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nggﬁbKYLATICN OF
AROVATI C COVPOUNDS The present invention relates to a pr % 8¢ the

al kyl ati on of aromatic conpounds whi ch conprises reacting 10 an aromatic
conpound wi MP BR¥Pbne and hydrogen in the presence of a CEHEHFRR{IELT
conposition conprising a solid acid mgterial and copper. A preferred aspect
is for the catalytic conposition to also contain one or nore ele- nents
selected fromelenments of groups II1A |IVA 111B, 15 1.VB, VB, VIB, VIIB,
group VIIl limted to Fe, Ru and Gs, and of the series of |anthanides. A
particularly pre- ferred aspect is for the catalytic conposition to contain

one or nore elenents selected fromel enents of groups

I[11TA and VIB. 20 In

particular, the invention relates to a process for the production of cunene
starting fromthe reagents acetone, benzene and hydrogen, which are reacted
in a single reaction step in the presence of said catalytic system 25
Even nore specifically, the invention relates to an 20 JUNE 2006 WD

03/ 053892 2 PCT/ EP02/ 14817 al kyl ati on process of an aromatic hydrocarbon,
preferably benzene, with acetone and hydrogen in the presence of a

catal ytic gonposition containing a solid acid material,
nore el enments selected fromC and Al,

copper and one or

PROCESS FOR THE ALKYLATION OF AROMATIC COMPOUNDS

The present invention relates to a process for the
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25

alkylation of aromatic compounds which comprises reacting
an aromatic compound with a ketone and hydrogen in the
presence of a catalytic composition comprising a solid
acid material and copper. A preferred aspect is for the
catalytic composition to also contain one or more ele-
ments selected from elements of groups IIIA, IVA, IIIB,
IVB, VB, VIB, VIIB, group VIII limited to Fe, Ru and Os,
and of the series of lanthanides. A particularly pre-
ferred aspect is for the catalytic composition to contain
one or more elements selected from elements of groups
ITITA and VIB.

In particular, the invention relates to a process
for the production of cumene starting from the reagents
acetone, benzene and hydrogen, which are reacted in a
single reaction step in the presence of said catalytic
system.

Even more specifically, the invention relates to an



5 wherein the solid acid material conprises or consists of a zeolite,
preferably zeolite beta. The new preparation of cunene aaEBPH%%@6to t he
pres- ent ipgventi can be used in particular in a production process of
phenol conpgﬁgﬁhgggﬁe foll owing steps: 10 (a) reacting ben/eHEP0234%T one and
hydrogen in the pres- ence of the catal¥ytic systemaccording to what is
speci- fied above, conprising a solid acid nmaterial and copper, (b)
oxi di zing the cunene to cunene hydroperoxide, (c) treating the cunene

hydr operoxi de with acids to ob- 15 tain a re-arrangenent to phenol and
acetone. A preféyitationperecess faff arh@roapiligt hydroaposoni aprefiexedlivn st ep
(a) to also contain one or nore elenents se- lected fromel enents of groups
I11A 1VA |1bBpzeng wBELh wcBtong| Bpndghydpoyen| ihi theedrieseree RE @and Cs,
and of 20 the series of ‘lanthanides. A particularly preferred as- pect is
for the catal gereal¥bhpospipoaibiont epntalning cansotladn amisl matesnialel enent s
selected fromelenents of groups IIlA and VIB. The acetone which is forned
in step (c) c&APberrae§-ong er cgoxe eianentd Fadreahed fnerhési angf Adunene. 20
JUNE 2006 WO 03/053892 3 PCT/ EP02/ 14817 According to what is specified
above, thedcarheyeir thenpebidi anldsertemial Grmmnigasefar A9nFiesHpLritses
zeolite beta and copper. A particularly preferred aspect is to use in step
(a) a catal yt Rczeohbesi tPRsfamhRla ﬁﬁﬁél¥éob95a+ite beta, Cu-and a netal
selected fromCr and Al. Cunene or isopropyl benzene is an inportant

i nt er me- The new preparation of cumene according to the pres-
ent inﬁention can be used in particular in a production
process of phenol comprising the following steps:

10 (a) reacting benzene, acetone and hydrogen in the pres-
ence of the catalytic system according to what is speci-
fied above, comprising a solid acid material and copper,
(b) oxidizing the cumene to cumene hydroperoxide,

(c) treating the cumene hydroperoxide with acids to ob-

15 tain a re-arrangement to phenol and acetone.

A preferred aspect is for the catalytic composition
used in step (a) to also céntain one or more elements se-
lected from elements of groups IIIA, Iva, IIIB, IVB, VB,
VIB, VIIB, group VIII limited to Fe, Ru and 0Os, and of

20 the series of lanthanides. A particularly preferred as-
pect is for the catalytic composition of step (a) to con-
tain one or more elements selected from elements of
groups IIIA and VIB.

The acetone which is formed in step (c) can be recy-

25 cled to step (a) for the synthesis of cumene.



diate in the basic chemcal industry mainly used as pre- cursor for the
production of phenol, in turn useful as internediate in ({W@Ep%‘)g(bar ation of

caprol act an}\j({ogr&%/m ch 10 nylon is produced. The industrial synthesis of
phenol conpri PR al - kyl ati on steps_of benzene to cunmePEl/ERR@48%i dati on

of cu- mene to cunyl hydroperoxi de and the subsequent rearrange- nent to
gi ve phenol and acetone. 15 As far as the al kylation of benzene to cunene is
concerned, catalysts based on phosphoric acid and infuso- rial earth for
fixed bed reactors_or AL Cl13 in s urrK, and ,Ero yl ene as al kyl atj ng, agent,
are still widely uBEEOFALIRG hEC pBRRBchENFREFL %s@b@‘?érzoﬂ‘me 2td Hdssses
however create problens relatipng to envi ronmen%gl i npact ,and safety: the
use of these CRFROSEyEPR UFRAfHEtStER (3dr BTEIPARAPYYpFBBPEREET ¢ to cor-
rosi on, the by-production of toxic organj_c ﬁ{éoduc s and the digsposal of the
exhaust ed cat REFEt SPGEIRPOIGE RERGYEHISTR BFEDSFAes ofSBECEutend s de
20 JUNE 2006 WO 03/053892 4 PCT/EPQ2/ 14817 scribed for the first tinme, using
zeolite X or 286 ife SFePas(@atd| GRFANF HACKEPOSGTIN | CRTAANING13%Khi niya 5
(1965) 676). The use, of zeolites witt}]a f.aujasi tic sfruc- ture for the
S ky T at i ond of LR BRESw R 1901 et pel8kaan adm bhpsd Al *ae’ |
subsequent |y descrjbed by Venuto et al. (J. Catal..5 ﬁ_ 966). 1%. U. S.
4,292,457 descri beéu??fée e Bi° ¥ ?E?Bég?go-lsl PR ei™PQ %%?%yltrgﬁ T benzene
with propylengiate in the basic chemical industry mainly used as pre-
cursor for the production of phenol, in turn useful as
intermediate in the preparation of caprolactam from which
10 nylon is produced.
The industrial synthesis of phenol comprises the al-
kylation steps of benzene to cumene, the oxidation of cu-
mene to cumyl hydroperoxide and the subsequent rearrange-
ment to give phenol and acetone.
15 . As far as the alkylation of benzene to cumene is
concerned, catalysts based on phosphoric acid and infuso-
rial earth for fixed bed reactors or AlCls in slurry, and
propylene as alkylating agent, are still widely used in
the petrochemical industry.
20 These processes however create problems relating to
environmental impact and safety: the use of these cata-
lysts, in fact, is particularly problematical due to cor-
rosion, the by-production of toxic organic products and

the disposal of the exhausted catalysts.

25 In 1965, however, the preparation of cumene was de-



Excellent results in terns of industrial application 10 have been obtai ned
in the synthesis of cumene using zeo- lites with a beta- ?Wﬂ@“%ﬁWﬁcture as

descri bed i (Ff §32814 and in particular using catalysts conprising zeo-
lite beta accor Mmg“to what is descrlbeg in EP 687500 and PCHERER/1817802. 15

Once cunene has been obtained, it is transformed into phenol by neans of an
oxi dation step to cunene hy- droperoxide, followed by an acid treatnent step
whi ch causes the breakage of the peroxide bond with the forma- tion of
phenol and acet one. ynt hesi s, of phenol via cunene, on which nDst

i ndustri al pléﬁfébﬁng?FnEh?h bEFhotimE M I FIVL o I FRPALtEN Yof

phenol , are based ads to the co- production of quantity. of acetone
equal to 0.61%Rg ‘baeqel QM ReretYr 28 Phdhui f"’g n%r'nl yeé*é@éhi“ﬁlﬁ'le

o O g LI A LA (o
' The. productitFortesr HEt hFLAELALETSI Are ea%z“oaea{eeié%aﬁeh Shrcrdes %ﬂiﬁi&
Chor ef or e n SHEAI &c@d AL GREr ON oo TBSSenTY o HREEr (P Pfe VEBRIESt 1 or
8222°Lo?”‘ioa§$ft°afs hBuurakatn 3 G Bud fyr?rr? relation fothe
U.S. 4,292,457 describes the use of ZSM-5 type zeo-
lites for alkylating benzene with propylene.
Excellent results in terms of industrial application

10 have been obtained in the synthesis of cumene using zeo-
lites with a beta-type structure, as described in EP
432814, and in particular using catalysts comprising zeo-
lite beta according to what is descfibed in EP 687500 and
in EP 847802.

15 . Once cumene has been obtained, it is transformed
into phenol by means of an oxidation step to cumene hy-
droperoxide, followed by an acid treatment step which
causes the breakage of the peroxide bond with the forma-
tion of phenol and acetone.

20 The synthesis of phenol via cumene, on which most
industrial plants existing throughout the world for the
production of phenol, are based, leads to the co-
production of a quantity of acetone equal to 0.61 kg per
kg of phenol.

25 Phenol is mainly used in the production of bisphenol



growh margins of the different sectors and outlet mar- kets for the two
products. New processes based on the re-use of acetone -2CBINE}08¢uced with
phenol - in the upstream synthesis of cu- 15 nene, have been proposed to
avoid this §W?ﬁ%§§8ﬁ. In EP 361755, the propyl ene used as BCRpPmniusin agent
of benzene for the synthesis of cuneneSis obtained, either totally or
partially, starting fromacetone, after reduction with hydrogen to

i sopropanol and subsequent dehydration to 20 propylene. The re-use of the
possi bl e excess acetone for the re-production of propylene according to the

nmet hod de- scri betbhAalovass)i,s SréhETEd YroM{PUabddt t BSY Al b¥pHyEadttan t he
hi gh nunber of steps associated wth the chemcal re 25 duction

transfor mati ongpoRti SIEW)QPYanal £RE0| aaRg1bhEnSLY, 2@y EhE] 80Q8 AR 053892
PCT/ EPO2/ 14817 6 sequent dehydration of the al cohol to propyl ene. An

al ternative WyredueedycapeBasnareeonel igha@igal useansiorimd i pAsdUBCessary
for the re-use of acetone con- sists in the direct use of isopropanol,

obt ai ned by thdoh reduchéthybiectitedOyiats t HaBydeogess) as Bl kphaidion mgent
of benzene in the synthesis of cunene, as described for exanple in EP

1069100. Tbe diabeat alokyl, atdclvesftshe(ant Vi) | S0Pr apshglisowbiyviikeed by the
reduction of acetone co-produced with 10 phenol, represents an inprovenent,
from an i ndustgohal (pbout ®§) view, with respect to the option which involves
the re-production of propylene to be used as al kyl ati on
There is therefore an unbalanced situation, at least
potential, in the request for phenol and acetone, intrin-
sically deriving from thei; co-production, which does not
10 allow a modulation in their supply in relation to the
growth margins of the different sectors and outlet mar-
kets for the two products.
New processes based on the re-use of acetone -~ co-
produced with phenol - in the upstream synthesis of cu-
15 nmene, have been proposed to avoid this situation. In EP
361755, the propylene used as alkylation agent of benzene
for the synthesis of cumene is obtained, either totally
or partially, starting from acetone, after reduction with
hydrogen to isopropanol and subsequent dehyd*ation to
20 propylene.
The re-use of the possible excess acetone for the
re-production of propylene according to the method de-
scribed above, is extremely onerous, particularly due to

the high number of steps associated with the chemical re-

25 duction transformations to isopropyl alcohol and the sub-



agent of benzene, but the best solution, froman indus- trial and process
poi nt of view, would obviously consist 15 of the direct %€Mk 20M6eet one as

al kyl ati on %%ggg of ben- zene, in the presence of hydrogen, in the synthesis
of cunene. gpgpﬁtic system has now been found, which i BCT&PO2p1agire of
promoting the synthesis of cumene startfng di- 20 rectly fromthe reagents
acetone, benzene and hydrogen. The cunene, obtained according to the
industrial process clainmed herein, can be used for the subsequent
production of phenol by means of oxidation to cunmene hy- droperoxide and the

subsequent regsnangeRMyRhtibs by @ﬁedémaxit%eg:% gngl, and acetone. The
acetone thus ob 20 JUNE 2006 WD 03/053892 7 PCT/ EPO2/ 14817 tai ned, can in

turn be used for the SWrRAE:EgeOlnsBARRRALuBY st BRe OhiiRBErabky kAEROBaDf
benzene with acetone and hy- drogen carried out according to the industrial

process cl ai pEhdriationsTReceBE88y 8brt BRePEESESE bBVEBLLORet BEhefoOre re-
| ates to a process for the alkylation of aromati c com pounds which

conprises reagtdtid B BRONBL IS OIROUSE WebProparkst ONcoedthdy dbPgenei N t he
presence of a catalytic com position conprising a solid acid naterial and

copper. Asl0 fudiciled o pesdtdre fwith Ney@addnt | £s CaTRPSaEtiON &gert SO
additionally contain one or nore elenents selected from elenents of groups

ILIA VA 11d8 bdndene/Bin e Mnthesi @ Mihdnd,| Ndé edeserfised Reoaind Gs,
and of the series of |anthanides. A particularly preferred aspect is for
t he example in EP 1069100.

The direct alkylation of benzene with isopropanol,
obtained by the reduction of acetone co-produced with

10 phenol, represents an improvement, from an industrial
point of view, with respect to the option which involves
the re-production of propylene to be used as alkylation
agent of benzene, but the best solution, from an indus-
trial and process point of view, would obviously consist

15 of the direct use of acetone as alkylation agent of ben-
zene, in the presence of hydrogen, in the synthesis of
cumene.

A catalytic system has now been found, which is ca-
pable of promoting the synthesis of cumene starting di-

20 rectly from the reagents acetone, benzene and hydrogen.

The cumene, obtained according to the industrial
process claimed herein, can be used for the subsequent
production of phenol by means of oxidation to cumene hy-
droperoxide and the subsequent rearrangement of the hy-

25 droperoxide to phenol and acetone. The acetone thus ob-



15 catal ytic conposition to contain one or nore elenents se- lected from

el ements of groups Il11A and VIB. The aromatic conpound ?&TWYEA08¢ abl y
benzene. Th t is preferably acetone. Mre specifically, the object of
t he present %\@@@%&Sﬁo tion relates to a_process for the al RyIVEPQ284815f
benzene to give cunmene which conprises7reacting acetone, benzene and

hydr ogen, which are reacted in a single reaction step, in the presence of a
catal ytic systemconprising a solid acid material and copper. A preferred
aspect is for 25 the catalytic conposition used for the al kylation of ben 20
JUNE 2006 WO (3i0EB9za8 BGY/ BROR/Hel8iFed efiwr t the uspneEhési addf t comethé v
contain one or nore ele- nents selected fromelenents of groups II1A 1VA
111B, 1VB, VRy \iig dideBt grldypavibh bifnberdene WithRecehondsand dmg- of t he
series of |anthanides. A particularly pre 5 ferred aspect -is for the

catal yti c conpbzigenoncaxright ailh acgerdingote direneimdusetil edrécess

el ements of groups II1A and VIB, preferably G or Al. The al kylation
process, objectladfmechbepgedsent inven- tion, allows the preparation of phenol
fromcunene to be 10 considerably sinplified; it is not necessary in fact
to first effect th8hehahiscgt reflutheopresantf dmvenitdenofthensdionee 1o~

i sopropanol as described for exanple in U S. 5,160,497, the subsequent
chemi cal dehydrdeisorta ranptoresaatfosn the iaddylefannl ab pragptishecers
described for exam 15 ple in U S. 5,017,729 and consequently the subsequent
cheni cal al kylpeuinels whaebf 6PBRELSES ofeandiiinsh@nwiarpmpitéc compound with

a ketone and hydrogen in the presence of a catalytic com-
position comprising a solid acid material and copper. A
10 preferred aspect is for the catalytic composition to also
additionally contain one or more elements selected from
elements of groups IIIA, IVA, IIIB, IVB, VB, VIB, VIIB,
group VIII limited to Fe, Ru and Os, and of the series of
lanthanides. A particularly preferred aspect is for the
15 catalytic composition to contain one or more elements se-
lected from elements of groups IIIA and VIB. The aromatic
compound is preferably benzene.
The ketone is preferably acetone.
More specifically, the oﬁject of the present inven-
20 tion relates to a process for the alkylation of benzene
to give cumene which comprises reacting acetone, benzene
and hydrogen, which are reacted in a single reaction
step, in the presence of a catalytic system comprising a
solid acid material and copper. A preferred aspect is for

