5 Decenber 2003 PROCESS FOR THE ALKYLATI ON OF AROVATI C COMPOUNDS The

present invention relates to a process for the al- kylation of a tic
conpounds by the reaction of the aro- matic conpound of%ﬂ%¥ﬁp&555@¥fh

i sopropanol (1PA), alone or mxed with propylene, said reaction taking
place in the presence of a catalytic conposition based on zeolite and
characterized in that the reaction mxture is present in mxed gas-liquid
phase or in conpletely liquid phase under such tenperature and pressure
conditions that the concen- tration of water present in the liquid phase
does not ex- ceed 8,000 ppmww. In particular, the present invention
relates to a pro- cess for the al kylation of aromati c conpounds in which
said alkylation reaction, carried out with isopropanol or mx- tures of
i sopropanol with propylene, is effected in the presence of a catalytic
system conprising or consisting -of a beta zeolite. Even nore specifically,
the present invention relates to a process for the al kylati on of benzene
with isopropylic -- 1 5 Decenber 2003 al cohol, and optionally propyl ene,
to give cunene in the presence of a catalyst conprising or consisting of
beta zeolite, said process being characterized in that the reac- tion
m xture i s pREGESR HAR MHKedLFaABATIGUIGE PRENATHE COMEEBMMISetely |iquid phase
under such tenperature and pressure
The present invention relates to a process for the al-

kylation of aromatic compounds by the reaction of the aro-

matic compound of interest with isopropanol (IPA), alone or

mixed with propylene, said reaction taking place in the

presence of a catalytic composition based on zeolite and

characterized in that the reaction mixture is present in

mixed gas-liquid phase or in completely liquid phase under

such temperature and pressure conditions that the concen-

tration of water present in the liquid phase does not ex-

ceed 8,000 ppm w/w.

In particular, the present invention relates to a pro-

cess for the alkylation of aromatic compounds in which said

alkylation reaction, carried out with isopropanol or mix-

tures of isopropanol with propylene, is effected in the

presence of a catalytic system comprising or consisting of

a beta zeclite.

Even more specifically, the present invention relates

to a process for the alkylation of benzene with isopropylic



conditions that the concentration of water present in the |liquid phase of
said reaction m xture does not exceed 8, 000 ppmww, and is preferably

| ower than or equal to 7,000 ppm ww. The above |init i%XP¢EFHEALEIE of the
total water con- tent in the reaction m xture stoichionetrically
correspond- ing to the total quantity of isopropanol (IPA) in the feed- ing

to the reactjo ection. The prqcess is.characteri.zed by the total abse
of negat i vaLeTiUet ST PHE-GERRdr RAPY 18RT" diPali e GFTERS *CatdI%st due

to the presence of high qu%%t ilt‘i gs C%f water in_the reaction frri xture. The
i nvention af50°7E%t®s fo THE BrocESTPF o7 *BY efAr -“Gg *hhBRolCE PSM ch t he

first preparatjaon step of cunene i.s effected b he kyl ation of benzene
accordi ng t%e%lg:te'i Ssalgpgg???sesdeoaeb%l eFR&ﬁﬁ%ﬁ%rll%e&aﬁni %%8% gtﬁ? ]f)eraeccursor for

the product oy of...phenol . Wiheh,Ln, UL USETYl 3%, apeLol ectediate [0
n pro

the prepar at7on"of capro romwhic 'on i uced. o'Fhemcorrpl ete

br epar at | on. jo6659 0% ARy LAIRILSES B PeLSRE 2003 ke, Al dyl at Ton of

benzene to cCurene a ation o cunene to the corresp ng

hydropefoxigﬁ%&gi%ms %@Ck% teabHEPLy ¢ n@fa&;ﬁ%ealgfﬁ@en%nqnacc%one- Wth

respect to rst yl ation step, catalysts on phosphoric acid

and i nf usori?{%‘ui%firﬁh%sienof‘ 4 X8 Ao 24 ohCACLLE rOTaANCHB LT BxSLLM T 00 € still
wi dely used | :
ppm w/w, and is preferably lower than or equal to 7,000 ppm
w/w.

The above limit is regardless of the total water con-
tent in the reaction mixture stoichiometrically correspond-
ing to the total quantity of isopropanol (IPA) in the feed-
ing to the reaction section.

The process is characterized by the total absence of
negative effects on the performance and duration of the
catalyst due to the presence of high quantities of water in
the reaction mixture.

The invention also relates to the process for prepar-
ing phenol in which the first preparation step of cumene is
effected by the alkylation of benzene according to what is
specified above.

