WO 03/ 053892 PCT/ EP02/ 14817 5 PROCESS FOR THE ALKYLATI ON OF AROVATI C
COVPOUNDS The present invention relates to a process for the alkylation of
aronmat i ¢ worpposasas whi ch conprises reacting 10 an aronmat PCTEPOPOSIT W th a
ket one and hydrogen in the presence of a catalytic conposition conprising a
solid acid material and copper. A preferred aspect is for the catalytic
conposition to also contain one or nore ele- nents selected fromel enents
of groups IIlA VA I111B 15 1VB, 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 el enents
selected fromelenents of groups II1A and VIB. 20 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 25 Even nore
specifically, the invention relates to an WO 03/053892 PCT/ EPO2/ 14817 2

al kyl ati on process of an aromatic hydrocarbon, preferably benzene, with
acetone and hydrogen in the presence of a catalytic composition containing
a solid 3cid material, copper and one or nore elenments selected fromCr
and Al, 5 wherein the solid acid material conprises or consists of

PROCESS FOR THE ALKYLATION OF ARCMATIC COMPOUNDS
The present invention relates to a process for the
alkylation of aromatic compounds which comprises reacting

10 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,

15 1IVB, 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
IIIA and VIB.

20 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.

25 Even more specifically, the invention relates to an



a zeolite, preferably zeolite beta. The new preparation of cunene accordi ng
to the pres- ent invention can be used in particular in a production
process oWwopkesssb2 conprising the follow ng steps: 10 (a) reampPongishEnzene,
acetone and hydrogen in the pres- ence of the catalytic systemaccording to
what is speci- fied above, conprising a solid acid material and copper,

(b) oxidizing the cunene to cunene hydroperoxide, (c) treating the cunene
hydr operoxi de with acids to ob- 15 tain a re-arrangenent to phenol'and

(2) o al SoPMENLAFRCBnBLBEoRr 8 foPBmatPhora PSRRI, PRetieony 2 Oh
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nd copper . VREBRLRI COPaty 6t & Stcfe%és%aﬁ%ff PeBptof8ctr, Bheitly ¥ ' °

catal ytic conposition contaln Rg Zeo- % h % beta, Cu-and a netal selected
from Cr andaAFeoéﬁﬁﬁneP5PfF§8b p#POhSeRE s an i nportant inter 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 Os, 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 the preparation of
capr ol actwmoBosssonhi ch 10 nyl on is produced. The industr ipall/EPynidsesi s of
phenol conprises the al- kylation steps of benzene to cunene, the oxidation
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 reackaraiay ALCWhd 54 Usp¥ciandd Bbopy,ertheacatiddptatd ng
agent, are still widely Used in the petrochem cal industry. 20 These

processes MaRKEL i¢16al R0l ot @)1 R dferadny ISl iagulctand
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safety: the us these cata- lysts, infact, is particularly
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diate in the basic chemical industry mainly used as pre-
cursor for the production of phenol, in tufn 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 Tn 1965, however, the preparation of cumene was de-



liter for al kylating benzene with propylene. Excellent results in ternms of
i ndustrial application 10 have been obtained in the synthesis of cunene
usi ng zeowolmwemsoni th a beta-type structure, as descri bedPCn/EEP2/14832814,
and in particular using catalysts conprising zeo- lite beta according to
what is described in EP 687500 and in EP 847802. 15 Once cunene has been
obtained, it is transforned into phenol by neans of an oxidation step to
cunene hy- droperoxide, followed by an acid treatnent step which causes

the breakagg ﬁ{béﬁefeﬁrQﬁ%d%iQ%%dﬁMdé)tdEiﬂg”iEblitéNKOérpheobitanﬁ
acetone. 20 % e synthesis of phenol via cunene, on which nost industrial

plants exisfingt WOL{M:M&%hWJ dgfor Mhe efrogdugt iNgftofkhpheng , Sare

based, leads to fﬂ% co- production of a quantity of acetone equal to 0.61

kg per kg n 257khe ' bhli¥edsed thnat Faupeedicti shrak-
bi sphenol V@§8§$85§285’PE#%E%%%/?EB%% 5 2 (aboutaSS%f? phenol i c resins
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acetone, inf
U.S. 4,292,457 describes the use of 7ZSM-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-
iite beta according to what is described 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



sically deriving fromtheir co-production, which does not 10 allow a

nodul ation in their supply in relation to the growh nmargins of the

di f f erentwoasinsdss2 and outl et mar- kets for the two productPST/ERemi4siDcesses
based on the re-use of acetone - co- produced with phenol - in the upstream
synt hesis of cu- 15 nene, have been proposed to avoid this situation. In EP
361755, the propylene used as al kyl ati on agent of benzene for the

synt hesi s of cunene is obtained, either totally or partially, starting

fromacetone, after r ction with hydr.ogen L SORKLQpan sisequent
dehydr at i on®t o(abfﬁltprﬁg%% Enggeﬁ*ﬁteulce-%essel {%@o%@sgﬁgﬁé (cagxaéess %cetone for
the re-production of propyl.ene accordi to 1 he t-h e- ri bove,
is extrenel %aBHBFoJS%%)par ta\?l’&gll&rel'y ﬁijlgyf;ghezg% *hi g lﬁ%%‘(eér %ﬁasto%g%ﬂ

associated with the chem cal re 25 duction transformations,.to | pyl
al cohol and PEREUSHE  WHNGIRR53 8322 BeR Eisﬁzf“f&é‘i‘?’ %sgqﬁ%nt%hgeléyr}ra‘:?on of

the al cohol to propylene, An alternative ich.re s the n r, of
chemical t £4R%f oPfat MEREYAREESSSTY t é&F%@hsg&%S’acgyﬁﬁégg§% &ists in
the direct use of isopropanol, obtained, by e 5 reduction of t.one with
hydrogen® adagPk{l 24%0n agehterbe géﬁ’?élﬁ'e ﬁfgt h&ngdy ﬂslsoqbuc rre]ér)\ee, as
described for exanple in EP 1069100. The direct al kylation of benzene with
i sopr opanol tongbt{abrvd B¥)t-he reduction of acetone co-produced with

There is therefore an unbalanced situation, at least
potential, in the request for phenol and acetone, intrinf
sically deriving from their 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 mene, 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 dehydration 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-



10 phenol, represents an inprovenent, froman industrial point of view,
wth respect to the option which involves the re-production of propyl ene
to be usewoas/sdskyl ati on agent of benzene, but the best ®cmmPOLMS1Trom an
indus- trial and process point of view would obviously consist 15 of the
direct use of acetone as al kyl ation agent of ben- zene, in the presence of
hydrogen, in the synthesis of cunene. A catalytic system has now been
found, which is ca- pable of pronoting the synthesis of cunene starting di-

20 rectly fromthe reagents acetone, benzene and hydragen. The cunene,

obt ai ned acesgintg dehydye Hiegu St ithe M@safa :H%éﬂ" %®in, can be used
for the subsequent production of phenol by neans of —oxidatign to Symene
hy- droper oxi deBandltrenaiisegrdnich eafFaFgenthe SHTPRE dHoper oxi de

to phenol and acetone. The acetone thus ob WO 03/053892 PCIT/EP02/ 14817 7
tained, cartramstfiormaid arse4aRsARY sHE hERE s TEFUEENSTe 2R Fie FFect

al kyl ati on of benzene with acetone and hy- drogen_carried out .acc rgi ng to
the i ndust rdiatspriomesbe dizerid User 0h. 18o0HeP8RPact Ogltatlﬁ‘@lép%e
invention therefore re- lates to a process for the alkyl ation of argrratic
com pobndseathiaticwonpfi sestppactiifd by AFoFeRi caéor?&(%ﬂt?%oﬁh 23Rkt one
and hydrogen in the presence of a catalytic com position co_rg%rés%n? a
solid aci d omtiesiaénandncdppersynihEsigr 3 &r cFEBCRSpeds iALTTTL Qtal ytic
conposition to al so
example in EP 1069100.
The direct alkylation of benzene with isopropanocl,
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-



additionally contain one or nore elenents selected from elenents of groups
[TTA VA 111B 1VB VB, VIB, VIIB, group VIII limted to Fe, Ru and GCs,
and of thwovsnsms2 of | anthanides. A particularly preferredrapppessiis for
the 15 catalytic conposition to contaih one or nore elenments se- |ected
fromelenents of groups Il A and VIB. The aromatic conpound is preferably
benzene. The ketone is preferably acetone. Mre specifically, the object of
the present inven- 20 tion relates to a process for the al kylation of

R L A

hydr ogen, a reactron n the presence of

a catalytic_system conpr, si solid id materl, -
preferred a?r))e/&hq s‘ﬁf’gﬂﬁa?%%f%’é%%ﬁ y?Fgﬁ‘éBﬁﬁ’agi E"'ilgh %s%%&%?l%?%{%de%y

al kyl ation of ben WO 03/053892 PCT/ EP02/ 14817 . .8 zene t u
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groups II1A _IVA 111B, ,I1VB VB, VIB, VIIB, group VIIl limted to Fe, Ru
and Cs, an@léfimege &8s of | ant hanides. A particularly pre 5 ferred
aspect is for the catal ytic caonposition to,contain_ ., one, or re_elepents
sel ect ed5from el &RentPHFCHr Gdpsthe | PACSRR VI BV eF R agﬁﬁrgogg %reThe
al kyl ati on process, object of the present Jinven- tion_ allo .the(D _
prepar at i on letesher@l af RFARARNECY o the aﬂd‘@@ﬁ@i%ragl VISP i S0t i s

not necessary in fact to first, effect the chem cal reduction tr@nsf,&grrati on
of pounds which comprises reacting an aromatic compound wl

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-



acetone to isopropanol as described for exanple in U S. 5,160,497, the
subsequent chem cal dehydration transfor- mation of isopropanol to

propyl enewad3dezsez i bed for exam 15 pie in U S. 5,017,729 aad/Rronsssquent |y

t he subsequent chem cal al kylation tr&ansformation of benzene with pro-

pyl ene as described for exanple in EP 439632. The chem cal transformations
descri bed above are normally carried out under sonewhat different reaction
20 conditions for each of the reactions in question and in the presence of

he pr o SR RnEPORNEl Fon B e SHE S EFE (3B L, e e S Sary
benzene andiRid GHHECEE b BB A W DaPbRIE82 TRCT EFD S 1aBLT o
neOUSLY GO LSO 4 b2 PLDRLC LRS! 380 haRy JTBIUY 200 mihgndi @b 10
undesi red 120 aBEi G T SPEABEer% NG PR LOVErall oHd SR et G be
B o il St o S AL B S e ancsgathon of
SUbse. quering oast S o LEEE ShyS pHTERS o HiFPh THEGArT ol ESBERL o and
products of Le 18} N {SaCLI O SUFY &8 8'a.
The alkylation process, object of the present inven-
tion, allows the preparation of phenol from cumene to be
10‘ considerably simplified; it 1s 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-



exanpl e the al kyl ati on of benzene to phenyl cycl ohexane due to the

cycl ohexene and reduction of 4-nethyl-3 15 penten-2-one to

4- et hyl -Wopensmpone and 4- met hyl - 2- pentanol due to the lrgdrergemMs1iThe
catal ytic systemused in the process of the pre- sent invention
unexpectedly allows the conversion of the reagents to be oriented towards
the desired product, re 20 ducing the formation of undesired products to
the mini- mum The catalytic systemused in the alkylation process of
aromati ¢ corgusIds, cdr i tdwtuliar devizeyies nbachion stoap ecra®ini HELGr esent
invention, conprises a solid acid 25 material and copper, wherein the
copper is pitefepably ito WRdsHOH53862 rEGTNERORIY 480& segonded vf oF@RGf an
oxi de. According to a preferred aspect, the catalytic com position also
cont ai Ns ong dis NBFe e neat sosel ewaekrftsym intempedsatés graghsPFedA, | VA,

