 10, 304, V.. L

Zhol ghenko 18lo@l thae S6ET BBapOSty- 848t R8SLSe (Bronsted or
de-al um numati ng treatnent "using va pour, as a result -

L@wi%i chr the Ca?é:?ﬁ %%E‘Eegmﬂn\’i%é{o?{t@é‘ HZSM e 9o 220! iaﬁ'ﬁ, in

in the cracking o exane, proves to be considerably

%—,[Wioq{ﬁ}darﬁhlﬁ baprovensnt, i h the perfarm eia&oﬂg Moost -

zeol1'te 'my derive tromthe presence o ewi e ac

sites, .presu l.y._due h tra-st yral I um _

St SRS G T B R g 8 con

treatnent_with vapour. |.n other .cases, thﬁgfrgfence of
Tthedi$

TR FRAT G & SteF BBt ERA ment, ‘treat-
treatnents, such as .those descri bed above, can, on the
BRMer? d'z}ckif%\% P He g 3 dependi ng on t he

specific chemcal reaction in which _, , ,
These treatments are generally directed at dismantling

the structure of the aluminum present in the cryétalline
lattice of the zeolite and re-allocating it in extra-
lattice positions or removing said aiuminum from the zeo-
lite in order to obtain, for example, zeolites with a high
gi/Al ratio.

De-aluminumating treatment does in fact represent one
of the main and most widely-used types of post-synthesis
treatment in zeolitesg, 1in order to enhance the catalytic
performances.

In Zeolites 19290, 10, 304, V. L. Zholobenko et al. de-
gscribe post-synthesis de-aluminumating treatment using wva-
pour, as a result of which, the catalytic activity of an
HZSM-5 zeolite in the cracking of n-hexane, proves to be

congiderably improved. This improvement in the performances
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the catalyst is used. In the case of beta zeolite, for
exanpl e, the presence of Lewis sites is negative in

W0 b@ooexsed yt i ¢ performances in the isonerizati BOT/EP2005/006704
reacti on of n-butane, as described in Appl. Catal. A,
1999, 185, 123, Baburek J . et al . De-al um numating

oposizsvsyt hesl stér eatyneddrfd ecirech athd hprbetaceeobft Rewis
is described, for exanple, in US 5,310,534, wherein

a¢he betaszepkbbamdbed HEei Boatheneatesngdrhiectmirandaluminum
still contains the organic conpounds de riving from

ptb@us¥At NBsi the aRE fals0 én EReOGROOZA ARt Ade theb@ment
zeolite is, on the contrary, in the calcined form

wit: vdb&&@ FenmAgRyl vedsof, tﬂﬁeow%%&éh&y QWE¥M1S acid
com ng fromthe synthesis. J'. Catal., 1998, 180, 234

sftes gené%ﬁ%@heﬁ ehodl - nﬁﬁésgéagPégthﬁEEr'Q%%haas those
post -synt esl s eatnen¥ through cal cination under
di tj_ans, ect t _
dggg}ﬁgg w%%%h ttL:cgl\?lvl soélqclgcli’l sff%s shﬁgi(ljIJ ?4“% 98 Be ?lega
capabl.e_of enhanC| t he cat ti.c pr rties, ofthe
cE e sEsRre R e, B A e AP LSS POh S0 winicn
g yre & @ for tha reduction of ketones. A beta
of PEELYECddSEcHPE8d in U S 5, 116, 794, prepared by

means of _a series OL convenglonal i on- exchi ge,

cal ciRatP6ncafg a&t PFERI GROLEESr mERE ﬁfiaﬁp 8rrp§|h§t & sence
rangi ng from 625 to 675C, foll ow ng whic an increase
oﬁnLﬁWéSa@EF@ﬁtﬁslﬁesﬁélaﬁaé%lﬁ&ereaéﬁﬂaﬁlsfpﬁnﬁﬂﬁmﬁpces in

I's obtained. , _ '
the isomerization =reaction of n-butane, as described in

Appl. Catal. A, 1999, 185, 123, Baburek J. et al.

De-aluminumating post-synthesis treatment effected on
the beta =zeolite is described, for example, in US
5,310,534, wherein the beta zeolite wused 'is in a non-
calcined form and still contains the organic compounds de-
riviné from the synthesisg, and also in EP 0690024 wherein
the beta zeolite is, on the contrary, in the calcined form,
i.e. in the form deprived of the organic compounds coming
from the synthesis.

J. Catal., 1998, 180, 234 P. J. Kunkeler et al., for
example, describes a posﬁ—synthesis treatment through cal-
cination under controlled conditions, effected on beta zeo-
lite, as a result of which Lewilis acid sites should be

formed, capable of enhancing the catalytic properties of
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The Applicant has now found that, in the absence of
any post-synthesis treatnent, it is possible to

W@ wbloesize beta zeolites characterized by parpPCTEPEN5/006704
di stributions of the acid site typol ogy on the
surface, which allow enhanced catal ytic performances

the betebtzedsieikd nihhehpr eparatiiion Peocessrsrofindorf-Verley
al kyl ated aromati c conpounds through the al kyl ati on

réfdt oont fansahkyratibopiol ofriosednes conpounds. A first
obj ect of the present invention therefore re lates to
a betapgesl izke16har agt aeiszedbleyl ardits rs puté ono Hf bb@pared
Lewis acid sites (non-protic acid sites) and of th

frﬂééﬁg aeid §ék§és(950ébﬁv@§tﬂoﬁa1eﬁancekaﬁéﬁggdl891c1na-
o a molar ratio [Lewis sites] / Brnsted siteS] equal

tiﬂnoéna'QQ€FVBE§8n1t§eagH§n@Dé@r r@éhﬁeé&ﬁ@fé' ﬁ§ % from

e crystalline lattice of the zeolites of t

659V?8t%9@°%anf6iﬁé ggﬁ,% e %ﬂ“ﬁhéﬁe#&%b. 3Qhe act1v1ty

preferabl’y from content o +i0ns Is

i{zgs{-lgre%xkg@&’egegae? 209 ppry @‘yaﬁgl Qto%\,c%¥négspect

e werg Z€o enn saC| orm obtairned
after, cal.cinat| on. The qualitati ve guan ati,ve
dete ]fln n&EE rolr%cé—]fn s SBr%%‘feg EHQ s’ aHldttg]Iet Ps@Ree of
e.materi als, ohject of th r esent

amﬁv Eﬁts oﬁ’ynttﬁ?ne&ﬁh LERPERRBE / s flc o RUFRL Rk ® hte hEYﬂEIhESlze

f I I d b d b
behel St LF6 ARG CCRAreY B QAT saystributions of

the acid site typology on the surface, which allow enhanced
catalytic performances to be obtained in the preparation
processes of alkylated aromatic compounds through the alky-
lation and/or transalkylation of.aromatic compoundsi

A first object of the present invention therefore re-
lates to a beta zeolite characterized by a distribution of
the Lewis acid sites (non-protic acid sites) and of the
Brensted acid sites (protic acid sites) corresponding to a
molar ratio [Lewis sites]/[ Brensted sites] equal to or
higher tﬁan 1.5.

The molar ratio S10,/Al,0; in the crystalline lattice
of the zeolites of the present invention can wvary within
the range of 10 to 30, preferably from 10 to 25.

The content of Na* ions is preferably lower than 200

ppm by weight with respect to the weight of zeolite in its
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The particular distribution characteristics of the
Lewis and Brnsted acid sites of the material of the
wEe@s®omsoi nventi on, create the best perfor nancecT/@P1005/006704
the material in the alkylation and transal kyl ati on
reactions of aromatic compounds. In particular, this
aciglt épiral obregdeidn afteparcalcivatieacti ons of al kyl at ed
aromati ¢ hydrocarbons, allows a higher selectivity to
be Gheaicued itt@tnoro aral kybattetk prodectietarmedatcedn of the
producti on of non- recoverabl e pol yal kyl at ed
Brayrepedduaids, Lewledacetd prheductiegn eoffertidd cah the materi-
by-products, as well as a reduced deactivation rate of
altshe epfabystofuats pheskarminhosnolionpkehtsudgihe infrared
particul ar case of .the industrial synthesis of cunene
spdcRitdseoh qmmnw@e heng RIopyY-eieiné hesnewrohidiecule,
mat eri al, object of the present invention, is capable
asofg&ausi gy apl,owemn foff@td o, ofyopy! efe ekigepsis tidos,
which the role of precursors is generally attributed
141n the for mation of heavy organi c products, called
coke, mhlch |n turn, are responsible for the

d t ,
i %E%EZ s h%‘%é%ae@fcu\??%?ﬁcs oPE the
L1 250 4 ee gLioblest of Lhe g 361! DT e
arren a al n| ng anot her ex
AT, U5 O S RS T oo

:Lrbéﬂ'teg%]ﬁyﬁat Zene I ;. tréq};(h oy m;‘qlg%r}}(tl%% lqﬁ?npgromatlc

benzene and propylene is in ,
compounds. In particular, this material, used in prepara-

tion reactions of alkylated aromatic hydrocarbons, allows a
higher selectivity to be obtained to mono-alkylated prod-
uct, a reduced production of mnon-recoverable polyalkylated
by-products, a reduced production of critical by-products,
as well as a reduced deactivation rate of the catalyst due
to the formation of coke.

In the particular case of the industrial synthesis of
cumene starting from benzene and propylene, the new zeolite
material, object of the present invention, is capable of
causing a lower formation of propylene oligomers to which
the role of precursors is generally attributed in the for-
mation of heavy organic products, called coke, which, in

turn, are responsible for the deactivation of the solid
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fact normally favoured by an increase in the reaction
tem perature, whereas the formation of propyl ene

Ww@bkiogomsns, on the contrary, is favoured by a PETERPHS®006704

in tenperature. Wth the use of the zeolite materi al
of the present inven tion, it is possible to carry out

ddiel reactlivt Atandwet gerpeiaty F WMddioide catalysts. This
j eopardi zing the duration of the cata |yst, due to the

peduced-ifor net | @Re0kepll 0P¥| RBLPLLDONMBES ecW UF tR present

advant age of a consequent |ower formation of n -

e i dienzene. fuddgng@oll t enmafiid 3l i f E.H%tlﬁé%se&gtremely

invention is pre pared by neans of a suitable process

\ . Y e ) e
%%‘cé}% erLEisNgs the R4 U&Ea@@ug{ai %gggrﬂaécsﬁgé ahf cumene,

rati o between the Lew s and Brns sites.

Adurs hegsgbieeh af, the. | AYeRt of, Lher 800 e el ALAS i ene

a process for the preparation o a zeo
c ri lar _rati t n.the quantity of _
S PR T Re PR, ohobLBr Pl BRokigha B gl Rlmcne

hjghef t han 1.5w:Uw§.E%a%ent %’308h069 d scribef a . .

Preplr at O Br ot 2T = 2Yur 981 PhBEG Se gt ePTOPYene, 18 1n
ubst ant i onsi sti_ng of a, hydrothernmal synthesis

FIPE Pty ERTDTDRony 28t AP RGEFT O £ Gron tem-

m xture containing silicon and al um num sources_

RYGREHS  WERFERE FBRpIFarMAbiagent PePYERE Aamanf, on

hydroxide (TEACH) in the follow ng nolar ratios : .

1% OPPREFAREY208) 8 r £RGTIONGSEr ol 16 tdpP0TRSe in temperature.

With the use of the zeolite material of the present inven-
tion, it is possible to carry out the reaction at lower
temperatures without jeopardizing the duration of the cata-
lyst, due to the reducéd formation of propylene oligomers,
with the advantage of a consequent lower formation of n-
propyl benzene.

The zeolite material of the present invention is pre-
pared by means of a suitable process which determines the
production of the particular molar ratio between the Lewis
and Brensted acid sites.

A further object of the invention therefore relates to
a process for the preparation of beta zeolite characterized
by a molar ratio between the quantity of Lewis-type and
Brensted-type acid sites equal to or higher than 1.5.