25 the catalytic composition used for the alkylation of ben-



pyl ene as described for exanple in EP 439632. The chem cal transformations
descri bed above are normally carried out under sonewhat 2@{YNE3MHt reaction
20 conditio for each of the reactions in question and in the presence of
equal Iy di fsi(?gwfﬁ@ét al ysts. The catalytic system used i n PA®EPI20G&IIs of the
pre- sent invention allows all the chenfcal transformations necessary for
the preparation of cunene starting fromthe 25 reagents acetone, benzene and
hydrogen, to be contenpora 20 JUNE 2006 WO 03/053892 9 PCT/ EP02/ 14817
neously carried out in a single reaction step, maximzing the yield to
cunene and m peneztogctinensetondaikiytieaallyi oostaint brevati moter @dgent s,
internmedi ates and prod- ucts. 5 Particularly significant secondary and
undesi red re-mants ossléotedlefeomi siagente ofegablpyi ELdanhizvh, caaks, be
expected by experts in the field are the parallel reduc- tion reaction of
benzene w th DVBy 0N YIB.CcYWIIhexarmp WA diedded dod Fegx&we andhosparal | el

condensation reac 10 tion of acetone to 4-nethyl-3-penten-2-one and the
subse- quent amdcbifortheofséhiss byf- praodihaind deist. h A hpavaicolisrly egpgent s and
products of the main reactions such as for exanple the alkyl ation of
benzene t & phfeyted dspestaie fodwethe thbalyitl®hsomows idnicdn doducontainf
4-nmet hyl -3 15 penten-2-one to 4-nethyl -2-pentanone and 4-net hyl - 2- pent anol
due to the hydnegen. rire calehentis sgpiecebedisédonn ¢lememtecess gitotthe pre-
sent invention unexpectedly allows the conversion of the
IIIA and VIB, preferably Cr or Al.
The alkylation process, object of the present inven-
tion, allows the preparation of phenol from cumene to be
10 considerably simplified; it is not necessary in fact to
first effect the chemical reduction transformation of
acetone to isopropanol as described for example in U.S.
5,160,497, the subsequent chemical dehydration transfor-
mation of isopropanol to propylene as described for exam-
15 ple in U.s. 5,017,729 and consequently the subsequent
chemical alkylation transformation of benzene with pro-
pylene as described for example in EP 439632,
The chemical transformations described above are
normally carried out under somewhat different reaction
20 conditions for each of the reactions in question and in
the presence of equally different catalysts.
The catalytic system used in the process of the pre-
sent invention allows all the chemical transformations

necessary for the preparation of cumene starting from the

25 reagents acetone, benzene and hydrogen, to be contempora-



reagents to be oriented towards the desired product, re 20 ducing the
formati on of undesired products to the nmini mum The cat é(f{}mli:mgg

in the alkykﬁéh Locess of aromatic conpounds, in particul ar benzene,

ste

which is objeéﬁggﬁ the present inventign, conprises a sol PET/ER244813
mat eri al and copper, wherein the copper”is preferably in 20 JUNE 200
03/ 053892 PCT/ EP02/ 14817 10 the form of an oxide. According to a pr

aspect, the catalytic com position also contains one or

sel ected fr orqle?l_é%ffgéi%pfﬁ%fo%%pi& L] éig&gé’ fééégioﬂ VRe \fB’u}a\ﬁJiﬁ%zYB

[im

group VIII

and an e Series ant han
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preferably ing.;jthe £@r igdass + i cuk PRA AN h e
ments can be c%)nt ai ngdrell%ft e J‘cat al y??%é%%érfpo%ﬁ?lgﬁgl n etﬁeg?%rﬁ?gfi
oxi de. Accordjpgsto a particularly preferred aspect, the catalytic

conposition contalns one or nore elenents se- lected fromthe el enen

groups Il11A and VI rdimAGrLy S@&H§@§Samft?e%\?}géalfrftﬁ%e%f&egqfrégo?é@—

el enents of
particul ar,

conposition in the formof a m xed  ox- . 20 A’particu

groups II1A and”VIB are prefera form of oxide
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tion reaction of benzene with hydrogen to cyclohexene,
cyclohexane and hexane, the parallel condensation reac-
tion of acetone to 4-methyl-3-penten-2-one and the subse-
quent reactions of these by-products with the various
reagents and products of the main reactions such as for
éxample the alkylation of benzene to phenylcyclohexane
due to the c¢yclohexene and reduction of 4-methyl-3-
penten—z—one to 4-methyl-2-pentanone and 4-methyl-2-
pentanol due to the hydrogen.

The catalytic system used in the process of the pre-
sent invention unexpectedly allows the conversion of the
reagents to be oriented towards the desired product, re-
ducing the formation of undesired products to the mini-
mum,

The catalytic system used in the alkylation process
of aromatic compounds, in particular benzene, which is
object of the present invention, comprises a solid acid

matérial and copper, wherein the copper is preferably in

m used
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per and an el ement selected from chrom um and al um num ,l,BnR3R46 CUl ar,
copper and these elenents can be contained in the catalytlc conp05|t|on in
t he form of &gx g%ox- 25 ide. 20 JUNE 2006 WO 03/053892 PCT/ EPQ2/14817 11
In particul 6’833 r and chrom um can 15’6 contained in theTEE Tc
conposition in the formof copper chro- "mte. Copper chromte is represented
by the enpirical formula CuOCuCr2d4. CQuCr24 is known as CA'S. RN 5
12018-10-9 and is described in "Grelins Handbuch der An- organi schen Chemni e,

8th ed., Vol. upf&im R tarBoxlile . stall ment 3, system nunber 60, page 60".
In the process of the present invention, commercially available materi- als

called copper chromd®rfL3% B léﬁ%ﬁwef%?%é' QbBGc@U e Ehkaﬁﬁglgc&h“ ),

havi ng varyi ng proportions of CuOand CuCr2 These material's, which can

optional ly al sg,&Qiod adl%os'l%lrlLta‘iﬂénéﬁé'&S n@réjréi.@ﬂfe‘?{t% %'é‘i@c@édBﬁr&Hd M,
are well known to experts in the field and are described for exanple in

J.D. Stoupe, "dYemfritay d}féf@%g ofr A, udmpf T hen@,ppeﬁ Gprem yesgand of
t he " Copper - Chrom um Oxi de t al yst Am Che.’Soc.’, vol 71, 1949, page

589; in A 5 iidd 6irmal 1imiGabakysrs, %"a@ﬂp@%r, GG @he LerTbe ogf fect
of hydrogen Reduction on the conmposition, struc- ture and catalytic activity

for methanol deGAMReSIdesQN Thedk Bé'iémerglen%fseﬁouﬂg 1136, 2803 22975 (1983);

in RB.C Pillai, "A study of the pre-activation of a copper ‘chro- mite
catal yst”, Catpfmsive, Latiest 1%, ( 1994 9651371ni€oares 2af ml Usause can be

contained in the cata-
and of the series of lanthanides, are also preferably in
the form of oxides. In particular, copper and these ele-

10 ments can be contained in the catalytic composition in
the form of a mixed oxide.

According to a particularly preferred aspect, the
catalytic composition contains one or more elements se-
lected from the elements of groups IIIA and VIB. In ac-

15 c_ordance with what is specified above, these elements of
groups IIIA and VIB are preferably in the form of oxides.
In particular, copper and these elements can be contained
in the catalytic composition in the form of a mixed ox-
ide.

20 A particularly preferred aspect of the present in-
vention is to use catalytic compositions containing cop-
per and an element selected from chromium and aluminum.
In particular, copper and these elements can be contained

in the catalytic composition in the form of a mixed ox-

25 ide.



| ytic conmposition used in the present invention in the 25 formof the
correspondi ng oxides. 20 JUNE 2006 WO 03/ 053892 PCT/ EP02A4 A ENE2006 | 1y
accordance Wyhhsyligh, 1s specified above, the catalytic conposition

cont ai ni ng copper chromte can con- tai [y as pronoters, baPCHAPEAYBGr
manganese, preferably in the form of oxi des. The barium or manganese
content is 5 |ower than 15% by weight with respect to the total weight of
the conposition and preferably ranges from0.1 to 55 by weight. The wei ght
percentages of barium and manganese refer to their content expressed as

el ement. The sol i dIacParkiteland eopRen My i shrdiumicaythe camtaiggsositi on
used in the al kyl ation process of aromatic conpounds of the present

i nvention, inipathecGrhrlpbic @pRoSiGign cierdd fum L ABRET Gl e and
can contain one or nore zeolitic materials. Zeolites which can be _used are
zeolite beta, Mi&Qk| (OPPEIZSRTGMIRR] ABr deaRnesentedTHY e theo! snrisr igad
described in "Atlas of zeolite struc- ture types”, Ch. Baerol ocher,

W M Mei er and fDriulgl souQ-CuQofh,. S5ChCEdNt | dn, Eheeni ezs AL xS .erBeil.aspect
is to use zeolite beta. The zeolites are used in acid form i.e. in the
form 20 ih wWAROABalP-? nendhetit 9ECEHREY SR demsling fHandhued e ARnum
present in the structure are countegrbal anced by % drogen ions, or

preval ent|y a@rganiseheiofheBiget $used-as WhpokbhLesr tHictcaBal i c
conposition of the gr ocess according to the present in- 25 vention
corresponds t §tehircRfesdri BEALER e@es,éee,geg? 60". In the process

of the present invention, commercially available materi-

als called copper chromite, can be used, containing Cu

10 (II) and Cr (III), having varying proportions of CuQ0 and

CuCr;04. These materials, which can optionally also con-

' tain small quantities .of promoters such as Ba and Mn, are

well known to experts in the fiéld and are described for

example in J.D. Stoupe, "An X-Ray Diffraction Study of

15 the Copper Chromites and of the "Copper-Chromium Oxide"

Catalyst" J.Am.Che.Soc., vol. 71, 1949, page 589; in A.

Iimura et al., "Catalysis by "Copper Chromite", I, The

effect of hydrogen Reduction on the composition, struc-

ture and catalytic activity for methanol decomposition",

20 Bull. Chem. Soc. Jp., 56, 2203-2207 (1983); in R.B.C.

Pillai, "A study of the pre-activation of a copper chro-
mite catalyst"™, Catalysis Letters 26 (1994) 365-371.

Copper and aluminum can be contained in the cata-

lytic composition used in the present invention in the

25 form of the corresponding oxides.



20 JUNE 2006 WD 03/053892 13 PCT/ EP02/ 14817 and is a por?qﬁmﬁg%agalline

mat eri al having the conposi- tion [ (x/n) M (10.1-x) TEA(ﬁ ySi O2wH20
wherein n isydhpssgobdation state of M x is less than 1, 5 y ranges from5
to 100, w ranges fromO to 4, Mis a tal selected from PAHER2G#81Gr oups
A IIA 1I1Aof the Periodic Systemor fromtransition nmetals and TEA is
tet- raethyl anmmoni um hydroxide. A preferred aspect of the present invention
is for 10 the zeolite beta to be in acid form i.e. in the formin which

the H ion has partially or totally substituted the  jretalljc catigns
initially present. &thi %QF&aﬁcteut‘i%FPi INais et e ga}t’?)v?he t3’r?own

thods b f h . Wi th ' ' h-.15 i d
subsequent calrRMFUN, CTRROTH LAy (o0t ASRIBY] CPBRSE VFRERFELR B0 W8T i n the

AR el A s A R R R T Y
oxi des of groups Ii | VA. 20 _and | \B. re preferabl thé cat al.ytiic system
can con- tai nlgntgﬁiﬁg%fégioﬁ&ﬂ' X@%P’%EEH@ Eﬁr??ﬁqgﬁﬁ/eenc%ﬂ:reé‘g s
ol umna? s Aot RRv N BT A HRIPE BBRhorErel Tootd o deivie form
preferred fOro%h%heu%%%E%%iggoﬁhgnaop%gygréng ¥g£8§éo§§§820.1 to 5%
by weight. The weight percentages of barium and manganese
refer to their content expressed as element.
The solid acid material contained in the catalytic
10 composition used in the alkylation process of aromatic
compounds of the present invention, in particular ben-
zene, is preferably of a zeolitic nature and can contain
one or more zeolitic materials. Zeolites which can be
used are zeolite beta, zeolite Y, ZSM-12 and mordenite.
15 ?hese zeolites are described in "Atlas of zeolite struc-
ture types", Ch. Baerolocher, W.M.Meier and D.H. Olson,
2001, 5*" Edition, Elsevier. A preferred aspect is to use
zeolite beta.
The zeolites are used in acid form, i.e. in the form
20 in which all the negative charges deriving from the alu-
minum present in the structﬁre are counterbalanced by hy-
drogen ions, or prevalently acid.
The zeolite beta used as component of the catalytic

composition of the process according to the present in-

25 vention corresponds to that described in U.S. 3,308,069,



PCT/ EPO2/ 14817 14 invention, of the precursors bohemte g, REdghem te,
transforned subsequently to y-alum na during the prepara- tion of the

catal ytic syed 6&s3gon the final calcination phase. 5 The bj i
preferably used in a relative quantity y3by weight with res%@@?ﬁpgipﬂe

catal ytic systemranging fromb5:95 to 95:5. A particularly preferred aspect
of the present in- vention is to use a catalytic system containing copper
10 chromte and a beta-type zeolite, inits acid form This conposition can

contain an i nghgankc,bLdelsi Bras el SANC GnatiAilk Whalvirgy daseiddpgdsabove. The
copper is preferably contained in the catalytic conposition of the present

invention in giygight ratio of 15 the netal with respect to the solid acid
material ranging fromO0.001 to 10, nore preferably ranging fromO0.01 to 2.

When the catalyt] i4i,0n,C akn Ne. 0L 1ore ele- nments of groups
1A VA, |||[B?;"|G‘§)CB%E,E%|IB?‘)_\/%,IJ BN m ted 1o Fe, Ruand Os,
and of the sephgsed £0id apidIadk (8shi RRGEa@LCBBNY, | % RILTI)@DInag0RL ai ned in
a weight ratio of the netal with respect to the solid acid material

rangi ng from §. 88dgks ¥omy erdr ebe) abl wrange®d £ $0+d 4Theu cagabytic

systemused in the present invention, 25 as described above, contains a
solid acid coppesenieVidted O AN Q6 MMOR31Pe38a7 TIaPCLIEROZE1I484 7
Periodic System or from transition metals and TEA is tet-
raethyl ammonium hydroxide.
A preferred aspect of the present invention is for
10 the zeolite beta to be in acid form, i.e. in the form in
which the H' ion has partially or totally substituted the
metallic cations initially present.
This substitution is effected according to the known
methods by means of an exchange with ammonium ions, wash-
15 ing and subseduent calcination.
The catalytic compositions which can be used in the
alkylation process of the present invention, comprising a
solid acid material and copper, can comprise suitable
binding agents, for example oxides of groups IIIA, IVA
20 and IVB. More preferably, the catalytic system can con-
tain an oxide of Si or Al as binding carrier. Even more
preferably, the catalytic system can contain y-alumina as

binding carrier.

y-alumina is a known material and is commercially

25 available in the form, preferred for the purposes of the



an al kylation functionality and a netallic conponent con- taining copper and

optionally one or nore elenents se- |ected from el enent s2bFUNKE290ps 111 A,
| VA, 111B, %Mg VB, VIB, VIIB, group VIIl limted to Fe, Ru and Os, and of
5 the serieS P13 ehani des, with a hydrogenation functi onPCaEPI2y14817The

catal ytic systemused in the present inlfention, containing a solid acid
conponent and a netallic conpo- nent containing copper and optionally one or
nore ele 10 nents selected fromelenents of groups I11A VA [11B, 1VB,

VB W8 A IBinfeRtbod) | log | EhECTEclihold BRfleilte 208 A-ddRmitl €S Of

| ant hani des, can prepared, st g e conpone escri bed
above, according_t vari oys practi.cal__conbjnation, procedyres, each

mi ntai n- 15 FRAREARTRGE FITSRIII &0 3T FEURTRA (QF LI RHS BEDRZESI yi i ¢
system of the sent J.nventd : fo Si f ane;qt e

di stinct zone‘s:Eégc%%cc#rﬁé t%ﬂnﬁ'ﬁ@ﬁ?sﬁ%ﬁﬁf u{nzgt ?ggalfii%l?,g el tecel?lat%i:1
hydrogenationphgggked to the netallic conponent or alkylation |inked to 20
the acid conponent, in particular zeolitic, or both hy- drogenation and

al kyl ati on functi Ogﬁé IgiRR N3y RGlraeanthanasd efd s 'dlfjérlﬁw H%l‘iﬁt@??ve-

Exanpl es of sone of the various preparation proce- es of e catalytic

systemare | ng%c%ﬁgh?elvﬁ‘ﬁ’ha%sfﬁe%t 2% SeheTRbLARLLYCT SpLesAnbadqhigf i gure
1. 20 JUNE 2006 WO 03/053892 16 PCT/EP02/ 14817 In"this figure, | refers to
the nmetal lic gpoponesyd +Pfgd.ie catal ytic conposition, containing copper and

oDn-
P A particularly preferred aspect of the present in-
vention is to use a catalytic system containing copper
10 chromite and a beta-type zeolite, in its acid form. This
composition can contain an inorganic binder in accordance
with what is described above.
The copper is préferably contained in the catalytic '
composition of the present invention in a weight ratio of
15 the metal with respect to the solid acid material ranging
from 0.001 to 10, more preferably ranging from 0.01 to 2.
When the catalytic composition contains one or more ele-
ments of groups IIIA, IVA, IIIB, 1IVB, VB, VIB, VIIB,
group VIII limited to Fe, Ru and Os, and of the series of
20 lanthanides, each element is preferably contained in a
weight ratio of the metal ﬁith respect to the solid acid
material ranging from 0.001 to 10, more preferably from
0.01 to 2.