Cumene is an important precursor for the production of
phenocl, which in turn is useful as an intermediate in the
preparation of caprolactam from which nylon is produced.

The complete preparation process of phenol comprises



the petrochem cal industry, for alkylating benzene with propylene. These
processes however create problens relating to environmental inpact and
safety: in fact, the use of these catalysts is partlcuﬁé*ﬁ?mﬁﬁﬁgﬁgnatlca
due to corrosion, t he by-production of toxic organic products and di sposal
of the exhausted catalysts. In 1965 the preparation of cunene using Xor Y
zeolite was described. for %%F first tine FM nachey,
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production ©
propylene.

These processes however create problems relating to
environmental impact and safety: in fact, the use of these
catalysts is particularly problematical due t¢ corrosion,
the by-production of toxic organic products and disposal of
the exhausted catalysts.

In 1965 the preparation of cumene using X or Y zeolite
was described for the first time (Minachev, Kr. M., et al,
Neftekhimiya 5 (1965) 676). The use of zeclites with a fau-
jasitic structure for the alkylation of benzene with light
olefins, such as propylene, was subseqguently described by
Venuto et al. in J. Catal.b, (1966)81.

U.s. 4,2%2,457 describes the use of ZSﬁ~5 type zeo-
lites for alkylating benzene with propylene.

Excellent results, in terms of industrial application,
have been obtained in the synthesis of cumene using zeo-—
lites with a beta type structure, as described in EP

432,814, and in particular using catalysts comprising beta



phenol and acetone in a single productive unit is certainly a positive
aspect froman industrial point of view, on the other hand the existence
of an unbal anced comercial demand for the two product 8 Regameaud®3pr obl ens
in running an in- dustrial plant for the production of phenol. The
necessity is therefore strongly felt for finding a possible use for
present and future excess quantities of acetone. U S. 5,6017,729 describes
a process fzeplihe p? othRARIGIGRC &R PRefol: A¥la cumene hydr oper oxi de
characterized by the use of propylene, in the preparation step of cunene,
either to- tallyner poEEI2EFy @ERFRE nySf FEATE uttFONPYREH: hdro- gen
of acetone (co-produced wth phenol) and subsequent de- hydration of
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a positive aspect from an industrial point of view, on the
other hand the existence of an unbalanced commercial demand
for the two products can cause problems in running an in-
dustrial plant for the production of phenol.

The necessity is therefore strongly felt for finding a
possible use for present and future excess quantities of
acetone.

U.S. 5,017,729 describes a process for the production
of phenol via cumene hydroperoxide characterized by the use
of propylene, in the preparation step of cumene, either to-
tally or partially deriving from the reduction with hydro-
gen of acetone (co-produced with phenol) and subsequent de-
hydration of isopropylic alcohol.

The high costs of the various steps for re-obtaining
pure propylene - to be used in the alkylation step - start-
ing from the acetone co-produced with phenol, are evident
in this process.

In particular, in the process proposed by Mitsuli for



i sopropylic alcohol to propylene is necessary, for concrete industrial
application, due to the inpossibility of carry- ing out the al kyl ati on of
benzene directly with isopropylic alcohol as alkyl ati n§Degember 288n aci d
catal ysts of the conventional type are used, as a result of the water re-
| eased from | PA during the reaction, which has negative ef- fects on the
catal yst performance i.n terns _of ?elect'vit above all, duration of

h uct 0 ne t% a ddm abe Hn ~

the cat al ysts tREIFICEALNd OEaPEPYELEE BoTh B9 tHE L eI ENE  antdl i8A- zeol i ti ¢
type - are in fa negatively influenced by the presence of —water which is
devel oped mﬁ%ﬁ‘?g%f?ogg?i%”%E%bﬁgfeﬁgm%%%d¥x§§ gﬁﬁyﬁgtgﬁﬁ‘%ﬁﬁgg of benzene
to give cungne., ln the.case qf. t t.he i, O type such
as, for exgﬁﬁféFmﬁ 53%%%?i%?égﬁ4§ §§pgé¥§%%§%H”3i|§§g¥?9%?d§%%‘€§§d in the

i ndustrial sypthesis, Of GUIENE, AUADLIG, tLES Qfn WALG! Y QREL,t hap.a few
hundred ppmin the Feaction mxture produce a significant cheni cal and
mechani cal Q-ﬁﬁ 9hegation of the catalyst together with a considerable |ow
ering of cata §%I )