U.8. patent 3,308,069 describes a preparation proce-
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[TEACH] / [SiO2] ranging fromO0.1 to 1.0 [H 20]/
[ TEAOH] ranging from20 to 75 [Na20 ] / [ TEACH]

wo avgiomgod rom 0 .0 to 0 .1 . Said reagent m xXtPCEEPR05/006704

mai ntai ned at a tenperature ranging from75 to 200 0C

, until the crystalline product of formula (I) is

doktai ¢ied beltla hasobowebeaubsiur il ngl yoheded itdat oft a  hy-
is possible to pre-determne the acidity _

debanaghali sdyoshedid henneder halieand idnpardmmethal R rting
mol ar ratio between the Lewis and the Brnsted acid
FebieSa reBotlib® [hewtsrsi sl diliBinsteli sbhesdnd atd1@minum
by suitably selecting the conposition of the reagent

sBLXtULe bgebBesublieat edet chpdLet NEr BBt tetraethyl ammo-
crystallization. According to the preSent invention,

nti b6 BehRo2¢akl {(eEARES %}ﬁnm@sEéﬁ%wngnme%%%%tio.s:

environnent starting from reagent m xtures consi sting

[gﬁpzfgig#?%%l]u%ﬁg&gﬁa@goal E@ E u%al koxi des or, as an

to a num al koxi des, "al um num i nor gani c
) al um u a sjlica source
@%H%%t] éﬁ%};;@a %%#%ﬁ%a#&g% (l?'cr:g,t?e 'r%- al kyl silicates
s.silica, _.and with tetra-ethyl ammoni um
@&Zﬁ%’gggg Y%ﬁ%fﬁgiﬁﬁoﬁg&tt‘? i%e reagent m xtures
containing the aboye c ounds are characterized by
[NﬁeO?é{fT%fg\%E FOPGEngat FOR: 01 & €2]9 Al 208] = 10 -
30, preferably 10 - 2 5 [TEACH /[ [SiQ2] = 0.10 - ‘
0. 35’Saﬁplef;téqfaé&ﬁ13}: 0?“1§t11r9,1§{§3 maintaine at a temperature

ranging from 75 to 200°C, until the crystalline product of
formula (I) is obtained.

It has now been surprisingl§ found that it is possible
to pre-determine the acidity characteristics of the mate-
rial and in particular the molar ratio between the Lewis
and the Bronsted acid gites, i.e. the [Lewis

sites]/ [Brensted sites] ratio, by suitably selecting the

composition of the reagent mixture to be subjected to hy-

drothermal crystallization.

According to the present invention, the beta zeolites
are synthesized in an agueous environment starting from
reagent mixtures consisting of sodium aluminate and alumi-
num alkoxides or, as an alternative to aluminum alkoxides,
aluminum inorganic galts, as aluminum source, and a silica

source selected from colloidal silica, tetra-alkyl gili-
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[H20] /[SiO2] =7 - 20, preferably 8 - 15 [Na20 ]/

[ TEACH] higher than 0.1. For the purposes of the
w@r@smmsos nvention, in addition to the paranmet PBE€HEP2005/006704

descri bed above, the strict control of the [Na] / [Al]

nmolar ratio, in the synthesis m xture, which nust be
chicgleraridhamdrifowndst dwes , t baw IvitH stoeeessanyl BRin®nium

paraneter, as shown in the exanpl es provi ded hereaf

hiy8froxt slePakt E@Mb@él:k{n?r eteaal. for the success of the
synthesis of beta zeolite, object of the present.

i nVe'i"hieor!feagéHnt[ Nal xtul-8k] dor @ datd 9§hé°%o$‘$‘,a'&ogﬁpounds

equal to 0.68, in fact, beta zeolite is not obtained,

t ; PREUS £ o ystal Liune,
2Rl ohRlaet o2 BR byPRAS conlSleag Ro18EYELaILEDS,

Bushey Ahgnor equdly Lo, 0radopbhyoiystabli zed beta

zeol'ite 15 0Obtai ne but character however by
r al ues, bet wee e | nsted Aci
@%@%Mﬁ%&@%yl hor0 e 0 300 hE S ARy IE%{/I PErT, 8ot
sel.ected fro et ramet hyl.-, tetraethyl-, or
@2@12@%@% ST SRy 4 A
ef er ab| urmg pum i sopropyl ate or ter-butyl ate .
[gfﬁégg(i:#%%ﬁj sgll]“téjlﬂﬁﬁ B]Saﬁl %nfnum nitrate or sul phate.
The crystallization of the zeolite fromthe reagent L
mi xt GP& C8ecRIFPRESSuLTURdS PREERBENFIRPCEBRdi titoRgdition

at tenperatures ranging from 150 to 190 0C ,

tor F1e? aBPyaFPBAT 65RO EboYer Ahperstadidt eprerol of

rang n% from10 to 240
the [Na]/[Al] molar ratio, in the synthesis mixture, which

must be higher than 0,68 and lower than 1, is necessary.
This parameter, as shown in the examples provided hereaf-
ter, is particulafly critical for the success of the syn-
thesis of beta zeolite, object of the present invention.
For [Nal/[Al] molar ratios lower than or equal to 0.68, in
fact, beta zeolite i1g not obtained, but rather an amor-
phous, instead of crystalline, end-product, whereas for
[Na] /[Al] molar ratios higher than or equal to 1.00, a
well-crystallized beta zeolite is obtained, but character-
ized however by molar ratio values between the Lewis and
Brensted acid sites always lower than 1.5.

The tetra alkyl-silicate can be selected from tetrame-

thyl-, tetraethyl-, or tetrapropyl-silicate.

The aluminum alkoxide is preferably aluminum isopro-

- 10 =~
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hours, preferably from 18 to 150 hours. The suspension
or slurry thus obtained is filtered. The suspensi on
wobiocaiomsas at t he end of the crystallizati on caPChEP2005/006704
optionally acidified before filtering, for exanple
with acetic acid, hydrochloric acid, nitric acid,
pyDite ConcCt&r-propie c acid or oxalic acid, until a pH
ranging from3 to 6 is reached, and subsequently

di | utiesl A G b 2l Gark abd 0wt @lim aghideh vl segulphate.
(slurry volunme) ranging from1l to 10. The solid

prodpied Eesukting AhE9Rnt her f ther aldan des gdisRensRd reagent
again in water and is subjected to an ion ex change

m%}?t?@fg?ﬁqs agcot disng o ltlﬂae%noz\%f&amrﬁw orddi& ions at

Wi an ammoni um salt, for ‘exanpl e anmoni um

t%ﬁi@?&@uxég Pg%gélﬁgt g:t_eorﬁeﬂu) £=5) ?9 ?ﬂgpg%}:’éﬂferablyt ﬁrom 165

yl ammoni um the end o eration, e

c§Ongb Ao (8P Al nedyiaal e eufd, BLAShS! Bon 10, <o 240

enper at’ur € T angi rom for a perio

of time_ranging. from®8.to_16 rs.and is then
h%%f%in%ﬁe?ﬁgﬁggya%ramt%%p%?a%%?gh?%ﬁ%ing from450 to

650 0C for a period of 4.to 8 urs. Tpe.be a zeoIL&% d

ChusT BBt ARBE TS 0T / BT <89 eGP AL PRfnst B i1 tered.

sites] nolar ra _tio higher than or_equal to 1.5, 1Ee ,
Thet §UFR6IFELES HiH a%fcoFB?n&nfﬂo.Oaft Hel$r 6EEgGRe LgFation

the present invention, also prove to consist of
C§Bbﬁ%ﬂQﬂﬁ%P%&ﬁﬂbn@?b@égl%ﬁ'g?§§F§HﬁH¥§$%W%®e for example

di nensi ons are generally | ower than 300 A, preferab%y
whihi mgeitid easidoodsydrochloric acid, nitric acid, formic

acid, propionic acid or oxalic acid, until a pH ranging
from 3 to 6 1s reached, and subsequently diluted with water
in a ratio (water added volume)/(slurry volume) ranging
from 1 tolld.

The solid product resulting from the filtration is
dispersed again in water and is subjected to an ion ex-
change ‘;reatment, according to the known technique of the
art, Witl;l an ammonium salt, for example ammonium acetate,
to obtain the zeolite in ammonium/alkylammonium form. At
the end of the operation, the solid thus obtained is £il-
tered, dfied at a temperature ranging from 100 to 200°C,
for a period of time ranging from 8 to 16 hours and is then
calcined in air at a temperature ranging from 450 to 650°C

for a period of 4 to 8 hours. The beta zeolite thus ob-
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of crystallites with dinensions |ower than 3 00 A .
This pe culiarity favours the catalytic activity of
WO b@oloazses zeo lite in the chem cal reacti ons OP{EEP200$/006704
the present invention. Catal ysts containing beta
zeolite, object of the pres ent invention, suitable
tdonedehag ased:/Bn [liewscs eidecdt/aHnegtstreghcd Dress] anelar ra-
prepared starting fromthe active phase of beta
tedbidleennthan bnoegaal ctdi hder. The inorgani c bi nder
Is selected fromalumnum sili con or magnesi um
OXi OHse batdr akotliays obtegmdnaldconslitkeradf théNprocedure
wei ght proportions, with respect to the .z e o lite,
oFatpengofé oomB0:i28en® 15195, aluef prabky dd 08640130 tOF sub-
10:90.. Said m xture can al so contain peptizing agents

mBAEo Rl @shbell 28kSateEN@ ff MRidtG 10QRd s @Ndimensions are
procedures are all known to experts in the field, the

gCRLALYBL ¢aleke thhePaned Al N RRIdLLS1 méxﬁil}kgetét least 90%

cylinders or any other form'suit able for the purpose.

of hSr%QEthgtB%."% ?t&lr ﬁtﬁg%%gigﬁggg‘o@vﬁﬁe@ﬂa&le'zb@? e This pe-

cataf yst descri be erein a beta-type
' [ [ al kvl ni um i_s _hoyndby., a
cHESEAEY, RPN L AE LSS oD B, seo-

dure,_a particul arl eferred. in this case, the |,

1P ote Fhis Ehriviel YaPtSpfe  ShictE i trf Baenaat Laven-
reactors, con tains the beta zeolite of the present
t%%ention and is characterized by an extra-zeolite
porosity - i.e. the po rosity obtajned by adding the
nesd%%?%%YFEStSOPE@lHﬁEgoB%F%SF?9lb?eth%gkﬁﬁﬁl9giEhe pres-
conposition, therefore excluding

ent invention, suitable for being used in fixed bed cata-

lyst reactors, are prepared starting from the éctive phase
of beta zeolite and an.inorganic binder.

The inorganic binder is selected from aluminum, sili-
con or magnesium oxides, natural clays or combinations
thereof, in weight proportions, with respect to the =zeo-
lite, varying from 80:20'to‘5:95, preferably from 70:30 to
10:90. Said mixture can also contain peptizing ééents and
plasticizers. The forming conditions and procedures are all
known to experts in the field, the catalyst can be prepared
in pellets, in tablets, cylinders or any other form suit-
able for the purpose. The forming procedures of the beta
zeolite-based catalyst described in EP 847,802, wherein a

beta-type =zeolite in ammonium/alkylammonium form is bound
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the contribution of the mcroporosity due to the

zeolite - having a total volune at |east equal to 0.80
workdog/oeasas consi sting, for a fraction of at | eaBtT/RBH)5/006704

of pores with a radius |arger than 100 A . The

speci fic aspect of the zeolite material, object of the

1PF esfNt niotvemiiicorh 11eds) shecetdihg wrexpepbedicular proce-
behavi our observed in ternms of selectivity in the

Al atheopand dulansiat knatdard:ea6t it0is Hfacd ON@ld Cresult -
conmpounds, in par ticular in alkylation reactions of

it}@zc%@awgfg@, psepydsne 8o ghbyigne:ixaa wekl @sdibrs, con-
t ransal ky h

ation reactions of benzene w't

0y S‘EREOWé%%leQ%%‘ﬁ%eangf p%hget§%ée?§1§@2%mnepo@i L8d is

cumene and et enzene, respect y: the beta

&?% 0Ql £t obnt Recpresent ;Lav AN the -
Cazﬁ%ﬁ%gg%ﬁﬂlV¥ngnthereﬁro%? 6F%V§Q%? ey?mreEL €. the po
electiv 0 -al kylatjo regardl ess aqf the

Fo a0 RAmEL Sy AR, RBeebBRRAEY RS T dfeororo-
of unrecqver.abl e og Lkyl at ed hy-.pr oducts_and ot her .

G4 TaP by BT odaBEeY Chfd X HRRICE te- SREFORCEGn ThTEUAing
f the caj.al st.A:éurther,ob'ect of th resen ,

TR crier G U@ 076 FBF aReStPRORASAFky REI 6 prisceeolite -
of aromatic hydrocarbons, preferabli benzene, with ' ,

Brneme brtetopylehe, 2Eatprel B8aEalntend -§Pedein@® d con-
a catalyst containing a beta zeolite characterized by

B FOlRE . r BT 0 AbdtiREE Ahecandlint eaptL@fi% aef dperees with a
(Eg and the anmobunt of Brnsted. acid sites (B) equal to

wdHigheargeranthans 100 A.

The specific aspect of the zeolite material, object of
the present invention, consists of the unexpected behaviour
observed in terms of selectivity in the alkylation  and
transalkylation reactions of aromatic compounds, in par-
ticular in‘alkylation reactions of benzene with propylene
and ethylene, as well as in transalkylation reactions of
benzene with polyisopropyl benzenes and polyethyl benzenes,
to}give,cumene and ethyl benzene, respectively: the beta
zeolite, object of the present invention, and the catalysts
deriving therefrom, prove to be more selective towards
mono-alkylation, regardless of the total content of alumi-
num, with a reduced formation of unrecoverable polyalkyl-

ated by-products and other critical by-products, and a re-

duced de-activation rate of the catalyst.