The catalytic system used in the present invention,

25 as described above, contains a solid acid component with



tionally one or nore elenents selected fromelenents of groups III1A VA
I[11B, 1VB, VB, VIB, VIIB, group VIII 5 1limted to Fe, Ru2GHINEX06 and of the
series of IQ?- t hani des, sai d conponent having a hydrogenation function-
ality. Wien TR&%EP21 1i ¢ conponent contains copper al one, PCHiEB0Z/E817
preferably in the formof an oxide. Wiel the me- tallic conponent also
contains an elenent selected from 10 groups II1A [IVA 111B, 1VB, VB, VIB,
VIIB, group VIl limted to Fe, Ru and OGs, and of the series of |an-
thanides, it is also preferably.in the formof an.oxide.  In this case, the
component carba ivaREian FoRebiammt Y AR me e cEpmRo Rt 751 he
oxides. In trﬁe. articular 15 ccgse f-fnon ich the copper ancithe%ltel ement or

el ements se- 1ecred ﬁ%’,ﬂed-}o PRy PRF BOTI VBTSVE - SAB S ITE, group
VIIlI limted.o. Fe, an re-in f of ) ide,.-conponent

| can be preﬂﬁ%gﬁgfggggxggﬁgghgg-ogogﬁ§ﬁ§stgig%é ﬁﬁ%mﬁigggTe0|ﬁita i on

t echni ques, y | §.i t . 0X1 des esgnt _i e m xi de.
The netalli S;I(I?gnpvtzi[%grﬁ? qtgog%ef\gﬁa I y%loiﬁés% gf% g%’ cg{gpg?actﬁtgé- rgrlr'lzszfcej(?PAgai n
with refegen t Lguresl t Q,st:he i Ld. -

pr ef er abl §/ thg»]el ?ie%?g(g:oﬁfa%%ﬁ%ﬁlﬁ%ésﬁ%aﬁ%yIaa S)glﬁgig%%% f%lgal I é?&%ol ites
whi ch can beaﬂi% are 20 JUNE 2006 WO 03/053892 17 PCT/ EP02/ 14817 preferably
zeolite beta, "Zedlite Y, ZSM 12 and nordenite. A preferred aspect is to use

zeolite beta. The §Rgi?ae@%;iﬂtdigo§mﬁt{1?s%qkeEﬁgl ré?&ﬁ{tiﬁv I:I:L.taﬂ:gp,e used in

a mxture wth suitab I ng "age rexanpfe oxides o
containing a solid acid component and a metallic compo-

nent containing copper and optionally one or more ele-
10 ments selected from elements of groups IIIA, IVA, IIIB,

IvB, VB, VIB, VIIB, group VIII limitéd to Fe, Ru and Os,

and of the series of lanthanides, can be prepared, start-

ing from the componeﬁts described above, according to

various practical combination procedures, each maintain-
15 1ing the specific characteristics listed above.

The catalytic system of the present invention can
therefore consist of one or more distinct zones each con-
taining a single functionality, either hydrogenation
linked to the metallic component or alkylation linked to

20 the acid component, in particular zeolitic, or both hy-
drogenation and alkylation functionalities having the
characteristics described above.

Examples of some of the various preparation proce-
dures of the catalytic system are indicated below and are

25 schematically represented in figure 1.



5 elenments of groups II1A [IVA and IVB. The solid acid Cﬁﬂ?P& @gt A nore
preferably contains an oxide of Si or Al as binding car A n nore
preferably, ¢des, ? ibd acid conponent A contains y-alumna as binding
carrier. The 02861 tfic conposi tion with binder can be prepg?E@P%@éﬁﬂd 10 ing
to any of the known techniques. In the case of zeo- |lite beta, it can be
prepared, for exanple, as described in EP 687500 and EP 847802. Again with
reference to figure 1, Al refers to a conposition containing bot h

hydrogenation and gl kyhatd %q&% eL% I idd eShe THELSPIPOS &hl%hé i cated

with Al can also conprise sul ndi ng agents, ftor exanp e oxldes of

groups II1A, Eﬂgjé?@% i 4E?§ eferably
cont ai ns an oxrde é;b J%% cg%?ﬁ%r%ﬂﬁfﬂg re pré?éﬁgbly, t he

conposition Al dl%%aﬁ(i?d%!dés oF %L&fa ”é‘l%"krﬁ_‘é‘déél%&?é&' om Té‘fen?éHH%OSdé' on Al

can be prepare according to any of the techniques we own to experts in
the field, sudichpsf armuanihe aipim PREINGR] O0TRD) Vidh ewevprx c)
extrusi on, described ereunder:” 25 a) IS possr6 le to operate for exanple

by inmpregnat 2Qmlple 206U Q3 0§§§9%sPCHrEP08E14§Je7 48rigg e sl d acid

material, preferably of a zeolitic na- ture, wth an aqueous sol ution

containing a oc@raa%egal salanéoxgl%éﬁanelﬂam al hyeEoeenstgaﬁnfuﬁaéwﬂﬁd from
groups [|I1A [1VA VI B, VII group VIIl limted 5 to Fe, Ru

and Gs, and ofa1likg, Sﬂheﬁstﬁé hers TED dempoRert tBataNds Ccabgbét il s
resultrng product. Separate sol u-

this is preferably in the form of an oxide. When the me-

tallic component also contains an element selected from

10 groups IIIA, IVA, IIIB, IVB, VB, VIB, VIIB, group VIII

limited to Fe, Ru and Os, and of the series of lan-

thanides, it is also preferably in the form of an oxide.

In this case, the component can be prepared for example

by the mechanical mixing of the oxides. In the particular

15 case in which the copper and the element or elements se-

lected from groups IIIA, IVA, IIIB, IVB, VB, VIB, VIIB,

group VIII limited to Fe, Ru and Os, are in the form of a

mixed oxide, component I can be prepared for example ac-

cording to the known coprecipitation techniques, or by

20 melting the metal oxides present in the mixed oxide. The

metallic component I preferably consists of copper chro-
mite.

Again with reference to figure 1, A refers to the

solid acid component, preferably zeolitic, containing the

25 alkylation functionality. Zeolites which can be used are



tions for the copper salt and salt of the elenent of groups IIIlA |VA

I[11B, IVB, VB, VIB, VIIB, group VIIl limted to Fe, Ru ahiUNIs3006and of the
series of Ia‘goé% %3 n| des, can be used. The product obtained with this

met hod can b 3%8Hal | y used in a mixture with a suit- ablreThPOZli4By agents,
for exanpl es oxides of groups Il11A 1VN and | VB, as described above.
Alternatively, it is possible to operate by inpregnating a m xture of solid
15 acid material and binding agent with an aqueous sol ution cont aining a

I d [ | I I f | | I A 111 B,
TVB VB, VI B, PUPPBECBr BLpRo T TS Nt GAOLY tRe s RASHREE cRid PRI ser es
f lan- th i d I th |t duct 20 b), W th
"on exchange ﬁiemﬁgé&é‘&%‘gﬁt& e ”_%Ised%eé&ﬁ oE it oelf:@I’g&Ily of a
e e P P S, S 8 S0,
| VB, VB, VIB, B, V L ted d .of
series of Ianfﬁgh g8 %ggﬁa #ﬁadﬁ#£1§§e5ERE %BBGeVEFB 0§§é§§age¥?§ﬁﬁ2/14817
19 t | ef t d t f d
recovered By FRPRPALFRE G 23 P *}%“ﬁnd FOF, 2 aa e SIERRET &°
solid acid naterlaL AS qp e% N exc ged £OIH1 et&} GAPRE! i |o s. and
possi bly 5 i oREPGF T a™ et aef psree] Set g&yf G a% ﬁp@ 19% 195 B B, VB,

f f

Ivlaﬁt h)allniI gesgr%gd chlag tggt'al hed. m%l?hggemﬁ;?aég Q:[h §??§&b§%u§ed in a

m xture with a . . .
component A contains Y-alumina as binding carrier. The

zeolitic composition with binder can be prepared accord-
10 ing to any of the known techniques. In the case of zeo-
lite beta, it can be prepared, for example, as described
in EP 687500 and EP 847802.
Again with reference to figqure 1, AI refers to a
composition containing both hydrogenation and alkylation
15 ﬁunctionalities. The composition indicated with AI can
also comprise suitable binding agents, for example oxides
of groups IIIA, IVA and IVB. The composition indicated
with AT more preferably contains an oxide of Si or Al as
binding carrier. Even more preferably, the composition AI
20 contains y-alumina as binding carrier. The composition AI
can be prepared according to any of the techniques well
known to experts in the field, such as for example a) im-
pregnation, b) ion exchange or c) extrusion, described
hereunder:

25 a) it is possible to operate for example by impregnat-



sui tabl e bi nding agent, as defined above. Alternatively, 10 a conposition of
a solid acid material and of suitable binding agents i s?UEBE2Mhich is

subj ect ed tq’vﬁla?/ogs%ﬂ ex- change process descri bed above. c) Alternatively,
an extrusion procéss can be used, in which a nmechani cal mP&¢T{EPE/BB17t he two

conponents, i.e. 15 the solid acid mat &ial , preferably zeolitic, and the
me tallic conponent, is paste-m xed with a peptizing acid solution,
extruded, dried and calcined with any tradi- tional nethod. The product

obtained in ! Bhg BY SANAPscid A0 ABHCEB Ry ThEI T S i1 A tabl &

bi ndi ng 20 ag efrned above ternatftv ani cal" mxture of the

three Co”pone%i‘efi ggght g .Sa%e%g?ds%.l }Lﬁéi @onta%‘gégr gpl 5@%9' ista:lsq:’ the

netal | i ¢ conponen a suit- abl'e bin agent, i ne ove, .
subj ected to exs: sSi r S £ C i a/\k%tcﬂ ified 25
above, the catgg?ygFE&éi;stg?n%aﬁgg%n%? s%%r%%?np%%%%g 2 JU%EK%%%%G WO
03/053892 PCTHEFR?/ 3417 129n)r avbd) vl dsol grils CopAs) 119t 2088 cepnt ai ni ng
both me- tallic ahd acid componenfs, having al'kyl'ation and hydro- genati on

functionaldties. rACCRRALAA b8, 2BRGNEE ERLOLLAEL . of NEa@lAliddsC S¥§~ 5 tem
can consist for exanple (Figure Ib) of two or nore separate Al conposition

zones, each ofnyhigh cancakinGolhe LiRuAEdgR oML Iephoapanagng.- having

al kyl ation and “hydrogenationfunctionalitiés, wherein the conposition of
the single zopesn4li feber stid E6pPEr Okathekal sfft U ik 101 PHERET biron

bet ween the al kyl ati on and hydrogenation func-
groups IIIA, IVA, IIIB, IVB, VB, VIB, VIIB, group VIII
limited to Fe, Ru and Os, and of the series of lan-

10 thanides, can be used. The product obtained with this
method can be optionally used in a mixture with a suit-
able binding agents, for examples oxides of groups IIIA,
IVA and IVB, as described above. Alternatively, it is
possible to operate by impregnating a mixture of solid

15 gcid material and binding agent with an aqueous solution
containing a copper salt and optionally a salt selected
from groups IIIA, IVA, IIIB, IVB, VB, VIB, VIIB, group
VIII limited to Fe, Ru and Os, and of the series of lan-
thanides, drying and calcining the resulting product.

20 b) When the'ion exchange technique is used, the solid
acid material, preferably of a zeolitic nature, is for
example put in an aqueous solution containing a copper
salt and optionally a salt selected from groups IIIA,
Iva, IIIB, IVB, VB, VIB, VIIB, group VIII limited to Fe,

25 Ru and Os, and of the series of lanthanides, and the mix-



tionality. Each single zone of the Al conposition is pre- pared with one of
t he known net hods descri bed above, and the zones are th&h/ @Ol ed by
stratifi catl é{{;l e the reactor. 15 Another preparation procedure (Figure
1c) of the % I"c system consists for exanple of two oPCRIPE/WEBE- tinct
zones, in one of which there is the net& lic conpo- nent | containing the
catal yti c hydrogenation function alone, whereas in the renmai ning zones
there are one or 20 nore conpositions Al with different conbinations of the

two_conponent s, havi 1w @l yhd | 901 2AthyYELPOENELLOMIAL dHlONRbifd ofn Each

singl e zone of the conposition Al, con- taining two functionalities, is

prepared w th Qng, fs&b*ﬂelsk%%va‘é&&@g ﬁﬂsé‘zra!tti%% abavBed’witi ag,gm.er
enbodi ment (Figure the catalytic 20 JUNE 2006 WO 03/ 053892

PCT/ EPO2/ 14817e12a]11§)é3t S ANSARE Sdi‘i?édexanﬁbﬁlef MR HUarErigdisd i st
zones, in one of which there is conponent containing the catalytic

hydrogenati on §indd Oh ak@A€an r €8#m| ﬁlthh%oﬁplé%efﬂéﬁ{g Zepbbgil ¥ S
conponent A, having an alky 5 tion catalytic function. The acid conponent

A, preferas blypreabst hC metAN b§ell=§@c£1ad NE fonfl §£H{1 sWirtiitasui bl ez ndi ng
agents, defined above. In a further enbodi ment (Figure |e) the cat al ytic

system consi sts/g,0vEe X TR, evquBz; Srogpevionel ifi voi Chot e, AR AN® GHponents
of the catalytic conposition, and A re spectively, mechani cal | y mxed with
each other, argh@lot rﬁ&gesierfé§o°fnlhht§a@ﬁ&e%. thige Spht&ragl dospapesnent A,
in this way can optionally be used in a mixture with a
suitable binding agent, as defined above. Alternatively,
10 a composition of a solid acid material and of suitable
binding agents is used, which is subjected to the ion ex-
change process described above.
c) Alternatively, a;1 extrusion process can be used, in
which a mechanical mixture of the two components, i.e.
15 the solid acid material, preferably zeolitic, and the me-
tallic component, is paste-mixed with a peptizing acid
solution, extruded, dried and calcined with any tradi-
tional method. The product obtained in this way can op-
tionally be used in a mixture with a suitable binding
20 agent, defined above. Alternatively, a mechanical mixture
of the three components, i.e. the solid acid material,
preferably 2zeolitic, the metallic component and a suit-
able binding agent, defined above, is subjected to an ex-—
trusion process. In accordance with what is specified

25 above, the catalytic system can consist for example (Fig-



preferably zeolitic, can be used in a mxture with suit-_abl e binding agents
defined above. 15 In yet another enbodi nent (Figure if),2¢HNE#G] ytic

syst em consi é§3&$£ exanple of two or nore distinct zones, in one of which
there is co&% U of the cata- | ytic_system containi ng PRE/Eee/@Burt i c

hydrogenation func- tion al one whereas ?h the renmining zones there are one
20 or nore different pairs of conponents | and A nechani- cally m xed, each
of which contains the catal ytic hydro- genation function alone or the

catal ytic al kytdtiin JURC 5ol EOAT ALORSos ¥ £ | AbrddicHntadBinkhBoeR! hd-aci d
conponent, preferably zeolitic, can be used in a mxture with suit- 25 able

bi ndi ng agentig1d&id nafd ARAE cotipohldies700avEL031 R B80LFCIhEPRZAEGS1TY 22

When the catal ytic system has a zone containing the netallic conponent |

al one, havi ngyeh £33l ¥uneth¥da08e0esating function, this is preferably the
one which first cones into contact with the stream of reagents, in par 5

ticular benzene, agebedgengndohyoeter. cmBbHNREAD] ethét chealpyidesysthat, on
the basis of the procedures described, a catalytic systemcharacterized by

the contegporidieosn SoRSEHEErOf axbiMploggragnpd fHnChifortwoMmseneesdi vity
gra- dient decreases in one direction, and an al kylation func 10 tion, whose

activity gradiepiradechgacefipbsitién 0pRasd ! adh IFCWheBh €3At&en elBSth Y
produced by experts in the field, if desired. The activity gradient of the

P?/dr ogenat i ortHdingdiddnanreéeabbly 6eaperaess,al wagiideal gt tiprdi s9¢t i on and
" hydrogenation functionalities, wherein the composition of
the single zones differs in terms of chemical nature and

10 proportion between the alkylation and hydrogenation func-
tionality. Each single zone of the AI composition is pre-
pared with one of the known methods described above, and
the zones are then assémbled by stratification inside the
reactor.

15 Another preparation procedure (Figure 1lc) of the
catalytic system consists for example of two or more dis-
tinct zones, in one of which there is the metallic compo-
nent I containing the catalytic hydrogenation function
alone, whereas in the remaining zones there are one or

20 more compositions AI with different combinations of the
two components having alkylation and hydrogenation func-
tionalities. Each single zone of the composition AI, con-
taining two functionalities, is prepared with one of the

known methods described above.

25 In another embodiment (Figure 1d), the catalytic



15 of the reagents, in particular acetone, benzene and hy drogen, whereas
the activity gradient of the alkylation function decr SAJENEZWNng t he

opposite dk&f&%}g@zand flow. According to a preferred aspect of the

al kyl ati on "pro 22 of the present invention, it is prefere@i/eplasaap- 20
erate at a reaction tenperature generﬁﬂ)/ranging from50 to 350C
preferably from 100 to 250C. The pressure is generally equal to or higher

t han at nospheric pressure and preferably ranges from1l to 50 bars. A nolar
ratio between aromatic hydrocarbon and ketone, in particular 25 between
benzene and sypsicinecohsissed fior t Brahpebsi RF wd 28 Ji¥re208bsViMEE3/ 053892
PCT/ EPO2/ 14817 23 | ower than 1 and preferably higher than 2. A nolar ratio
bet ween hydragss,anch kehenef whipar tthetkar sacsimpomerits I usattainirde f eedi ng
not |ower than 1 and preferably higher than 2. The catal ytic conposition is
preferably thereaxlyviat eHydnogersdricam Shndiyivrogehonéhe wheaetsonircan be
conveniently carried out in fixed bed catalyst reactors, containing one or
nore cata- |tHd cubsdsuelhezorageidse cian compbhiestcAsehavingpead el kyo- t he
reactor, in the desired proportions, to the first 10 catal ytic bed, or the

f eedi ng &f tleeiomagettldybicstnecbiont T eandbeoprohent| k, frack fara-he
different catalytic beds. Sone of the conpositions prepared with-the

met hods deddny beebhbbie, hoaevere casedl o e morueneentilth useitabie 15
reactors different fromfixed bed reactors. According to the process clai ned
herei n and &deding agents, defined above.

In a further embodiment (Figure le) the catalytic
system consists for example of a single zone in which the

10 two components of the catalytic composition, I and A re-
spectively, mechanically mixed with each other, are ar-
ranged. Also in this case, the solid acid component A,
preferably zeolitic, can be used in a mixture with suit-
able binding agents defined above.