1B, IVB, VB, VIB, VIIB, 5 group VII|I limted to Fe, Ru and Gs, and of the
series of dégghanides. These el ements of groups II1A VA 111B 1VB, VB
VIB, VIIB, group VIIl limted to Fe, Ru and Os, and of the series of

| ant hanides, ar ezt isicrefier ahilghi fi cdie $econdérpxanidsundespeaedi xatar,
copper and these ele 10 nents can be contained in the catalytic conposition
in the forgp©foss MEseddextaeinfegoLliengvierad paridiellvarigh preadkd red

aspect, the catalytic conposition contains one or nore el enents se-

expected by experts in the field are the parallel reduc-

tion reaction of benzene with hydrogen to cyclohexene,

cyclohexane and hexane, the parallel condensation reac-

10 tion of acetone to 4-methyl-3-penten-2-one and the subse-

quent reactions of these by-products with the wvarious

reagents and products of the main reactions such as for

example the alkylati&n of benzene to phenylcyclohexane

due to the cyclohexene and reduction of 4-methyl-3-

15 penten-2-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-

20 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

25 material and copper, wherein the copper is preferably in



| ected fromthe el ements of groups II1A and VIB. In ac 15 cordance with
what is specified above, these elenents of groups IIl1A and VIB are

pr ef er ablwoioa/os3se2 f orm of oxides. |In particular, copper aad/RPopss1El enents
can be contained in the catalytic conposition in the formof a m xed ox-
ide. 20 A particularly preferred aspect of the present in- ventionis to
use catalytic conpositions containing cop- per and an el enent sel ected from
chrom um and alum num I n particular, copper and these el enments can be
cont ai ned ithe htowateaf yan coxbdposition in the formof a m xed ox- 25 ide.
WD 03/ 053892 PCT/ EPO2/ 14817 11 In particular, copper and chrom um can be
contai ned in thlaaiadirig ctecoaposefeonedn aspedtor miof cappkyrtiochrocnni te.
Copper chromte is represented by the enpirical formula CuO CuCr204 .
CuCr204 i s kpmsintioon G¥so SonBadhs Hori? d8-ddkrd ehemestdeseiedieedi fird@el i ns
Handbuch der An- organi schen Chem e, 8th ed., Vol. Kupfer, part B, In-

stal | mrent 3,elkamdrers nofibgtrobps @aga,6@VA, nII DR, pfyBesS/B,0fVIHe YIEBent
invention, commercially available materi- als called copper chronmite, can

be used, 5corgroup NI XU Iinitdd amdF<)r Rui ldnd Osyviangd vaf ythg psopes todns of
CuO and CuCr204. These materials, which can optionally also con- tain
smal | quant itdrehafi eonotraeses WilenmtBa afd gvdbupyy eTINR| | IMAQWNIIDBeXperts

inthe field and are described for exanple in J.D. Stoupe, "An X-Ray
Diffracti on SBydwmf VIiB, VIIB, group VIII limited to Fe, Ru and Os,
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 qordance 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.



15 the Copper Chromtes and of the "Copper-Chrom um Oxi de" Catal yst”

J. Am Che. Soc., vol. 71, 1949, page 589; in A limura et al., "Catalysis by
"Copper Ohpowiosz92 |, The effect of hydrogen Reducti on omCriEPozo+spDsi ti on,
struc- ture and catalytic activity foninethanol deconposition”, 20 Bull.
Chem Soc. Jp., 56, 2203-2207 (1983); in RB.C. Pillai, "A study of the
pre-activation of a copper chro- mte catalyst", Catalysis Letters 26
(1994) 365-371. Copper and al umi num can be contained in the cata- lytic

conposition used in the present j ti i rya okohBgined

corr espondi ng o fﬂé%?rr]?/kﬁp%%&3§§§¥§?ﬁ‘%goﬁ?481%”@%2&& accordance with
what is specifjed above, the LYt | td t abpbeg eapper
chronite ca%'PctW? ?%F%fy‘é CpFSﬁ%&%?é?bga?'?ﬂ%%zéndg%ﬁn Cnﬁg??lg%e, pref erably
in the formof oxides. The barium ar ntent 1S Schweh chihan 15%
by wei ght virtERer eSPERPETT o° ﬂ%ln%g?all%nlggg?gggﬁt%%e kg}zrrﬁic@eitie{g% and
preferably ranges fromO0.1 to 5% by weight. The wei ght geécgnta ey of
bari um and fengahesCuQ-EREF2Q0 t HaIGT208nt 2ft ERPFBssBY as” I‘el’neng.‘ The

Kyl at Fon TRSERSLOE FRInhe BeSE5IBOIAL: of T CEaR e enone in
nc. or oy coBGRN] EPe i, Bepl Ples Wi th CHRIS (B art zenlite
beta, zeolite ¥, ZSM12 and mordenite, 15, Thege 4l the ene geseekled in
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 CuO and
CcuCr;0;. 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.
Timura 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.



ture types", Ch. Baerolocher, WM Mier and D.H d son, 2001, 5th Edition
El sevier. A preferred aspect is to use zeolite beta. The zeolites are used
in acid fwomg/osise2z in the form 20 in which all the negatiPca#/RPox143e%
deriving fromthe alu- m num present i1 the structure are counterbal anced
by hy- drogen ions, or prevalently acid. The zeolite beta used as conponent
of the catalytic conposition of the process according to the present in-
25 vention corresponds to that described in U S 3,308,069, WO 03/053892

PCT/ EP02/ 14817 1}8 3&1&, I QUEICT WBhal | i 8e swéelfidd hatiowe t héheonposi -
tion [ (x/n) M(T0.1-X) T c?pAlozySiOZWHZO wherein n is the oxidation

state of M _Xx, i S : A98%$nk eBppert ehtohity cangeont+ om 0
to 4, Mis ﬁatégyg?és8F@§?g%t%?§n¥?ﬁgs2 O?BgrgggsrlA, ITA TIl1Aof the

Peri odi c Syiggﬁr;né]?rgsf romiransiti Baﬁﬁﬁhma%@/’?ﬂc Teéngsnégt; paeifierabdimoni um
o

hydr oxi de. aspect ‘of the present inventionis for 10 the

zeol [t bet g, 0o ehbnagokoLtl | sfie bR bOf Bobigandkiecleotiuenits on has

partially o™t netallic cations initially present.

S e R B bECBSERLMIg Setbackney o cinds, eiomns of
The Catalytg% %%@m¥%ﬁéé§E%f¥HCﬁhﬁaﬁrg%eEésif'}éﬂgés from 0.1 to 53
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 beée
used are zeolite beta, zeolite Y, 7S8M-12 and mordenite.
15 These zeolites are described in "Atlas of zeolite struc-
£ure 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 structure 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,



al kyl ati on process of the present invention, conprising a solid acid

mat eri al and copper, can conprise suitable binding agents, for exanple

oxi des ofwgrosepsset 1 | A, | VA 20 and | VB. More preferably, tRPeTEPOAI481T C
system can con- tain an oxide of Si on3Al as binding carrier. Even nore
preferably, the catalytic systemcan contain y-alumna as binding carrier.
y-alumna is a known material and is comercially 25 available in the
form preferred for the purposes of the WO 03/053892 PCT/ EP02/ 14817 14

invention, gfgthe Argevbser TR0 mardrahei heving r ahsf compdsi-
subsequently to y-alum na during the prepara- tion of the catalytic system
in the final;galcination phase. 5 The binder is preferably used in a
relative quantity by weight with respect to the catalytic systemranging

from5:95 tfo?’?{.srg)- aﬁ\c f%‘?iyf%?%h%%{igi@%ﬁ% of the present in-

vention is i'c’ syst contarni'ng copper 10 chromte and a

bet a-type ' b N3 5t $1haChe 1 batAbn TRits teOMI0ON | 1 0Niganesonthan ap
i norganic E@%%Eéf?ﬁhaé%organcel with what is described above. The copper is

preferally contgined ¢4 he Gat & o8 Cw GRS t EPBmOfD the pyesenisiavention
in a me?bht§rg%?gg§f 15 the nmetal with respect to the solid acid materi al

ranging from 0. 001.10.404 EPLE RHBLE’ R Yyt nenf rem ). 8114002, thihen the
catal yti c conpositron contains one or nore ele-
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-
fain 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

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



ments of groups II1A IVA 1IIB 1VB VB, VIB, VIIB, group VIII limted to
Fe, Ru and Gs, and of the series of 20 |anthanides, each elenent is
pr ef er ablwoaansabned in a weight ratio of the netal w thpCcesperid4sip t he
solid acid material ranging fromO0.004 to 10, nore preferably from 0.01
to 2. The catalytic systemused in the present invention, 25 as described
above, contains a solid acid conponent with WO 03/053892 PCT/ EP02/ 14817 15
an al kylation functionality and a netallic conponent con-_t.ai,ing, copper
and opt i onalnvyenmiomns odf e thieenPFRSUSFSONSecPEBERA S/ ePErreﬂ't'go%?mgF%Ups
I[TTA VA 1I11B 1VB VB, VIB, VIIB, group VII1I limted to Fe, Ru and GCs,
and of 5 the-sesiesned s@védaueniely wotr-alhyhagdeainr@nthenRTebaraality.
The catalytic systemused in the present invention, contaigiﬂg g.solid
G2 bb

aci d conponeidn and aheeteatatytbapsystem, cbnt &hei ig-eoppef PPonal Iy
one or nore ele 10 nents selected fromelements of groups II11A [VA I1IB,
| VB, VB, Vighas&lB, group VIII limted to Fe, Ru and Gs, and of the series

of | anthani des, can be prepared, start- ing fromthe conmponents descri bed
above, gccor di ngrie biMstémuss prraefecablyondbedainon prbeEdlpeduaRhiRY
mai ntain- 15 ing the specific characteristics |listed above. The catalytic
system of tihe peggdnt wittentéspectn ta hehef créadandicstsitSherBRIMBLe
di stinct zones each con- taining a single functionality, either
hydr ogenat i phom 5:95 to 95:5.
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 0.0l 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 with 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



|l inked to the netallic conponent or alkylation Iinked to 20 the acid
conponent, in particular zeolitic, or both hy- drogenation and al kyl ati on
functi onalpDtos@s3shavi ng the characteristics descri bed abover/EERamsies of
sonme of the various preparation procedsdures of the catalytic systemare
i ndi cated bel ow and are 25 schematically represented in figure 1. WO

03/ 053892 PCT/ EP02/ 14817 16 In this figure, | refers to the netallic
component of the catalytic conposition, containing copper and op- tionally
one or norgneherpDasisal fohedibnaiitlenbrt ¢ sltadlagpSORPPREDIVACT | B,
VB, VB, VIB, VIIB, group VIII 5 limted to Fe, Ru and Os, and of the
series of Lapnihfanicigser sand ophponedivhaviaegoa MafiogeheReBRST Gt on-
ality. Wien the netallic conponent contains copper alone, this is

pr ef er abl y1 barthe Fhemmeafermtexiote . githers t REINE- IVA) | FEIBonpYRentVRl so

contains an el enent selected from210 groups II1A [VA I111B, 1VB, VB, VIB,
VI 1B, groupr¥l | k11, gt ovERI RimdmedOsto afe, oRut s eds esabf |%dn-
thanides, it 1s also preferably in the formof an oxide. |In this case,

the' caympopgpt seafecbecpr epatdant desexariile a thy drtvgemedion FAMGHRLAMY of the
oxides. In the particular 15 case in which the copper and the el enent or

el enent s sglik9qted fromgroups III1A IVA I|11B, IVB, VB, VIB, VIIB, group
VIIl limted to Fe, Ru and Gs, are in the formof a mxed oxide, conponent

| can be prepareghtora@%agRie 8¢ster disegl tim tihe knwaendodmesEndiieR4 on
t echni ques, or by
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 IITA, 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 ing 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.