- 13 -~
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The al kyl ati on process of aromatic conpounds, in par
ticular the al kylation reaction of benzene wth

w@e@pphmne or et hyl ene to give cunene or ethyl POERRPENE)06704

respectively, is carried out according to what is
known in the state of the art, at reactor tenperatures

nor mal | fuF@ngk Nghem 100 tae300-eandineagthiBA therefore
pressures nornmally ranging from1 to 100 bar. In the

1A f ddeadl kykpt henosf pbenagpecw th-orz@RY eiRiddarbons,
cunmene, the tenperature preferably ranges from150 to

ﬁ%&%ﬁl@ﬁﬂrﬁé Ly diRMeled 4,0 808G end N ddiried out

case o0 kyl ati on of bénzene w th ét'hylene to
el hyl b hger gact or era fela ‘
l?{angég %%%%f(‘)at ton%O %C ?iﬁ%?e p%lgf[i g?%&?y%rg%%ozedlte

PEElteeed S SR BRETSI BRsvaRh k8, RS evi

et.hyl ene, i refe |y sel ected t hat, the_reacti.on

S S e RS S | BRRERL T o8 B t%‘gr?f% |yires (B)
i qui hase and it _.there fore preferably ranges from
%lq%ﬁo %r.léllfﬁst riotet Jra'{l o between the aromatic
conmpound and theolefin fed to_the reagtion, normally

r anges rohfil ¥ B0, PHPeFe? abl y 2FPBARL2Ct GOTROVRYS, "in par-
process can be _carried out batchwi se, in .

i kagnt FREoa ko aitd osorfigariiows: ahdbrRzsesertith yipeapylene
of reactors, according to what is nornmally known in
Pheekhntenef Lohglypt cupgne orpredferlaiignasne i edespgcthvely,
continuous in one or nore fixed bed catal yst reactors,

if cerresd ppntt kicsording to what isg known in the state of

the art, at reactor temperatures normally ranging from 100

to 300°C and reaction pressures normally ranging from 1 to
100 bar. In the case of the alkylation of benzene with pré—
pylene to cumene, the temperature preferably ranges from
150 to 200°C, more preferably from 120 to 180°C.’

In the case of the alkylation of benzene with ethylene
to ethyl benzene, the reactor temperature preferably ranges
from 150 to ZSO;C, more preferably from 170 to 230°C.

The reaction pressure, both in the case of benzene al-
kylation with propylene and also that with ethylene, is
preferably selected so that the reaction is effected under
conditions of at least partially liquid phase and it there-
fore preferably ranges from 10 to 50 bar.

The molar ratio between the aromatic compound and the

- 14 -
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case the space velocity (WHSV, in ternms of kg of
reagent m xture fed per kg of catal yst, per hour,

WO edoe/0038ny) to the zeolite weight only, contai nedI/EP20051@06704
catalyst) normally ranges from0.1 to 20 hrs "1 ,
preferably from0.5 to 10 .hrs 1 . Wen the process is
cq@frime et td NtheNteadelsn, | hortmadlyo RegIPl Lrdf USeo 30,
a configuration of the reaction system which includes
piRe epamihalr dgeycldng sof the effluent to the reactor
itself, possibly after cooling. In order to overcone
the exat herptEspatdye 19k EB%r&%daccBﬁ@nb%%hh%%%%mfﬁ gemi-
that the tenperature be maintained within the selecte
dRRdemdile SALAL YSLo CAN AR O 214 1 Dt B0 LR YBELRUS of reac-
'ayers or in several Feactors in Seri es, and cooling

b £ t . phe I Ayl S; 9F LRet ween
to%%%’r :aacgé)]?&la%g gﬁo}é}ﬁgg. &‘?‘hg%?@%glé% s}4 can bjénfté et\é‘v%ate of
e fjrst the ¢ | yt,ic beds or reactors _in _series,
tolr(l’ i 1t gélg{ nlgéjé}re?negf%rlybgfa%%rlggigé’ %s TP +ruous in one
artialized t ween the single heds or,single ,

O%ea%?%?s.%elm%g %%\grg?ittaﬁgﬁkp%&?ec @’caﬁnals\%ﬁeag'rmpé this
efficientlimtatiqon of the _maxi num reaction

PETperiat uPBaCEs RCLy B bR atRFBReCt &9 o0f reagent
bet ween the aromatic_conpound and the al kyl ating

Hadarre igah Ree kAanef overalysk atPerf Bgurw rriggring to the
obvi ous advantage towards the selectivity to

Zesddiskyvat eat prasdiot , cataditich €8 dfgerestabyehe normally
field. A further object of ! he present invention

regiggcesf remalplodess2d onrehe trapebeéksyblyi dmowf 0.5 to 10
aromati ¢ hydrocar bons :

hrs™. When the process is carried out in continuous, it is

also possible to use a configuration of the reaction system
which includes the partial recycling of the effluent to the
reactor itself, possibly after cooling.

In order to overcome the exothermic nature of the re-
action and guarantee that the temperature be maintained
within the selected range, the catalyst can be distributed
in vérious layers or in several reactors in series, and a
cooling can be effected between the catalyst layers or be-
tween‘one reactor and another. The reagents can be féd to
the first of the catalytic beds or reactors in series, or
the feeding of one or both reagents can be partialized be-

tween the single beds or single reactors.

This operational procedure can allow a more efficient

- 15 -
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with one or nore polyal kyl ated aromati ¢ hydrocar bons,

car ried ont in the presence of a catal yst containing
w@2dveneesaeol ite characterized by a nolar rati oPOFERNSEF006704

the quantity of Lewis acid sites (L) and the quantity

of Brnsted acid sites (B) equal to or higher than 1.5.
1Thet a¢ oomt b€ bydr masanban dehdpriehe rape denzene. adheell as

pol yal kyl ated aromati c hydrocarbons are preferably

oBtX1H{6s 8f hagBeRt e thydReWRINThPremshett ¢ Ycompound and
di - al kyl at ed hydrocarbons. Even nore preferably the

£Re! mk;l(yaiaiﬁg aGenBt i g1 Py dencashpn boesglleshedof Fam with
di et hyl benzene, possibly ina mx with triethyl

ahen ﬁ\?feuénda&i}dé%@pydomb%en%hepo%%il@dﬁi:‘v"it%r ML mono-
W ,

th triisopropyl benzene. The transal kyl ati on “of

agggfsesdvgwdgga hyk pﬁpﬁﬁnso. gggrg%fegsm' Ynbr E?%’i‘éﬁ'.

zene, and the transalkyl ati enzene Wt
penzan R el prTra BF1 ey et padpbal bIRRESRE. cepapep,to @
B o R
ui BT BRaby RG] PomRE0 15 2SR 1< | HECReceabane oar-
the transal ky] ati on of benzene to ethyl benzene with

TAERy Sy | Hen RBRepresernee é?Fpe?aFGF@léfr‘sEfé‘r%{b“ﬁ/”Pé?ﬂgeé beta
from180 to 300 OC . The reaction pressure is

zgpéfEPabhyraekeet8gdsbyt RaloLhE FRAePi BRLIVGSE o6 egantity
under conditions of at least partially |iquid phase,
o&oﬁ@wglsefa@:ri@mg/iwel(miquﬂdtgﬁa@antity of Brensted acid
sites (B) equal to or higher than 1.5; The aromatic hydro-
carbon is prefefably benzene. The polyalkylated aromatic
hydrocarbons are preferably mixtures of aromatic hydrocar-
bone, prevalently ‘di—alkylated “hydrocarbons. Even wmore
preferably the polyalkylated aromatic hydrocarbon is se-
lected from diethyl benzene, possibly in a mix with tri-
ethyl benzene, and diisopropyl benzene, poséibly in a mix
with triisopropyl benzene. The transalkylation of benzene
with diethyl benzene, and possibly triethyl benzene, and
the tramnsalkylation of benzene with diisopropyl benzene,
and possibly triisoprdpyl benzene, are particularly pre-
ferred.

This reaction is carried out at a temperature ranging

from 100 to 350°C. In the case of the tramsalkylation of

- 16 -
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conditions and therefore preferably ranges from20 to

50 bar. The process is preferably carried out in
wa@ombiomsotis, in a . fixed bed reactor. |n thi SPCEHER2005/006704

the space velocity (WHSV, in ternms of kg of reagent

m xture fed per kg of catalyst, per hour, referring to
beheeneoltict euverghtwiri ypo ot @b iesly iventeneat akist rempera-

normal ly ranges fromO0.5 to 10 hrs 1 . The nolar ratio
thetwesk Adtarnoeihge fy dromaribon tand s hieC sudnoftidecase of

pol yal kyl ated aromati c hydrocarbons in the feeding

theX tiae oho kine thican s kydratdren deasii@n, beafeMar yithomoly-
1 to 40, preferably from3 to 30. A further aspect of

ckhe1Beasentsi, Na | e8mbsrabues paneedaBlocesmddd from 180
preparing nono -al kyl ated aromati c hydrocarbons,

%oﬁmwd@rmhh@-}eQHEEbﬁgp&%s%ﬁggaﬁ%cﬂB@ké%éE Ngbflected so
contact with an ol efin, under al kylatlon condi t 1 ons,

et *t‘:%eprx%%bcsc{i%%of té‘ff&&i%de Y2l ;uSHE of at least

|nventron separating t pro UCt taIHEd Into a

rac%’ bont |ml#H%%e nnﬁ%mggé?%g%gﬁfg%?ﬁgr'alEUld phase
§¥1§\|+§ °ga@o£§?%%;§9e;%&t Zfbsgsﬁqycorn%nﬁﬁﬁg%%& Y to 50
q%ivﬁﬁ?ﬁacec?%%%@%%‘ TEPLY PSR hoLPr AGErRIous
containin Iated aro mati c hyd%ggarbons

15k & of H5P Efﬂ@vﬁ YQF coMfafRis case) space velocity

(WHSV, in terms of kg of reagent mixture fed per kg of
catalyst, per hour, referring to the =zeolite weight only,
contained in the catalyst) normally ranges from 0.5 to 10
-1

hrs The molar ratio between the aromatic hydrocarbon and

the sum of the polyalkylated aromatic hydrocarboﬁs in the
feeding mixture to the transalkylation reaction, can' vary
from 1 to 40, preferably from 3 to 30.

A further aspect of the present invention is an en-
hanced process for preparing mono-alkylated aromatic hydro-
carbong, comprising:

a) putting an aromatic hydrocarbon in contact with an
olefin, under alkylation conditions, in the pres-
ence of the catalyst object of the invention;

b) separating the product obtained into a fraction

containing the aromatic hydrocarbon, a fraction

- 17 -
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i ng di-al kylated aromati c hydrocarbons, in contact
wWith the aromatic hydrocarbon, in the presence of the

W@ 2108092805 obj ect of the present invention, undeCT/EP2005/006704

transal kyl ati on conditions; d ) separating the product
obtained fromstep ¢ ) into the sane fractions already

obt ai netbrtnistieRy khe , mbhenallegyatédgatrbrat actiyatrocarbon,
contai ning the aromatic hydrocarbon partially to step

a ) and, parhtahiby tmieming poandallkglbeast i ®fomatic hy-
cont ai ni ng the pol yal kyl ated aromati c hydrocarbons to

step C Jrocaiisord act ippe Lo NG e 17aRer al kdatled  di-
aromatic hy drocarbon comng fromstep b ), where the

ef f 1 uent 5.0f 2 1S EPFr&md t BBINFAdoRECLSARL . SRPI£SeRbStion of
the desired product. The ol éfin used in the al kylation

step | s olef elabiat selisrlatddnamet hyl ene and

propyl ene. ‘The aronati ydro carbon used in the

oL 1 20100, 800, Lhanesl i o) 00-BLER,15 BELSCANY oo arc-
he al kyl at i i f : |
(ne Al el oh asachLen,g! BelEebltl B BLOBUGY concain-

on |1 ep consit s

benzene, the,secon raction i nl f cunmene and_t he
third f123t Saﬁaﬁﬁvﬂﬁéegf 9 &Cop%ﬁf‘?%%%azﬁ%%? WAL contact
the al kyl ati on product is obtained fromthe al kyl ation
reacti ofl bR BERz ERORUHIS eRROFRIRTOPRe fiy sthe r REeFGRee of
in step (b) mainly consists of benzene, the second

fracti oRRPafAF§L Pt ePRYECheRzehBe PRESERIL: d PRIV under

mai nly of diethyl benzenes.,
transalkylation conditions;

d) separating the product obtained from step c¢) into
the same fractions already obtained in step D),
then recycling the fraction containing the aromatic
hydrocarbon partially to step. a) and partially to
step c¢), and the fraction containing the poly-
alkylated aromatic hydrocarbons to step c).