15 . In yet another embodiment (Figure 1f), the catalytic
system consists for example of two or more distinct
zones, in one of which there is component I of the cata-
lytic system containing the catalytic hydrogenation func-
tion alone whereas in the remaining zones there are one

20 or more different pairs of components I and A, mechani-
cally mixed, each of which contains the catalytic hydro-
genation function alone or the catalytic alkylation func-
tion alone. Also in this case, the solid acid component,
preferably zeolitic, can be used in a mixture with suit-

25 able binding agents defined above.



ing to an enbodi nent of the invention, with reference toyg fngWos 2. benzene,
acetone and hydrogen are reacted in a single step in the presence of the

catal yti c sy emsss220 scribed and under the conditions ingj r
obtaining a reaction product which maif3ly contains isopr oggf/g;e’@ﬂ“gzlgne

non-converted benzene, non-converted hydrogen, wa- ter and

pol yi sopropyl benzenes. The reaction product is fractionated in a separation
25 section S using conventional separation nethods, such as 20 JUNE 2006 WO
03/ 053892 24 PCT/ EWo@rt 1484 7caferjasti qigsyshian iHasats oronsy adntadavding ridpeof
liquids, to obtain a first fraction mainly containing hydrogen, a second
fracti on mai nmptedhiai comppenenterl alomes chdviag ircatmliviiic dumirggentg
benzene, a fourth fraction mainly con 5 taining isopropyl benzene and a fifth
fracti on mai nefisgnfungthbng oy sidprepsfarabdandshe Taref whicht fda@siton
(containing hydrogen) is re-used in the reaction step with acetone and
benzene, the semeadinteacenbactcwithi itheg skaean) ofs reagenréd, f ABmMPEKE
process, 10 the third fraction (containing benzene) is partly re-used in

t he reacti®n §ﬁ§plaﬁtbﬁQﬁﬁRﬁﬂﬂ?Qﬁﬂfﬂﬁy@Pdggﬁdﬁﬁﬂe%arEWSthQWmQ¥esuE§e&§ent
reaction step, called transal kylation step, where it is reacted wth the
fifth fracti osvident tEhafin@Prpdihs Q@;ﬁri@pplfbgheewé%qedlbre@ SHRESE IR§S nat he de-
15 sired product isopropyl benzene. Transal kylation is a reaction which is
wel | known i ncatRéysiat s¥stephechrragherizetabyi eB®utCIH MOLFNESYRce of a
solid acid catalyst, preferably in the presence of a solid acid catal yst
based on Ze0|ppgggngﬁwqﬁFﬁwgygqggqpqq4on function, whose activity gra-

dient decreases in one direction, and an alkylation func-

10 tion, whose activity gradient decreases in the opposite

direction, can be easily produced by experts in the
field, if desired.

The activity grg&ient of the hydrogenation function

preferably decreases along the feeding direction and flow

15 of the reagents, in particular acetone, benzene and hy-

drogen, whereas the activity gradient of the alkylation

function decreases along the opposite direction and flow.

According to a preferred aspect of the alkylation

process of the present invention, it is preferable to op-

20 erate at a reaction temperature generally ranging from 50

to 350°C, preferably from 100 to 250°C. The pressure is

generally equal to or higher than atmospheric pressure

and preferably ranges from 1 to 50 bars. A molar ratio

between aromatic hydrocarbon and ketone, in particular

25 Dbetween benzene and acetone, is used in the feeding, not



20 the presence of a solid acid catal yst based on beta-type zeolite as
described for exanple in EP 687500 and in EP 847802. Thél {&p0at ure

condi tions Rgéo&&ggﬁransalkylation reaction are selected from 100 to 350C,
the pressure I's selected from 10 to_50 atm and t he WHSVCT&ReZ=8fr om 0. 1
20 JUNE 2006 WD 03/ 053892 25 PCT/ EP02/ 1#817 to 200 hours-', as al so
described in EP 687500 and in EP 847802. The transal kyl ati on reacti on
product is fractionated wusing the conventional separation nmethods in the

Sec t7on thel 1S Ith B e RHASEORVAY. B0B8h: EREP clni AgRPLBE TBELR t he
From the Sepdiai PO sBELTOIER o=an P AF A LB P TR 71 AT BREIE e
From t he. SepdfaRd onst Bo° cAAEALRE. P11 S8BF oy ehz bndtid cBRPRGFY b bot h
accor di ng o THEG obBER, JobbEr CHTL N br SRS hieant | SnE AR Be fed for
t he produgtion of .phenol. by neaps of oxi.dation_to cumene hydroperoxi de and
the subse%uerﬁr?—eaacr é’r‘?‘}@r?eﬁ% stfﬁ%aﬁy?ﬁoh $&¥e to phenol and acetone. 20
Ao urLer obleot o ERBERSH! clvend | ARIRLRIS RGP bRt Booess
fixed bed catalyst reactors, containing one or more cata-
lytic beds. The reagents can in this case all be fed to
the reactor, in the desired proportions, to the first
10 catalytic bed, or the feeding of the reagents or some of
them can be partially fed to the different catalytic
beds.
Some of the compositions prepared with the methods
described above however can alsb be conveniently used in
15 reactors different from fixed bed reactors.
According to the process claimed herein and accord-
ing to an embodiment of the invention, with reference to
Figure 2, benzene, acetone and hydrogen ére reacted in a
single step in the presence of the catalytic system de-
20 scribed and under the conditions indicated for obtaining
a reaction product which mainly contains isopropylben-
zene, non-converted benzene, non-converted hydrogen, wa-
ter and polyisopropylbenzenes.

The reaction product is fractionated in a separation

25 section S using conventional separation methods, such as



conprises the follow ng steps: (a) reacting benzene, acg%ggﬁEq@g hydr ogen in
the pres ence of a catalytic systemconprising a solid acid mate 25 rial and
copper 20 JH@EB%QQQZV[)OSIOSSSQZ 26 PCT/ EP02/ 14817 (b) oxidati on of cumene
to cumene hydroperoxide (c) rearrangengpt of the cumene hyRfrSERIE&481 e t o
phenol and acetone. The acetone whichi's forned in step (c) can be recy- 5
cled to the synthesis step (a) of cunene. The catal ytic conposition used in
step (a) also preferably contains one or nore elenents selected from

el enents of gdegpssingA, divwAillatBon| vB, tWe demixing Bpf duiaupdwi|Itolinited
to Fe, Ru and Gs, and of the series of 10 |lanthanides, and is in accordance
with what is speeifi @ fabsve fimachirespedinlyy cortalkingt hydrpgeresd of the
pres- ent invention. The catalytic conposition used preferably contains
zeolite beta, seoppér fxacohon enaird ywpontadhipgawatenor yarhtrdifrd@tions The
vari ous passages for the oxidation of cunene to cunene hydroperoxide, the
rear r angenent mefinhydcopbabxink bemzefiae 3hfowtthantr axtuiam anaiagd vt lgen-
purification of phenol are well known in literature, as described for
exanpl e i n5 Utsinsng 6bsd@ropyikbanzenes apd7 a7 29fthofraet by deainely SO8p of
cunene to cunene hydroperoxide can be carried out for exanple with

nmol ecul ar oxygeknirg gpolyheprarildansegesy from 60 to 150C and at a pressure

ranging from1l to 10 kg-f/cnﬂ. It is preferable to oper- )
The first fraction (containing hydrogen) is re-used

in the reaction step with acetone and benzene, the second
fraction (containing water) is removed from the process,
10 the third fraction (containing benzene) is partly re-used
in the reaction step with acetone and hydrogen and partly
in a subsequent reaction step, called transalkylation
step, where it is'reécted with the fifth fraction (con--
taining polyisopropylbenzenes) to produce again fhe de-
15 sired product isopropylbenzene.
Transalkylation is a reaction which is well known in
the state of the art and is carried out in the presence
of a solid acid catalyst, preferably in the presence of a
solid acid catalyst based on zeolites, more preferably in
20 the presence of a solid acid catalyst based on beta-type
zeolite as described for example in EP 687500 and in EP
847802.
The temperature conditions for the transalkylation
reaction are selected from 100 to 350°C, the pressure is

25 selected from 10 to 50 atm and the WHSV ranges from 0.1



ate in the presence of an initiator and an al kaline com,@2R,N3o4ps for the pH
control. 20 JUNE 2006 WD 03/053892 27 PCT/ EP02/ 14817 The transformation step

of cunene hygr9paspxi de to phenol and acetone is carried in the
presence of an ‘acid, for exanple a stppng acid such as sd%ﬁh??@hﬁﬁﬁd, or

for exanple an exchange resin or a silico-alumna. At the 5 end, the
reaction mxture is concentrated to recover the acetone, which can then be
recycled to the alkylation step (a) . It can be clearly seen how a process

for the produgti nol s [ y n e n nzene,
with the cop?ggu%?gdﬁé%g§ﬁhtéﬁ %?%%e?ggéﬁﬂg%?uﬂﬁggglFg?ggge??gc?%dggy
recycling theggegipne to step (a). According to a preferred aspect, at the

end of the first step, after separating the desired product, cumene, by

fractionation, whi %.%15:815’8?@2%’&%@&’1% g&{dgz%}sté&offr%%@oné@@d

remai ning fracti on of polyisopropy in a separate step

for a transaliylali o RARHAIONLLN MBNGERGCHO HAGNR! Shhamdugege. The

transal kyl ati on reaction Is carrie In the presence of zeolite beta or

a catal yst; baggeh ot izR0lskel@ioleta, in particular prepared according to what
is de 20 scribed in EP 687500 and EP 847802, which al so describe the

reaction condi ti one e 0Rtel it o AN | APl cidCsBpEEERLA NYEAL T On

containing a zeolite in acid form preferably zeolite eta, Cu, and
optional ly ong & yHY¥r@rer@MeBheasss Sedelbotivdrtdd ®e8FRnks cohi A§08PSm ! I 1A

VA, 111B, VB, VB, VIB,
both the alkylation step and the transalkylation step.
The fourth fraction coming from the separation section

10 contains cumene coming from both the alkylation step and
the transalkylation step and the fifth fraction coming
from the separation step contains polyisopropylbenzenes
coming from both the alkylation step and the transalkyla-
tion, step.

15 . The cumene obtained according to the process, object
of the present invention, can be used for the production
of phenol by means of oxidation to cumene hydroperoxide
and the subsequent rearrangement of the hydroperoxide to
phenol and acetone.

20 A further object of the present invention therefore
relates to a process for the production of phenol which
comprises the following steps:

(a) reacting benzene, acetone and hydrogen in the pres-

ence of a catalytic system éomprising a solid acid mate-

25 rial and copper



20 JUNE 2006 WD 03/053892 28 PCT/ EP02/ 14817 VIIB, group VIIl limted to Fe,
Ru and Gs, and of the se- ries of |anthanides, is new and0 #&NE2006rt her
aspect of %QF Bresent invention. This catalytic conposition preferably
contai ns zeB8> B%¥%e pet a, Cu and an el enment selected froRCWERAXHSA . The
metals contained in the conposition aré“preferably in the formof oxides.
According to a particul ar aspect of the present invention, copper and
chromium are contained in the formof copper chromte. 10 The copper is

o um tai ned ) chroni ¢ opper i s
o wei ght ot el By LK o SRR )t Tongi ng Trom
0.001 to 10, j . | yti

composi {1 on chnt ot R R ar o o or Ao rathy” $Ratagro Y TeRERT 1 T g

VB, VIB, VI r | limted to Fe, Ru and Gs, and of the series of
| an- thanideE%n%é%%£§¥%%ent is preferably contained in a weight ratio of

the netal with re ct e i : ]gﬂgi f; 0 0,10 re
preferably from 0.01 f%%%FE%owéﬁgh %%éé%eta P%Esg%%ggﬁgn%a%fb%hgeggtaIytic
conpositign Uused 4 4l & %5%953C9€€5|§£§ SORRGlenghronm te, Ba and Mh  can

be present as pronoters. These catalytic conpositions nay additionally
contain a binder. rthe preRajall o fbosiBesh GAlY YihC SOAPOSLYLI 0AsshS in
accordance with all 25 tﬁeynethogsigfev?ouslyeﬁgscribed. ZgaAUNE 2006 WO
03/ 053892 preferably contains one or more elements selected from

elements of groups IIIA, IVA, IIIB, IVB, VB, VIB, VIIB,
group VIII limited to Fe, Ru and Os, and of the series of

10 lanthanides, and is in accordance with what is specified
above with respect to the alkylation process of the pres-
ent invention. The catalytic composition used preferably
contains zeolite beta, copper chromite and optionally an
inorganic binder.

15 ’ The various passages for the oxidation of cumene to
cumene hydroperoxide, the rearrangement of hydroperoxide
to give phenol and acetone and the purification of phenol
are well known in literature, as described for example in
U.S. 5,160,497 and U.S. 5,017,729,

20 The oxidation step of cumene to cumene hydroperoxide
can be carried out for example with molecular oxygen at a
temperature ranging from 60 to 150°C and at a pressure
ranging from 1 to 10 kg-f/cm?. It is preferable to oper-
ate in the presence of an initiator and an alkaline com-

25 pound for the pH control.



29 PCT/ EP02/ 14817 The foll owi ng exanpl es are provided for a further
illustration of the invention without linmiting its scopé”J'i”T‘tEa‘H‘? way .
EXAMPLE 1 - Preparation of the catalytic system5 A catalytic systemis

pr epar ed, BEA3H0 gﬁ”? hg of 10 g of a catalyst based on coppRET/ERI/OHIT e
(produced by the conpany SiidChenie Wth the trade-name &9b) having the
foll ow ng conposition expressed as wei ght percentage of the elenents: Cu
35% C 31% Ba 2% WM 2.5% indicated 10 hereunder as "material A" and 4.5

g of a catalyst sed__ o eolite bet repared according to the indications
de- scribed in Exaipl ¥R %% %ﬁ%oﬁg Lgaﬁ’ e ﬁﬁ?e%y%o%f‘r?m e eolite
beta used in he pre ratlgn of ,.the nmateri al t 52@ a rgg.roduct otIE t he conpany
Zeol yst withP ﬁ]%o r 3 298TPRR et EPCaaRi e Ot ;ﬁ\e St REGCPRCSy Rt eftfti s
prepared so tha e first . zone of said, yst mcon5|f s _.of th mat erial Al

alone in a §G& '[I SF SRS 23 SRR Fﬁé sBY

mechani cal mxture of, mat er

20 7 f
material Al 535 ﬁx%“ ofanr'rﬁxé:b’iaﬁgereSﬁ I ??)?%ﬂjaml a eq?‘%etégt al 3t |Oc
system ta#al y’t" aéed | ef or eegy ér%%cen ?S%EFIEE@VSLE Ser E’%gpar ation

of the c t|ng romthe

25 material s, G2 gg,?,ggépi?m Teiki R0 Byk3240)0 LREAD §9a1IAE 2006 VO

03/ 053892 30°F
step (a). It can be clearly seen how a process for the

production of phenol starting from hydrogen, oxygen and
benzene, with the coproduction of water alone, can actu-
10 ally be effected by recycling the acetone to step (a).

According to a preferred aspect, at the end of the
first step, after separating the desired product, cumene,
by fractionation, which passes to the subsequent oxida-
tion step, the remaining fraction of polyisopropylben-

15 zenes is used in a separate step for a transalkylation
reaction with benzene to recover other cumene.

The transalkylation reaction is carried out in the
presence of zeolite beta or a catalyst based on zeolite
beta, in particular prepared according to what is de-

20 scribed in EP 687500 and EP 847802, which also describe
the reaction conditions.

The catalytic composition of the present invention
containing a zeolite in acid form, preferably zeolite
beta, Cu, and optionally one or more elements selected

25 from elements of groups IIIA, IVA, IIIB, IVB, VB, VIB,



used in the previous exanple, and al um na p-bohemte com nercialized by the
Conpany Laroche with the trade-nane Versal 450 (143 g).2H&NEd¥&rials are
mechani cal ly m xed in a plough- s share m xer for about 25 mnutes, after
whi ch 175 c¢O3#/0538% aqueous sol ution of acetic acid at 5%PRMEPAYHSHIded t o
the mixture of powders thus obtained, W thout interrupt- ing the nixing for
a further 20 m nutes approximately. The internedi ate thus obtained is then
subjected to 10 extrusion using a HUTT type gear press extruder and the
product thus obtained is subsequently subjected to aging for a time of not
| ess. than 48VHEir gronp ¥LITheiBeERAdtaf Feygifiy anchOspr 88GcPL Fhetfe~form of
pel lets, is then subjected to calcination treatnent _in_ 15 air at a

t enper at ure ofieH0ef apprhanidess kHursW 8Bdt dSniangfurthakriepecal PEd
"material B2", containing about 25% of material (O9b, about 30% of zeolite
beta and abouthe PIRSERLaFBFPRAIBRNdI ng carrier. The catalytic systemis
prepared so as to cqgnsist of 20 a single zone in which there is materi al
B2. The total qudidiist Fadrlykis WorPosy§iem PRasepriepYr €8RFR1RFUEECT0 9.0
g. EXAMPLE 3 -, Preparation of the catalytic system A catal ytic_systemis
prepar ed, 2consit® Befanf Chwandi &2 oEeRent S/RIReE e fEom; 5t aéF’ #hi chP@ont ai ns
3 g of material, 20 JUNE 2006 WO 03/053892 31 PCT/ EP02/ 14817 Al ,al ready used
in Exanpl e 1 BRIPUSHECRERIREA Rt BhAi FPRPSIFIoR RECePERLCEIPHY ebBr Bl

according to fhe procedure de-
g %ormrgf)oxi es. According to a particular aspect of the

present invention, copper and chromium are contained in
the form of copper chromite.

10 The copper 1is preferably contained in the catalytic
composition of the present invention in a weight ratio of
the metal with respect to the zeolite ranging from 0.001
to 10, more preferably ranging from 0.01 to 2. When the
catalytic composition contains one 01': more elements of

15 groups IIIA, IVA, IIIB, IVB, VB, VIB, VIIB, group VIII
limited to Fe, Ru and 0Os, and of the series of lan-
thanides, each element is preferably contained in a
weight ratio of the metal with respect to the zeolite
ranging from 0.001 to 10, more preferably from 0.01 to 2.