20 nmelting the netal oxides present in the mxed oxide. The netallic
conponent | preferably consists of copper chro- mte. Again wth reference
to figurewb,03h538¢fers to the solid acid conponent, preferabiBPozesiitic,
containing the 25 alkylation functionality. Zeolites which can be used are
WO 03/ 053892 PCT/ EPO2/ 14817 17 preferably zeolite beta, zeolite Y, ZSM 12
and nordenite. A preferred aspect is to use zeolite beta. The solid acid
conponent, preferably zeolitic, can be used in a mxture wth suitable

bi ndi ng agents, far texanptsnwe des ebfehe ZcelEmennstel licoempomieRt | VA
and 1 VB. The solid acid com ponent A nore preferably contains an oxide of
Si or Al asrbivkd nEa €Al yi e . cEpbsiblenpr efertEiining heopper dandi @P-
conponent A contains y-alumna as binding carrier. The zeolitic

conposi ti onywhhA1biNEeYe Con Rergr enamedtacwkbdied njrom adpmehtsh@known
techniques. In the case of zeo- lite beta, it can be prepared, for exanple,

as descri begrohgsE&lq&],SO@v_apd IERB34 7848, ¥gai VIHE,t WIESer gmoept ¥ flilgure 1,
Al refers t0 a conposition containing both hydrogenation and al kyl ati on
15 functionakitires. dhe E@?rrpp&i tdren 08fi ecaidedoti tthél searieal sof cdmpri se

sui tabl e bi nding agents, for exanple oxides of groups IIlA |VA and | VB.
The conposi tthgﬂih@@,c@a% Wi A tTREE i Pt fae takino anitdiors mabdate- of Si

or Al as binding carrier. Even nore preferably, the conposition Al 20
contains y-ahymnazganbithd 0@ t@anficetombbace@Mmesiddion Alopper alone,
this is preferably in the form of an oxide. When the me-
tallic component also contains an element selected from
10 groups IIIAa, 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'coﬁponent 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



can be prepared according to any of the techniques well known to experts
inthe field, such as for exanple a) im pregnation, b) ion exchange or c)
ext rusi orwodemsIspbed hereunder: 25 a) it is possible to eoErERIBD1430T
exanpl e by inpregnat WO 03/ 053892 PCTAEPO2/ 14817 18 ing the solid acid
material, preferably of a zeolitic na- ture, wth an agueous sol ution
containing a copper salt and optionally a salt of an el ement selected from
groups II1A VA 111B, 1VB VB, VIB, VIIB, group VIIl limted 5to Fe, Ru
and Os, an%gfé%%ﬁrg@lﬁfe lpsthaniaesitery, ZSM-bhderdl ReFdeRitfe
resul ting product. Separate solu- tions for the copper salt and salt of the
el ement of Ag;ﬂypérféd A spdts id 11D o8B, zada itk Betd ! Brhereepidl #Fid| it ed
to Fe, Ru and Gs, and of the series of lan 10 thanides, can be used. The
pr oduct obyﬁ%%%%éﬁﬁp ﬁpégerggiyode§amtbe,ophhomwIqsaﬂuihim Bi¥EREEre with
a suit- able ndi ng agents, for exanples oxides of groups IIlA |VA and
| VB, as desgrijped,abguee Aih@hRat iatpints, t£65 epampilbl exticlasperht Ehpy
i npregnating a mxture of solid 15 acid material and binding agent with an
aqueous sol ui | o) ¥ ar coppervaabkhdanuBopThenabl ydaasaflt ceBrect ed
fron1grgupsg*%fgbt%hgfa?£6égbIVB, €B, VIB, VIIB, group WVIII Iinhted to Fe,
Ru and GCs, Ik -cdhenidesandoyitg afidStabri Alngst he
hgggﬁﬁﬁ-égﬁo%§j%ﬁéféﬁaﬁﬁ@ cd yidg 8

resulting | en the 1on exchange technique is used, the solid
acid materigl,  ppef erahlie,of pvegolidis palefiedably,fothe solid acid

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-
l1ite beta, it can be prepared, for example, as described

in EP 687500 and EP 847802.
Again with reference to figure 1, AI refers to a
composition containing both hydrogenation and alkylation
15 functionalities. The composition indicated with AI can
élso comprise suitable binding agents, for example oxides
of groups IIIA, IVA and IVB. The composition indicated
with AI 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 AT
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-



exanple put in an aqueous solution containing a copper salt and optionally

a salt selected fromgroups II1A IVA I1I11B, IVB, VB, VIB, VIIB, group
VI i mwed3wnsssbe, 25 Ru and Os, and of the series of |arch@Erodes]17 and
m x WO 03/ 053892 PCT/ EPO2/ 14817 19 tuse left under stirring for a few
hours. The solid in suspension is recovered by filtration, washed with
dem n- eralized water and dried: a solid acid material is ob- tained in
exchanged formwi th copper ions and possibly 5 ions of a netal sel ected
from groupsing lthe 1844,id ldd.d natgrid, viaramly @bup ¥ IFIFIRRD to
Ru and Gs, and of the series of l|anthanides. The material obtained in
this way C%hﬁgni@ﬂahlanbmqnﬁmmdrsaﬂuﬁkmmreomtahnangs@tQﬂRR?%H%@%Fg
agent, as defined above. Alternatively, 10 a conposition of a solid acid

t he

Fe,

material anghdfostisedl By &i sdibgodgent =liemardedselddtedi Eraubgeeted to the

i on ex- change process descri bed above. c) Alternatively, an extrusion

process carype,usevn,i 1I1IBH QVE3 MEBhaVEBal VIEIBL urgrafp tHELE wbikbhBenent s

i.e. 15 the solid acid material, preferably zeolitic, and the ne tallic

conponest, #s$ PAstRaMhxadow,t And paptites geriesl ofolentbanidsss udBY dried

and calcined with any tradi- tional nethod. The product obtained in this

way can op-iid 0gakl yaheiwged ithe mextltény hdroahs + abtpatateli Ag1R0 agent,

defined above. Alternatively, a nechanical mxture of the three
conponent s, yiogs e Sohé d RpipdrmesLlt aland pseler ab ytheoldlament hef

metal lic conponent and a suit-
groups IIIA, IVA, 1118, 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 deséribed above. Alternatively, it 1is
possible to operate by impregnating a mixture of solid

15 acid material and binding agent with an aqueous solution
eontaining 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 Db) 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 ITIA,
iva, IIIB, IVB, VB, VIB, VIIB, group VIII limited to Fe,

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



abl e bindi ng agent, defined above, is subjected to an ex- trusion process.
In accordance with what is specified 25 above, the catalytic system can
consi st fwooewssspte (Fig WO 03/053892 PCT/ EP02/ 14817 20 wca/dpa)/ 1437 a sol e
Al conposition zone containing both m#a9 tallic and acid conmponents, having
al kyl ati on and hydro- genation functionalities. According to another

enbodi nent, the catalytic sys- 5 temcan consist for exanple (Figure |Ib) of

two or nore separate Al conposition zones, each of whic cont?kg QEEh t he
aci d and metakki defenpurdan sSthaving 49y I3t F8W 294 Shy dr'ogeRdri-n

functionalities, wherein the conposition of the sin %F ones djff.ers in
terms of chenspehshabuie 88EOYETSFoPYT FRoRTBS ABen ERESS Weci’t g
hydrogenation func- tionality. Each single zone of the Al %%gpositiqp is
pre- pared eirthiond ofattre dmdwdriediods 8ebidi BEdalReST I 1PhéFones
are then assenbled by stratification inside the reactor. 15 Another
prepar at i ontpiaeddure éEchamgeilc)foain twkth c SORPRE &It aRrfc 50S % or
exanpl e of two or nore dis- tinct zones, in one of which there i e
metal | i cs copas neht al medrtlai aehgethd iRl yoreURSdridgeimat U f on
al one, whereas in the remining zones there are one or 20 nore conpositions
Al with diffrgBentvBGoMImati i, ofrote VIb tiwpbaents Mavi Ay &0¢/I%ti on and
hydrogenation func- tionalities. Each single zone of the,conpositioQiAl,
con- taini ngndweff urted | seakiesi ef lanthapkdesl. wiha syadesialnobtained
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, an 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 zeolitic, 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-



known met hods descri bed above. 25 In another enbodinent (Figure id), the
catal ytic WD 03/053892 PCT/ EP02/ 14817 21 system consists for exanple of
two or nowe odiosisbnct zones, in one of which there i s conpemarn2/i4817
containing the catalytic hydrogenati @n function alone, whereas in the
subsequent zone there is conponent A, having an alky 5 lation catalytic
function. The acid conponent A, prefera- bly zeolitic, can be used in a

m xture with suitable binding agents, .defined above. .l I -

enbodi nent UEBi @) ecep ﬁﬁéecé&aF?@P851§9§PeﬁP@@h§P§$?1F@fg%%§ﬁ%rgk%f

single zone in which the 10 two co ogﬁnts of ige Cﬁtalytin&(i1 i tion,
and A re spediiizelopd rascishrEERIRERE SedP W LRI aEKYORREPD &FE aF. T anged.
Also in this case, the solid acid conponent A preferably zeolitic, can be
used in a gexeuienwifupcdionalii€shi ndi ng agents defined above. 15 In yet
anot her enbodi nent (Figure if), the catalytic @ sysiem cqnsists, fqr_ exanple
of two or nore &8csbrddng ﬂmnﬁnoﬁh?%n%m%?gﬁﬁ?ﬁﬁ'tEg?eQ4%é;¥%&ﬁu§gsI of the
cata- lytic systemcontaining the catalytic hydrogsnat'og func- Q%RQ al one
wher eass i ntehe cameconagstofes teramPks o (BA8UDE dP) ndte HYPf &Fent®airs of
conponents | and A, nechani- cally mixed, each of which c%giain§¥tq§
catal ytic bydurateedd icompbsidiion zanafe Gadhe T AHISh i PN L9 %6h
tion alone. Also in this case, the solid acid conponent, preferabld
zeolitic, ¢he kecisedndnmetailltier ccomponeRs. having alkylation an

func-

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 asSembled by stratification inside the
reactor.

15 Another preparation procedure (Figure 1lc) of the
éatalytic 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 OY

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



25 abl e binding agents defined above. WO 03/053892 PCT/ EP02/ 14817 22 \Wen
the catal ytic system has a zone containing the netallic conponent | al one,
havi ng a weatoalogasbz hydrogen- ating function, this is prefecary2/i43¢7 one
which first cones into contact with 2he stream of reagents, in par 5
ticul ar benzene, acetone and hydrogen. Furthernore, it is evident that, on
the basis of the procedures described, a catalytic systemcharacterized by
t he cont enporaneous presence of a hydrogenation function, whose activity
gra- dient decreases in one direction,,.and an kyhat i ggrd& ung sk Hddton,
whose act i \AYSFEFr aGPEFE-S écrgQEese’f%“Q%% &5‘%05’?{% l)gi rec]t:%on, can be easily
produced by experts in the fielq9 if desi,sred,: vt Yo B A 56 of the
hydr ogenat iZo@&sunci® oRREpIk Vb ngfgagé% %?%ﬁgngﬁé gﬁé%?ng di?g%tion
and flow 15 of the_reagents, in rticular acetone, nzeperand hyn drogen,
wher eas théﬂﬁttF@F@%YSFSd#EﬁérQﬁeé) % k§FﬁF?6§£ Pﬁﬁﬁgﬁbn gegreases al ong
the opposite direction and flow.. According to ef ety t he

al kyl at i on Preocadseguaie %ﬂ%"‘s\g_rﬂe]?%\?esntq(ﬁ‘ ,Oq%na‘f g}{’prlg%‘ér a%fagpt 0 O%Lf 20
erate at a reaction tenperature generally ranging fro t.0-S006 -

pref er abl y ¥atomn o tal PS50, fun siﬂ% st g%‘%%?%rf%ég%’ua%% to or. hi gher
than at nospheric pressure and preferably ranges from1. 5 1e A NOl ar
ratio betwsan arorAtiic,hy@@Bc&oRSeRd et Bnd™ ¥ ar 'E”ilc& asgujggé%e?meen

benzene and acetone, is used in the feeding, not
binding agents, defined above.

L€

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.



WO 03/ 053892 PCT/ EPO2/ 14817 23 lower than 1 and preferably higher than 2.

A nolar ratio between hydrogen and ketone, in particular acetone, is

in the fewdioa®msiser | ower than 1 and preferably higher tha&aTEPITiMS17
catal ytic conposition is preferably B2pre-activated-in a stream of

hydr ogen.
cat al yst

The reaction can be conveniently carried out in fixed bed

used

reactors, containing one or nore cata- |ytic beds. The reagents

can in this case all be fed to the reactor, in the desirgd%$ro§2%5ions, to
the first 10 catwhenichdedatalvihe B¥SHSHgIES hePIRRgENEE2HHR of
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the invention, with reference to Figure 2, benzene, acetone and hydrogen

are reactedcbies istngloenttserr iwitihetheessneamofol LIRS i PSP
scribed and under the conditions indicated for obtaining a reac%ion
product swhi elcoBinl yenpabaj nscesoproppibbidreerd, BEXLEEATEFfed?t

non-converted hydrogen, wa- ter and polyi sopropyl benzenes. The_reaction
product is t&agthenshet, i tnatkepheratisorf Zﬁeseﬁpp@duse§sﬁﬁ§

separation methods, such as WD 03/053892 PCT/ EP02/ 14817
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catalytic system characterized by the contemporaneous
presence of a hydrogenation function, whose activity gra-
dient decreases in one direction, and an alkylation func-
tion, whose activity gradient decreases in the opposite
direction, can be easily produced by experts in the
field, if desired.