C performances in terns of yield to cu - 5 5 Decenber

2003 mene.  In the gasg,of, cafal ysts, baged Qﬂez%@hiyhgﬁti&hese@gabifve
effect due to the presence of water which causes a’lowering of the overal

yield to cu opy@9et BeLom¥it RApIBEG1 8% 1£5RdeaRhdydeast | daldareof the
catal yst itself, T's known. All Fhese negative effecys are known and
verified al gqWttha1 application, due to the impossibility of carry-
ing out the alkylation of benzene directly with isopropylic
alcohol as alkylating agent, when acid catalysts of the
conventional type are used, as a result of the water re-
leased from IFA during-the reaction, which has negative ef-
fects on the catalyst performance in terms o©of selectivity
and, above all, duration of the catalyst itself.

Acid catalysts - both of the zeolitic and non-zeolitic
type - are in fact negatively influenced by the presence of
water which 1is developed when isopropylic alcohol is used
as alkylating agent of benzene to give cumene.

In the case of a catalyst of the conventional type
such as, for example, phosphoric acid supported on silica,_
widely used in the industrial synthesis of cumene, quanti-
ties of water higher than a few hundred ppm in the reaction
mixture produce a significant chemical and mechanical dis-
gregation of the catalyst together with a considerable low-

ering of catalytic performances in terms of yield to cu-



very |l ow contents of water - present in the reaction - with respect to

t hose caused by the use of isopropylic alcohol as alkylating agent of
benzene to give cumene in a process applicable on an i Adesembar2dal e. The
industrial applicability of an al kylation process of benzene with

i sopropylic alcohol cannot, in fact, fail to take into account certain
paraneters such as for exanple the nolar ratio benzene/lIPA in the feeding
to the read®f6n section, which generally ranges fron14 to 8 with a corre-

spondi ng concentratlon qj r he reactlon equal about .48, 300 and
26, 000 ppm W W SwET S He a‘\FA%ﬁelé( it3n ia§Edc§rnr| e(?l&ufes |§1§ﬁ|¢%f)5ﬁol al one,
assum ng th ftota con- rsion of t Wrﬁj:oprp angl & S a igw%r2035|blllty
of using I B ﬁgta?%?lé%fﬁﬁ &GERT 0T © &he "1'5°gi Ve Cunene 9°STdedcri bed in
Appl . (1993). ,53-6 0se dISC| eqlifies, t the relative
process nu§? 52‘ i YOIk %%|¢IC§FFI66 U % a %hége%hﬁkﬁ lIH(?{the?e is
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phenol , together w cumene deriving fron1t e alkyla- tion of benzene with
propylene respect to those caused by the use of isopropylic alcohol
as alkylating agent of benzene to give cumene in a process
applicable on an industrial scale.

The industrial applicability of an alkylation process
of benzene with isopropylic alcochol cannect, in fact, fail
to take into account certain parameters such as for example
the molar ratio benzene/IPA in the feeding to the reaction
section, which generally ranges from 4 to 8 with a corre-
sponding concentration of water in the reaction equal to
about 48,300 and 26,000 ppm w/w, when the alkylation 1is
carried out with isopropanol alone, assuming the total con-
version ¢of the isopropancl itself.

The possibility of using IPA as alkylating agent of
benzene to give cumene is described in Appl. Cat. A 95
(1993) 53-63, whose disclosure specifies that the relative
process must be rigorously carried out in gas phase, and
yet there is still a significant loss 1in the activity of

the zeolitic catalyst used as the test proceeds.



The al kyl ati on step of benzene with IPAis carried out in the presence of
a catalyst of an acidic nature, selected fromvarious nmaterials: zeolites
are indicated as preferred catalysts. It is interesting ResembeeZdEBrever
that the above docunent provides no information as to the |life of the
catal yst and constancy of the performances in general due to the fact that
the test with the |longest duration |asts 200 hours (Exanple 5, columm 15)
whi ch correspond,Sunte?ls it condirtbensaspeeit¢iedn tRrasessod@icenerty not

hi gher than about 100 Kg of cunene/Kg of catalyst. The avoid the probl ens
ment i oned abdveiatpenerse igf whpaht Peul 0L Hydr 6PREDE BB d57Has Been
proposed, such as ZSM5 zeolite with a high silica/alumna ratio or

deal um - natléd LBt hor dehitenzeng - Yakeo| i fectest wakBnpFePreRyY 13oS52150160, 497 a
dealum nated Y zeo- lite is used, with a nolar ratio Si 2/ A12C3 rangi ng
from8 tolpd, dodeirpe HivkyIngt i VST iB8nAEn-RA tIFEHIBSY | S TRy ced