The fraction containing the mono-alkylated aromatic hy-
drocarbon coming from step b), where the effluents of steps
c) and a) are sent, represents the desired product.

The olefin used in the alkylation step is preferably
selected from ethylene and propylene. The aromatic hydro—
carbon used in the alkylation and transalkylation sﬁep is
preferably benzene. When the alkylation product is obtained

from the alkylation reaction of benzene with propylene, the

- 18 -



10

15

20

25

Sonme illustrative exanples are provided for a better

un derstanding of the present invention and for its
werioediasent but should in no way be consi der edP@EEP2005/006704

limting the scope of the invention itself. Exanple nr

.1 157.1 g of tetraethyl ammoni um hydroxi de at 35% by
fnesghtrachiaguaous sy ulkd)omaiarley adsed 4i0s 35£ 6bgnatne, the

dem neralized water. 14.0 g of sodium alum nate at 54%

sbyonai gitadfidM 2@Biang X 2cgmefiealdnd nuhei sapiopy lfaketion
are then added, at about 7C0C , under constant

m&ihnti Bg dm&bbp@obym1pbﬁzéﬁhsﬁiwnehStaatanm atd8. $roduct
of Ludox H S 40 colloidal silica at 40% of 2 are

1§dQ%¢4ihé&H§réﬁl%Héﬂhlmyﬁuﬂm&@n@@aét§@§p%ﬁ§t@@nténe with
obt ai ned, which is charged into an Al SI 316 steel

ethl @%aV%heeg%@,Ee@r%woan ianghep % rﬁ\saﬁli‘yh%onmsts of

ture'is t to crystallize under hydrothernal

b%%%ghet'Q%%z%eég g#%gﬁlg& HQFFﬁgaékiéy Pobghzehge the

oclave i's co e crysta tion sl*urry 1's

r%%t %@a@t?%n]'%\%lgll f ?‘38&{% hﬂii fe !(rlee%Q queous -

ution a centra er s |rr|ng, ob

darier s A TR e Srtaibe e ret QLR oraR enasteer un-

PERBEOrEa" A8 EFEEFLtof AEREr B ar del e, Jipodinent

S o et e e sl
the ilveridon itseld.s Zo0lte s
Example nr. 1

157.1 g of tetraethyl ammonium hydroxide ét 35% by
weight, in agueous solution, are added to 35.6 g of demin-
eralized water. 14.0 g of sodium aluminate at 54% by weight
of A1263 and 12.2 g of aluminum isopropylate are then
added, at abouﬁ 70°C, under constant stirring until a lim-
pid solution is obtained. 280.4 g of Ludox HS 40 colloidal
silica at 40% of 8102 are added to this solution. A homoge—
neous suspension is obtained, which is charged into an AISI
316 steel autoclave, equipped with an anchor stirrer. The
mixture is left to crystallize under hydrothermal condi-
tiong at 170°C for 24 hours.

At this point, the autoclave is cooled. The crystalliza-

tion slurry is treated with 130 g of acetic acid in an
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t hus obtai ned i n ammoni um al kyl ammoni um form The
panel is dried at 150 OC and then calcined in air at

w®2060Q280Dr 5 hours. The final product is anal pZPEP1¥Y5/006704

means of X-ray pow der dif fractonetry, and fromthese
results the product ap pears to consist of high purity
aBekauzeeldltie iofhetc beic abnaraltysits onf, thdeli palirring, ob-
product shows a nolar ratio [SIQ2]/[A 2Q3] = 17. 2.
tEheigyald tattihee alehspianidpaid e ded ewlni clat poniekrshef de-
Brnsted and Lewis acid sites is effected by infrared

rSPRF alli @SEO e tav t Aréhgdhelin afhepyshslhdies BSn PERRE obtained
nol ecul e, as described by C. A . Eneis in Journal of

:L@at@])(:sé:c%d 1983 dddu18tdy 4861 PFOCEedUEBehS RS dispersed in
1.. a sanple of beta zeolite is conpresséd

3' rltﬂe%é abd Qierﬁﬂ]lsarrp éd’rwéﬂ@r deterghpati 89 of J&nBnium

spectrum 2 . els aced under high vacuum

af(c]e(%at% tl?a(wfé B&ﬁﬁopﬁggﬂae%l% rsdque%l Ceﬁlf %aﬂlo%rs the

measuri ng t spec t he 'sanp

AR Cewnf e s e
A Ca T R TS SE
it C BT, 01,280 0 for T bow gnder .
}iﬂq,{r%grat ed 1nt i;goyducgcalllsedanlalyzed tb?fe mtje%%(js %t 1X54r5ay pow-
der diffractometry, and from these results the product ap-
pears to consist of high purity Beta zeolite. The chemical
analysis of the final product shows a molar ratio
[8i0,]1/[A1,05] = 17.2.

The‘ gualitative and quantitative determinatioh of the
Brensted and Lewis acid sites is effected by infrared spec-
troscopy, with the help of pyridine as probe moiecule, as
described by C. A. Emeis in Journal of Catalysis, 1993,
141, 347. The procedure is as followsg:

1. a sample of beta zeolite is compressed into a tablet
suitable for the determination of the IR spectrum

2. the sample is placed under high vacuum' (107° torr) at
400°C for 1 hour in a cell suitable for measuring the IR

spectrum.

3. the sample thus treated is put in contact with pyri-
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with the pyridiniumion formed by interaction with a

Brnsted acid site, and of the band at 1455 cm 1
was®eodmded with the pyridine adsorbed on a LeBFERI0#006704

site. The concentration of the acid sites A (nmol/g of

zeo lite) is obtained through the equation A=1 1/ ( S
din¥herigig Sapsuesl rdnd hiskhesscedf ibhe tiahdeteand ffom a

i ndi cat ed as (my/cm?2) and e (cmm cronp 1..) is the

sﬂ@tablsxtlu?g@la wugoef f i £t eat préepunhi Gpd=h etdaw@Svapour

.22 and 1.67 (cmm cr onol ) are used, for the
pbéegarét a%5ﬂ'éo&”\:ém§€9a%ﬁ§é eav115 ﬁ@ﬁpeCt ively
(according to I's described by C. A. Eneis in

aJourpal (gxc%aésal %g}!ﬁd:ﬁﬂgg%s 1&éso§ﬂ&i £ 7O E‘Pllearsample at

rati o, indicated anal ysis effected on th

zéggbl 8y thgﬁgnu pggrngtg{é{d{ny of Lewi s acid si tes (L)

e quantit acid sites (B) is equal to
2.0.70e: ?ﬁ&o%%%'r%gi°'“sdléee'nfaecfsora§%% ek e UhcBbbacea
sBlebLLgE, %%m% AHGed o 5T 55 3Sé%ﬂ’égr“ﬁ6r€h"2?éﬁﬁfe&lated

f d I 54%
VAT BOE 8 SYEHOH U Tk D . THESTRG TIPS GLHer o Bron-

stirri at about 70 QC, until  a I|rr£|d solution is

ng
5665 ATEH. 53864 3 Df OLudde HePRB &5 | bEBAI [ [ égsgpciated
40% of
witﬁ)%he pyridine adsorbed on a Lewig acid site.

The concentration of the acid sites A (mmol/g of zeo-

lite) is obtained through the equation
A=I1/ (6 x8)

wherein S is called “thickness” of the tablet and is indi-
cated as (mg/cm?®) and € (cm/micromol.) is the molar extinc-
tion coefficient, for which the wvalues 2.22 and 1.67
(cm/micromol.) are used, for the bands at 1545 cm™t and 1455
cm™, respectively (according to what is described by C. A.
Emeis in Journal of Catalysis, 1993, 141, 347).

The molar ratio, indicated by IR analysis effected on
the zeolite, between the quantity of Lewlsgs acid sites (L)
and the quantity of Brensted acid sites (B) is equal to

2.0.

The synthesis conditions and relevant results are

shown in table 1.
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Si Q2 are added to the solution. A honpbgeneous
suspension is obtained, which is charged into a stee
WG@\RE®b/082B65 aut ocl ave equi pped with an anchor stPCT/EP2005/006704
The gel is left to crys tallize under hydrotherna
conditions at 170 OC for 168 hours . The autoclave is
Eihepleopted avdmpheasiveyy treated as described in
exanple 1 . The final product is subjected to X-ray
di ff1agt omef r yrangkyshecbil gameat smangydhexi@suldt 35% by
obtained is that it con sists of high purity Beta
wé8ghtt einChepheal apaliysos, oaréhgahit@atopsodust g of demin-
indicates a nolar ratio [SIQ2]/ [Al 283] = 16.4. Upon
ekglﬁeéhy%@ee@réb?g QUBfaéoéﬁéﬁré?ﬁl‘ﬂih&t@xéﬁpb@%lb%f weight
the zeolite shows a molar ratio between the quantity
f | S 1d.sites an Ity :
of %ﬁ%@B Qf% Hf aﬁﬁédiigﬁégﬁtgyﬁfﬁg e %ﬁgﬁﬁf?é under

aci I"tes (B) equal to e synthesis conditions

SRt har att vebtth, 70 G A he T aMsh: BeEiTaRe. e b

3637 o Caanthern Pada v el O BF BB S0t L o 408 of

S3RF G RS RS nE R LRRLEneR - obi PPTHECTED A BUEDTagECR 18
until_a linpid solution is ob tained, 280.

4. f
obi@gners BICH 16 EATERT dRtR B08horl SLEblatdbagibgelave

to the solution. A honbgeneous suspension s
equipped with an anchor “stirrer. The gel is left to crys-

tallize under hydrothermal conditions at 170°C for 168
hours.

The autoclave is then cooled and the slurry treated as
described in example 1.

The final product is subjected to X—ray diffractometry
analysis of powders and the result obtained is that it con-
sistg of high purity Beta zeolite. Chemical analysis on the
final product indicétes a molar ratio [Si0,]1/[Al;0s] = 16.4.

Upon IR analysis carried out as described in example
1, the zgolite shows a molar ratio between the quantity of
Lewis acid sites (L) and the gquantity of Brensted acid
sites (B) equal to 1.2.

The synthesis conditions and relevant results are shown in
table 1.

Example nr 3 (comparative)
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obt ai ned, which is charged into a steel A SI 316
aut ocl ave equi pped with an anchor stirrer. The gel is

WO ed0b/00230Er yst al | i ze under hydr ot her mal condi t POTEPZD5/006704

170 OC for 24 hours . The autoclave is then cool ed and
the slurry treated as described in exanple 1 . The

finalsprodugt drs sdbjpeetRglbamdniay dhidraci@setdty 35% by
anal ysi s of powders and the result obtained is that it

wE08hsi sis af wkiceh Ry Bt arzedlddel €hems calg of demin-
anal ysis on the final product shows a nolar ratio

ek OBLA L ALe2B] 47 22§ oEPpgBal nanalshateakti 64308y @8ight
described in exanple™1 , the zeolite shows a nol ar

%atAPnOé L/ B)e betygen ahﬁédgu afh i £¥a h1 LEWM ShdC 'nﬂx%dr‘:’es under

e quantlty of Brnsted acid Sites (B) equal

S£9r91ﬁgwn g%gﬁ ?o-%dég ifna f&%&htlgaulfé ob-

are’s enr mmmauve

157, f tetrae um,h at 1o o

tﬁéFSéf g té%h%uﬁqgngé ggrégbggéggg §£§ a? 40% of
n1nera| o] |un1alutn|nate at

S350 B o é%? bt ot Brdota AoRgGpRaEh TP BliEptheion 1o

| SO- prQpo are t hen added, nalntaln n xtur

OEE&éF‘ 31 hlﬁ& fg ° Fnt§¥e ?;,%E aTG alitdclave

solutiaon is obtalned 280. 4 of Ludox HS 40 col | oi da

egufl ppgda v iAEos @@O%r%téﬁﬁ%ﬁ t 6REhgSdo tut+Bht Bo crys-

honmogeneous sus§5n5|on i s obtained, which is charged
trpldzg stBEPTAl BYdBabhatnet| MG FRRd M t B HPC for 24

hogrs.

The autoclave is then cooled and the slurry treated as
described in example 1.

The final product is subjected to X-ray diffractometry
analysis of powders and the result obtained is that it con-
gists of high purity Beta zeolite. Chemical analysis on the
final product shows a molar ratio [S10.]1/[Al;0.] = 26.

Upon IR analysis carried out as described in example
1, the zeolite shows a molar ratio (L./B) between the quan-
tity of Lewis acid sites (L) and the quantity of Brensted
acid sites (B) equél to 0.97. The synthesis conditions and
relevant results are shown in table 1.