The activity gra&ient of the hydrogenation function
preferably decreases along the feeding direction and flow
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 oOp-
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

between benzene and acetone, is used in the feeding, not

em de 20
efZene,
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24 degassing, distillation or the demxing of liquids, to obtain a first
fraction mainly containing hydrogen, a second fraction mainly containing
wat er, a whims@siseacti on rmainly containing benzene, a fourch/HPozc481IDN
mainly con 5 taining isopropyl benzene2and a fifth fraction mainly con-
tai ni ng pol yi sopropyl benzenes. The first fraction (containing hydrogen) is
re-used in the reaction step with acetone and benzene, the second
fraction (containing water) is renoved fromthe process, 10 the third

fraction (gg@,te@j RiHAG bENzeNe)rd feasly Yhighesethann2t hd medefi dirtsi%p with
acetone and hydrogen and partly 1in a subsequent reaction step, called

t ransal kyl ?teit%ens'[ rdbEs eahll itomaact ed \wardtidedn f abetengti o (con-
tai ni ng polyisopropyl benzenes) to produce again the de- 15 sired product

i sopr opyl bgg%@einTr@g@alf!@éld%gonnb@ adweact itiamhilchand weldfaasddy in  the
state of the art and 1s carried out in the presence of a solid acid

catalyst, RiehRADYahN oLhorRl CegRaeyelcd cagldst il tat gineftensisiad on
zeolites, nore preferably in 20 the presence of a solid acid catal yst based

on bet%tyg)%e_%%cgggaec@_iq@%cgitmﬁ Ut examgerd.n EP 687500 and in EP

847802. The tenmperature conditions for the transal kylation reaction are
sl ected from 1004 0 3806 chhegh e9ulr @drverdanadlectedriedm 0Lt cirs0 atm

and the WHSV ranges from 0.1 WO 03/053892 PCT/ EP02/ 14817 25
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 aléo 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



to 200 hours-1, as also described in EP 687500 and in EP 847802. The
transal kyl ation reaction product is fractionated using the conventi onal
separ ati owomstbisds in the same 5 separation section. The PChirPd2/443atti on
comng fromthe separation sec- tion therefore contains non-converted
benzene com ng from both the alkylation step and the transal kyl ati on step.
The fourth fraction comng fromthe separation section 10 contains cunene

com ng fromboth the al kyl ation step _an th g I ation; stepwnd the
fifth fract FeA286/PHy ‘4%%ﬁﬁ%#ﬁ¥%%%a95tﬂgﬁasﬁS%E%gﬁ aﬁﬁé 1568188

pol yi sopropyl benzenes coning fromboth the al kylat.iqn st he
transal kyl acbtedn. at &grsis g’ﬁ%CEﬁﬁBné“acfﬁf n @&ﬁ&gngﬁgg)@ﬁ%ﬂbr&ess,
obj ect of the present invention, can be ysed fqr the rquPt' . pheno
by nmeans of segPugt £&actdonumede iy Foorerainde v 'tﬁ%qgh sedﬁ%%ﬁtfgh

rearrangement of the hydroperoxide to henol , and._acet.one. furt her
obj ect of tmeipiyseentaidmd QLIRS e%OP’éth <3G lgnplﬂbaczilg%? fd(ﬁ t he

production of phenol which conprises the faollqw st.e s&v%. ing
benzene, 5 ac &8N ngnd SPPFORYAPSIT H¥fe e L fe%#ctg" o#]lgaa“c]a‘?o%l l%%l%)%%m
conprising a solid acid mate- 25 rial and copper WO 03/053892 :
PCT/ EP02/ 14831ni2g Po)l ydaotaorodksmZ@ififre to cunmene hydr oper oxi de

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 the 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 gelected from 10 to 50 atm and the WHSV ranges from 0.1



(c) rearrangenment of the cunene hydroperoxide to phenol and acetone. The
acetone which is forned in step (c) can be recy- 5 cled to the synthesis
step (a) whoswsmpe. The catal ytic conposition used in stepcT®PIalISO7
preferably contains one or nore el enmenss selected from el enents of groups
I[TTA ITVA 1I11B 1VB VBL VIB, VIIB, group VIII limted to Fe, Ru and GCs,

and of the series of 10 lanthanides, and is in accordance with what is

speci fied
i nventi on.

above with respect to the al kylation process of the pres- ent

Fhe 20at dloiist! Coaposi boaesedbetefier HE y687500aand 2eolHR e

beta, copper chromte and optionally an inorganic binder. 15 The vari ous
passages fogsfRgo0oxidation of cunene to cunene hydroperoxide, the
rearrangenent of hydroperoxide to give phenol and acetone and the

purification of phenglanarexyebtiknopaabRibht prakuce, ias feetiioned dor

exanple in
cunene to ¢

nol ecul ar oxyge

pressureg r
t he presenc

U S 5,160,497 and U. S. 5,017,729. 20 The oxidation step of

HEEH% hyl OREHLYXhEE onGaN HEpERLFIEN HdtHRIs exanptiee Wsldhe

at a tenperature ranging from60 to 150C and at a

@@g??QtEBHﬁbéc£90ﬂQ kg-f/cnm2. It is preferable to oper- ate in
e

an tnitrator and an al kaline com 25 pound for the pH
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de to  pheno
tion therefore contains non-converted benzene coming from

both the alkylation step and the transalkylation step.
The fourth fraction coming from the separation section
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.

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.

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

(a) reacting benzene, acetone and hydrogen in the pres-
ence of a catalytic system comprising a solid acid mate-

rial and copper

cetone Is carried out in the presence of an



acid, for exanple a strong acid such as sulfuric acid, or for exanple an
exchange resin or a silico-alumna. At the 5 end, the reaction mxture is
concent r awedstssspecover the acetone, which can then be r@cyaprer14807t he

al kylation step (a). It can be clearlky 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, (laf t exidepaoat bigctthendesd r edngnredordropgrenéde py
fractionation, which passes to the subsequent oxida- tion step, _ the

remai ni ng f (85t ired refangementoprbpyhde punenee fvdnaparaxide B sBpshete step
for a transal kylation reaction with benzene to recover other cunene. The
transal kyl agh@naeeaeheon is carried out in the presence of zeolite beta or
a catal yst based on zeolite beta, in particular prepared according to what
is de 20 scribedrhe EPe687#500hicH £P 8478643, imhsthpal(sd gescheb&ecie
reaction conditions. The catal ytic conposition of the present invention
cont ai niNg a1880tbt enensgattebdsnstppefed abfycemenete beta, Cu, and
optionally one or nore elenments selected 25 fromel enents of groups |LIA
VA, 111B, 1VB, ¥Be t&aWW03/ Qo iRCHEPQREA81ZE 281Vl |(B) gedse Vi | |
limted to Fe, Ru and Gs, and of the se- ries of lanthanides, is new and is
a further agpeebrabiyt eomi£igent ohevent imore elements selected from

elements of groups IIIA, IVA, IIIB, IVB, VB, VIR, 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.



This catal ytic conposition preferably contains zeo- 5 lite beta, Cu and an
el ement selected fromCr and Al. The netals contained in the conposition
are prefewalBysism2t he form of oxides. According to a par tricaEpaz/14spect of
the present invention, copper and chrom um are contained in the form of
copper chromte. 10 The copper is preferably contained in the catal ytic
conposition of the present invention in a weight ratio of the netal with
respect to the zeolite ranging fromO0.001 to 10, nore preferably ranging
fromO0.01 to 2. Yhentirhesfeatmltiione soeposift icmermnt Aydsoparosidepite

el ements of 15 groups II1A VA 1I11B, 1VB, VB, VIB, VIIB, group VIII
limited to EgenBu and @uetiik ofst berstedesudf imarthe hanedesce eaéh adl enent
is preferably contained in a weight ratio of the metal with respect to the
zeolite rapgipy EpemeRafPlet @ E@rofmr ecpdebecably fsudfudi@l acdd2. 020 Wen
the netallic conponent of the catalytic conposition wused in this patent

conprises CeppekxShpHO8I b8, cBahaRgeMresian obe apsdddmnio-ad yrioant its thEhese
catal ytic conpositions may additionally contain a binder. The preparation

of these cahal yihe ¢RIRASIHH GMikiisré niaceohdanteatetihtal lrec@§erhdhreet hods
previ ously described. WO 03/053892 PCT/ EP02/ 14817 29 The foll ow ng.

exanpl es ar g praybdedih achur theén bl uséépéion o tbrei rldmtliagrioni t hout
limting its scope in any way. EXAMPLE 1 - Preparation of the catalytic
system 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,



5 A catalytic systemis prepared, consisting of 10 g of a catal yst based
on copper chromte (produced by the conpany SudChem e with the trade-nane
399b) havwogstbsso2 f ol | owi ng conposition expressed as wei girCTEPOZeS12gEe Of
the elenments: Cu 35% Cr 31% Ba 2% ™ 2.5% indicated 10 hereunder as
"material A" and 4.5 g of a catalyst based on zeolite beta prepared
according to the indications de- scribed in Exanple 1 of EP 687500, called
"material Bl". The zeolite beta used in the preparation of the materi al

Bl is a pfoe‘gih Ogrbﬁg Gerpanynieaby tb \BﬂeththnHr 2€9- ahll oEMEhEPsEA6 BL
25. The cata ytlc systemis prepared so that the first zone of said system

consi sts of EQ (ﬁééﬂhéﬂl nelbnné%‘%ﬁ@tEEYaeq%&tﬂér3a§p@ad (e i)
second zone conS|sts 0 mechani cal mxture of materials Al and Bl in a

gquantity 20 u ol Lgrial Al and 4.5 g of material Bl. The
t ot al quantltfig g#egﬁg%cg?a%§??c Systemthus prepared is therefore equal to

14.5 0. EXANPLE 201oPLaRanshiion Glnddiey CAUR! dELECEYE1 SMLbrealaby i sy st em

is prepared, star |ng 25 mat eri G 99b (5 and zeolite beta

(80 0), I "eady W03 233834 B e&aﬁaﬁméae&gd@%ﬂ ox hpray ae

exanpl e, mna’ p- e com nercialized by the Conpany Laroche

e BB Ban LRl 0 s TesgE Beanan
of form of oxides. According to a particular aspect of the
present invention, copper and chromium are contained in
the form of copper chromite.

10 The copper is preferably contained in the catalytic
composition of the present invention in a weight ratio of
the metal with respect to the zeolite ranging from 0f001
to 10, more preferably ranging from 0.01 to 2. When the
catalytic composition contains one of more elements of

15 groups IIIA, IVA, IIIB, IVB, VB, VIB, VIIB, group VIII
limited to Fe, Ru and Os, and of the series of 1lan-
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.



an aqueous solution of acetic acid at 5% w w are added to, the m xture of
powders thus obtained, without interrupt- ing the mxing for a further 20
m nut es awproonsssat el y. The internedi ate thus obtained is tlagrEpserbiserted to
10 extrusion using a HUIT type gear press extruder and the product thus
obtained is subsequently subjected to aging for a time of not |ess than 48
hours. After the period of aging, the product, in the form of pellets, is
then subjected to calcination treatnment in 15 air at a_ tenperatyre of 550C
approx. for 5 holhe, Bplkawingigesanpleri #r¢aPreyides: efeh| eptiur ai ni ng
about 25% of material @O9b, about 30% of zeolite beta and about 45% of
al um na bi ndildgstaetieon ofhehatinvyenkieysveihpytpldpditd@dsd tas $PRNsI st
of 20 a single zone in which there is material B2. The total quantity of
catal ytic syst emyt way.prepared is equal to 9.0 g. EXAMPLE 3 - Preparation
of the catalytic system A catalytic systemis prepared, consisting of two
dis- 25 tinEXAMPAES,l t+h@riepestatdionwoifctheomediady 3@ st erial WO
03/ 053892 PCT/ EP02/ 14817 31 Al already used in Exanple 1 and the second
containifig 8 ¢ Af auttednitdlc BRyprepaied pacpemtichy eenshet pocefuld de-
scribed in Exanple 2. The total quantity of catalytic systemis therefore
equal to llog & ERAPLE 4basPdepar atdrgrenfchhenibeal(prioduspdt & 3419 of a
catal yst based on zeolite beta prepared

company SitidChemie 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 B1".
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-99b (57 g)) and zeolite beta (80 g), already



according to the indications provided in Exanple 1 of EP 687500 (12-16
nmesh), are charged into a rotavapor flask having a volune of 500 m, and
are then woisdsisoder vac- 10 uum at room tenperature for 2CTEPOY14847
solution is prepared, consisting of 36034 g of de- mneralized water and
8.0 g of copper nitrate, Cu (NO3) 2.2.5H20 (MN = 232.59, 34.4 mol es)