i sopropanol. We have now found that it is possible to obtain _cunene 5
Decenber 20G%hbphenel al lqASEENYEED HeiRdife dRFE NP opFIPYEIS 3H¥¢SRaI , or a
m xture of |PA and propyl ene as al kyl ati ng agent, by neans of a process
whi ch provitd®s BétPerzylt fdrtRaREBRY SHRF above all catal yst duration, even

in the presence of large quan tities of water . Usi a_zeol itic cgtal yst
and operating 'ﬁﬁ%e‘?‘“@gjﬁ Nl 5F%8s%’?é)%“teeﬁﬁéﬁa#ggel%o%%egngp An obj ect
of the pFE%ﬁpgthgggééggg gfqéf%gkél§§é%%?%n acidic nature, selected
from various materials: zeolites are indicated as preferred
catalysts. It is interesting to note however that the above
document provides no information as to the life of the
catalyst and constancy of the performances in general due
to the fact that the test with the longest duration lasts
200 hours (Example 5, column 15) which correspond, under
the conditions specified, to a productivity not higher than
about 100 Kg of cumene/Kg of catalyst.
The avoid the problems mentioned above, the use of
particular hydrophobic zeolites has been proposed, such as
7SM-5 zeolite with a high silica/alumina ratio or dealumi-
nated H-mordenite and Y zeolite.
For example, in U.S. 5,160,497 a dealuminated Y zeo-
lite is used, with a molar ratio $i0,/Al,0; ranging from 8
to 70, for the alkylation of benzene with propylene and
isopropanol.

We have now found that it is possible to obtain cumene



to a process for the alkylation of aromatic conpounds in which the

al kyl ation reaction is carried out with isopropa- nol, or m xtures of .

i sopropanol with propyl ene and under such conditions tbhdlecehdbeqgedtity of
water in liquid phase does not exceed 8,000 ppmw w. Mre specifically,

t he above reaction is carried out in the presence of a zeolitic catalyst,
by controlling the tenperature and pressure conditions: the zeolite is se-
| ect ed frorht ltbseadkylheion afgdepoeat vifpge @wpropwlpar#leehol.aoof Bom bet a,
Y, ZSM 12 and nordenite. In particular, an object of the present invention
re- |ates tw:aupeoeésdPhopnd herapidangt iagn adkybenzehezdsm- whicinearike

al kylation reaction is carried out wwth isopropylic al- cohol, or a mxture
of i sopropatfola amPgEsepyiielsd, Hrevaiee bebhehePahtP¥RANEES SHRJFECEE in t he
presence of a catalyst conprising or consisting of zeoljte, said process
bei ng ef - faddt cdtaAdeE GUERCI¥hpSEULe 4RE Pressire ebntiidomafhat  the
concentration of water present in the Ijquid phase is 5 Decenber 2003 never
hi gher t harfigi@80 Ppritalss, aHdi%s %)ré?‘&]g:tﬂcy RSt B | REFREREn 7, 000
ppm w w, these conditions approxi matel correspond,to a systemin which
the presentUfsieds 6eELAI DL THASHEG PPfin?‘%i/P%t’Fﬁ:FLbr&sf?ngﬁtb?l‘E?Tel y liquid. The
process according to . the pre i nvention can, be i ed out %t any nol ar

t /
rati o between béﬂz@ﬁéeﬁﬁdoﬁsgﬁgoprﬁﬁ???: aF Bohot i n frﬁ;é\‘cé:édﬁ?glat §°t he
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which the alkylation reaction is carried out with isopropa-
nol, or mixtures of isopropanol with propylene and under
such conditions that the quantity of water in ligquid phase
does not exceed 8,000 ppm w/w.

More specifically, the above reaction is carried out
in the presence of a zeolitic catalyst, by contrelling the
temperature and pressure conditions: the zeolite 1is se-
lected from those of the "large pore" type and, in particu-
lar from beta, Y, Z5M-12 and mordenite.