Example nr 4 (comparative)
157.1 g of tetraethylammonium hydroxide at 35% by

weight, in a water solution, are added to 35.9 g of demin-
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anchor stirrer. The gel is left to crystallize under
hydr ot hermal conditions at 170 OC for 168 hours. The

WO awboedseve i s then cooled and the slurry treaP@ERR05/006704

described in exanple 1 . X-ray dif fractonetry
anal ysi s shows that the product thus obtained is

ARDHPRAUSIat e Synthesict eoddiuk ensimdhd tkelevanty by weight

results are shomn intable 1 . In this table, the
di rat, &0l gan indigatesct he rgfiefunenésoeyappbei8endgfe then
the second, ' third, fourth and fifth colums indicate

ddeedol @hingki AsnBetmeenytheudel IR £839eALsy, TOf about
each 'exanpl e. The sixth colum indicates the ddration

TOQ’](}‘_ Lhe,dd raOtlrl%{t;m%El YU S5 TR 38Nt B PN oF Tudox
(Y ur anor

I'cates the nature of the phase, crystalline or

HRhoys & ped Qmugssggsaé%oéfxg@ggnt %Sggdeah%o the so-

c
el ght h" col umm I ndicat e he resul em ca

T vt apofedbst SR IR Rl Ty SRt laPhe i s

I narcate

rresul t. opt ai ned tit [ O ith pyridine of,the.aci,
REEY e Reot ias mebbs) T1E eblla e ebprra 9ith an
rati o between the Lewis acid_sites and the nst ed
a&lﬂﬂ‘lﬂ"%i%%%l?rerﬁbl The" (GeTe o béeSBs&%ﬂﬁf%%%ﬂlfﬁ] upder hy-
4%2 ratiq higher than 1.5, as in exanple 1 , can only
trtEre S B Gt iatg a0 IONEPY 1Al POBISar rati os

hi gher than 0.68 and | ower than 1

The autoclave is then cooled and the slurry treated as

described in example 1.

X-ray diffractometry analysis shows that the préduct
thus obtained is amorphous.

The synthesis conditions and relevant results are
v‘\shown in table 1.

In this table, the first column indicates the refer-
ence example number, the second, third, fourth and fifth
columns indicate the molar ratios between the different
reagents, for each example. The gixth column indicates the
duration of the hydro%hermal synthesis. The seventh column
indicates the nature of thé phase, crystalline or amor-
phous, obtained on the basis of XRD analysis. The eighth
column indicates the result of the chemical analysis as a
silica/alumina SAR (Silica to Alumina Ratio) molar ratio

and the last column indicates the result obtained by titra-
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When operati ng,
per
W@ aroaeses
| ower than 1.5,

a [L] / [B]
as in exanples 2 and 3 .

on the contrary,

When

even only at the up
limt of the range clainmed for the [Na] / [Al]
rati o i s obtai ned whi chCT/BP2005/006704

operating below the lower limt of the range clained

then when

i s obtaine

Exanpl e nr.

5 0.4 g of

i loPadieeield @it aaDK pBoussilt ®edalabove) ,
as in exanple 4 .

eRpt-aczeal bkeapheparedadgeodichgehotwhat ey sdesdld Rt es and

in exanple 1 ,

thaupsrategchanged iao an electrically heated
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LI ]

2
A
1 Pr essu
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f 18%e

t

FANLZ AV o |

HPIPY
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eng-
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uct

Yavl
TTOUY

I S

di scharged and anal yzed by gas chromat ography. The :
fol | dw nepprbductserved that a [L]1/[B] ratio higher than

1.5, as in example 1, can only be obtained by operating at

[Na]l/[Al] molar ratios higher than 0.68 and lower than 1.
- When operating,

on the contrary, even only at the up-

~per limit of the range claimed for the [Na]/[Al] parameter,

a [L]1/[B] ratio is obtained which is lower than 1.5, as in
examples 2 and 3. When operatiné below the lower limit of
the range claimed for the [Nal/[Al] parameter, an amorphous
material is obtained as in example 4.
Example nr. 5

0.4 g of befa zeolite prepared according to what is
described in example 1, previously dried to 120°C for 16
hours, are charged into an electrically heated autoclave
with an internal volume equal to 0.5 litres,

equipped with

a mechanical stirrer and with all the necessary devices for
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are present in the mxture at the end of the reaction:
benzene, cunene, C6 and C9 oligoners of propyl ene,

walkicsomsepyl benzenes, other diisopropyl benzeP€I/EP2005/006704

i soners (C 6-phenyl = aromatic products generally
indicated with the fornula Ci2H i8) triisopropyl

thenzeeds ngoblietherl besophepyhdbppagpteh80fBESent s .
(Cg- phenyl = aromatic products generally indicated

Wi t hthbe FigigallsaeC ipHEtdse@p! patkyindleed wi@dugt ByWididbtion
a no | ecular weight higher than triisopropyl benzene

whi Reawy Reky aldotaled REadETS)1y, TR PIOPYY eﬁg benzene are

conversion proves to be higher than 97.0% the

echdvi t - Kk e s ;
CSERCHAAN Ly TR L VROL S PEStl (EREhutiAa wien

ng_lw%g%gld A48 15¢ %%%is%iufcg Le éggg)%nv%m. g)ﬁgi L SORLARY|cq and the

enz s + triisopropyl benz respect to the
converted _pr |l epe.i s, eq t 7..5% The wei ght
hre %ttil%l,gt cglsl egn%¥}gg%§\/\e%% the s nxwgo(%r %(rﬁgﬁdso&retsﬂf%rature ot

nzenes + triisopropyl benzenes + C6-phenyl +

l%gpﬁgniﬁmil%%ﬁV;e%@@géFﬁ?Faﬂgﬁlgfo&EgtgyggﬁgaWﬁblgﬁﬁnStably
of (c ne + diisopropyl henzenes + triisopr I
DS TS g S SOR Ry henzenes o LE\ LSORUPBYL e vap-
pol yal kyl at ed products) proves to be equal to 0.052. .
IHYs fedi oPR 1I2RS nRhsr SRSFEVSE thfektotald gqtlaat Mdytere is
t he pol yal kyl ated by-products alone with respect to
L t Bot stegsitodiet s aaneine kpfat @R By Hr ddueesr f ordpefulated

during the reaction.
starting from the end of the propylene feeding.

At 'the end of the reaction, the product is discharged
and analyzed by gas chromatography. The following products
are present in the mixture at the end of the reaction: ben-
zene, cumene, Cg; and Cp; oligomers of propylene, diisopropyl
benzenes, other diisopropyl benzene isomers (Cg-phenyl =
aromatic products generally indicated with the formula
CizHig) , triisopropyl benzenes, other triisopropyl benzene
isomers (Cs-phenyl = aromatic products generally indicated
with the formula CysHps), polyalkylated products with a mo-
lecular weight higher than triisopropyl benzene (heavy
polyalkylated products).

The propylene conversion provesgs to be higher than
97.0%, the selectivity to mono-alkylated product (cumene)

with respect to the converted propylene is equal to 91.3%
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Exanple nr 6 (conparative) The catal ytic test
described in exanple 5 is repeated using the beta

W@ e@biot2s0pr epared according to exanple 2 . On POPERSH/6806704

of the gas -chronmatographic analysis of the reaction
product-, a propyl ene conversion is calcul ated which

ah8 hirghegeithanvi¥y0%eo t geahbae W t BidsspkepliVikemtenes +
nono- al kyl ated product (cumene) with respect to the

t@@@s&ﬁf:bﬁ?lpme@fé% apfuad £8s88c8%and 1 S@bﬁ%wéa_\/pm-
o (cu nmene + dllsopropyl benzenes + triisopropyl

pgggﬁgngg) th kespectsto the converted propyl ene
equal to 9 .6% The ra tio R, defined as in exanple 1

’ pr@HQSwEQgB@ egual, t8a91881R'tbbEw8%hd€H% %nﬁFo%y(dllso—

u3|ng the non-represéntative catalyst of t prese
e ognarhd %E?%F%é%‘&%}—"?EY?L?%?c A, t%‘g RS
ofPakane TR s R e P Ziir'% e%"T%@% of (cu-
"Eeeng 1 %l%%f%@@i& FJI?EE%P%gareg:r%cjtfso?%’%?s%;]tepg%g?n?? + Ce-
oY et ot AU Al PEPYYob L HE TeactiBn BROdUELs) a Proves
pr opylene conversion is cal cul ated which is higher

ten&s 93Ued HodeRer with a selectivity to

nono- alkylated %roduct (cunene) with respect to the
con This ratio is a measurement of the total gquantity of

the polyalkylated by-products alone with respect to the to-
tal products and alkylated by-products formed during the
reaction.

Examplg nr 6 (comparative)

The cétalytic test described in example 5 is repeaﬁed
using the beta zeolite prepared according to example 2.

On the basis of the gas-chromatographic analysis of
the reaction product, a propylene conversion is calculated
which is higher than 97.0%, together with a selectivity to
mono-alkylated product (cumene) with respect to the con-
verted propylene, equal to 90.9% and a selectivity to (cu-
mene + diisopropyl benzenes + triisopropyl benzenes) with
respect to the converted propylene equal to 96.6%. The ra-
tio R, defined as in example 1, proves to be equal to

0.06l1.
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verted propyl ene, equal to 89.8% and a selectivity to
(cunene + diisopropyl benzenes + triisopropyl

whewseomss) W th respect to the converted propyP@NEP2005/006704
equal to 95.0% The ra tio R, defined as in exanple 1
, proves to be equal to 0.064. It is evident that by

usi ngtt higs NneR-depreseniat ibye aatalyhef nbherppesedhtative
i nvention, a higher fraction of polyal kyl at ed

cBMa@gQQU(‘d@ kheOtadfiad Wi hhenespact 4 ohibakrobtaideton of
on the contrary, using a catalyst according to the

pBI§AERY1 ROKANL) O oBKRARl & otk el aizepbitecef Lo that

exanple 1 in ammoni unt al kyl anmonium form i.e.

obeLILVAI chyhasyBot. i dekgongs ,fe £ r&ltaq@lsca né&':&f’dlng o

step, 1$ used for the prépa ration of a catal yst 1In
I the procedure described in
t@%aE%FSE§E %%%E%i§%802 Alumina in the form of

bo en1te knder. The catal yst thus
E%% s calcFﬁ%%%F% % hours at 550 0C . The

550 l}ta FORC a0 IR Uy had (R PRI o g Fepeated

pQr osi t acter| ics: EPV ( xtra zeplite porous

B giar o1 695 B8 oo by RO BT ey 86 R ngia de-
radius > 100 A equal to 51% The catal yst thus
seiReded? CHA®Bd cat-al yst A, is used for carrying out

a conti nuous catalytlc test fox the al kyl ati on of

benz&Re e h &ﬁéﬁyl%‘cnet%l S hesapEtiosERPa i qpanalysis  of

the reaction product, a propylene conversion is calculated
which is higher than 98.1%, together with a selectivity to
mono-alkylated product (cumene) with respect to the con-
verted propylene, equal to 89.8% and a selectivity to (cu-
mene + diisopropyl benzenes + triisopropyl benzenes) with
respect to the converted propylene egual to 95.0%. The ra-
tio R, defined as in example 1, proves to be equal to
0.064.

It is evident that by using the non-representative
catalyst of the present invention, a higher fraction of
polyalkylated by-products is obtained with respect to that
obtained, on the contrary, using a catalyst according to
the present invention.

Example nr 8

The beta zeolite of example 1 in ammo -
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paratus such as that described bel ow. The experinental
appar atus consi sts of reagent tanks, independent

wo e@diomgopunps, a static m xer of the reagent SPGEEP2085/006704

being fed into the reaction, a steel reactor situ ated
inside an electric heating oven equipped with tenpera

i Wi aN @Y ladtdoRn U Ficlen, t Re e, eaet @he EdregWhdldiOmhas not un-
system of the pressure inside the reactor by neans of

2 WTRlHL fhalane, ol o fordfsidls, reactbea ebll wewrt prepa-
and a col lection systemof the liquid and gaseous
RAMCFE Thest é@rinsbéyﬁé@dfbﬂﬁ'Q@o%ﬁ§n§e®ﬂé“$rocedure
oven, con sists of a cylindrical steel tube, with'a

Jmehaniepl i sealing syst em and @y ,Lélg.;;@jhuﬂiﬁge&ar the form

equal "to about cm A thernonetri havi ng a

j t al t d I ni C e
SniRtefe 4 il APoReime’ orld, B IS zormea
r eact.or,, i i.t yated insid nd, al.eng the gr.eater
oF qﬁﬁ?%%%iﬁ%?ﬁ%%§¥%P§%fﬁ¢2¥%p?évi ﬁg@fﬁﬁééﬁ? ant
Sieved in order .to obtain a particle si, e rangi fro
i (50T, S5Aa e Vatar bad SRPE (he roletBY, fqracs end the
quantity equal to g, for a tatal height of, the cata
T Trachom (1S Gl R HISA ROy R it
material is charged above and bel ow the catal ytic bed
BRY (eidiagtaedgud RYFI T Hodpwre el &R el Gw $he . frac-
catalytic bed. . The electric heating of the reactor
Gl wares hayige rerradius & didd dgaavalore b lotder
to dry the catalyst, '

The catalyst thus obtained, called catalyst A, is used

Qé%lite

for carrying out a continuous catalytic test for the alky-
lation of benzene with propylene ﬁsing an experimental ap-
paratus such as that described below.