The solid is inpregnated at roomtenperature under vacuum It is left 15
to slowy rotate, under vacuumfor 3 h. It is then dried in an oven for 2

hat 120G LS £alel Nedlodd 6 A1t HindNal BGIRASE-bahEnote 160N 1. A

second i npregnatTon, previous one but using a solution consisting

of 4.06 g of %Pfr L trat 0 ) D MM = FR2. BRadd“nbmanl es)
and 15. 42 dn%%é’ en%%é;#af)?zg:(}l%va?é}rd?ggg é? ected on 18.8 g of product,
cal cined at_,316 T id_{s inpregnated at room tenperature under

t4% gfr)‘ié %7/”

vacuum It Y&'¥% fotate, under vacuumfor 3 25 h. It is dried

in an oven for at 1f§§§§T§ iasreca}n§éﬂ%gi¥\%t9%9§%§&g RRT/FPR2644B17 32

at 482C/8h with i ig ate of n { g of calcined product
LS e B Skl uF iR SO DA Bapn RG] L SR o e 150
eXperinEntaénaggﬁgéﬁémgéfﬁgigﬁSogfaéggké ég{dtQE 5% w/w are added to’
the mixture of powders thus 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 G99b, 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-

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



reagents benzene and acetone, feeding punps of the rea- gents benzene and
acetone, a nmass neter for the flowrate 10 control of hydrogen com ng from
a cylindewpoa/nsisati c mxer of the reagents before their ipaTaPo2/mse7t he
reac- tion, a preheating unit of the Beagents, a steel reactor situated
inside an electric heating oven equipped with tenperature regulation
inside the oven and inside the re 15 actor, a pressure regulation system
inside the reactor by neans of a pneunatic valve, a cooler of the reaction

ef - fluent nd, A-&ohY e6LLQNI 8YBRkEAPOE therd i« sssbrghseonisaipingudts. The
reactor, situated in5|de t he heating oven, con- 20 sists of a steel

cyl i ndri cal tdy'f’emawefb 8 ﬁ?cgﬁapaﬂbd SeRlorey ey YEemien ot oteduad deanet er
equal to about 2 cm ong the major axis of the reactor there is a ther-

noneter trap, é&lg i8 %ﬁﬁ&if‘é equathé O thtAm ?@Qﬁ@iﬂyn@f acdbeigbtoupl e

whi ch can run eely along the major axis 25 of the reactor and

consequent | axd s MO P8/853892 PCT/ EP02/ 14817 33 the
catal ytic b%%?éé?ﬁglécg?g f}%r system prepar e% as described in Exam ple 1 is
char ged 'r“ékéﬂ%ﬁ, EACL Oy At IO £ L ¥n 8082l Ptid4sPsBenwi th a size

rangi ng erHr; Lgiééun; ??% atotat ‘5—herghr—0¥‘rﬁé’€ﬁfﬁTytic bed equal to

8.5 om A quantidy gf JmertcoHarizemidel ohs RRanged mer pesgauader the
ytic bed for helg equa cm over and 2 cmunder the catalytic
bed. according to the 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 (NOs) 2-2.5H,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°Cc/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(NOs),-2.5H,0 (MW = 232.59, 17.5 mmoles) and 15.42 g of
demineralized water, is effected on 18.8 g of product,
calcined at 316°C.
The solid is impregnated at room temperature under
vacuum. Tt 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



The catalyst is then subjected to drying in a stream 10 of nitrogen at a
tenperature inside the reactor equal to 160C for about 1 hour, and a
st ream ofwb.od/08d86mi n of | ow pressure hydrogen i s subsequeatiBpot/eif or 60
m nutes, followed by a streamof 15.82m/mn at 180C for 120 m n- utes and
finally a streamof 23.6 ni/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 experimnmental apparatus being
cont i nuous| ptndBAf &/ Bbd viiftha agt Hagressenreteged. 108c&iR Const ant
tenperature of 150C has been 20 reached, the streamof nitrogen is then
interrupted and 12hé feedifngcalcheademradugtni ergt ceeapvaradf | (Gi-ratde
equal to 0.245 m/mn. The systemis maintained under these conditions for
60 m nutes, Caft.er which the feeding of hydrogen is re- 25 activated at a
flowrate equal to 27.3 mM/mn and after a WD 03/053892 PCT/ EP02/ 14817 34
f ew m nut es EXAMPLBe8i rgCaftadydtiondeiss initiated with a flowrate equal to
0.012 mM/mn. Approximately 3 hours after the feeding of acetone, sanples
of reactjon efflReohtaigtiemresd, isothridedt bat,5usind dramEPFISERRs part ,
whi ch are subsequently anal yzed by gaschromat ography. Table 1 summarizes
t he operati nglcepgbirbtns, atsodegettibedwbefiowhe results obtained. In this
table: - WHSV expresses the ratio between the sum of the hourly

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

10 control of hydrogen coming from a ‘cylinder, a static

mixer of the reagents before their inlet into the reac-

tion, a preheating unit oﬁ the reagents, a steel reactor

situated inside an electric heating oven equipped with

temperature regulation inside the oven and inside the re-

15 actor, a pressure regulation system inside the reactor by

means of 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-

20 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

25 of the reactor and consequently along the major axis of



10 flowrates of benzene and acetone (excluding hydrogen) and the quantity
of catalytic system - the selectivity [aryls]/ [acetone] expresses the
frac- ti owoaB/oasset one converted to cunene + pol yi sopropyl [PETEPRRIMBS7
(products useful for the production of83cunene in 15 transal kylation) with
respect to the total quantity of converted acetone; - the selectivity

[ cunene] /[ acet one] expresses the frac- tion of acetone converted to cunene
with respect to the total quantity of converted acetone; 20 - the

selectivitytﬁgrggﬁéiﬁgfgzgggl expresses the frac- tion of benzene converted
to cunmene + pol yirsoptopyl ben- zenes with respect to the total quantity of

converted benzepe, EXAVPLE:f 5 CRER! Yhidod@sl 25 dbs@tabydi ent BSbmES
ef fected, using fhe Safe %gﬁgrfyv% 03F 053892 PCT/ EPO2/ 14817 35 nent al

appar at us Sggetye%%agﬁag ggr' 8t@£eC9QQEEBQPSiﬁSa_EﬁaﬂﬁhQYSe gt €bar gi ng

the catal ytic system prepared ac- cording to what is described in Exanple

2, ina qu?gag%ygTegggh %pé%é@ %ééﬁ%%#ﬁkg#Thgi%%tZﬁmﬁpef8§t§|XbE§lbed 5

equal to 8 he“benzene s owrate equal to 0.184

canpl 65 ot PERRT ot LFRPURERLTE SR T AL KO PLP PRE"| i 0 and oo

sanpl es ~of e renove or the liquid and gaseous

part, which are,ﬁ“g&%ﬂ%%E&'Xf &%e@%aﬁﬁ§¥{énhéggyggfnf§085295¥d over
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 is . 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



Tabl e 1 sunmarizes the operating conditions, to- gether with the results
obt ai ned. EXAMPLE 7 - Catalytic test A catalytic test is effected, using
t he sane woeNs38915 nental apparatus and the sane experi nPaTaPozo3di t i ons
as Exanmple 5, but charging the catal y4ic system prepared ac- cording to
what is described in Exanple 3, in a quantity equal to 11 g, for a total
hei ght of the catalytic bed equal to 8.5 cm The benzene is fed with a
flowrate 20 equal to 0.251 m/mn. Approximately 3 hours after the start
of the acetgsg nheedeBy tEAMDeesing véactdarornd f igednisietednoliddr Both
for the liquid and gaseous part, which are subsequently analyzed by

gaschr onat ogf apbyat25edahl etd suoDRrmZAsitbe operating conditions, to WO
03/ 053892 PCT/ EP02/ 14817 36 gether with the results obtained. EXAVPLE 8 -

Catal ytic test Agatgkihitelpst houekl edited; s nfeedingant axperhe, nent al
apparatus and the sanme experinmental conditions as 5 Exanple 5, but

charging the, 63t akyLirc SysteiBprepalgenac L dragovedwhbbtbs Twscehbed in
Exanple 3, Ina quantity equal to 11 g, for a total height of the

catal ytisc bed,,equahgt Ga8edusMpathts afgicmears fadseihénnlyl emaigzed equal
to 0.009 mM/mn, the bénzene with a flowrate equal 10 to 0.072 m /mn.
Approxi mat ey 3, BenEsnatbgiabhg.start of the acetone
Table 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)
aﬁd 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 cumenel 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 [arylsl/[benzenel 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-



feedi ng, sanples of reaction effluent are renoved, both for the liquid and
gaseous part, which are subsequently analyzed by gaschromat ography. 15
Tabl e 1 swomans3ses t he operating conditions, to- gether wpCh/HPo148eBul ts
obtai ned. EXAMPLE 9 - Catalytic test ABsScatalytic test is effected, using
the sane experi- nental apparatus and the sane experinental conditions as
20 Exanple 5, but charging the catalytic system prepared ac cordi ng to what
is described in Exanple 4, in a quantity equal to 5 g, for_a total_height
of the catamgniteloedbpaptils tapd Ehe FABSC RIS herPRUL SRt o
drying in a stream 25 of nitrogen and the tenperature inside the reactor
is° VWD 03/ 05FZSApRET/5zP0rtl 487 I13W B gt 3k ¥im A 295t R 1BDEPI P AndTT 2
hours. Once a con- stant tenperature of 190C has been reached, the, stream
of nitrogen doxdimen itwhatupteddaadrihedf dadEFGTSL - Fene T8ty at ed
with a flowrate equal to 0.254 m/mn. 5 The systemis- maintai ned yunder
these condi tdqued oo 60 gmi fiores, Bbtal Weilohtt Hef f 688 MR WG oge® is
re- activated at a flowrate equal to 27.3 m/mn and after a few mnutes
the feedbng esfuadcetond.is cmit iThedbeneang isokedatwityua FHO97HRBS
m/mn. 10 Approximately 3 hours after the feeding of acetone, sanples of
reaction ef fdaumnlt tar & sle¥oweldmigot h for the |iquid and gaseous part, which
are subsequently anal yzed

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
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 mental 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-



by gas chromat ography. Table 1 sunmarizes the operating conditions,
together with the results obtained. 15 TABLE 1 Exanple \v. 56 7 8 9
Quantity whosasmbytic system (g) 14.5 9 11 11 5 Reacti onpcarmgper/atsure (C)
150 150 150 150 190 Reaction pressuréé(kpa) 100 100 100 100 100 20 Tot al
VHSV (h-1) 0.9 1.1 1.2 0.4 3.0 [Benz.]/[Acetone] nolar ratio 16.8 12.6
17.2 6.3 5.8 [H2]/[Acetone] nolar ratio 7.4 7.4 7.4 9.77 2.5 Conversion
of acetone % 100.0 100 100 100 98.5 [J[aryls]/[acetone] selectivity % 96.6
88.3 94.6 98.0 89.1 25 [cunene]/[acetone] selectivity %81.9 70.2 79.8 79.7
81.0 [aryl sj¢fivenzehd) et aasudly obmineds 7 99.0 99.8 96.7 WD 03/ 053892
PCT/ EPO2/ 14817 38 EXAMPLE 10 - Preparation of the catalytic systemA
material is PHARERE cdraiatyhie dfest cat al yst based on copper al umi nate
(produced by SudChem e under 5 the trade-name of T4489, indicated .
her eunder as "matfercatalatic Hedthgi s reEfettes igs BRhpehs t SHRE eSFPeESed as
wei ght percentage of the elenments: Cu 39.3% A 15.5% Zn 6.0% WM 6.8%,
zeol i te bet anemtehl appave padodrdi the Feaez @xpeyimerdala GORAEIWRFa23re the
same nmaterials used in the 10 previous exanples. 173 g of alumna, 192 g
of zeoliBe MEtampl®dSg it Han8Ping cthhcyelyhio sVpremghEpREECH XET and
mechani - cally m xed for about 60 m nutes, after which 400 cc of

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 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



an aqueous solution of acetic acid at 2% w w are added to 15 the m xture of
powders thus obtained, without interrupt- ing the mxing for a further 60
m nut es awprooxsaset el y. The internedi ate thus obtai ned i sPCh@EPOFUSIECt ed t o
extrusion using a HUTT type gear press37extruder and the product obtained
I's then subjected to aging for a period 20 of not |ess than 48 hours.
After the aging period, the product, in the formof pellets, is
subsequent|ly subjected to calcination treat- nent in air at a tenperature

of about 558¢nhightS FRGH 120°00tkal NigdG ca iMRLNA X8 ." BRI iaalcdB3
cont ai ni ng 25 about 30% of copper alum nate T4489, about 40% of zeo WD

03/053892 PGTLEROHchiikh 3L |of e10608 Mk ahuK 30%REAaNtAbUN MR ndi ng

carrier. The catalytic systemis prepared so that it consists of two

di stinct zopes p;ttheddr _stl, CORtAI BhRer3udtely they "Bl e- fééain@goén%etﬁle

second 7 g of the material B3 prepared as 5 described. The tal quantity

of catal yti ?eﬁ)ésﬁgmihiti'%\%ﬁem%ﬁ 8a4alulea43 GquiIAMRL B b4 nfiARgy.ati on

of the catalytic system A material consisting of” copper alum nate T4489 and

zeol 11 e het fneald gug.?dﬂa'lélttgﬁn%ﬁevﬁﬁ’&ére’fﬁﬁ@@le&c&?d QoY eparedso 298 g

of zeolite a, 2 14489 are charged 1into a p oiug share m xer and
ol ut i on of FLBSEER: CAFERE unfeh el Sredk B Ry M omiore
activated at a flow-rate equal 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 1 summarizes the operatihg

conditions, together with the results obtained.