20 When the metallic component of the catalytic composition
used in this patent comprises copper chromite, Ba and Mn
can be present as promoters. These catalytic compositions
may additionally contain a binder. The preparation of
these catalytic compositions is in accordance with all

25 the methods previously described.



scribed in Exanple 2. The total quantity of catalytic systemis therefore
equal to 11 g. 5 EXAMPLE 4 - Preparation of the catal yti ¢0E4NEM6 37 g of a
catal yst based on zeolite beta prepared according to the indications
provided i n"WRIPFPE 1 of EP 687500 (12-16 nesh), are charPgaEPIitselra
rotavapor flask having a volume of 508 m, and are then dried under vac- 10
uum at roomtenperature for 2 hours. A solution is prepared, consisting of
30.34 g of de- mneralized water and 8.0 g of copper nitrate,

CU(N09)2. 2. 5120, (VMg 238, 3hunepledBPLebre ISR | 25 Toveange” o

room tenperature under vacuum ~i e 0 sl 0 er vacuum
for 3 h. It i hen. grd ! ; . 1 st al.ci.ned at
316C/ 4h wit hﬁéin I nc':'ggeiaésai{ej Orfa'?te}?élof %% nglﬁhl%l%hgggoﬁg%l#ﬁ%ggzgg i gg:%aﬁgs t he
previous one put, iM. a solution consisting of 4.06 g of Copper nitrate

20 Cu(NGB)22.5H20 (MW= 232.59, 17.5 nmmol es) and 15.42 g of dem neralized

water, is effgelpskon lB-P?reQ)anatHBgdHfttheC@é'EQQ&‘ @tﬁl;gl&gr The solid is
i mpr egnat ed o slowy rotate,

under vacuum f or E ined: d f i dsi S
cal ci ned % JUNE %OO%&V%%&BJ?CO5%@%%én§gléP(r}%%ﬁ'48€%n%{g%n%% ?\n@t% an

i ncrease rate,of 2 16 0hXyde BAsdd9oR’ c6BbEENEHrBROHHCY pRbAUEEEOBGT BHe( 10. 29%
Cu). EXAWPLE 5 - Catalytic test
company SidChemie with the trade-name G99b) having the
following composition expressed as weight percentage of
the elements: Cu 35%, Cr 31%, Ba 2%, Mn 2.5%, indicated
10 hereunder as "material Al"™ and 4.5 g of a catalyst based
on zeolite beta prepared according to the indications de-
scribed in Example 1 of EP 687500, called "material B1l".
The zeolite beta used in the preparation of the material
Bl is a product of the company Zeolyst with the trade-
15 name CP-806 BL 25.
The cataiytic system is prepared so that the first
zone of said system consists of the material Al alone in
a quantity equal to 3 g and the second zone consists of a
mechanical mixture of materials Al and Bl in a quantity
20 equal to 7 g of material Al and 4.5 g of material Bl. The
- total quantity of the catalytic system thus prepared is
therefore equal to 14.5 g.

EXAMPLE 2 - Preparation of the catalytic system

A catalytic system is prepared, starting from the

25 materials G-99 (57 g)) and zeolite beta (80 g), already



5 A catalytic test is carried out, using an experinen- tal apparatus as
descri bed bel ow. The experinental apparatus consists of % 08¢ t he
reagents benzene and acetone, feeding punps of the rea- gents benzene and
acetone, a WBIYH®er for the flowrate 10 control of hydP6GER2LESINg from a
cylinder, a static mixer of the reageths before their inlet into the reac-
tion, a preheating unit of the reagents, a steel reactor situated inside an
el ectric heating oven equipped with tenperature regulation inside the oven
and inside the re 15 actor, a pressure regul ati on systeminside the reactor
by neans of usegnénnbheécorveviays exeomple, ehdt hduménzt popokémifé wwom- and a
coll ection systemof the |iquid and gaseous products. The reactor, situated
i nsi de the hewrciglbved, byorthe0Conpany obarocheewithl ithdr i trade-yigde with a
mechani cal sealing systemand internal dianmeter equal to about'2 cm Al ong
the maj or axiVershlt#20réb&3 oF) there is a ther- nometer trap having a

di aneter equal to 1 nm containing a thernocouple which can run freely

al ong the najor a¥he mBterighe p&gctmschandceddyeduisiad yinl enkavdhmaj or axis
of 20 JUNE 2006 WO 03/053892 33 PCT/ EP02/ 14817 the catal ytic bed. The

cat al yti cSsyshapephRéparedons abestr Rhedirntegannippe vVhishcRdpges ioft o t he
reactor, in a quantity equal to 14.5 g, with a size ranging from1l to 2 mm
for a total 25 REREMES o¥okHelamtofl waekilseaciédual $d W% ars adddpdadOity of

I nert quartZtggtgg;gﬁrésoghgggggrgvgﬁus obtained, without interrupt-
ing the mixing for a further 20 minutes approximately.
The intermediate thus obtained is then subjected to
10 extrusion using a HUTT type gear press extruder and the
product thus obtained is subsequently subjected to aging
for a time of not less than 48 hours.
After the period of aging, the product, in the form
of pellets, is then subjected to calcination treatment in
15 air at a temperature of 550°C approx. for 5 hours, ob-
taining a material called "material B2", containing about
25% of material G99, about 30% of zeolite beta and about
45% of alumina binding carrier.
The catalytic system is prepared so as to consist of
20 a single zone in which there is material B2. The total
quantity of catalytic system thus prepared is equal to
9.0 g.

EXAMPLE 3 - Preparation of the catalytic system

A catalytic system is prepared, consisting of two dis-

25 tinct zones, the first of which contains 3 g of material



and under the catalytic bed for a height equal to 2 cm_over and 2 cm under
the catalytic bed. The catalyst is then subjected to drf}’lWéVEizﬂo% stream 10
of nitrogq@0§% gghsnperature inside the reactor equal to 160C for about 1
hour, and 15 of 5.2 m/mn of low pressure hydrogBAI/EB02/148iBsequent | y
fed for 60 mnutes, followed by a stteam of 15.8 m/nin at 180C for 120
mn- utes and finally a streamof 23.6 nl/mn at 200C for 180 15 m nutes,
after which the hydrogen feeding is interrupted and the tenperature of the
reactor is brought back to a value equal to 150C, the experinental

appar at us bRt nglre’dyi perlisty FHATRLE et Br&stesaRhcoRitelsgee. Bonce a
constant tenperature of_ 150C has been 20 reached, .,the stream of nitrogen is
then interr8pPedmaherieheB? REFRAFY IPrERd £9 ﬁhﬁzﬁﬁ&&eaPFﬁ def|l ow-rate

equal to 0.245 m/m n. The system | i ntai ned under these, cqnditions for
60" i nures. SERIETA iR B Eech nGh8! HRRLogBIPT S e 085 CAteLI i a 4

flowrate equa{ to, 27.3 mM/mn and a&te; a 20 JUNE 2006 WO 03/053892
PCT/ EP02/ 148Y% %ﬁ-%%quﬁﬁﬁﬁ§§§ gflaletQi hly Bf acetone is initiated with a
rom#raHF al 10 0.012 nl/min i mat el 3,h%yr after the feeding of

<2 suazanvaara ..';.l fOI’ the 5 | | C]UI d

acet one,
and gaseous part

0 af B
Tabl e 1 sunmmari 78\/\(/51;]5?0%;?% %35’%33 ntslt%/doﬁgr?l ¥§8939E$K88%aﬂcg|%%g%%8reggmls
obt ai ned. lébéé@é&&é“%éathe indications provided in Example 1 of EP
687500 (12-16 mesh), are charged into a rotavapor flask
having a volume of 500 ml, and are then dried under vac-
10 uum at room temperature for 2 hours.

A solution is prepared, consisting of 30.34 g of de-
mineralized water and 8.0 g of copper nitrate,
Cu(NO3)22.5H,0 (MW = 232.59, 34.4 mmoles). The solid is
impregnated at room temperature under vacuum. It is left

15 to slowly rotate, under vacuum for 3 h. It is then dried
in an oven for 2 h at 120°C. It is calcined at 316°C/4h
with an increase rate of 1°C min™,

A second impregnation, as the previous one but using
a solution consisting of 4.06 g of Copper nitrate

20 Cu(NO;3)22.5H,0 (MW = 232.59, 17.5 mmoles) and 15.42 g of
qemineralized water, is effected on 18.8 g of product,
calcined at 316°C.

The solid is impregnated at room temperature under

vacuum, It is left to slowly rotate, under vacuum for 3

25 h, It is dried in an oven for 2h at 120°C and is calcined



- WHSV expresses the ratio between the sumof the hourly
benzene and acet one (excl udi ng hydrogen)

systenm - hp
acetone co v@?i

10 flowrates of
and the quanti %WE 08¢ al ytic
electivity [aryls]/[acetone] expresses the frac- tion of
©3¥%0 cumene + pol yi sopropyl ben- zenes (pr BELEPE/14&E ul f or

t he production of cunene in 15 transalf&lation) with respect to the total

quantity of

converted acetone; - the selectivity [cunene]/[acetone]

expresses the frac- tion of acetone converted to cunene with respect to the

t ot al qua”tité%‘ﬁe?“@?%%fhﬁgha%ﬁtQHSieégé'rékﬁﬁo&eh@%tkﬁhk¥ (aryls]/ [benzene]

expresses the

rac- tron o

benzene converted to cunene + pol yi sopropyl ben-

zenes with respect ot tfe oot @k el | b¥o@hcORYer t Ao REAENe10 XPYPLE 6 -

Catalytic test 25 A catalytic test is effected, using the sane experi

JUNE 2006 O §3/

experi nment al

prepared ac- moMbIRI st WhRkiiysidesedd bed in Exanple 2, in a quantity
i lytic bed 5 equal to 8.3 cm The

to 9 g, for

053892 35 PCT/ EP02/ 14817 nental apparatus and the sane

20

conditions as Exanple 5, but charging the catalytic system

equal

benzene i g fed w hhcarhhowicat8st etbiadartyd & 484, ThsAhG. aAPBESXT fHRdel Y 3
hours after the start of the acetone feeding, sanples of reaction effluent

are renoved, Hhat hppheattBeaki gukdr bkl gRIGMUS part, which are subsequently
10 anal yzed by gaschronat ogr aphy.

10

15

20

25

The experimental apparatus consists of tanks for the
reagents benzene and acetone, feeding pumps of the rea-
gents benzene and acetone, a mass meter for the flow-rate
control of hydrogen coming from a ‘cylinder, a static
mixer of the reagents before their inlet into the reac-
tion, a preheating unit of the reagents, a steel reactor
situated inside an electric heating oven equipped with
temperature regulation inside the oven and inside the re-
a;tor, a pressure regulation system inside the reactor by
means ¢f a pneumatic valve, a cooler of the reaction ef-
fluent and a collection system of the liquid and gaseous
products.

The reactor, situated inside the heating oven, con-
sists of a steel cylindrical tube, with a mechanical
sealing system and internal diameter equal to about 2 cm.

Along the major axis of the reactor there is a ther-
mometer trap having a diameter equal to 1 mm, containing
a thermocouple which can run freely along the major axis

of the reactor and consequently along the major axis of



Table 1 sumarizes the operating conditions, to- gether20uUNE 400 results
obt ai ned. EXAMPLE 7 - Catalytic test A catalytic test is effected, using the

same experweo oddssgent al apparatus and the sane experinent ghy &9@%&1 ons as
Exanpl e 5, but charging the catal yticszssystem prepared ac- cording to what is
described in Exanple 3, in a quantity equal to 11 g, for a total height of
the catalytic bed equal to 8.5 cm The benzene is fed wwth a flowrate 20
equal to 0.251 m/mn. Approximtely 3 hours after the start of the acetone

f eedi ng, saqglegag%lggggtﬁ g effluent are renoved, both for the liquid and
gaseous part IC re su sequently anal yzed by gaschromat ography. 25

Table 1 summari zgget Pﬁf Q?E% ?HJ¥ 3%3/053892 36
PCT/ EPO2/ 14817 get e?gangt ﬁ%e res dbfé tal nea% <& XAI\/IEI_eéOS§l \ﬁgat alytic test
A catal yticphesth 1§ ShifGdEtintts v tﬂa‘ac%aire fﬁp&r%uaﬁ@mya' cRPARR us and

t he sane experlnental conditions as 5 Exanple ut charging the catalytic

system prepaucd 8¢ Gotfl B0 shigenbahohfigleson! bedol B mrATHGE % ddtaa guantity
equal to 11 g, for a total hei ght he catal ytic bed equal to 8.5 cm The

acetone §s hed nttgfatﬁécagﬁ ]ipggajehgag 9% /& n, the benzene with a
flowrate equa? 10 to 0.072 &ﬁ: Approxi mately 3 hours after the start
of the acetone i%@éx@&t?%@'ﬁéeﬂf GeAA7 G t@irilaients asfarig@o\wér both
and under the catalytic bed for a height equal to 2 cm
over and 2 cm under the catalytic bed.
The catalyst is then subjected to drying in a stream
10 of nitrogen at a temperature inside the reactor equal to
160°C for about 1 hour, and a stream of 5.2 ml/min of low
pressure hydrogen 1is .subsequently fed for 60 minutes,
followed by a stream of 15.8 ml/min at 180°C for 120 min-
utes and finally a stream of 23.6 nl/min at 200°C for 180
15 minutes, after which the hydrogen feeding is interrupted
and the témperature of the reactor is brought back to a
value equal to 150°C, the experimental apparatus being
continuously maintained in a stream of nitrogen.
Once a constant temperature of 150°C has been
20 reached, the stream of nitrogen is then interrupted and
the feeding of benzene is initiated with a flow-rate
equal to 0.245 ml/min.
The system is maintained under these conditions for
60 minutes, after which the feeding of hydrogen is re-

25 activated at a flow-rate equal to 27.3 ml/min and after a



for the liquid and gaseous part, which are subsequently 2@9@&%5&% by
gaschromat ography. 15 Table 1 sunmmarizes the operating conditrons, to-

get her w t hwoDlw/ossesul t s obt ai ned. EXAMPLE 9 - Catal ytic t%ﬁﬁgﬁmﬁﬂ&?)ytic
test is effected, using the sane experis nental apparatus and the sane
experinmental conditions as 20 Exanple 5, but charging the catal ytic system
prepared ac cording to what is described in Exanple 4, in a quantity equal
to 5 g, for atotal height of the catalytic bed equal to 5 cm The catal yst
is then subj eidwednimutthsyi tige | Bedd biid eafh a2btoheniikr dgdrianddt ke therger at ure

inside the reactor is 20 JUNE 2006 WD 03/ 053892 PCT/ EP02114817 37 brought
from 120C t o fli¥Grateakaual2tbolr 312 Gicknim.con- stant tenperature of 190C
has been reached, the stream of nitrogen is then interrupted and the
feedi ng of ben- zapeprbsgimatélimt2dhonts aftéovthat feedited ¢H dc&ehayd /min. 5
The systemis- maintai ned under these conditions for 60 mnutes, after
whi ch the feedimpdesf dfydregenidrs e¢fflwaili vatedramoaed) ootht €oequale to 27. 3
m/mn and after a few nmnutes the feeding of acetone is initiated with a
fl owrat eSequadlquiad @nd3gaskebmsnpat®, Aphioki aaéekyb3etmoenisl ymfdrerltdes f eedi ng
of acetone, sanples of reaction effluent are renoved, both for the Iliquid
and gaseous par gaswhirohatograplngequent |y anal yzed by gaschromat ography.
Tabl e 1 sunmari zes the operating conditions, together with the results
obt ai ned. 15 TABLEable 1 summarizes the operating conditions, to-
gether with the results obtained. In this table:
~ WHSV expresses the ratio between the sum of the hourly
10 flow-rates of benzene and acetone (excluding hydrogen)
and the quantity of catalytic system;
- the selectivity [aryls]/[acetone] expresses the frac-
tion of acetone converted to cumene + polyisopropylben-
zenes (products useful for the production of cumene in
15 transalkylation) with respect to the total quantity of
converted acetone;
- the selectivity [cumene]/[acetone] expresses the frac-
tion of acetone converted to cumene with respect to the
total quantity of converted acetone;
20 - the selectivity [aryls]l/[benzene] expresses the frac-
tion of benzene converted to cumene + polyisopropylben-
zenes with respect to the total quantity of converted

benzene.

EXAMPLE 6 - Catalytic test

25 A catalytic test is effected, using the same experi-



20 25 Exanple Nr.56789 Quantity of catalytic system (g)14.5911115 Reacti on

tenperature (C)150150150150190 Reaction pressure (kpa)1084898¥¥900100 Tot al

VHSV (h't)0.91.11.20.43.0 [Benz.]/(Acetone] nolar ratiol6.812.617.26.35.8

[ H2] 4Acet on®P “MBPER ratio07.47.47.49. 772. 5 Conversion of aPETERE14817

%4.00. 010010010098. 5 [aryl s]/[acetone] ¥electivity 996.688. 394. 698. 089. 1

[ cunene] /[ acetone] selectivity %81. 970.279.879.781.0 [aryl s]/[benzene]

selectivity 999.496.799. 099.896.7 20 JUNE 2006 WD 03/ 053892 38
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. d
IS prepared, a catal yst ase n copper um nate (produced

by SiidChem e T{qm@: t t - f : & Nl der._as

"mat eri al AZEkI a |eng§'tk¥£ﬂ:fo}%%ln cgrgrpgs?félﬁ%%l%xﬁigés%&D%%a%?gﬁF _

per centage of cLig &l efPisar Qb 3othi e 1% Bhank) o6 0%:n M1 fraBlipyzeclite
-bohemte. T

beta and alumna p e zeo- lite beta and alumna are the sane

TRCeri Al s UScghdy LBS o0y Bl £4) OUS AT ar! 8 Bhe ALUTRNPL1d9Bed Of

zeolite beta, 9 are charge nto a pl oughshare™m xer and

mechani - ol |y xedof oy, Abght @M A%e i ekrehi et 08 GAcRtradB aqueous
solution of acetic acid at" 2% w w are added to 15 the m xture of pqvvders

thus obtai nedeqyd it RYIto I1HLHIYRER.

Abproximately 3 hours after the start of the acetone

feeding, samples of reaction effluent are removed, both
for the liquid and gaseous part, which are subsequently
10 analyzed by gaschromatography.
Table 1 summarizes the operating conditions, to-
gether with the results obtained.