The experimental apparatus consists of reagent tanks,
independent feeding pumps, a static mixer of the reagents
before being fed into the reaction, a steel reactor situ-
aﬁed inside an electric heating oven equipped with tempera-
ture regulation inside the reactor, a regulation system of
the pressure inside the reactor by means of a pneumatic
valve, a cooler of the reaction effluent and a collection
system of the liquid and gaseous products.

The reactor, situated inside the heating oven, con-
sists of a cylindrical steel tube, with a mechanical seal-

ing system and an internal diameter equal to about 2 cm.
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up to the tenperature of 150 OC progranmmed inside the
reactor. Once the selected tenperature has been

WO e@cloesps t he nitrogen flow i s maintai ned for REI/EP20S006704
after which it is interrupted and benzene is fed first
for two hours followed by propylene so as to obtain an

overal thMHRMmeERaL EQedBnhaERSny anE addan? ai to 1 mm
[ propyl ene] nolar ratio in the -feeding equal 7

aﬂaecehea%&% aly \Mﬂe@m&d&%prl%awul@m 15 CFdd eelooy,&laé along
equal to 38 g SanplingS are taken of the reaction

rREF| raft ceafc:Lg1'oﬁsthéf1§ea%@grandl§8é1‘39%{'&%d°f:LnS:Lde and

reaction carried out in con tinudus under the sane

a{tgﬁgt [a %?Jg%lééxonéx é"hbfht £€ Y %?%‘?z“e'k%éé’alé}% tegre\rl—

natogra I C ana ysi s. the

ofge ggopyeffeﬂ £9.00, 5200), SaTmle o ssaction & %g&e%mg size

ene conver si on prove be" a
t han_99..0% Wi_ng aver fonna
T APSs £ PR Pl &b s ot it %%@iﬁ%?ﬁﬁs zangher, in
Wi th respect ta the conver r e 0
2063 T S mrtiar & Gevi S0 i CGUAF P56 ogot "ehe cata-
selectivity to %cunene + dllsopropyl benzenes +
LlYFiFsBpropiilchelPefie§M-with respect to the converted
propyl ene equal to 99. 7% with a Standard devi ation
equal (BERtG6% OF ohRREE r HERBRZ oGBSy | iherkakrged above

with respect to the cu nene equal to 238 ppmw th a
agdarerrel debratdainlotial ped14ogppne height equal to 3 cm

above and 3 cm below the catalytic bed.

The electric heating of the reactor is activated, to-
gether with a nitrogen flow in order to dry the catalyst,
up to the temperature of 150°C programmed ihside the reac-
tor. Once the selected temperature has been reached, the
nitrogen flow is maintained for 16 hours, after which it is
interrupted and benzene is fed first for two hours followed
by propylene so as to obtain an overall WHSV equal to 20
hours™ and a [benzene]/[propylene] molar ratio “in the
-feeding equal to 7. The pressure at which the reaction is
carried out is equal to 38 bar.

Samplings are taken of the reaction effluent after 21,
93, 118, 260 and 284 hours of reaction carried out in con-
tinuous under the same reaction conditions, which are sub-

sequently subjected to gas-chromatographic analysis.
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concentration of C6- to C9- oligoners of propylene
W th respect to the cunene equal to 204 ppm During

WO b@otexsd; the position corrisponding to the nBXI/ERIN5/006704

tenperature, determ ned by the exotherny of the re

action, was registered by means of the thernmocouple
sl i dppg ]ong, Qfeﬁhgra%éﬂgsgg e dRadd ofn LadhNismp1e
way, it Is possible to neasure the advancing rate of

h 5 I t . poi nt [ re dir
heRSIFERER o T eatt Natr et rat e ur Bie By o be.

extr.apol at i of e, Jreas, ur t up to_the end

SYERE OTETHer o SPafy T bea. Tt VRS LoDy 2 pgade” perforn-
estimate a _cuynmene production upon.reaching said end
Wi Od1 LR aly (o DEd o SPEAIPRG 't o ( he
total quantity of catalyst charged equal t o 2, 800 kg
c EBRELRY1SY dat atyreane wikianpeerert ot cbhparcarivegted pro-
The beta zeolite of exanp|e 2 in_amoniun al kyl
aRBIIEMEBIEh i E° L3P T of Lt hed pfEparatf offeytag ion equal to
catal yst in pellet formadopting the procedure
désériiibed in exanple 4 of EP 847,802. Alunmina in the
form of p-bohemite, is used. The catal yst thus forned

o sedaaiinegdf oto 5 (honereatr SEQMPropitie pezentage afriiso-

zeolite in the end-catalyst is equal to 55% by wei ght,
amdoplyd datredersis hasltiherézpéoni hg pbeosinyerted propylene
characteristics : EPV (extra-zeolite porous vol une)
ecueplalt d).982 7¢c Mg, tH reactieindiardf deotiesibavicagiad radiUUD6% ;
> 100 A equal to 52%

o concentration of n-propyl benzene with respect to the cu-
mene equal to 238 ppm with a standard deviation equal to
14 ppm

e concentration of Cg- to Cy- oligomers of propylene with
respect to the cumene equal to 204 ppm.

During the test, the jposition..corrisponding to the
maximum temperature, determined by the exothermy of the re-
action, was registered by means of the thermocou@le gliding
along the greater axis of the reactor. In this way, it is
possible to measure the advancing rate of the so-called hot
point which represents a direct measurement of the deacti-
vation rate of‘the catalyst. By extrapolation of the meas-
urement up to the end point of the catalytic bed, it was
possible‘to estimate a cumene production upon reaching said

end point of the catalytic bed, referring to the total
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The catal yst thus obtained, called catalyst B, is not
representative of the present invention. Catalyst Bis

wa@is@d/0basp5 carryi ng out a continuous cata |yti CPCEEP2008006704

the al kyl ati on of benzene with propylene us ing an
experinmental apparatus such as that described in ex
qAARLe:§ 8Rdcwkhhyhhe -$amBeackhvall 08 andooptald R /kg of
procedure of the catalytic test itself. Sanplings are
nggggsngQhe reaction effluent after 47, 124, 165, 190

and 286 hours of reaction carried out in con tinuous

Eggggﬁetpﬁ §aqﬁo%?g%%Eng§0nditions, whi ch are sub

ently subjec to gas -chromat ographi c anal ysi s.

Ont ﬁeba:?%?ﬁg thg?ﬁff%gsingffe%&g%ggg_eagp sag Ieo%mmo_

reactil on uent, € propyl ene conversion prove to

DS RO P9 Sl ALl PG AL e
CRPRSSELY LY ST VLR LESEE] {0, he LONVEIL e i
oSSBT 2 %% 538 501 ol Ral S PR S PR e

.converted propylene equal to 99.7% w th a standard
l&eﬁ%ﬂq«N?Q%u%ﬁt?%Y@?O§QPS é@§@§ﬁtﬁﬁiQﬁﬂ%ﬁn%dpﬁ85yﬁ hours
benzene W th respect to the cunene equal to 253 ppm .
ajfii tofF 0F Gt ditfareREsi mIonPeguaPlite 8ipphe end-catalyst is

concentration of C6- to C9- oligonmers of Eropylene
egigl to 55% by weight, and the catalyst has the following

porogity characteristics:
EPV (extra-zeolite porous volume) equal to 0.82 cc/g, frac-
tion of pores having a radius > 100 A equal to 52%.

The catalyst thué obtained, called catalyst B, is not
representative of the present invention.

Catalyst B is used for carrying out a continuous cata-
lytic test for the alkylation of benzene with propylene us-
ing an experimental apparatus such as that described in ex-
ample 8 and with the same activation and operational proce-
dure of the catalytic test itself. |

Samplings are taken of the reaction effluent after 47,
124, 165, 190 and 286 hours of reaction carried out in con-
tinuous under the same reaction conditions, which are sub-
sequently subjected to gas-chromatographic analysis.

On the basis of the analysis effected on each sample
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respect to the cunene equal to 264 ppm Also in this
case, during the test, the position cor responding to

WO b@efeesdirum t enper at ure was regi stered by nmeaPST/BP20051@06704
t hernocoupl e sliding along the greater axis of the
.reactor, for neasuring the advancing rate of the

o8oeabbedohok rpoL1Bht , WBhe hprepyessat SoRvalEE6h proved to be
nmeasur enent of the deactivation rate of the catalyst.

aBYafxt ARA At | ORaRf obhesmeasid eFBNM oWPnt0 488 perform-
poi nt of the catalytic bed, it was possible to

aﬁéég@kecé}:gggtﬁﬂ%p%@?ﬁcéi% setelflag to the total

quantity o al yst charged equal to 2,150 kg cunene

/ kg. of talyst B . Catalyst B , which i

6L PEpr BLEKL 501 FETGPCt N Py SESREv it e RgEVETted pro-
SELEEhEV LY MO LumRNe WY SSRAEI .0 d e FOIYELLeuan to

eéne,” 1. e, selectivi to mono -a

pgo yct, which is nuch lower than that obtained with
catd®lyst A in accordance with the present invention.

This is even nore evident fromthe result relating to
*t felsetavtity ity t@wenmrehed+igpprsopydpyery@mrehe++triiso-
triisopropyl ben zenes) with respect to the converted
pP’o”ﬁwiné?eP@@n@&)aw FSARSEY, ©h B ePRERTR&Ad Propylene
substantial |y anal ogous to that already obtained for

c&EHPysEOASD . TR wiRBr aneEdsdafeRevibihgovaeabpdt tR 0.03%;
according to the present invention, a dis tribution of
enoonecandatieoal k¥l at pdopyddoehsens wbtiai pedpwhiccltd $he cu-
nore directed towards the nono- al kyl ated product than
whretiei sqobtlaitme @58 tdpcatidllyst S agnddwdhdégiation equal to
nonr epresentati ve
8 ppm
e concentration of C¢- to Cy- oligomers of propylene with
respect to the cumene equal to 264 ppm.

Also in this case, during the test, the position cor-
responding to the maximum temperature was registered by
means of the thermocouple sliding along the greater axis of
the reactor, for measuring the advancing rate of the so-
called hot point, which represents a direct measurement of
the deactivation rate of the catalyst. By extrapolation of
the measurement up to the end point of the catalytic bed,
it was possible to estimate a cumene production referring
to the total quantity of catalyst charged equal to 2,150 kg
cumene/kg of catalyst B.

Catalyst B, which is non-representative of the present
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of the present invention, wth the same selectivity
towards the overall formation of nono- and di al kyl ated
w@e@doesss Furthernore, catalyst B, nost probedi/grzes/enc7o4
result of the greater formation of C5-C oligoneric
products of pro pylene with respect to catalyst A, is

iehanacheri ze¢ by R i¥eatarHaast bvadhoOny ik ertBgBcthab the
regi stered for catalyst A . Exanple nr 10 The sane

cealakyst Apabppadyeused dn exarml@iBitys P Ln%%e%elg@lated

a catalytic test under the sane conditions descri

pkBaBXaNp %i%heii“siﬁ&élcfgp v t r@lg%{ fﬁﬂtﬁaiﬂédf §3ehOcata-

which is set a C . Sanplings e reaction

1%%&' ‘Ae”%na%%ctn%%céf 68 46théi1%’re]s%nz. ’irﬂvdé%tai%g}a.rw?ﬁ%s is

rs or reaction carried out con t1nuous un

ti Lt whi seqguen .
S A e e
0o e B RS ar | h TN o BB Z B Ray's HFONETPERRNL Den-
ZRP5E) ¢ i Do "GP R oo LOB| COPVRIER: BTCaNRRESMEET Catalyst
t toth ted pro pylene equal to 89.9%
oSS ot e SEves Fonilo ) SO iE < LEr RnR begus o

to (cunene + diisoproqyl benzenes) with re
that already obtained for catalyst A. In other words, when

using catalyst A according to the present invention, a dis-
tribution of mono- and di-alkylated products is obtained
which is more directed towards the mono-alkylated product
than what is obtained with catalyst B, which is non-
representative of the present invention, with the same se-
lectivity towards the overall‘formation of mono- and di-
alky;ated products. |

Furthermore, catalyst B, most probably as a result of
the greater formation of Cg-Cy oligomeric products of pro-
pylene with respect to catalyst A, is characterized by a
greater deactivation rate than that registered for catalyst
A..
Example nr 10

The same catalyst A already used in example 8 is sub-
‘jected'to a catalytic test under the same conditions de-

scribed in example 8 except for the temperature of the re-
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spect to the converted propyl ene equal to 99.5%wth a
standard devi ation equal to 0.08% concentration of