15 TABLE 1
Example Nr. 5 6 7 8 9
Quantity of catalytic system (g) 14.5 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 | 3.0
[Benz.]}f[Acetone] molar ratio 168 { 126 | 17.2 | 8.3 5.8
[Ho)/[Acetone] molar ratio 74 | 74 | 74 |977 | 25
Conversion of acetone % 100.0| 100 | 100 | 100 | 98.5
[aryls}/[acetone] selectivity % 6.6 | 88.3 [ 94.6 | 98.0 | 89.1
[cumene]/[acetone] selectivity % | 81.9 | 70.2 | 79.8 | 79.7 | 81.0

2 [aryis])/[benzene] selectivity % 994 | 96.7 | 99.0 | 99.8 | 96.7




15 thus obtained, without interrupting the mxing for a fur- ther 60

m nut es approximately. The internedi ate thus obtained is then subjected to
ext rusi onwogBngsaz HUTT type gear press extruder and the pcadwor/148ht ai ned
is then subjected to aging for a perigésl 20 of not |ess than 48 hours.
After the 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 B4",
cont ai ni ng 25 about 50% of copper al um nate T4489 and about 50% of WO

03/ 053892 PCT/ EP02/ 14817 40 zeolite beta. The catalytic systemis prepared
so that it consists of two distinct zones, the first containing 3 g of
the mat eri aEXAMPERd 10he SsepadatignoPd i 151ty S red as
described. The total quantity of catalytic 5 systemis therefore equal to
10 g. EXAVPLE 12A- mstetial c itesprapesedl yt¢enststing of rreFdhlYsksi ng
the same ex- perinental apparatus described in Exanple 5. The catal ytic
syst em pr eparstdasoniesoppbed ahrBaeate 10pppduced ¥ haHGERE0 WIHET eact or
in a quantity equal to 10 g, with a size ranging from1l to 2 nm for a
total hei gltheotrekde-catal wf T4HE® edualicakesl heagauntieiuad i HA T fater t
quartz material is charged over and under the catalytic bed for a _height
equal to 2 @@2”,lhawiey dhe Fodrhowider admposdttilon iexprgesed 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 ¢ 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-



The catalyst is then subjected to drying in a stream of nitrogen for 1
hour during which the internal tem perature is brought to 210C. Once this
t enper at uwe mas3sobeen reached, a streamof 1.3 m/mn of PenmPor14837fed 20
for about 30 m nutes. The tenperature3ps then lowered to 194C, the
pressure is brought to 2100 Kpa and the nitro- gen flowis interrupted. A
streamof 367 m/mn of hydro- gen is subsequently fed for about 30

m nutes. Finally, the benzene feeding is interrupted and a flow of 0.77 25

g/mn of a benzens.andaagebpanrsiosion bebldlGans biddiug 3053892
PCT/ EPO2/ 14 41 is fed. About 3 hours after the start of the acetone

feed- ing, saEples OfyEfd! el €st gk@paficamddecigaci toronshstts faf the
|l i quid and gaseous part, Ich are subse 5 quently anal yzed by neans of

gaschr omat ogr AphY < ARREO%ion @Bt &lne 24 eUicorfdialind1s o @it tife mied-eedi ng,
the sam pling operation is repeated with the sane anal ysis proce- dure.

Table 2 su ri,z ratli i td tnrt 2 e g prddrddieas esul t s
G285 L0 2RRf ALARLINY Uhe it préft

obtai ned. E talytic test” A catalytic testis carried out, using

the same; ex perigrd al ARPAEALYS ARRGIINSH IJY ExatBlordcansysieer 1sie

same experinental conditions as Example 1Z2. The cata 15 lytic system

prepared as_ descrd hed | I is charged into the reactor in a
brepared as JEvErled dhaTAPht 1

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 mihutes, 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



with a size ranging from1 to 2 nm for a total height of the catalytic
bed equal to 8.1 cm About 3 hours after the start of the acetone feed- 20
i ng, sanpwex3of3seffl uent are taken fromthe reaction, botPaTiRPO2/14327 11 quid
and gaseous part, which are subse- quemtly 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- 25 dure.
WO 03/ 053892 PCT/EP02/14817 42 Table 2 summari zes the operating

d h Eql
fost A catal§ErtERarete ¢ %i§a‘é§fif“us.§5@%ﬁ§9§aﬁ§é§& e, FrakAr ' ¢
appar at us descri ped |n
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conditions aSCBSEHHT eC10!] wgﬁpggﬁé §irng g& d B%fal é€§§§ %%?%%e ared as
d bed Ex | e t | . hei ght  of
the. catal yiof Bon Batarirs 8353 ther ihond T 7 %? oR8 peLeEAg BY O
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reaction, both 'for the |igquid and o] gart whi ch are subse- quently
anal yzed Spy P¥aFRT oS ghRehe ﬂﬁ?oﬁgﬁﬁ Aﬁg 15 mately 24, 173 and 384

hours after the start of the feed- In the sanpling operation is repeated
Wi th the sarfEXAMRGE\L? <~ CataliEaC Log.

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 gquantity 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,



Tabl e 2 sunmari zes the operating conditions, to- gether with the results
obt ai ned. 20 EXAMPLE 15 - Catalytic test A catalytic test is carried out,
usi ng t hewsasmsmyz perinental apparatus described in Exanmpca/Epo2/bist7
charging the catalytic systemprepardt as described in Exanple 3 in a
guantity equal to 11 g for a total height of the 25 catalytic bed equal to
8.4 cm WO 03/053892 PCT/ EP02/ 14817 43 The catalyst is subjected to drying
in a streamof nitrogen at a tenperature inside the reactor equal to 160C
for about 1, hour, after which a flow of 5.2 mM/mn of hydrogen is fed at

| ow pressurJesfﬁ?dGO m nutes, fol 5 lowed by a flowof 15.8 ml/mn at 180C
for 120 mnutes _and finally a flow aof 23.6 nl/m:-n .3t 2 m n-
utes. The hydrodgﬁnﬂée%iﬁﬁu¥§ Fﬁ ﬁ?ﬁ%ﬁrﬁﬁ?ﬁ% g%ﬁ1$ﬁ% Q?é%%@%a?%%g of the
reactor is brought to a valu

e ual .to_ _170C, the_.experJd,nen rat us
bei ng nmai ntHr%ed SERPESS1(P St ﬁé&ﬂﬁuﬁptni 1 9g .ke&cgg?ﬁe 1{ﬂe@rrp%rggtc%rﬁ'cpﬁlﬁas
reached a constant value of 170C, the nitrogen_stre LS Lhter ed and
the feedi ngoeh Berzdme i S19wi¢i aPdd JRIFPYP 1 %ﬁff a‘f”glryé:élua%P%osg#gg
m/mn. The pressure is brqught to 850 g<pa. l[? The, s steg&i S gl irg%&i_ned
under tBesedeontiyianalysed BY MeidteLl 93RRI hOPheP Eed Ry "6f hydr ogen
is re- started at a flowrate equal to. 338 m/mn; after a f i_nut es,

t he benzenén¢§@HYn64iBoPﬁﬁeﬁﬁﬁﬁFeﬁhénétfqﬁ(Réi%hé feeding, ' Efle Tal
pling operation is repeated with the same analysis proce-
dure.

Table 2 summarizes the 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.



0.76 g/mn of a solution of benzene and acetone [C6]/[C3] 20 = 6.3, is
fed. About 3 hours after the start of the acetone feed- ing, sanples of

ef fl uent woastaisen fromthe reaction, both for the |iqui ®carmPozyymseDus
part, which are subse- quently anal yzdd by neans of gaschromat ography. 25
Tabl e 2 sunmari zes the operating conditions, to WD 03/053892 PCT/ EP02/ 14817
44 gether with the results obtained. EXAMPLE 16 - Catalytic test A
catalytic test is carried out, using the sane ex- perinental apparatus

described in Exa§§#2e5,2tnguﬁgyyﬂ¥egg tgetq§?%g%§i%&ichﬁaggfgﬂéqreQ%Led as

described in Exa 3 Tn"a quantity equal for a total height of

t he catalytgﬁpgggagggﬁkpgirﬁgé%%ghogggi%ghglyst is subjected to drying in

a strean1ofg_ rrng-wirch the tenperature inside 10
low of 1. kBl dd s faBal il EBst " oot 30 i nutes. . The o
the ni trogen stAcBRTALTFACeERah aF St B H onrbr R FHencaresaro 15
?ﬁ?e:?u%fgdgg%aggé %&agagggg%gggFE%E%%#XS ég?E%%&%ggegff ggggggkzggeacetone
G2 2 ok borSher O LT LEE B Rty

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]1/[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. ApproXi—
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 for a total height of the

25 catalytic bed equal to 8.4 cm.



20 both for the liquid and gaseous part, which are subse- quently anal yzed
by neans of gaschromatography. Table 2 sumarizes the operating conditions,
t o- get hewowslssphe results obtained. 25 WO 03/ 053892 PCT/PERGEPVLA817 45 O
r mOa) coN co O~ r aOOcMa; 4 Nr NNQC r O 00C co ONr c
Nr LOC O0) ti COD aco 00 Or ti coce) LOc6 0oi co 4 (6 O00r Or 7 0O
O0ONOCOd7 00O Mr" r NOr (r) O N a O_d OhO0O0Oco r OOr N(O
- _ 0 co0 'd Or MOOOOM Nr N ~(Or O 0) NO)r do0Or mti

DN coN6 - O%hgocégglyst 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 1lowed 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 is 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]/[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 liquia 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.

EXBAMPLE 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 houf 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 both for the liquid 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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conposition contains one or nore el enents selected fromelenents of groups

1A, IVALIHE}, HB—B—WB— V8] glultrp‘v'ifgi'nit ItorFe,JRu and Os,
and of theese-| &0 ries jof | @ han-des.©3)| Phe [psockSs aBor iBhg [to claim 2,
wherein th& cadt- |yTic conp&itfiBn ¢St aj s g8 of Onorjedel pRent|s sel ect ed
from el enents—jof—gtoups K and Vi8] 4) [The TQCery agcording flo claim1,
2 0 3, wherein «he| <5 [afomai@c CUZITp()L‘gId ig bergene@ 5) &he| Bf odess
accordinglto gI¥im I 2or 3P wheFei n “the~ketlche | $ agdrone®
A o
® |- |5 |8 |v |o |2 |2 |5 |8 |8
Q o Q o o~ ~
< -~ < o -~ (2] . o A . .
[s0] o] - <© [0} ]
& |- 1= g |<¥ | |¥F e (6 |R |&
Q o |2 |In |0 |[@
Rl I3 |12 |13 |12 |< |8 |n |0 |o
<
L o
o Q © (o} o)
T (=13 (2 |2 (12 (218 |8 IR |@
N -~ - b < © - Q ) ~ o
o
<« fe>) o . o [er3
@ - {® |g |¥ |9 |5 |g |& R |3
o o
< o S | © © © @ o ,‘E o poc
N - -~ & < © - = () N~ o
o«
~N T o . o © o N~
o w |2 |3 |8 |29 |2 |2 |8 |k |a |a
e - - e ~ © - = @ ~ o
©
o < o
= < o Py o © 0 o o 0,3 '(; s
N Al - & - © - Q o ~ »
~N
T < Q o o Q ® © @
) = o Qe © - S ™~ © o
-~ - ~ ~ © b e o ~ o
L)
O\O
~~ ~ )
G S E-a
E 2 = = >
~~ bt et
8 (O | _. 2 1o (R |E |8 |2
2 |> | = 5 % |lo |E | | O
7 o S ° = = @ @ L
Q 5 = = & 9 © ) 2
|2 |8 |2 |~ |z ]2 |8 |2 |5 |w
- |® @ 2 | 2 £ © T | € 2
E g |2 |23 (£ |§ |—= |s |5 |8 |5
. © o £ o) > ] Q o =] < N
o @ s 3 S c @ = c
= = s 2 =1 (2} g =) 5] o = O
90 ““_’_ > c c I = 8 G <, g o,
2 |5 |[£ |€ |2 |3 |75 |2 S |w |2 |5
£ ® c 3] 3} 5 N = > %) £ ()
s 2|5 |38 |5 |E |5 | |58l |3 |2
g (£ (& (2 |2 |2 [8 |Z |8 | |8 |<