EXAMPLE 7 ~ Catalytic test

A catalytic test is effected, using the same experi-
15 n}ental apparatus and the same experimental conditions as
Example 5, but charging the catalytic system prepared ac-
cording to what is described in Example 3, in a quantity
equal to 11 g, for a total height of the catalytic bed
equal to 8.5 cm. The benzene is fed with a flow-rate

20 equal to 0.251 ml/min.

Approximately 3 hours after the start of the acetone
feeding, samples of reaction effluent are removed, both
for the liquid and gaseous part, which are subsequently
analyzed by gaschromatography.

25 Table 1 summarizes the operating conditions, to-



ing the mxing for a further 60 m nutes approxi mately. 2bhyenERh& nedi at e
thus obtained is then subjected to extrusion using a HUTT type gear press
extruder amd d3pe3sopr oduct obtained is then subjected to agifgphRls® Period
20 of not less than 48 hours. After thg aging period, the product, in the
formof pellets, is subsequently subjected to calcination treat- nent in
air at a tenperature of about 550C for 5 hours, obtaining a material called
"material B3", containing 25 about 30% of copper alum nate T4489, about 40%
of zeo 20 JUNE 2006 WO 03/ 053892 PCT/ EP02/ 14817 39 lite beta and about 30%
of an al umi nad®thrE i tdatheeresuthe eRkainadc systemis prepared so that it
consists of two distinct zones, the first containing 3 g of the mate- rial
A2 and the scEOMFLE ¢ o halihi $E B3 prepared as 5 described. The total
quantity of catalytic systemis therefore equal to 10 g. EXAWPLE 11 -
Preparation of thé*ééﬁ@ﬁytﬂ§ 598t chs reFiactachl usdngi Shengabe evppet-

alum nate T4489 and zeolite beta, already used in the previous exanple, is
10 prepared. DU APPAIGLtUEe 2h&: Fheo5amg grPeXiBONERE EARALEPR D a

pl oughshare m xer .and nmechanjcally m xed for. about 60 mnutes, after which
365 cc of San HHERIE XoPUti 6habeingcie CHAYHC SYShAR RFEPRERRELTD t he

m xture of powders 15 thus oﬁ%?ined,,mjthout interrupting the mxjng for a
fur- ther 60 FR¥MHNSE thpaE gdegcriied; AR eERREPLR e thhg BLTRRREY s t hen

subj ected to
J equal to 11 g, for a total height of the catalytic bed

equal to 8.5 cm. The acetone is fed with a flow-rate
equal to 0.009 ml/min, the benzene with a flow-rate equal
10 to 0.072 ml/min.

Approximately 3 hours after the start of the acetone
feeding, samples of reaction effluenf are removed, both
for the liquid and gaseous part, which are subsequently
analyzed by gaschromatography.

15 - Table 1 summarizes the bperating conditions, to-
gether with the results obtained.

EXAMPLE 9 - Catalytic test

A catalytic test is effected, using the same experi-

mental apparatus and the same experimental conditions as

20 Example 5, but charging the catalytic system prepared ac-

cording to what is described in Example 4, in a quantity

equal to 5 g, for a total height of the catalytic bed
equal to 5 cm.

The catalyst is then subjected to drying in a stream

25 of nitrogen and the temperature inside the reactor is



extrusion using a HUTT type gear press extruder and the 20pumtueobs obt ai ned is
then subjected to aging for a period 20 of not |ess than 48 hours. After

t he agi ng mwareémdssot he product, in the formof pellets, igcEpRSAHIeNt!|y
subjected to calcination treat- nent igr air at a tenperature of about 550C

for 5 hours, obtaining a material called "material B4", containing 25 about
50% of copper alum nate T4489 and about 50% of 20 JUNE 2006 WD 03/ 053892 40
PCT/ EPO2/ 14817 zeolite beta. The catalytic systemis prepared so that it

consi sts of WMLt ifReh 220€8, téNESFId Sin G P RBudsY oRée tdecdmterial A2
and the second 7 g of the material B4 prepared as described. The total

quantity of Galaaltytetperatyee®f sd0tey efdy padlateddhed) khtldm 12 -
Catalytic test A catalytic test is carried out, using the sane ex-

perimental apEnEitiH@eSAd bater Nifbeiptcdl aHe G ateddihgs o esar epar ed
as described in Exam 10 ple 10 is charged into the reactor in a quantity

equal to 10 AneWikhiaisiztedangtinta fFIGR-kalte 2q0EL teroa2sotml/miiel ght of
the catalytic bed equal to 8.5 cm A quantity of inert quartz material is

charged oger Thandsystier idemashdhiiéd bBRdeforhasbeicghdiequak ttor2 eom 15
over and 2 cmunder the catalytic bed. The catalyst is then subjected to

drying in a siingaes,ofaftdr og@ichor tie hd@dedig Ngf WHirdgled i Dserved tem
perature is brought to 210C. Once this tenperature has been reached, a
stream of 1. 3ctifratedoatbantzeme-rstd edual to 27.3 ml/min and after a
few minutes the feeding of acetone is initiated with a
flow-rate equal to 0.036 ml/min.

10 Approximately 3 hours after the feeding of acetone,
samples of reaction effluent are removed, both for the
liquid and gaseous part, which are subsequently analyzed
by gaschromatography. Table 41 summarizes the operatihg

conditions, together with the results obtained.

15 TABLE 1
Example Nr. | 5 6 7 8 9
Quantity of catalytic system (g) 145 | 9 11 11 5
Reaction temperature (°C) 150 { 150 | 150 | 150 | 190
Reaction pressure (kpa) 100 | 100 | 100 | 100 | 100

20 Total WHSV (h™) 09 | 11|12 | 04 | 30
[Benz.]J[[Acetone] molar ratio 168 | 126 [ 172 | 63 | 58
[H2)/[Acetone] molar ratio 74 | 74 | 74 | 977 25
Conversion of acetone % 100.0{ 100 | 100 | 100 | 98.5
[aryls}/[acetone] selectivity % 96.6 | 88.3 | 946 | 98.0 | 89.1

- [cumene]/[acetone] selectivity % | 81.9 | 70.2 | 79.8 | 79.7 | 81.0
[aryis)/[benzene] selectivity % 994 | 96.7 | 99.0 | 99.8 | 96.7




20 for about 30 mnutes. The tenperature is then lowered to 194C, the
pressure is brought to 2100 Kpa and the nitro- gen fIOM/F%“ﬂﬁ¥€W6upted A
streamof 367 ml/mn of hydro- gen is subsequently fed for about 30 m nutes.
Finally, tWWe0Hea$%ene feeding is interrupted and a fl ow oPCOEP®R/12&79/ mi n of
a benzene and acetone solution [C6]/[C¥ = 6.3, 20 JUNE 2006 WO 03/ 053892 41
PCT/ EPO2/ 14817 is fed. About 3 hours after the start of the acetone feed-
ing, sanples of effluent are taken fromthe reaction, both for the liquid
and gaseous part, which are subse 5 quently anal yzed by neans of
gaschr omat ogr aphy. Approxi- mately 24 hours after the start of the feeding,
the sam pling operation is repeated with the sane anal ysis proce- dure.

ot e EOREERLI0 SBSRRIe AT B1F e, M08 i Wr:.“eahgu{esagfﬁg
th - d.y h

exgefsggnfgl Egahgflons aﬂQExﬁguﬁnﬂ%%ﬁk¥ﬁ 6§%§%§ﬂﬁ£t92 §£s §¥g%a$edsgge
Tog with S raﬁéfhgeff%% if1ath! DekBRLEACY SRachgan phdenaual 1O
catalyt | ¢ sl idlade0nlnd gr@UTéx\@wt Makfwt%da&fe%reum%rsger t\mgée}bigghacetone

feed- 20 ing, sanples o ent are taken fromthe reaction for the
liquid and 93890 U 2R3 hky: t¥Bi €81 858154 hSGiposition expressed as weight

percentage of the elements: Cu 39.3%, Al 15.5%, Zn 6.0%,

Mn 6.8%), zeolite beta and alumina p-bohemite. The zeo-

lite beta and alumina are the same materials used in the
10 previous examples.

173 g of alumina, 192 g of zeolite beta, 124 g of
T4489 are charged into a ploughshare'mixer and mechani-
cally mixed for about 60 minufes, after which 400 cc of
an aqueous solution of acetic acid at 2% w/w are added to

15 the mixture of powders thus’obtained, without interrupt-
ing the mixing for a further 60 minutes approximately.

The intermediate thus obtained is then subjected to
extrusion using a HUTT type gear press extruder and the
product obtained is then subjected to aging for a period

20 of not less than 48 hours.

After the aging period, the product, in the form of
pellets, is subsequently subjected to calcination treat-
ment in air at a temperature of about 550°C for 5 hours,
obtaining a material called ™“material B3”, containing

25 about 30% of copper aluminate T4489, about 40% of zeo-



guently anal yzed by nmeans of gaschronmat ography. Approxi- mately 24 hours
after the start of the feeding, the sam pling operati or0JYNE zpeated with
the sane anal ysis proce 25 dure. 20 JUNE 2006 WO 03/053892 42 PCT/ EP02/ 14817
Tabl e 2 suUMRHINIZE3 t he operating conditions, to- gether wckpihasiesults
obt ai ned. EXAMPLE 14 - Catalytic test39A catalytic test is carried out, using
the sanme ex- 5 perinental apparatus described in Exanple 5 and under the
sanme experinmental conditions as Exanple 12, but charging the catalytic
system prepared as described in Exanple 3 in a quantity equal to 11 g for a
t ot al hei ghtligfe thetacandl pboutbe@3emial ant oaBuBiman binflingy cbr@i&s. g/ m n of
a 10 solution of benzene and acetone [C6]/[C3] = 6.3, is fed. About 3 hours
after the stBhre cdtaletiareaiysienf ebdl-preppreshngd eshaif &f f coemists eofaken from
the reaction, both for the liquid and gaseous part, which are subse-
quent | y anal jeedistimsdngooksgashehfbnsit ozpraEbnindpPr gxpf16haarateg-24, 173
and 384 hours after the start of the feed- ing, the sanpling operation is
repeat ed wi thighd2sang theabpeprdp? og edflirthe TtlegrialsBAnprerasedhas oper ati ng
conditions, to- gether with the results obtained. 20 EXAMPLE 15 - Catalytic
test A cé&taldesaritest. | Sheartated oguantsing athecabadkyhc Fesitemnt b

appar atus described in Exanple 5, but charging the catalytic system
prepared as QhﬁﬁﬁﬂqyﬁjQQﬂaEggﬁplﬁ g.

EXAMPLE 11 - Preparation of the catalytic system

A material consisting of copper aluminate T4489 and

zeolite beta, already used in the previous example, is
10 prepared.

298 g of zeolite beta, 255 g of T4489 are charged
into a ploughshare mixer and mechanically mixed for about
60 minutes, after which 365 cc of an aqueous solution of
acetic acid at 5% w/w are added to the mixture of powders

15 thus obtained, without interrupting the mixing for a fur-
ther 60 minutes approximately.

The intermediate thus obtained is then subjected to
extrusion using a HUTT type gear press extruder and the
product obtained is then subjected to aging for a period

20 of not less than 48 hours.

After the aging period, the product, in the form of
pellets, is subsequently subjected to calcination treat-
ment in air at a temperature of about 550°C for 5 hours,
obtaining a material called ™“material B4”, containing

25 about 50% of copper aluminate T4489 and about 50% of



in a quantity equal to 11 g for a total height of the 25 catalytic bed
equal to 8.4 cm 20 JUNE 2006 WD 03/ 053892 43 PCT/ EP02/2WNE 20Pe catal yst is
subjected to drying in a streamof nitrogen at a tenperature inside the
reactor ed{fd 1’3/‘{5%’921600 for about 1 hour, after which a fPOWERF/18812 m / mi n

of hydrogen is fed at |ow pressure fof0 60 m nutes, fol 5 [owed by a flow of
15.8 mM/mn at 180C for 120 mnutes and finally a flow of 23.6 nl/mn at
200C for 180 mn- utes. The hydrogen feeding is then interrupted and the
tenperature of the reactor is brought to a value equal to 170C, the

experi ment al zeppatatietdhei The ntHlyttiedsiystan 19 pieEmedfisanitdhazgan. Once
the tenperature has reached a constant value of 170C, the nitrogen stream
i s interruptednabsts herfewsdi distidctherry ithd Nildsat etbndatihiagf Bow rate
equal to 0.36 m/mn. The pressure is brought to 850 Kpa. 15 The systemis
mai nt ai ned uoaflethé hesteenlli A2 ofrsd fithe SEtandt &5 o Aftiley metieclialhs4f eedi ng
of hydrogen is re- started at a flowrate equal to 338 m/mn; after a few
m nut es, thepbepaest teediasgridbeidnt dhreupterthlanduantiow of datAdyghini n of a
sol ution of benzene and acetone [C6]/[C3] 20 = 6.3, is fed. About 3 hours
after thesstaysteh ideclemmifnee fegmdl toglOs@npl es of effluent are taken from
the reaction, both for the liquid and gaseous part, which are subse quently

anal yzed by REMRLD12)as datainttdgr apby.

A catalytic test is carried out, using the same ex-

perimental apparatus described in Example 5.
The catalytic system prepared as described in Exam-
10 ple 10 is charged into the reactor in a quantity equal to
10 g, with a size ranging from 1 to 2 mm, for a total
height of the catalytic bed equal to 8.5 cm.

A quantity of inert quartz material is charged over

and under the catalytic bed for a height equal to 2 cm
15 over and 2 cm under the catalytic bed.

The catalyst is then subjected to drying in a stream
of nitrogen for 1 hour during which the internal tem-
perature is brought to 210°C. Once this temperature has
been reached, a stream of 1.3 ml/min of benzene is fed

20 for about 30 minutes. The temperature is then lowered to
194°C, the pressure is brought to 2100 Kpa and the nitro-
gen flow is interrupted. A stream of 367 ml/min of hydro-
gen is subsequently fed for about 30 minutes. Finally,
the benzene feeding is interrupted and a flow of 0.77

25 g/min of a benzene and acetone solution [C6]/([C3] = 6.3,



25 Table 2 summari zes the operating conditions, to 20 JUNE 2006 WO 03/ 053892
44 PCT/ EP02/ 14817 gether with the results obtai ned. EXARMPIENEH06 Catal ytic
test A catalytic test is carried out, using the sane ex- perinental
appar at us d@é@WWBQH in Exanple 5, but charging 5 the cat &CytEPa148ySt em
prepared as described in Exanple 3 in & quantity equal to 11 g for a tota
hei ght of the <catalytic bed equal to 8.4 cm The catalyst is subjected to
drying in a streamof nitrogen for 1 hour during which the tenperature
inside 10 the reactor is brought to 230C. Once this tenperature has been
reached, a fligwfeti.1.3 m/mn of benzene is fed for about 30 mnutes.. The
tenperature is then lowered to 210C, the pressure is brought to 2900 Kpa,
the nitrogen strapsuts3i hbersuptfedranteasthow of Ihée rdcatoneoffdwdi o 15 gen
is fed for about 30 mnutes. Finally, the benzene feeding is interrupted
and a fl ow ofinG, 76Gaaples OFf aeFdiubhti @reoftdieizefeomndaceteaetidsf] /[ C3] =
6.3, is fed. About 20 hours after the start of the acetone feed- ing,
sanpl es of ebbltherflorarthe akiquid oand hgaseard | part, 2@hthehh drer didtesd+ qui d and
gaseous part, which are subse- quently anal yzed by neans of
gaschr onab oggaphyly Tabhky2ed ubyanezes odfhiegapetadmarpqoaphyi dasprd:g- get her
with the results obtained. 25 20 JUNE 2006 WD 03/ 053892

mately 24 hours after the start of the feeding, the sam-

pling operation is repeated with the same analysis proce-
dure.
Table 2 summarizes thé operating conditions, to-
10 gether with the results obtained.

EXAMPLE 13 - Catalytic test

A catalytic test .is carried out, using the same ex-
perimental apparatus described in Example 5 and under the
same experimental conditions as Example 12. The cata-

15 1lytic system prepared as described in Example 11 is
charged into the reactor in a quantity equal to 10 g,
with a size ranging from 1 to 2 mm, for a total height of
the catalytic bed equal to 8.1 cm.

About 3 hours after the start of the acetone feed-

20 ing, samples of effluent are taken from the reaction,
both for the liquid and gaseous part, which are subse-
quently analyzed by means of gaschromatography. App;oxi—
mately 24 hours after the start of the feeding, the sam-
pling operation is repeated with the same analysis proce-

25 dure.
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Table 2 summarizes the operating conditions, to-
gether with the results obtained.

EXAMPLE 14 - Catalytic test

A catalytic test is carried out, using the same ex-
5 perimental apparatus described in Example 5 and under the
same experimental conditions as Example 12, but charging
the catalytic system prepared as described in Example 3
in a quantity equal to 11 g for a total height of the
catalytic bed equal to 8.3 cm. A flow of 0.76 g/min of a
10 solution of benzene and acetone [C6]/[C3] = 6.3, is fed.
About 3 hours after the start of the acetone feed-
ing, samples of effluent are taken from the reaction,
both for the liquid and gaseous part, which are subse-
quently analyzed by means of gaschromatography. Approki—
15 mately 24, 173 and 384 hours after the start of the feed-
ing, the sampling operation is repeated with the same
analysis procedure.
Table 2 summarizes the operating conditions, to-
gether with the results obtained.

20 EXAMPLE 15 - Catalytic test

A catalytic test is carried out, using the same ex-
perimental apparatus described in Example 5, but charging
the catalytic system prepared as described in Example 3
in a quantity equal to 11 g¢g fqr a total height of the

25 catalytic bed equal to 8.4 cm.
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The catalyst is subjected to drying in a stream of
nitrogen at a temperature inside the reactor equal to
160°C for about 1 hour, after which a flow of 5.2 ml/min
of hydrogen is fed at low pressure for 60 minutes, fol-

5 lowed by a flow of 15.8 ml/min at 180°C for 120 minutes
and finally a flow of 23.6 nl/min at 200°C for 180 min-
utes. The hydrogen feeding is then interrupted and the
temperature of the reactor is brought to a value equal to
170°C, the experimental apparatus being maintained in a

10 stream of nitrogen.