WO 260mehs benzene with respect to the cu nene BOUEP2008006704
187 ppmw th a standard devi ation equal to 7 ppm
concentration of C6- to C9- oligoners of propylene

a¥tbh [BSRRCE st @ckhgrCcynphe equal to 279 ppm Also in
this case, during the test, the position corrisponding

Lo theHRXHEUTLECUNE! ALULE MRSt POLSLET S Y MBANS 0Ly 46,

t he thernocouple sliding a ong the greater axis o

1{85018Y, 12p EEASHELIAobDE BEVASLPG-SLE 0l ahsut in con-
sota orn rchrep resen £
Leng! L. oft actjvati.on rate.qf. the c
R i .%%—frd 2P B oy b Shre suo-
Qi n f th ytic bed
=BovPade 50BiREkEs ﬁ8daaﬁ| %r?%¥§?$faaﬁ%s ?ﬂ@9¥8%§|
quant.i t cat.al ys ar to 1,730 kg
o) EySoP i t%@ e RS . frapypis, the
benzene and propyl ene- goners | npurities therefore
PFBPY bGBSt Hé?né')‘?ﬁééf)é‘dPFP’éﬁé othe RbVARP Béghedsehami OF - 0%.
a decrease in the tenperature, whereas the latter
Thiic COAL0¥ 1T RVETRES QeFd THANES efperaliakesiyi Ahwere also
respect to what was- already obtained with catalyst K ‘
obt@kerdiin the reaction is carried out at a higher
tenperature as in the previous exanple 8 . Lower

oI gatttonvi egperatdiiseC an thonsepeIt |8o behé converted pro-
pylene equal to 89.9% with a standard deviation equal to

0.8

oP

i

e selectivity to (cumene + diisopropyl benzenes) with re-
spect to the converted propylene equal to 99.5% with a
standard deviation equal to 0.08%;

e concentration of n—propyl’benzéne with respect to the cu-
mene equal to 187 ppm with a standard deviation equal to
7 ppm

e concentration of Cg- to Co- oligomers of propylene with
respect to the cumene equal to 279 ppm.

Also in this case, during the test, the position cor-
risponding to the maximum temperature was registered by
means of the thermocouple sliding along the greater axis of
the reactor, for measuring the advancing rate of the so-

called hot point, which represents a direct measurement of
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| ected for the production of cunene having a
particul ar and hi gh degree of purity. Exanple nr 11

W@ coapeaset i ve) The same catal yst B al ready useBCT/EP2005/006704
exanple 9 is sub jected to a catalytic test under the
same conditions de scribed in exanple 10, with a

thyee aoteicdmi vieeniyey atalte ohi thei sakelyat . 189 @8trapolation of
Sanplings of the reaction effluent are taken after 28,

tHd meErebkSitande 122 hber endgf gaeladt i of ther icad adwtt iien bed,
con tinuous under the sane reaction conditions, which

itargsubosetibeat by wudjieeited 4 ocgasne cbirotategoapheferring
anal ysis. On the basis of the gas -chromatographic

tARAey Sickall Repopdhers corearsitorhprered daidle © waymso kg
hi gher than 99.0% The foll ow ng average performances

cfereadl Y Boserealzso obtained: selectivity to
cunmene wWith respect to the converted propyl ene equa

to &he R%itioR standardpdevigdAheasal R PA%he. oli-

selectivity to (cunmene + diisopropyl benzenés) with re

goRaH irgp‘ngtj@QQV%ﬁ—feer% (RPYEENESFIURE L Q389 200 4 ?:Q‘e%d

st andar eviation equal to 0.2% concentration o

- b '
o PSRN PREoRS ML LASPECh LB, E HATERS. e,

I on equa
f pro

‘Wl'gﬁo%]e(r:]aesnt{ﬁél %gt%ferCG:[ncglpea%ge_s O‘J\figf?ngr Sdeocr aSéJylj_Ieln%he tem-

perature with respect to what was already obtained with
catalyst A, wherein the reaction is carried out at a higher
temperature as in the previous example 8.

Lower reaction temperatures can consequently be  se-
lected for £he production of cumene having a particular and
high degree of purity.

Example nr 11 (comparative)

The same catalyst B already used in example 9 is sub-
jected to a catalytic test under the same conditions de-
scribed in example 10, with a reaction temperature which is
set at 140°C. |

Samplings of the reaction effluent are taken after 28,
94, 100, 118 and 122 hoﬁrs of reaction carried out in con-
tinuous under the same reaction conditions, which are sub-
sequently subjected to gas-chromatographic analysis.

On the basis of the gas-chromatographic analysis, the

- 36 -



10

15

20

25

respect to the cunene equal to 443 ppm. Also in this
case, during the test, the position corrisponding to

WO b@efeesdirum t enper at ure was regi stered by nmeaPST/BP20051@06704
ternmocoupl e sliding along the greater axis the
reactor, for neasuring the advancing rate of the

popYieddoreppion , pudvah tedesehtsya ldigleet than 99.0%.
nmeasur enent of the deactivation rate of the catalyst.

TRy Bxilapbhat boarafet berffieasanesenbfupataliylke endvere also
point of the catalytic bed, it was possible to

oltsdimed e a cunene production referring to the tota
quantity of catalyst charged equal to 1,020 kg

o CURNS! K t R i.dent t : _

- using ci;\tgla s?gBag%ﬁé%etB‘éVﬂﬁ%ér at %Pg\égf %%4(1):t H(;éac ?@ljtlié;rrtée? $°
apy eéhectivglredueti 98 WAthhe O RO MO S0 ual to
benzene with respect to what is obtained with the sane
cgtalyst B when carrying out the reaction at a
tenperature of 150 OC . This reduction, however, is

PR B S B ST e =
HLC S, LA U108 A e <

I'S mucn nore

catal yst .A.at.the sanme tem peratyre . Catal yst A,
r %?%é%nﬁ?a??\’/%a%%o?h%qlb?gs%(‘gt&I Vention, therefore

allows the reaction to be carried out at nore fa
* errepteraeiprerel R SRreRY b FeRe reduetToIreet the the cu-

forma tion_of n-propyl benzene inpurities which cannot
paeRp equal to 188 ppm with a standard deviation equal to

2 ppm
e concentration of Cg- to Cy- oligomers of propylene with
respect to the cumene equal to 443 ppm.

Also in this case, during the test, the position éor—
risponding to the maximum temperature was fegistered. by
means of the termocouple sliding along the greater axis the
reactor, for measuring the advancing rate of the so-called
hot point, which represents a direct measurement of the de-
activation rate of the catalyst. By extrapolation of the
meagurement up to the end point of the catalytic bed, it
was possible to estimate a cumene production referring to
the total gquantity of catalyst charged equal to 1,020 kg
cumene/kg of catalyst B.

It is evident that also using catalyst B at a tempera-
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tained, on the contrary, wth catalyst B,
nonr epresentative of the present invention. CLAIMS 1

wae\2weaesatol it e characterized by a distributi onCDEP100&006704
Lewis acid sites and Brnsted acid sites correspondi ng
to a nolar ratio [Lewis sites] / [Brnsted sites]-

tiweriabf t 640 Chi gheret hanar effgctimebetesluzsdlant ein the for-
according to claiml1 , wherein the Si Q2/ Al 203 nol ar

matatdw cfarnasrapithibendeng arigé: ofediedto 39 .wiat s belbained
.zeolite according to claim2 wherein the Si Q2/ Al 2C3

witoh arhe asawe vaatesysi t Bi whehe crangdnof ol tth5readkion at
A beta zeolite according to claiml1l , in the form of

a Stdmpe e tonte @Y gl e at®s ofreadystadid | tiesvewher el® &ésoci -
| east 90% of the crystallites has a di nension | ower

attd@nwB0R A cobsidEebBlytinceespesihi ehe IRkt tOF oli-
claim1 , containing: a beta-type zeolite

gShar AChLr bzegybyna dhat bi RidniseRy@htt e J:eM Sc B¢t dreduction
sites and Brnsted acid sites corresponding to a nol ar

id ath8 w3 ool 18] the [ BaRal §dtSi fgslieaual mh@ﬁlormore dis-
hi gher than 1.5; - an inorganic” binder. 6 . The

tltqﬁee@! YhLE €R9POSH iaqa_eacae]ﬁ:@i %Jéaglfétaiﬂ* 2t t‘%@erﬂrﬁé tem-

i norgani ¢ binder 1s selecte rrom al um nu

SiligPn or magnesi um oxides, natural clays or
pcoﬁ%?ﬁgtlons thereof . 7 . The catal ytic conposition

acc i | ai .wherei.n the jght rati bet ween,
bi n e%%tge%fi txlgp?/_’aersieélga%lve of V\@hg presen% invention,

therefore allows the reaction to be carried out at more fa-

vourable temperatures to obtain a reduction in the forma-
tion of n-propyl benzene impurities which cannot be ob-

tained, on the contrary, with catalyst B, non-

_representative of the present invention.
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from80; 2 0 to 5:95. 8 The catalytic conposition
according to claim5 , char acterized by an extra-

wa ewbiobmopor osity having a total vol ut ne great PCT/ERZN5/006704
or equal to 0.80 m/g and consisting for a fraction of
at | east 25% of pores having a radius greater than 100
A. 9. Aprocess for preparing the zeolite of claiml
, Which conprises crystallizing, in an aqueous
envi ronnment, under hydrot H&ATMS conditions at a
tenperature ranging from 150 to 1900 C, for a period

lof tAnketangenditeomhbdatate24@edolnys,a alisagentition of the

m xture containing, as al um num source, sodi um
Lawigi aaté anteanaatiuBirpnptatikexidesdtesatornpesganting to a
salt of alumnum a silica source selected from

mebbfoichatisi | [Teaid ebiaakhyl[Bebhseaess anes RMERIUS to or
silica, and tetraethyl amoni um hydroxi de as

highRptathag agent, said mx ture having the foll ow ng
conposition in ternms o f nolar ra tios : [SIQ2]/ [Al

28] a= ' K = 0. - 0.435 :
7 s BSOS 0 ghun 30 il o

Sﬁ@@%AfﬁLA%$18£eﬁégﬁotOQQiQF6§i@Hgn| rri080 4¢0,0 E8é3o.

The process according to claim9 , wherein the mxtur
sder i naefg omasptel | aatiand sl arggy dhe sy ene
S?Hgggtkﬂ1molar ratio varies within the range of 10 to 25.
4. A beta zeolite according to claim 1, in the form of
‘sub-micronic agglomerates of crystallites, wherein at least
90% of the crystallites has a dimension lower than 300 A.
5. Catalytic compositions according to claim 1, contain-
ing:

- a beta-type zeolite characterized by a distribution of
the Lewis acid sites and Brensted acid sites cérresponding
to a molar ratio [Lewis sites]/[Brensted sites] equal to or
higher than 1.5;

- an inorganic: binder.

6. The catalytic composition according to claim 5,
wherein the inorganic binder is selected from aluminum,
silicon or magnesium oxides, natural clays or combinations

thereotf.