6) The process according to claim1l1l, 2 or 3, wherein the aromatic conpound
is benzene and the ketone is ace- 20 tone. 7) The process according to
claiml, woaesmesisot he copper is in the formof an oxide. @CTHPO2/MSOTESS
according to claim2, wherein the ele46nment selected fromel enents of
groups II1A VA 111B, 25 1VB, VB, VIB, VIIB, group VIIl limted to Fe,
Ru and Os, WD 03/053892 PCT/ EP02/ 14817 47 and of the series of
| ant hanides, is in the formof an oxide. 9) The process according to claim
8, wherein copper and the elenents of groups II1A [VA 111B, VB, VB,
VIB, 5 VIIELARMRp VIII |imted to Fe, Ru and Os, and of the se ries of
| ant hani des, are contained in the catalytic com position in the form of
m xed oxi de.1)10) The process dotorprepatdng| akfBlaigdr sinerghd Cel €RMRent
selected fromelenments of groups II1A and VIBis in 10 the formof an
oxi de. 11) Theupiodsiscacoonmi st oedclind (an wheena il e oppapourddvi ki
el ements of groups II1A and VIB are contained in the catalftip conposition
in the formafketon«eshdxigdrogd?)imhcherpcessnae cof dangatal ¥Fa¢ nf@mor 10,
wherein the 15 elenment of group VIBor II1Ais selected fromCr and Al .
13) The pr ogassitaomorcomgr i oind aa nsdRid wheidi mateéright and| gePREEonposi ti on
contains & and Cu in the formof cop- per chronmte.

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,



14) The process according to one or nore of the previous 20 clains,
wherein the solid acid material is selected from one or nore zeolitic
mat er i al swore3asisdz or prevalently acid form 15) The proces3/Eporosdi ng to

claim 14, wherein the zeo- litic materfal is selected fromzeolite beta,
zeolite Y, 25 ZSM12 and nordenite. WO 03/053892 PCT/ EP02/14817 48 16)
The process according to claim 15, wherein the zeo- lite is zeolite beta.

17) The process according to claim 16, wherein the cata- |ytic conposition

conprises copper chromte and zeoljte 5 beta. 18).Th rocess according to
claim1, whérg ®f HehRoppELes &5 JaAFAREdSS 1 h%sc&Paﬁi?F‘? c 86%8% G

itton in a
wei ght ra- tio of the nmetal with respect to the solid acid materi al
rangi ng froR¥8dee1 to 10. 10 19) The process according to claim18, wherein
the cop- per is contained in the catal ytic_cqonpasition in a wei ght atio
of the netal)wit BheeBpeEeseoaCRETEdPEd tacdada: 8- ﬂhaﬂr%g%orﬁj’eg%cﬁﬂ .01 to
2. 20) The process according to claim2, wherein_the ele- 15 nenBr el ect ed
from el ementheofelgmants | PEA gnopes | FLBA, |11V VBLLEy B IR BVEgr NI
limted to Fe, Ru and Os, and of the series of |anthanides,_igs contained
in the %at¥IyBicIzorpodidilod imtedadioge, r 8 06k Qe 3t 4T vﬁﬁ'ieh S§espect
to the solid acid material ranging fromO0.001 to i

ries of lanthanides, are contained 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 78M~12 and mordenite.



20 10. 21) The process according to claim 20, wherein the ele- nent
selected fromelenents of groups IIIA [IVA I[11B, 1VB, VB, VIB, VIIB,
group VIIwolospsiserl to Fe, Ru and Gs, and of the series ofrCrawbhamides, is
contained in the 25 catal ytic conposi#8on in a weight ratio of the netal

wi th WO 03/053892 PCT/ EPO2/ 14817 49 respect to the solid acid materia
ranging fromO0.01 to 2. 22) The process according to claim 13, wherein the
cata- lytic conposition conprises promoters such as Ba and Mh. 5 23) The
process according.,to claim?22, wherein Ba or are contained.hn the

catal yti c composi ??%onﬂcﬁsﬁeﬁﬁﬁPrdﬁéﬁgcgﬂ & ]éa%nigighg%?lregﬁlgl. fht%o %0% Wi th
respect to the, weight of the conposition. 24) The process according to one
or nore of t étﬁré§i569?lﬁﬁ %?g?ns, wherein the catal ytic conposition
conprises an__inorgani ¢ binder. 25).The, process ording .to. .claim?24,
wherei n the 1Bl ndeiteiRrAEEeTt 3APF ﬁPgiFBCS a&?ig ’aﬂ%“%%ﬂﬁ%ﬁﬁl g%ﬂge. 26)
The process according to .claim?25, wherein the 15 binder is.y-alum.na. 27)
The process A¥EHFIICRTPOSL&HPTof SRR BT R%i SBEPEFai‘%E"m% r 8PH t%eeoli?e{‘{]eal ytic
conposition consists of one or nore distinct zone each of which contain a
netallicf%onﬁéﬁént, cont ai ni ng copper and optionally one or nore el.enents

se 20 lected fromelenents of groups II1A LVA LIIB. |VB, ,
18) The process agcorging to claim 1, wheré%n\gie 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 0.01 to 2.

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

15 ment 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, 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 groups IIIA, IVA, IIIB,
IVB, VB, VIB, VIIB, group VIII limited to.Fe, Ru and Os,
and of the series of lanthanides, is contained in the

25 catalytic composition in a weight ratio of the metal with



VIB, VIIB, group VIIl Iimted to Fe, Ru and Gs, and of the series of

| ant hani des, or a solid acid conponent, or both conponents. 28) The
process awoms®sIsg2zto claim 27, wherein the zone 25 contaiPairmporisinetal lic
conponent is nmade up of copper WO 03/0%3892 PCT/ EP02/ 14817 50 oxide, or
copper chromte, or is a mxed oxide of copper and one or nore el enents
selected fromelenents of groups IIIA IVA 11IB 1VB, VB, VIB, VIIB,
group VIIl limted to Fe, Ru and Gs, and of the series of |anthanides. 5

29) The progessRGcHdli fget 8othal McAd nbeseidl t hangbng fewont & (lingte he
solid acid conponent is of a zeolitic na- ture. 30) The process according
to claim29,, wherein the zeo- lite is selected fromzeolite beta, zeolite
Y, ZSM12 and 10 nordenite. 31) The process according to claim30, wherein

the zeo- |itg)is 2eokjileel ac3Raihe 1 eesm AT ONhdein chai cadds
wherein the zone containing both components is prepared by inpregnation of

15t he aci d 3l My SO &5 GRS SRS Lnd 29 34 cmmiina sal
e el enents

of one or no selected from elenments of groups II1A IVA I1IB

I'VB, VB, ;VI VI I, SR M A+ A §debOch8imR2 23NiHS e iaNdBHf ot enseri es
of Iant%an?ﬁgs,q§$§Fﬁg and ca %%naii%n. 28 33) The process according to

claim 32, wherel Dohig: 604" 1ROSid OBaEAAYRIRI NbriSdL RsPORANS Weighed in
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 acccrding to. claim 24, wherein the
binder is selected from silicon oxide and aluminum oxide.
26) The process according to claim 25, wherein the
15 binder 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, VB, VB,
VIB, VIIB, group VIII limited to Fe, Ru and Os, and of
the series of lanthanides, or a solid acid component, oI
both components.
28) The process according to claim 27, wherein the zone

25 containing the metallic component 1is made up of copper



wi th a binding agent according to clainms 24, 25 or 26. 34) The process
according to claim27, wherein the zone containing both conponents is

pr epar ed wWo osfpssegnat i on of 25 the m xture of the solid aecd/rrar/esial and a
bi ndi ng WO 03/ 053892 PCT/ EP02/ 14817 5@ agent according to clainms 24, 25 or
26, with a solution of a copper salt and optionally a salt of one or nore
el enents selected fromelenents of groups II1I1A |VA |11IB, 1VB, VB, VIB,
VIIB, group VIIl limted to Fe, Ru 5 and Gs, and of the series of

| ant hani des, drying and cal - cination. 35) The process according to claim

27, wherei n ®ktdeoner E€BRPAFNFREOBSLR. cOFpdifert Mi%ed phARICHy CRBRRS of an
ion exchange process in which the solid acid material is put 10 in an
aqueous sol LRRGMORSMRRAITRFRY olebppks salechad bpomt poRBENGSaCEaPEOYPSone or
nore el ements selected from elenents of groups I11A [IVA_111B, |VB, VB,
VIB, VIIB, 5ibbp Wit EIFByedVB FEB, RUIgnd BB arfr e t REL L el imd ted
| ant hani des, the m xture is left under stirring for_sev 15 eral hours, the
solid in suspenEéorRi san@cdveraadbyffthe seriesnofwhanERanidfasdeni neral i zed
wat er and dried, ob- taining a solid acid material in exchanged form 36)
The procéss agtorBhegorecesai acg8rdinagr &ion dlledmedo- Wheret®nERfnZRFSbot h
conponents is used in a mxture with 20 binding agents according to clains
24, 25 or 26coB7yimheg ptiveeseliadcerdidngamporieaitmizy ofher epalihiéCzBas
cont ai ni ng both conponents is prepared by nmeans of an ion

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 zone
containing both components is prepared by impregnation of

25 the mixture of the solid acid material and a binding



exchange process in which a conposition of the solid acid material and

bi ndi ng agents according to clainms 24, 25 or 25 26 is put in an aqueous

sol uti on worisasisbng a copper salt WO 03/ 053892 PCT/ EP02/ 128X/EPoH248and
optionally a salt of one or nore elenmdnts selected fromelenents of groups
ILIA, ITVA 1I11B 1VB VB, VIB, WVIIB, group VIII linmted to Fe, Ru and OCs,
and of the se- ries of |anthanides, the mxture is left under stirring 5
for several hours, the solid in suspension is recovered by filtration,
washed with dem neralized water and dri_ed. %8 Thg prqcess acc$rgin to
claim27, wisih 20CESHRI  E8nCdPAMEg Aot P opoAdnt ¥4 7 ePAFBEBY neans
of the extrusion, drying and cal.cination of a necqaniggl m xture 10 of the
two conponets PasOPPRIxethhf t BRE PBtiCAAG Yagenfal 33t TRBSp A eBRre
according to claim 27, wherein the zone containing both conponents is
prepared by atementel sgdecéedy ubreR, WSPAHEANPLallTONRS ohldfa hani cal
m xture of the solid acid conponent, the netallic conponent and 15

bi ndi ng age®ElByccBYRI nYBy 0 VoiEri el DRy, gropP MFILo}imhkedr 56edL ackBr di ng
to claim27, wherein the cata- |ytic conposition consists of a single zone
cont ai ni Ay ast e hantbtad 1the HRFIRT iof danthamsitentdrying apd 13g%f:ess
according to claim27, wherein the cata- 20 |lytic conposition consists of
two or nore afitatiimt. zones each containing both the netallic and solid

acid conpo- nents, wherein the conposition of the single zones is
different. 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



42) The process according to claim27 or 28, wherein the 25 catalytic
conposition consists of two or nore distinct WO 03/053892 PCT/ EPO2/ 14817
53 zones,worg/sd89nhi ch containing the netallic conponent, PCEEPOBE&S1T he
others contain one or nore different é&»nbina- tions of the two nmetallic and
solid acid conponents. 43) The process according to claim27 or 28, wherein
the 5 catalytic conposition consists of two or nore distinct zones, one
of which containing the netallic conponent, whereas the subsequent zones
contain the solid acid com ponent. 44) Thgﬁ‘pr ocess gccording_ t c(::éai m 27
or 28, wher énd (PREIARALLY afySed e MhoSPEI S BRET s FF ssi%egf% She
contain- ing the two conponents of the_catalytic conpositjon, ne-
chani cal |y fte&d & emerlas hobt I9&10uPAs) 1 5, pF&@essUa@goré%g & rc1 %R 27 or
28, wherein the catalytic conposition consists of two or no etdi stinct 15
zones, one MLIRhi @roewnVALd Agmiftedrdionlig.c BbAwh&, aMErAasthheSSt her s
contain different pairs of the two ne- tallic and_solid acid conPonents,
mechani cal | yigisxedt haptipeigescesbeadtsitening 19 dpdtmupden $Shhirysnd
wherein the zone containing the netallic conponent is that which 20 first
comes i nbo dom @averah hpersi r am FolichgtRt SUEBRNSION F JfCTHECHEOmati ¢
conpound, ketone and hydrogen. 47) The process according to claim 27,
wher ei n t he byatfi-l tinatiioneomsediad oH o deninenald 3rd Aater Ahdhertdwi th an
activity gradi ent which decreases in one direction and ,
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 2zones 1is
different.
42) The process according to claim 27 or 28, wherein the

25 catalytic composition consists of two or more distinct



25 the solid acid conponent with an activity gradi ent which WD 03/ 053892
PCT/ EPO2/ 14817 54 decreases in the opposite direction. 48) The process
accor di ngwoososmpm 47, wherein the ac- tivity gradi ent of PChEPomi@itiC
conponent decreases along the feedingddirection and flow of the reagents,
whereas 5 the activity gradient of the solid acid conponent de- creases

al ong the opposite direction and flow 49) The process according to claim
1, 2 or 6, carried out at a tenperature ranging from50 to 350C and at a
pressure equa,do opnhi gheryhian doptalifReRNerhe Rieesrl1l¢ soomponélt The
process accoré}ng to claim49, carried out at a tenperature ranging from

100 to 250C and als aHY SRHEE AN N JHOBA dorS0abafsreht)cIhibipaecess
according to'claiml1l, 2 or 6, wherein a 15 nolar ratio not lower than 1 is

used in the Jieql ngr Hre [URF MR PIOTBHA ANl Grardaompshsetone. 52) The

process according to claimb51, wherein the nolar ratio i1s higher than 2.