Once the temperature has reached a constant value of

' 170°C, the nitrogen stream is interrupted and the feeding
of benzene is initiated with a flow-rate equal to 0.36
ml/min. The pressure 1is brought to 850 Kpa.

15 : The system is maintained under these conditions for
60 minutes, after which the feeding of hydrogen is re-
started at a flow-rate equal to 338 ml/min; after a few
minutes, the benzene feeding is interrupted and a flow of
0.76 g/min of a solution of benzene and acetone [C6]1/[C3]

20 = 6.3, is fed.

About 3 hours after the start of the acetone feed-
ing, samples of effluent are taken from the reaction,
both for the liqui"d and gaseous part, which are subse-
quently analyzed by means of gaschromatography.

25 Table 2 summarizes the operating conditions, to-
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gether with the results obtained.

EXAMPLE 16 - Catalytic test

A catalytic test is carried out, using the same ex-
perimental apparatus described in Example 5, but charging
5 the catalytic: system prepared as described in Example 3
in a quantity equal to 11 g for a total height of tﬁe
catalytic bed equal to 8.4 cm.
The catalyst is subjected to drying in a stream of
nitrogen for 1 hour during which the temperature inside
10 the reactor is brought to 230°C. Once this temperature
has been reached, a flow of 1.3 ml/min of benzene is fed
for about 30 minutes. The temperature is then lowered to
210°C, the pressure is{brought to 2900 Kpa, the nitrogen
stream is interrupted and a flow of 367 ml/min of hydro-
15 gen is fed for about 30 minutes. Finally, the benzene
feeding is interrupted and a flow of 0.76 g/min of a so-
lution of benzene and acetone [C6]/([C3] = 6.3, is fed.
About 20 hours after the start of the acetone feed-
ing, samples of effluent are taken from the reaction,
20 Dboth for the ligquid and gaseous part, which are subse-
quently analyzed by means of gaschromatography.
Table 2 summarizes the operating conditions, to-

gether with the results obtained.

25
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PCT/ EPO2/ 14817 CLAIMS 1) A process for preparing al kylated aromatic com

pounds whi Ghip g5éEpgdhSeS reacting an aromati ¢ conpound “ﬁthpcﬂmkﬁﬁﬁgﬁ and
hydrogen in the presence of a catalytig com5 position conprising a solid
acid material and copper. 2) The process according to claim1, wherein the
cata- lytic conposition contains one or nore elenents selected from
el enents of groups III1A IVA I1IB, IVB, VB, VIB, WVIIB, group VIIl limted
to Fe, Ru and Gs, and of the se- 10 ries of |anthanides. 3) The process
according to CLAIMS2, wherein the cata- lytic conposition contains one or
nore el enents selected fromelenents of groups II1A and VIB. 4) The process
according to &haimB pRrocgss wiereiprepaeings atlonstied cempoatil i solenzene.
5) The process according to claiml, 2 or 3, wherein the ketone is acetone.
pounds which comprises reacting an aromatic compound with
a ketone and hydrogen in the presence of a catalytic com-
5 position comprising a solid acid material and copper.
2) The process according to claim 1, wherein the cata-
lytic composition contains one or more elements selected
from elements of groups IIIA, IVA, IIIB, IVB, VB, VIB,
VIIB, group VIII limited to Fe, Ru and Os, and of the se-
10 ries of lanthanides.
3) The process according to claim 2, wherein the cata-
lytic composition contains one or more elements selected
from elements of groups IIIA and VIB.
4) The process according to claim 1, 2 o 3, wherein the
15 aromatic compound is benzene.
5) The process according to claim 1, 2 or 3, wherein
the ketone is acetone.
6) The process according to claim 1, 2 or 3, wherein
the aromatic compound is benzene and the ketone is ace-
20 tone.
7) The process according to claim 1, wherein the copper
is in the form of an oxide.
8) The process according to claim 2, wherein the ele-

ment selected from elements of groups IIIA, IVA, IIIB,

25 IVB, VB, VIB, VIIB, group VIII limited to Fe, Ru and Os,



6) The process according to claim1, 2 or 3, wherein thg amng®RbsCc conpound
is benzene and the ketone is ace- 20 tone. 7) The process according to claim

1, wherei nwid@esper is in the formof an oxide. 8) The, /ﬁgugﬁ;slgccordi ng
to claim2, wherein the ele- nent selegted fromelements of groups III1A,
VA, 111B, 25 1VB, VB, VIB, VIIB, group VIIl limted to Fe, Ru and Gs, 20
JUNE 2006 WO 03/053892 47 PCT/ EP02/ 14817 and of the series of |anthanides,
isin the formof an oxide. 9) The process according to claima8, wherein
copper and the el enents of gr ougs ITTA VA [111B, 1VB, VB, V{ql?fa 5 VI B,

' it

group VI |iafd &f ttheeseripanat cdanthrnisies helselRi Eeofforgn Mes, are
contained in the catalytic com position in the formof mxed oxide. 10) The
process accoro(?ilﬁ‘@'t o claim3, wherein the ele- nment selected fromelenents
of groups IIlA and VIBis in 10 the formof an oxide. 11) The process
accordi ng t o %I ai FREOPTAFRTD| IFCTFHAT tanglehe 8r eWRAFSinfCoPRRHAND | A and
VIB are contained in the catalytic conposition in the formof a m xed
oxi de. 12) the wlcEmedtsacehr arfgPe o 1 4r mIY2er BHLBmhEVBI n VBne ViRel enent
of group VIB or Il1Ais _'selected fromCr and Al.. 13) The_pr.ocess
accor di ng®t o V&L By nBFIOUPwWAEE Bi Wit di0a Fey yRPcaRENPDsi #RAPE oIS O and
Cu in the form of OR- @er chromte. 141)1 The é)r,ocess according to one or
more of the ﬁr’-@ﬁ 8%3 anthanides, are cohtained in the catalytic com-
position in the form of mixed oxide.
10) The process according to claim 3, wherein the ele-
ment selected from elements of groups IIIA and VIB is in
10 the form of an oxide.
11) The process according to claim 10, wherein copper
and the elements of groups IIIA and VIB are contained in
the catalytic composition in the form of a mixed oxide.
12) The process according to claim 3 or 10, wherein the
15 element of group VIB or IIIA is selected from Cr and Al.
13) The process according to claim 12, wherein the cata-
lytic composition contains Cr and Cu in the form of cop-
per chromite.
14) The process according to one or more of the previous
20 claims, wherein the solid acid material is selected from
one or more zeolitic materials in acid or prevalently
acid form.
15) The process according to claim 14, wherein the zeo-

litic material is selected from zeolite beta, zeolite Y,

25 ZSM-12 and mordenite,



20 clains, wherein the solid acid material is sel ected fgoyONEINGs OF NOre
zeolitic materials in acid or prevalently acid form 15) The process

accordi ng two 6@sgdr 14, wWherein the zeo- litic material i ﬁﬁ%ﬁ@h% from
zeolite beta, zeolite Y, 25 ZSM 12 angd nordenite. 20 JU 031053892

48 PCT/ EPO2/ 14817 16) The process according to claim 15, wherein the zeo-
lite is zeolite beta. 17) The process according to claim 16, wherein the
cata- lytic conposition conprises copper chromte and zeolite 5 beta. 18)
The process acc rdj i

to claiml, wherein the copper js contained in the
catal ytic comi@dit FeR PHPSETR! Hitoraid | & R Fon ADSFEEN RO o 1 he
solid acid na rlal rang rom0.001 to 10. 10 19) The process according
to claimi18, whEPetf FRR %H% &+ is contained in the catal ytic conposition

i i ght f th t al t lid d te- |
onai e BTt m 6901 18t BPGAEE e llabt BB b8 18P % Pl’é?ﬁg(ﬁ{hwm G the
el e- 15 nent ected fromel enents of grougs ITTA VA 111 VB,
VIB VIIB grgé'fLJlVI CPmpp ATt SR compr pg . AaBRer Chremite AL Apeelt

Ianthanlde‘gNI hs contalned,ln the catalytic conposition in a weight ratio of
t he netal espect to the solid acid materi al ranging fromO0.001 to 20

10. 21) The p&%?esfhé“éégéEAEJéé%&?d%n@' 0 c alﬁe n ﬂereln the copper
is contained in the catalytic composition in a weight ra-
tio of the metal with respect to the solid acid material
ranging from 0.001 to 10.

10 19) The process according to claim 18, wherein the cop-
per is contained in the catalytic composition in a weight
ratio of the metal with respect to the solid acid mate-
rial ranging from 0.0l to 2.

20) The process according to claim 2, wherein the ele-

15 ment selected from elements of groups IIIA, IVA, IIIB,
IVvB, VB, VIB, VIIB, group VIII limited to Fe, Ru and Os,
and of the series of lanthanides, is contained in the
catalytic composition in a weight ratio of the metal with
respect to the solid acid material ranging from 0.001 to

20 10.
21) The process according to claim 20, wherein the ele-
ment selected from elements of gioups IIIA, Iva, IIIB,
IVB, VB, VIB, VIIB, group VIII limited to.Fe, Ru and Os,
and of the series of lanthanides, 1is contained in the

25 catalytic composition in a weight ratio of the metal with



ment selected fromel enents of groups II11A [IVA I1IB, byﬁ?Ny 0wV B, VIIB
group VIl limted to Fe, Ru and Gs, and of the series o ant hani des, is

cont ai ned iwotbkes3g catal ytic conposition in a weight rat iP%T&%of/ﬂg 7mat al
with 20 JUNE 2006 WD 03/053892 49 PCT/ P02/ 14817 respect to the $817i d aci d

material ranging from0.01 to 2. 22) The process according to claim 13,
wherein the cata- |ytic conposition conprises pronoters such as Ba and M.
5 23) The process according to claim 22, wherein Ba or Mh are contained in

the catal yti crggppesi tb0BhkNsa1%8I Gt RRALESNLAISahaRHaENGbno®m.011 tho 5%
wWith respect to the weight of the conposition. 24) "Thé process according to
one or nore op the previous 10 clainms, wherein the catal ytic conposition

conprises an inorganic binder. 25) The process according to. claim 24,

wherein the bpndefnd HreRlRE @dor@ihg LoCelathi ff, afth Al iHvHeMcthde.  26)
The process according to claim?25, whérein the 15 bi nder is y-al um na. 27)

The process a@ge;éié&zﬁd%iadbbrpfco&r@&i%gv%gaﬁo@éﬂ NBuch MELTEY Bddhemcat al ytic
conposition consists of one or nore distinct zone each of which contain a

netal | ic conpesgntThe GBS bRy add QR moR2l, | wheReiar pabbe Bhenment s
se 20 lected fromelenents of groups I'llA [IVA 11IB, IVB, VB, VIB, VIIB,

group VI |igtéedohfabed RinantheCscattdldrtdfc ddiboegrdi®n Ofn | antfeaghdes, or a
solid acid conponent, or both conponents.
percentage ranging from 0.1 to 5% with respect to the
weight of the composition.
24) The process according to one or more of the previous
10 claims, wherein the catalytic composition comprises an
inorganic binder.
25) The process accg;ding to. claim 24, wherein the
binder is selected from silicon oxide and aluminum oxide.
26) The process according to claim 25, wherein the
15 Dbinder is y-alumina.
27) The process according to any of the previous claims,
wherein the catalytic composition consists of one or more
distinct zone each of which contain a metallic component,
containing copper and optionally one or more elements se-
20 lected from elements of groups IIIA, IVA, IIIB, IVB, VB,
VIB, VIIB, group VIII limited to Fe, Ru and Os, and of
the series of lanthanides, or a solid acid component, or
both components.

28) The process according to claim 27, wherein the zone

25 containing the metallic component is made up of copper



28) The process according to claim 27, wherein the zone _25 containing the
netallic conponent is made up of copper 20 JUNE 2006 WO BE=34¥89 50

PCT/ EPO2/ 14817 oxi de, or copper chromte, or is a mxed oxide of copper and
one or nor ¥YURER s sel ected fromel eqents of groups |1 PAVEPSASIT| [ B | VB,
VB, VIB, VIIB, group VIl limted to ¥e, Ru and Os, and of the series of
Ianthanides. 5 29) The process according to clain127, wherein the zone
containing the solid acid conponent is of a zeolitic na- ture. 30) The

process according to claim29, wherein the zeo- lite is selected from
zeol i te beta, oxeakit 8r Yeor st 1énAditel0 dWriden fixedl)oxitR RO Ppexccor di ng
to claim 30, wherein the zeo- lite is zeolite beta. 32) The process

according to ghal Bhelor ¥ € d1 dnlt tE0RR 1 608 af b Je Déthédh 60 RO R D sl S
prepared by inpregnation of 15 the acid solid with a solution of a copper

salt and op tiemnall yva, samapf I98¢ @B, YIS, eerent %r%@ qﬁm frrigieeal enents
of groups II1A 1VA 1118 , VB, VB, VIE VIIB gr oup limted to Fe, Ru

and Gs, and otot ke, s@i i &sd @s, laa f&:ﬁfmtﬂé_sseﬂié%r@fm&?dr?ld&t.l on. 20 33)
The process according to claim 32, wherein the com position containing both

conponent s5i s23edThé protedsiracconding do kdiaig 2gontwhaeeandithe tzonel ai ms
24, 25 or 26. 34) The process according to claim 27, wherein the zone

cont ai ni ng botbneaipiie Ntlse | SoPiERERtRI dinpoflehegnat iodn 0fzed itthe Haxt ure of
the solid acid material and a binding
ture.
30) The process according to claim 29, wherein the zeo-
lite is selected from zeolite beta, zeolite Y, ZSM-12 and
10 mordenite.
31) The process according to claim 30, wherein the zeo-
lite is zeolite beta.'
32) The process according to claim 27, wherein the zone
containing both components is prepared by impregnation of
15 the acid solid with a solution of a copper salt and op-
tionally a salt of one or more elements selected from
elements ©of groups IIIA, IVA, IIIB, IVB, VB, VIB, VIIB,
group VIII limited to Fe, Ru and Os, and of the series of
lanthanides, drying and calcination.
20 33) The process according to claim 32, wherein the com-
position containing both components is used in a mixture
with a binding agent according to claims 24, 25 or 26.
34) The process according to claim 27, wherein the 2zone

containing both components is prepared by impregnation of

25 the mixture of the solid acid material and a binding



20 JUNE 2006 WD 03/053892 51 PCTI EPO2/ 14817 agent accor@%m&E%%O@#ains 24, 25
or 26, with a solution of a copper salt and optionally I one or

nor e elenglts selected fromelenments of groups ILIA |IVA [11B 1VB, VB,
VIB, VIIB, 3’#’8(?538{’&“ limited to Fe, Ry 5 and Os, and of RGRERRMME of

| ant hani des, drying and cal - cination.135) The process according to claim
27, wherein the zone containing both conponents is prepared by neans of an
ion exchange process in which the solid acid material is put 10 in an
aqueous sol ution containing a copper salt and op- tionally a salt of one or
nore el enent sag@itecd@sbddiony & erdins &f4,9raBipse 124 A widh al kbButidB, VB,

VIB, VIIB, group VIIl Iimted to Fe, Ru and Os, and of the series of
| ant hani des, dheamnmicsppee isallefdndinsieticidinn ng §8It Sef neerst howes, the
solid in suspension is recovered by fil- tration, washed with dem neralized

wat er and dri&ibmedits t sebéded Falomd a@Témerd eobifal grdupxclrarged fwam 36)
The process according to claim33, wherein the nmate- rial containing both
conponents i ST1kEd IVB,a VB Xt VIB, WIDB, 26rbupdivigIagdmtisedcaar digyg Rw cl ai ns
24, 25 or 26. 37) The process according to claim27, wherein the zone
cont ai ni n¢ badrnd dmpandnbs thepsephe=c byl amhanidesandrgingeantiangk- process
in which a conposition of the solid acid material and binding agents
accordi ng to cmEti®n24, 25 or 25 26 is put in an aqueous sol ution containing
a copper salt 20 JUNE 2006 WD 03/ 053892
35) The process according to claim 27, wherein the zone
containing both components is prepared by means of an ion
exchange process in which the solid acid material is put

10 in an aqueous solution containing a copper salt and op-
tionally a salt of one or more elements selected from
elements of groups IIIA, IVA, IIIB, IVB, VB, VIB, VIIB,
group VIII limited to Fe, Ru and Os, and of the series of
lanthanides, the mixture is left under stirring for sev-

15 eral hours, the solid in suspension is recovered by fil-
tration, washed with demineralized water and dried, ob-
taining a solid acid material in exchanged form.

36) The process according to claim 33, wherein the mate-
rial containing both components is used in a mixture with

20 binding agents according to claims 24, 25 or 26.

37) The process according to claim 27, wherein the zone
containing both components is prepared by means of an ion
exchange process in which a composition of the solid acid

material and binding agents according to claims 24, 25 or

25 26 is put in an aqueous solution containing a copper salt



52 PCT/ EP02114817 and optionally a salt of one or nore el enents sel ected
fromelements of groups ILIA VA 111B, 1VB VB, VIB, AJWBEZPoup V1|
limted to Fe, Ru and Os, and of the se- ries of |anthanides, the mxture is
left under “Q {369 5 for several hours, the solid in susPEHEPGA4SIE
recovered by filtration, washed with Yenineralized water and dried. 38)
The process according to claim 27, wherein the zone containing both
conponents is prepared by nmeans of the extrusion, drying and cal ci nation of
a mechanical m xture 10 of the two conponents paste-m xed with a pepti zing

agent.  39) TR P6PERsRIAGE L d5A0t t 8 £CloRleM AT . myET 81 BméREs Z8BEecEOAT ai Ni NG
both conponents is prepared by neans of the extrusion, drying and

cal ci nation ofrgh NerdiditelofM yibkss etrApersal i drag,d sapopent vishe
nmetal lic conponent and 15 binding agents according to clains 24, 25 or 26.