7. The catalytic composition according to claim 5,
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salt, and then dried and calcined. 11. The process
according to claim9 , wherein the crystal lization is
wa@aroeioersodut at a tenperature rangi ng from 165PCDERBO5/M6704
C, for a period of time ranging from 18 to 150 hours
. 12. The process according to claim9 , wherein the
wiadoeimubhal kesple retsel dettegety drinalenmiangn zeclite varieg
i sopropylate or terbutylate, the tetra-al kyl silicate
fremsed ezt edofBsoPbtetranet hyl - tetra- ethyl- or
tetrapropyl-silicate, the alum numinorganic salt is
gsel ethedchdbahybitr abepasdtivhphaterdidg The qraoessS, char-
according to claim9 , wherein the reagent m xture has
atberi obl ol ngncexpesi-tHean itk tperesiel Mg aatté8al vol-
[SiQ2]/ [Al 208] = 10 - 25 [TEAOH / [SiQ2] = 0.15 -
ufle 39r&dt @0 thah & RBluz18to 4580 NaRyland[d&EAEting for a
greater than 0 .1 [Na] / [A] greater than 0.68 and

ehouelohhar Lt00 kst Thes p&@pﬁés%e@ca@w% g d orgh 2 LPReater

wherein the suspen sion deriving from
t§£¥s£@blggation, before being sub jected to
iTtration, is acidified until a pHranging from3 to

96 | SAr}Sgggg%s ang %&J}eﬁ%\%gpy b ALY 1L & F f‘éigi&?’?' which

une ‘of wat er me"of "suspension) Trangi ng
cbiam 1:50 10,45, 1108 pr 008eS. 20 G0t dNg (9 AL, under
hydrothermal conditions at a temperature ranging from 150
to 190°C, fér a period of time ranging from 10 to 240
hours, a reagent mixture containing, as aluminum source,
sodium aluminate and an aluminum alkoxide or an inorganic
salt of aluminum, a silica source selected from éélloidal
silica, tetraalkyl silicates and amorphous silica, and tet-

raethyl ammonium hydroxide as templating agent, said mix-

ture having the following compogition in terms of molar ra-

tios:
[S10,1/ [A1,04] = 10 - 30

[TEAOH] / [S10,] = 0.10 - 0.35

7 - 20

]

[H,01 /[ $10;]
[Nay0] / [TEAOH] greater than 0.1

[Na] / [Al] - greater than 0.68 and lower than 1.00

10. The procesgs according.to claim 9, wherein the mixture

deriving from crystallization is filtered, the solid prod-
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product obtained fromthe filtration of the
crystallization mxture is re-dispersed in water,
wGaimpmeesesl to an i on ex change treatnment w th BOT/EP2005/006704
ammonium salt, filtered, dried at a tenperature
rangi ng from 100 to.200 OC for 8 - 16 hours and
uchl chinetned ast enpeeratere tpraiginngxfahemodsOvittdh 650 &@nonium
for 4 - 8 hours . .16. A process for the al kylation of
salomednd tiyeh otardxdnsndvheahe Tospr i ses putting an
aromati ¢ hydrocarbon in contact with an olefin
15¢el emieebfdsup etaydeneiencpropylene, wietdien ptlesesegstal -
of a beta zeolite characterized by a distribution of

11her Lo ssaekherSebeoanthiBr astegpaghduskt esireprEspand 165
ing to a nolar ratio [Lewis sites] / [Brnsted sites]

£804alool0 Ofohi ghepethal bid. tlfe ThoIRECETACCOE diRY 150
fo claim16, carried out at a tenperature rangi ng from

hd@Ps;to 300 OC and at reaction pres sures nornally
ranging from1 to 100 bar. 18. The process accordlng

% Gf@%n&ﬂé eggeéé&ﬁkﬁbﬁéaég B {\f { %fé Shé aluminum

enzene. The process according

aTFS%eag Hﬂ? aLe g@&acﬁgxgﬁogﬂhﬁg uh? PEH%F 1%@5 or , ter-

nis propy ene a e reac |on I's out at

LR S ST T Oy <o
2 0 180 0C...21. T
R S D AR B e st

num inorganic salt is selected form nltrate and sulphate.
13. The procesgs according to claim 9, wherein the reagent
mixture has the following composition in terms of molar ra-
tios: |

[810,]/ [A1205] = 10 - 25

[TEAOH] / [S10,] 0.15 - 0.30

1]

[H201/[ 8i0,] = 8 - 15

[Na,0] / [TEAOH] greater than 0.1

[Nal/ [AL] greater than 0.68 and lower than 1.00

14. The process according to claim 10, wherein the suspen-
sion deriving £from the crystallization, before being sub-
jected to filtration, is acidified until a pH ranging from
3 to 6 is reached, and diluted with water in a ratioc (vol-
ume of added water)/ (volume of suspension) ranging from 1

to 10.
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mati c hydrocarbon is benzene, the olefin is ethylene
and the reaction is carried out at a tenperature

wo a200giomg03 rom 150 to 250 0 C . 22. The processPCT/EP2005/006704
according to claim21, carried out at a tenperature
ranging from170 to 230 0 C . 23. The process

laccOidi ngraes et abardZdivar tbedloum i ¥0 at wheastin the solid
partially liquid phase. 24. The process according to

pmddaian 2Rt eaciared etr@uttla fd Jpressiure afargiengzfyrom 10 2acion
50 bar.. 25. The process according to claim 16,

mistrere nid heerdliaperagdoihetwaten ,t hailareartedd ctoospoudnsh ex-
and the olefin fed to the reaction nornally ranges

cHarere 1t ten BRen2bwith pancessohoumt beltl afdalklkeat,i - 1dd at
aromati ¢ hydrocarbons which conprises putting an

a af OfipdF&tyer egaghes imrcront@acttyd bbooe I MPre 15 hours
pol yal kyl ated aromati c hydrocar bons, in the presence

arf et zed id o sharasterd zxeaqaéz}ax,ga o rddtd One o for

the Lewws acid sites and Brnste cid sites
4 Corg ing to a nolar ratio [Lewis sites] /
[Brnsted sites] equal to or higher than 1.5. 27. The

]&ﬁrogF (%ﬁﬁgédfﬁg Eﬂecgﬂgg?ggﬁoﬂhg%egﬁchg%jﬁ{gmﬁﬁéégarbons

ydro on I's benzene rocess accor

m38,01 21, her s g he pol yal kyl agggﬁggoomg contact

y rocar ons ar res pre a (S

L%I%Calger? ar o % gflcfirocar S 29 pjprg%;gleene, in the

presence of a beta zeolite characterized by a distribution
of the Lewis acid sites and Brensted acid sites correspond-
ing to a molar ratio [Lewis sites]/[Brensted sites] equal
to or higher than 1.5.

17. The process according to claim 16, carried out at a
temperature ranging from 100 to 300°C and at feaction pres-
suresg norrﬁally ranging from 1 to 100 bar.

18. The process according to claim 16, wherein the aro-
matic hydrocarbon is benzene.

19. The process according to claim 17, wherein the aro-
matic hydrocarbon is benzene, the olefin is propylene and
the reaction is carried out at a temperature ranging from
100 to 200°cC.

20. The process according to claim 19, carried"out at a

temperature ranging from 120 to 180°C.
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pol yal kyl ated aromati c hydrocarbon is selected from
di et hyl benzene, optionally in a mxture with triethyl
whemwsomsys and dii sopropyl benzene, optionally PET/AP2005/006704
m xture with triisopropyl benzene , 30. The process
according to claim 26, carried out at a tenperature
2 .andheg P¥ePTIAD0CLEO35089 I TFhelpr ddesswagrerdi et caro-
clai m 30, wherein the aro matic hydrocarbon is
nalry empdroperpony disk ypenzehar obhei olpfdrochs betdiydeme and
pol yi sopropyl benzenes and the tenperature ranges from
tHs0reaci2b@n 0Cs. c32rifde qurincassaateopdiragutre cteaigh3, from
wherein the aro matic hydrocarbon is benzene, the
lolyaldsdat.ed aromati ¢ hydrocarbons are pol yet hy
benzenes and the tenperature ranges from 180 to 300 0OC

22. 3ThelTherprosesacacedriangd octhamm3), carfiedl eut at a
under conditions of at |least partially liquid phase.

t eifperEh Y ORBRRIRE COFsth Ng7d aldon@3, carried out
under |iquid phase conditions. 35. The process

2RCCAHE NerdGe & aAbBb38d0hg34o CAIHIEh PUt cabr Rl 838UME at
rangi ng from20 to 50 bar. 36. The process according

1éé%ﬂﬂﬁgfefg&l?wmﬁiﬂﬁpﬁﬁﬁ?ﬁflar rati o between the

aromat i ¢ hydrocar e sum of pol yal kyl at ed

' [ f 40 h
28 ONRld C%Péfgég‘s‘a%%%%%d]\igl:&mng&é%l% bg 4y m)jreér Sut _at a

process according to c erein’the arratio

pf§g§5§éfféﬂgfké(%§%% 10 to 50 bar.

25. The process according to claim 16, wherein the molar
ratio between the aromatic compound and the olefin fed to
the reaction normally raﬁges from 1 to 30.

26. A process for the transalkylation of aromatic hydro-
carbons which comprises putting an aromatic hydrocarbon in
contact with one or more polyalkylated aromatic hydrocar-
bons, in the presence of a beta zeolite characterized by a
distribution of the Lewis acid sites and Brensted acid
sites corresponding to a molar ratio [Lewis
sites]/[Brensted sites] equal to or higher than 1.5. | )
27.' The procesg according to claim 26, wherein the aro-
matic hydrocarbon is benzene.

28. The process according to claim 26 or 27, wherein the
polyalkylated aromatic hydrocarbons are mixtures preva-

lently containing dialkylated aromatic hydrocarbons.
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38. The process according to claim 16 which conprises
the followi ng steps; (a) putting an aronatic

whyaeoempbon i n contact with an ol efi n sel ect eBCT/ERIM05/006704

et hyl ene and propylene, in the pres ence of the
zeolite according to claim11 , under alkylation
2GondiThieoproqans separudintg thecprodults obt a2 iedwhetreia the
fraction con taining the aromatic hydrocarbon, a
podaetlikod adest @usingg itchdydooearhoky liat e lactest ifrom diethyl
hydr ocarbon, a fraction containing pol yal kyl at ed
bemorate, ¢ dprdicoedrlyonsy sprmewaiuest b thontrdietibiyd benzene, and
di al kyl ated aromati c hydrocarbons, and a fraction of
dHe@eprapgiathenhyte pcapbdasally cinpu thhgethe fhast iteniso-
cont ai ni ng pol yal kyl ated aromati c hydrocar bons,

cgwaleﬁkkxﬂﬁﬂntalnlng di al kyl ated aromatic

rocarbons, in contact wwth the aromatic

3ra>ydr agar @fbcééetaécﬁif§§ﬁ§0%00fcltaﬁ% 280! | LR AGER dé@tg at a
toclaim1l under transal kyl ation condi ti ons; (d)
(SRRRIAIG the e UGt raed3f5ro<a@ step (c) into the
same fractions obtained in step (b) , and subsequently

F1ECY Thd gtgr%@séf%%b%lﬁg (t%' af%ll'{:lhg 0ar QAL EL: 1y *(_he aro-

hydr ocar bon partly to ste partly to step

n%r&gé hg %’EB&&EEBanﬂ aéghy%he %P' y%ifggfﬁ: Qa%fgfmt | Gatic

rocarbons to st Aceo
16, aor._ 26 carrled oytin the pres
%t c%lr@oncso ﬂaproeSIL%oléﬁLsogrﬁ DY i Ir'? nzenes an%q%%e temperature

ranges from 150 to 250°C.

32. The process according to claim 30, wherein the aro-
matic hydrocarbon is benzene, the polyalkylated aromatic
hydrocarbons are polyethyl benzenes and the temperature
ranges from 180 to 300°C.

33. The process according to claim 30, carried out under
conditions of at least partially liquid phase.

34. The process according to claim 33, carried out under
liguid phase conditions.

35. The process according to claim 33 or 34, carried out
at a pressure q:anging from 20 to 50 bar.

36. The process according to claim 26, wherein the molar
ratio between the aromatic hydrocarbon and the sum of
polyalkylated aromatic hydrocarbons varies from 1 to 40.

37. The process according to claim 36, wherein the molar
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a beta-type zeolite characterized by a distribution of

the Lewis acid sites and Brnted acid sites
wa@eoosee33ehdi ng to a nolar ratio [Lewi s sites] PCI/EP2005/006704

[Brnsted sites] egual to or higher than 1.5; an

i norgani c binder. 40. The process according to claim
ragoto wiirngssh Eremchtte 1384 ¢ conposition is

characterized by an extra-zeolite po rosity having a
3% ot dthey Pprmece® caterrdhag bp edaam tlé OIBCN ¢gupmises the

consisting for a fraction of at |east 25% of pores
Ehbvowina staelpeis greater than 100 A .

(a) putting an aromatic hydrocarbon in contact with an
olefin selected from ethylene and propylene, in the pres-
ence of the zeolite according to claim 1, under alkylation
conditions;

(b) separating the product obtained into a fraction con-
taining the aromatic hydrocarbon, a fraction containing the
mono-alkylated aromatic hydrocarbon, a fraction containing
polyalkylated aromatic hydrocarbons, prevalently containing
dialkylated aromatic'hydrocarbons, and a fraction of heavy
aromatic hydrocarbons;

(c) putting the fraction containing polyalkylated aromatic
hydrocarbons, prevalently containing dialkylated aromatic
hydrocarbons, in contact with the aromatic hydrocarbon, in
the presence of the =zeolite according to claim 1, under
transalkylation conditions;

(d) separating the product obtained from step (c¢) into the
same. fractions obtained in step (b), and subsequently recy-
cling the fraction containing the aromatic hydrocarbon
partly to step (a) and partly to step (c¢) and the fraction
containing the polyalkylated aromatic hydrocarbons to step

(c).

39. The process according to claim 16 or 26, carried out
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in the presence of a catalytic compogition containing:

- a beta-type zeolite characterized by a distribution of
the Lewis acid sites and Brensted acid sites corresponding
to a molar ratio [Lewis sites]/[Brensted sites] equal to or
higher than 1.5; |

- an inorganic binder.

40. The process according to claim 39, wherein the cata-
lytic composition is characterized by an extra-zeolite po-
rogity having a total volﬁme greater than or equal to 0.80
ml/g and consisting for a fraction of at least 25% of pores

having a radius greater than 100 A.
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