53) The procgess cor.di | MR &PTeBainer ebP 28, 2Phabéah thAki 0 not
| ower than 1 7's ﬁgleed edt}%estesﬁ %y%%leng andckejf one in the feedi ng. 54) The
process according to clai whereids a vl 88 thal | @rhinghey &hsaidcts used
bet ween %ydfﬁg%%gg%ﬁ:k%?%%é§§F%$?hé§ieéding. 25 55) The process according

to any of the previgug AARich containing the metallic component,

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 mé—
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



WO 03/ 053892 PCT/ EPO2/ 14817 55 wherein the aromatic conmpound i s benzene,
the ketone is acetone and the product resulting fromthe al kyl ati on
process, Wwbiosisasont ai ns i sopropyl benzene, non-converted PenmPOB14817

non- converted hydrogen, water and pol y#sopropyl 5 benzenes, is fractionated
in a separation section to ob- tain a first fraction mainly containing

hydr ogen, a sec- ond fraction nainly containing water, a third fraction
mai nl y contai ning benzene, a fourth.fraction mainly con- taining

i sopropyl be aods ai h i fhd dppesied antatyieqn 10 taining
pol yi sopropyl benzenes, wherein the first fraction is re-used in the

reaction stepgi tfhﬁcﬁkeaésénac%&a%@ td he1segond, f maetrdedm Jshe eaoved
fromthe process, the third fraction is partly re-used in the reaction

step wth gdahyvgf ogen-REdneestl Yo i Bompshbseqdestedbes along
transalkyla??%%ggfeg? where it is reacted with the fifth fraction to

product iso QVEBEHEﬁgedi%@EtF&% L EESoRCeer diHY #engdmts) Shhevkasei n
the tran- sal'kylation reaction product is fractionated 1nto ben- zene,

which isgr e-{,%g ta%ttlﬁﬂt%g}%i&‘i‘t PIICEEHe GHMRE 20idNEomponent de-—

pol yi sopropyl'bénzenes, el n the polyi sopropyl ben- zenes are re-fed to

t he transaIK¥%%£%%$|§igg g@%pﬁpﬁ%ﬁ?@ésdiPécEBSnpéﬁéuﬁibﬁﬂ of phenol which

com prises OW n react1 ng benzene, acetone and hydrogen

|0 Lhe Pres-4gp ehge 8toRe6a! Aotdritig! €5 EAMRR! 9 1028030 6/ asidiaale VO
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
ranéing 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,



56 rial, copper, and optionally one or nore el enents se- lected from

el ements of groups II1A VA 11IB 1VB, VB, VIB, VIIB, of group VilI
limted twoRe/s8x2 and CGs, and of the series of |anthani desT/EPot/ibis17

oxi di zation of the cunene to cumene hg8ir operoxi de, (c) rearrangenment of the
cunene hydroperoxi de to phenol and acetone, characterized in that step (a)
Is effected according to one or nore of clains 1 to 56. 10 58) The process
according to claimb57, wherein the ace- tone which is fornmed in step (c) is

recycled to {ha,rsyn- e miiteR: (@ézgéuﬁ&m%e;be‘&&)eré,caﬁwé ykkeogemesition

containing a zeolite 1n acid form and optionally one or nore el enents

selected 15.bLopheEl SRt el GrodRst | idebullthg | bkbn 18t MBiyleliod | B

of group VIIT Trmte and Os, and of the series of [anthanides.

60) The cat ' omMmasi 4y o [ ' co LRioRSredthignder .
20 61) The gé%éF%F%é conﬁ%gi??gﬁggggor|é§}§%§%§%§%%%% o?kﬁ%o, wherein the

zeolite b o Z80hbLAChEn B8)vdbeoLIbybLEcONRRR! LOR BEAYdoREIEYIC Al m

61, containrng Zeorli copper; an”elenent sel ect rom G “and Al,
o o0 e MRSt 29BN oI g1 ofOrRRLA| sBcecsrdonai
tain a first fraction mainly containing hydrogen, a sec—
ond fraction mainly containing water, a third £fraction
mainly containing 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
| f third 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-



wherein copper and chromumare in the formof copper chromte. 64) A
process for preparing the catalytic conposition according to claimb59,
conpri si ngotokesisepr egnati on of the 5 zeolite with an aguecTEPsvi4sii on
containing a copper salt and optional 5§y a salt of one or nore el enents
selected fromelenments of groups II1A VA I111B, 1VB, VB, VIB, WVIIB, of
group VIl limted to Fe, Ru and Gs, and of the series of |anthanides,
drying and cal cination. 10 65) The process according to claim®64, wherein
the re- sulting material is bi nder accordi n%lte%enctlsai _24,.25

bound Withl@ a
or 26. 66) AlftloceSSPPEF/p r PRGTPRECHt SI3% i @Xcolposi tion . accordi ng to
claimb59, conprising the jnpregnation of th 5 it d hi-ndi agent s
accordi ng t -’3tgdstzen oke mg% Q\#tﬂraﬁpﬁqgggé’s ?S&iti];ﬁ(}on ai ’ni@n%’a
copper salt and optionally a salt_ of. one or nore el enent el e d_£rom
el enents of ‘@Tr%uééﬁﬁrl Rt 19reuR I let\%i 5 B’fee'\/llﬁé, aLmifgsg’r o%}ﬁ&\ﬁ%l
limted to Fe, Ru and Os, and of the series 20 of |anthanides, drying and
cal ci nat i on.tf@)sexlrﬁ%c%%slﬁhaé}lé%%ﬁ'i ng the catalytic conposition
accor di ng to claim59, conprising the ionic exchan% o%]ﬁ t he ze lite with
an aqueoBs s ute it AhiHy Hi% JppReRe s 1 CERR SW RFLPHCSHt of one

or nore elenents se 25 lected fromelenents of groups || III?, | VB,

.1 VA
VB, WD 03/ 05B3892r ey &pgonan1 9t Saie/ GUMgRe ghYSroRedeFige (t9 i Rttt o Fe.

Ru and Gs, and of
and acetone,

characterized in that step (a) is effected according to
one or more of claims 1 to 56.

10 58) The process according to claim 57, wherein the ace-
tone which is formed in step (c) is recycled to the syn-
thesis step (a) of cumene.

f 59) A catalytic composition céntaining a zeolite in acid
form, Cu and optionally one or more elements selectgd

15 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.

60) The catalytic composition according to claim 59,
containing a binder.

20 61) The catalytic composition according to claim 59 or
60, wherein the zeolite is zeolite beta.

62) The catalytic composition according to claim 61,
containing zeolite beta, copper, an element selected from
Cr and Al, and optionally a binder.

25 63) The catalytic composition according to claim 62,



the series of |anthanides, drying and cal cination. 68) The process for
preparing the catalytic conposition according to claim67, wherein the
mat eri al wbtogiosasdz is 5 bound with a binder. 69) A proces®cCr@mropi4spari ng
the catalytic conmposition according t© claimb59, conprising the ionic
exchange of a conposition of zeolite and suitable binding agents with an
aqueous solution containing a copper salt and option 10 ally a salt of one

or nore elerrents selectedfromele- ments of groups IIIA IVA IIIB | VB,
VB, VIB, VIIB, oup VI 1| tedto Fe a ries
of Ianthant" Sgel’&r ﬁ‘?%g)‘?frnd Bgl cq FH ?6? &Ibrgggss ?or pr epa e;‘et he

catal ytic corrgom ion 15 accordi ng to claimb59, conprising the extrusion,
drying andSB&PELAREri on of a mechanical nixture, paste mxed with a

peptizing agent, of zeolite, Cu and opiion nor e t

sel ected fr Bf el BrdCEHAS ngEpspWﬁ’ - 1R %Ihgl a?WEl O"&OB&B(@]?%’B of
group VIl limted to Fe, .and of the series .af qf';hnldes

in the fornpEFOrgindeso ?i)alﬂ gPocEQ?PF Flﬁ‘tgeﬁ:&]rel Bk tt:'e(ﬂrﬁlto it

conposi tion accor di ng to claim59, i sing the extrusion rylarhq: and
cal ci nat? onz8PlatReWhaRi &R aﬁlﬁpﬁ?esog OPniPRF AR D S LEBT A%y agent
of zeolite, Cu and optionally one or_ WO 03/053892 PCJ/ EPO /14 7 _,59. nore

el enents sePBEt PTG enenfelsf Qf o8BS PE ACTYASePLRES eGhed v B,

VIIB, of group VIll.limted to Fe, Ru
J frgm 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.

10 65) The process according to claim 64, wherein the re-
sulting material is bound with a binder according to
claims 24, 25 or 26.

' 66) A process for preparing the catalytic composition
according to claim 59, comprising the impregnation of the

15 zeolite and binding agents according to claims 24, 25 or
26 with an aqueous solution containing a copper salt and
optionally 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

20 of lanthanides, drying and calcination.

67) 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 optionally a salt of one or more elements se-

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



and Gs, and of the series of lanthanides, in the formof oxides, and

bi ndi ng agents according to clainms 24, 25 or 5 26. 72) A process for

pr epar i ngwola/osmbal yti ¢ conmposition according to clai m5®CTHPoTIMSeDNPri ses
assenbling various distinct zone eac8containing the netallic conponent
con- taining copper and optionally one or nore elenents se 10 | ected from
el ements of groups II1A VA 11IB 1VB, VB, VIB VIIB, of group Vil
limted to Fe, Ru and Gs, and of the series of |anthanides, or the

zeolitic COnPfQ?”&IIQI o%bgéguﬁongfefiﬁitég thFe?SRu and Os, and of

the series of lanthanides, drying and calcination.
68) The process for preparing the catalytic composition
according to claim 67, wherein the material obtained is
5 Dbound with a binder.
69) 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 option-
10 ally a salt of one or more elements selected from ele—
ments of groups IIIA, IVA, IIIB, IVB, VB, VIB, VIIB, of
group VIII limited to.Fe, Ru and Os, and of the series of
/ lénthanides, drying and calcination.
70) A process for preparing the catalytic composition
15 according to claim 59, comprising the extrusion, drying
and calcination of a mechanical mixture, paste-mixed with
a‘peptizing agent, of zeolite, Cu and optionally one or
more elements selected from elements of groups IIIA, IVA,
IIIB, IVB, VB, VIB, VIIB, of group VIII limited to Fe, Ru
20 and Os, and of the series of lanthanides, in the form of
oxides.
71) A process for preparing the catalytic composition
according to claim 59, comprising the extrusion, drying
and calcination of a mechanical mixture, paste-mixed with

25 a peptizing agent, of zeolite, Cu and optionally one or
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more elements selected from elements of groups IIIA, IVA,
IITBR, 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.

72) A process for preparing the catalytic composition
according to claim 59, which comprises assembling various
distinct zone each containing the metallic component con-
taining copper and optionally one or more elements se-
lected 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, or the zeolitic component, or

"both components.