40) The processSIEHCeoUbNgIL® Cimifod o VIE! &Hu ahlie 0s3t anadl ¥Ei Ene0sRosi tion
consists of a single zone containing both the netatlic and solid acid

conponents. 4desTher PrOCEEH iR il didktalrd M271efbengbidrt Beigaing 20
| ytic composition consists of two or nore distinct zones each containing

both the met addr Gseanda30/HohraGi GHRONgtidieit Ssudbeiich t D8 ee8pestéd on of
the single zones is different. 42) The process according to claim27 or 28,

wherein the b fGakabytibs, CRAPESE lwDth CAGEinera19keliWRaterNBh@ &tBdédnct 20
JUNE 2006 WO 03/053892 53 PCT/ EP02/ 14817
38) The process according to claim 27, wherein the zone
containing both components is prepared by means of the
extrusion, drying and calcination of a mechanical mixture
10 of the two components paste-mixed with a peptizing agent.
39) The process according to claim 27, wherein the zone
containing both components is prepared by means of the
extrusion, drying and calcination of a mechanical mixture
of the solid acid component, the metallic component and
15 binding agents according to claims 24, 25 or 26.
40) The process according to claim 27, wherein the cata-
lytic composition consists of a single zone containing
both the metallic and solid acid components.
41) The process according to claim 27, wherein the cata-
20 1lytic composition consists of two or more distinct zones
each containing both the metallic and solid acid compo-
nents, wherein the composition of the single zones is
different.
42) The process according to claim 27 or 28, wherein the

25 catalytic composition consists of two or more distinct



zones, one of which containing the netallic conponent, whereas the others
contain one or nore different conbina- tions of the two #tWYH3086 and solid
acid conponents. 43) The process according to claim?27 or 28, wherein the 5
catal yti c MY 0on consists of two or more distinct zBE®EPR20AE7Of which
containing the metallic conponent, wh¥reas the subsequent zones contain the
solid acid com ponent. 44) The process according to claim27 or 28, wherein
the 10 catalytic conposition consists of a single zone contain- ing the two
conponents of the catalytic conposition, ne- chanically m xed with each

ot her. 45) Theopesceoseacforviiimp t eortaiinkhry the 28etahdici rompenensial ytic
conposition consists of two or nore distinct 15 zones, one of which
cont ai ni ng t Héhexeas |the othessespntaherere ethananehatis fenendi woabfiherent
pairs of the two ne- tallic and solid acid conponents, nechanically m xed.
46) The proceskorg @ diheg the ariprhlic, aud 9ligh aciisk componersszone
containing the metallic conponent is that which 20 first comes into contact
with the strebh ofTheeRForesscaacerdinfigtarckaian &7 wat i28,cohpsein, thet one and
hydrogen. = 47) The process according to claim?27, wherein the cata- lytic
conposi ti &n cHiAEiFsiq HePTRATI QR cerpBiiift OF t KWan OTackP¥et F1§EABFENt whi ch
decreases in one direction and 25 the solid acid conponent with an activity
gradi ent whi GGPTIEFJUNES 2086 WO OIS/ exdEdAing Fiw Epeballde 7 ceEPPEaBEs in the

opposite direction. 48) The process according to claim47, wherein the ac-
whereas the subsequent zones contain the solid acid com-

ponent.
44) The process according to claim 27 or 28, wherein the
10 catalytic composition consists of a single zone contain-
ing the two components of the catalytic composition, me-
chanically mixed with each other.
45) The process according to claim 27 or 28, wherein the
catalytic composition consists of two or more distinct
15 zones, one of which containing the metallic component,
whereas the others contain different pairs of the two me-
tallic and solid acid components, mechanically mixed.
46) The process according to claim 42, 43 or 45, wherein
the zone containing the metallic component is that which
20 first comes into contact with the stream of reagents con-
sisting of the aromatic compound, ketone and hydrogen.
47) The process according to claim 27, wherein the cata-
lytic composition contains the metallic component with an
activity gradient which decreases in one direction and

25 the solid acid component with an activity gradient which



tivity gradient of the netallic conponent decreases alon? t he feeding
direction and flow of the reagents, whereas 5 the activi @“ﬁp%ﬂmﬁnt of the
solid acid_conponent de- creases along the opposite direction and flow 49)
The pr ocesév%@‘ﬁi”ﬁ?ng toclaiml, 2 or 6, carried out atPEI/ERIZIEs1AL ure
ranging from50 to 350C and at a pres¥ure equal to or higher than the

at nospheric pres- 10 sure. 50) The process according to claim49, carried
out at a tenperature ranging from 100 to 250C and at a pressure ranging
from1l to 50 bars. 51) The process according to claiml, 2 or 6, wherein a
15 nol ar rat i 8eAbE2Fefein tith oPPoSikeedirACEReR{ eedi ng be- tween the
aromatic hydrocarbon and ketone. 52) The process according to claimb51,
wherein the nBBar TRt PEOFeSHi 3ReRrdint B0 chyimnd7 pr vhessincEBRdRRg to
claiml, 2 or 6, wherein a 20 nolar ratio not lower than 1 is used between
hydr ogen and tk®ibregTadignt rdedhggmesalliaecoprrnant AeGefSe§ ©dO8%i m 53,
wherein a nolar rati o higher than 2 is_used between hydrogen and ketone in
t he feeding. EBe5§?e¢h€gp86€%§§1%%céFﬁiﬁb°Vo°§n§h8fIFWQQBFévi@@§r€P§inB, 20
JUNE 2006 WD 031053892 55 PCT/ EP02/ 14517 wherein the aromatic conmpound is
benzene, the kBeoRSHITitycarGddeRtd Ahethr oFodtidr &GHY | AGTPPRERE hee™

al kyl ati on process, which contains isogigp | benzene, _non-converted”

benzene, non- €bPIEPT R IR TS Fe RPPRELER cEHSR Bt Fdpw -

49) The process according to claim 1, 2 or 6, carried
out at a temperature ranging from 50 to 350°C and at a
pressure equal to or higher than the atmospheric pres-
10 sure.
50) The process according to claim 49, carried out at a
temperature ranging from 100 to 250°C and at a pressure
ranging from<l to 50 bars. |
51) The process according to claim 1, 2 or 6, wherein a
15 molar ratio not lower than 1 is used in the feeding be-
tween the aromatic hydrocarbon and ketone.
52) The process according to claim 51, wherein the molar
ratio is higher than 2.
53) The process according to claim 1, 2 or 6, wherein a
20 molar ratio not lower than 1 is used between hydrogen and
ketone in the feeding.
54) The process according to claim 53, wherein a molar
ratio higher than 2 is used between hydrogen and ketone
in the feeding.

25 55) The process according to any of the previous claims,



5 benzenes, is fractionated in a separation section to 013- tain a first
fraction mainly containing hydrogen, a sec- ond fractiorf ﬁHNﬁPVmcontaining
water, at kﬁﬂmg&gftion mai nl y contai ning benzene, a fourth .fraction

mei nly con-""taining isopropyl benzene gpd a fifth fract i orP GRERIPAA8EDN 10

t ai ni ng pol yi sopropyl benzenes, wherein“the first fraction is re-used in the
reaction step with acetone and benzene, the second fraction .is renoved
fromthe process, the third fraction is partly re-used in the reaction step
with acetone and h drggen and gartl in a subsequent 15 transal kyl ation

step, where | YPPESRALTBAARPERL ReCPTPRYRd { +8cPPBRSR® pFBRUKETORE 1S
3l Kyl ot i on TESREPRR APGQUIS | BEPRAGE GRIPLULAAL LlsEh. Chen@ RS o fed
ol yi opr opy| BERE=Senestirh FEPRadnPo (IRBHFIEARERRR: | G TCTER TS FFon |
process for the production of pheno ich com, prises the follow ng steps:
(2 Feact i ng PEROEHY, TRREoRYeRhaohpURBEER | EHF AHEL POy OBy 1S
1 SR h S TSROl AF, 2R08L 8 U
of i he sofi esti™ [ ant hest deeceian Heiithy, Sesa B pnevEangRe (8 Bffne
Y0 ODer X 0%l kb ERLOABATRLY, ot BEnHUS BB, LOLBKLC spcbgnol and
rmore of Claiqﬁafnf§)é§htaining benzene, a fourth . fraction mainly con-
taining isopropylbenzene and a fifth fraction mainly con-
10 taining polyisopropylbenzenes, wherein the first fraction
is re-used in the reaction‘step with acetone and benzene,
the second fraction is removed from the process, the
tbird fraction is partly re-used in the reaction step
with acetone and hydrogen and partly in a subsequent
15 transalkylation step, where it is reacted with the fifth
fraction to product isopropylbenzene.
56) The process according to claim 55, wherein the tran-
salkylation reaction product is fractionated into ben-
zene, which is re-fed to the alkylation process, cumene
20 and polyisopropylbenzenes, wherein the polyisopropylben-
zenes are re-fed to the transalkylation step.
57) A process for the production of phenol which com-
prises the following steps:

(a) reacting benzene, acetone and hydrogen in the pres-

25 ence of a catalytic system comprising a solid acid mate-



58) The process according to claim57, wherein the acet g@%%izg(g is forned
in step (c) is recycled to the synthesis step (a) of cunene. ) A

catal ytic conposition containing a zeolite in acid form Cu and one or nore
el ements selected fromelenents of groups II1A IVA 111B, 1VB, VB, VIB,
VII1B, of group VIIl Iimted to Fe, Ru 5@nd Os, and of the series of

| ant hani des, with the proviso that when zeolite is zeolite Y and the

catal ytic conposition contains one or nore elenents of Goup VIB, said

el enent is selected between M d W 60) The catalytic ¢ 0sj tion
accor di ng T8Lel SPRRYY oM SPFIRGAIAY 6| PEemPRe AetAPsPn S ki Bong
zeolite be | 1 n r | t Cu,,-an e no, nts
sel ected f%l%#]eé%gnée%%ég I%ﬁpgvﬂ')i g\?ﬁ}'vifmr I Y%’, Q{]%B, v@/ 1,3' \ﬁ%%lggg of
Goup VI lyrdri MidHdd @oFee, R and &8, _aﬁ&dopfthhhee:?féé % Qint_kmtihagl des_. 20
JUNE 2006 57 61) The catal ytic conposition according to claim59 containing
zeolite Y (i agididadfish &¥ thedcanéndrtonbtimera! Ap@nderdalidet ed from el enents
of Goups IllA VA I1IB, 1VB, VB, VIIB, of Goup VIII limted to Fe, Ru
and Gs, an@)ofredrraggenent obf| diicharimbne. lAroPheoxidenl y¢ i ehepaponti on

according to claim59, containing a binder. 63) The catal ytic conposition
accordi ng 36¢teP2i m 59 or 62, wherein the zeolite is zeolite beta. 64) The

tal yti it di t | aim 63 ini . lite beta,
copper . ar BT BRETS 481 Gbt GeFr BTy (Bnch S EARES OB POy 8 BPRAEF. 65)
The cat al XJO.Irr%r %Qg%ﬂghgl PN pGEording to claim64, wherein copper and chrom um

are in the copper chronmite. 66) A process for preparing the
catal ytic conposition according

58) The process according to claim 57, wherein the acetone which
is formed in step (c¢) is recycled to the synthesis step (a) of

cumene.

59) A catalytic composition containing a zeolite in acid form, Cu
and one or more elements selected from elements of groups IIIA,
IVA, IIIB, IVB, VB, VIB, VIIB, of group VIII limited to Fe, Ru
and O0s, and of the series of lanthanides, with the proviso that
when zeolite is zeolite Y and the catalytic composition contains
one or more elements of Group VIB, said element is selected

between Mo and W.

60) The catalytic composition according to claim 59 containing a
zeolite in acid form selected among zeolite beta, zeolite ZSM-12
and mordenite, Cu and one or more elements selected from elements
of Groups IIIA, IVA, IIIB, IVB, VB, VIB, VIIB, of Group VIII

limited to Fe, Ru and Os, and of the series of lanthanides.



to claim59, conprising the inpregnation of the zeolite )y Reafhe 2queous
sol ution containing a copper salt and a salt of one or nore elenents
selected fromelenments of groups II1A [IVA 111B, |INB, VB, VIB, VIIB, of
group VIIl limted to Fe, Ru and Gs, and of the series of |anthanides,
drying and cal cination. 67) The proces¥ according to claim66, wherein the
resulting material is bound with a binder according to clainms 24, 25 or 26.
20 NNE 2006 58 68) A process for preparing the catalytic conposition
accor di ng g14 0 rhbkaicAe 2Py 10N, gmgiém%éama%%aupew{mtb@ &&0dithengnd

bi ndi ng agents according to clains 24, 25 or 26 with an aqueous solution
cont ai ni ngealtopperinsakid afitdma Sal dndyfonener arorwDetemeitansrlacisel geted from
el enents of groups II1IA VA I1IlS 1VB, VB, VIB VIIB, of grou% VI
linited t &lEBenty ofnFreEPs allfPof Whe 15 &¥Bof VB afti8ni 88sCHRYiVAGTI and

cal cinati g, B 3 BLOGKS SelPha PTERALENELd N8-68L Al Lk hOIRAY! L1 on accor di ng
to claimb59, conprisihg the ionlc excﬁange of the zeollte Wth an aqueous
sol ution containing a copper salt and a salt of one or nore elenents
selected fromelenments of groups II1A [IVA 1I11S, 1VB, VB, VIB, VIIB, of
group VI 1162 fhe echtadyfEés Eomposd tOen aewbrdiohgt te clerime$90of comtrrimangdes,
drying and calcination. 70) The process for preparing the catalytic

conposi ti cnPaRF-ding to claim69, wherein the material obtained is bound
with a binder. 71) A process for preparing the catalytic conposition
according to claim59, conprising the ionic exchange of a conposition of
zeolite and)suifableebiidicn0-AgRRLEE:i M etk AGYeOts SQLihi G &ONkai ning a
copper salt and a salt "of one or nore elenents” selected from el enents of
groups || wferéMA thlel kSo1i1t8BisVEeoMith, bedd | B, of group VIII limted to Fe, Ru
and Gs, and of the series

64) The catalytic composition according to claim 63, containing

zeolite beta, copper, an element selected from Cr and Al, and

optionally a binder.

65) The catalytic composition according to claim 64, wherein

copper and chromium are in the form of copper chromite.

66) A process for preparing the catalytic composition according
to claim 59, comprising the impregnation of the zeolite with an
aqueous solution containing a copper salt and a salt of one or
more elements selected from elements of groups IIIA, IVA, IIIB,
INB, VB, VIB, VIIB, of group VIII limited to Fe, Ru and Os, and

of the series of lanthanides, drying and calcination.

67) The process according to claim 66, wherein the resulting

material is bound with a binder according to claims 24, 25 or 26.



of lanthanides, drying and calcination. 20 JUNE 2006 59 2§3y;nf 28§60CeSs for
preparing the catalytlc conposition according to claimb59, conprising the
extrusion, drying and calcination of a mechanical m xture, paste-m xed with
a peptizing agent, of zeolite, Cu and one or nore elenents selected from

el ements of groups IIIA IVA 111B, 1388, VB, VIE, VIIB, of group VIII
limted to Fe, Ru and Gs, and of the series of lanthanides, in the form of
oxi des. 73) A process for preparing the catalytic conposition according to

claim 59, s%gt R p26d Jhﬁexkf §§%,9r2q Q{Q"c%%a’i‘yg gaJ:o %Et? Lcc -d}d1R hani cal

m xt ure, ng agent, or nore

el ement s sc%I ealGe fsrspm @&e;rmaﬁgofthegrm&agm&n Iélf\ thu Bzeohyee ¥Ra VI E,
VIIB, of group VIII 'imted to Fe, Ru and Os, and of the series of

| ant hani deSndify tdRenter Btcafding d6Sclaint 24NdRBgoAgEe tvi thC Gar dAdi@ou® cl ai s
24, 25 or 26. 74) A process for preparing the catalytic conposition

accor di ng soflietidrai perBGinihgcla compperse2lésedbla nspiMareHusenei oki morezone
each containing the nmetallic component containing copper and one or nore
el ement s SEPBRAER JalGftef ehEOR ciemegEdups JFquRs VAR, IYAB Ti¥B, B, VIE,

| ant hani d9B¢ D157 W Beort Hee BolEbhaira st ThEeh KBrishon sand Ot The

series of lanthanides, drying and calcination.

69) A process for preparing the catalytic composition according
to claim 59, comprising the ionic exchange of the zeolite with an
aqueous solution containing a copper salt and a salt of one or
more elements selected from elements of groups IIIA, IVA, IIIB,
IVB, VB, VIB, VIIB, of group VIII limited to Fe, Ru and Os, and

of the series of lanthanides, drying and calcination.

70) The process for preparing the catalytic composition according
to claim 69, wherein the material obtained is bound with a

binder.

71) A process for preparing the catalytic composition according
to claim 59, comprising the ionic exchange of a composition of
zeolite and suitable binding Agents with an aqueous solution
containing a copper salt and a salt of one or more elements
selected from elements of groups IIIA, IVA, IIIB, IVB, VB, VIB,
VIIB, of group VIII limited to Fe, Ru and Os, and of the series

of lanthanides, drying and calcination.
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72) A process for preparing the catalytic composition according
to claim 59, comprising the extrusion, drying and calcination of
a mechanical mixture, paste-mixed with a peptizing agent, of
zeolite, Cu and one or more elements selected from elements of
groups IIIA, IVA, IIIB, IVB, VB, VIB, VIIB, of group VIII limited
to Fe, Ru and 0s, and of the series of lanthanides, in the form

of oxides.

73) A process for preparing the catalytic composition according
to claim 59, comprising the extrusion, drying and calcination of
a mechanical mixture, paste-mixed with a peptizing agent, of
zeolite, Cu and one or more elements selected from elements of
groups IIIA, IVA, IIIB, IVB, VB, VIB, VIIB, of group VIII limited
to Fe, Ru and Os, and of the series of lanthanides, in the form

of oxides, and binding agents according to claims 24, 25 or 26.

74) A process for preparing the catalytic composition according
to claim 59, which comprises assembling various distinct zone
each containing the metallic component containing copper and one
or more elements selected from elements of groups IIIA, 1IVA,
IIIB, IVB, VB, VIB, VIIB, of group VIII limited to Fe, Ru and Os,
and of the series of lanthanides, or the zeolitic component, or

both components.