In particular, an object of the present invention re-
lates to a process for the alkylation of benzene, in which
the alkylation reaction is carried out with isopropylic al-
cohol, or a mixture of isopropanol and propylene, to give
cumene and water, conducted in the presence of a catalyst
comprising or consisting of zeolite, said process being ef-
fected under such temperature and pressure conditions that

the concentration of water present in the liquid phase is



vel oped during the reaction. When operating in conpletely liquid phase,
i.e. under tenperature and pressure conditions corresponding to com plete
i quid phase of the overall reaction mxture, it is adéiDsabinbet 2003ecycl e’
the reaction effluent to keep the wa- ter concentration within the above
limts, unless the con- tent of isopropanol in the feed does not already
stoichi- ometrically correspond to said limt. Catalysts conprising or
consi sti ngnetepek apltihea 8r BO0t peis e Abhi @ids éenpFofefisdrlanegeat heC best
results of the proc- ess according to the present invention. The beta
zeolite used agvent@dist’ 80t RBTpY Otes e COBEHT HYN'T FRAFEXpMasahy
invention may be that described in U S 3,308,069, and is a porous
crystal | i n6°Kaeepet HAVANGYSERR éBnfiBsrhi 6Re Ppresent phase can be

[ (x/ n)M 10. 1- x) TEA) Al 2- ySi 2WH2O wherein n s the oxidation state of M X
is |ess th&A*ed {LENBEEERAeBa8003°F diffes From §Utd- 100, wis fromO to 4, M
is a netal se- lected fromthose, of groul{.l)s A 1A, lIlA of the Periodic
System or from THARTIGEHT FECAFSIBRAJTTERT SPIRIT et WYFRIBE HRUPes A
preferred asgectdof thet present. i nventi OE i:s thg’%theebet? zeglite is in
aci di ¢ for APFEESd| At HEF FIMIH 2 IWRERCL REVERST FFWELepaPtT aPPYE3T total Iy
substituted (Sj[he tal catiops initially present. This substitution is
effected i RY &Eoﬁggﬂgglm}?thﬁefeedlng ¥o t%e react1ion secélo gng
consequently regardless of the total quantity of water de-
veloped during the reaction.
When operating in completely liquid phase, i.e. under
temperature and pressure conditions corresponding to com-
plete ligquid phase of the overall reaction mixture, it is
advisable to recycle the reaction effluent to keep the wa-
ter concentration within the above limits, unless the con-
tent of isopropanol in the feed does not already stoichi-
ometrically correspond to said limit.
Catalysts comprising or consisting of beta zeolite are
those which seem to guarantee the best results of the proc-
ess according to the present invention.
The beta zeolite used as catalyst of the process ac-
cording to the present invention may be that described in
U.S. 3,308,069, and is a porous crystalline material having
the composition
[{x/n)M(1%0.1-x) TEAJALQ,; - yS1i0; - wH>0

wherein n is the oxidation state of M, x 1s less than 1, y



known met hods by means of an exchange wi th anmmoniumions, washing and
subsequent cal cination. The beta zeolite can also be mxed with suitable

bi nd- ing agents, such as for exanple, oxides of silicohDPeagmber240m
zirconium magnesium in a relative quantity ranging fromb5:95 to 95:5. A
particularly preferred aspect of the present inven- tion is to use

catal ytic conpositions conprising beta zeo- lite described in EP 687, 500
and EP 847r802:s i feom cattat yid%k wdrfpdgion dndcdnsitstihg? drelydt £%7eol ite and
an inorganic |igand characterized by an extra-zeolite porosity consist-
ing, for aleewrdibrpofthase O4sOre89s &R pbibs W ih Af r Bl uBSTHiYtter t han
100 A and, in the case of EP 847,802, also characterized by a total

ext r a- zeol PY$eemore fromuRBaYTidaisr metfdn A efefall st 526788 Y ¥M9Kccor di ng
to a preferred aspect of the present inven - 10 5 Decenber 2003 tion, the
process ishE@Rried out at a reaction tenperature ranging from170C to

230C, at a reacti on%gressure rangiqr:tlg from 10 to 50 bars under_m xed phase
condi tidns usi My PEJLELHGHATEECEr I XtFr RF TN G ERENSE arid Pipyl ene

indiffer- ently as al kyl ating agent,. together with a \V rangi n from
10h-1 to Iﬁb?.\é?\ﬁén Z€R lF"‘éa&gi d iasCl@&F?i u%‘%ndé?vﬁﬁﬁeé%ﬁﬁaslgl

conditions, the concepntration of the ter, i is forne reaction
by- product "B ¢ hRe | Rquid fKss @3hdar 4 n8E g)é\@aﬂy BubSt {Btedtild

metal cations initially present.

This substitution is effected in accordance with the
known methods by means of an exchange with ammonium ions,
washing and subsequent calcination.

The beta zeolite can also be mixed with suitable bind-
ing égents, such as for example, oxides of silicon, alumi-
num, zirconium, magnesium, in a relative quantity ranging
from 5:95 to 95:5.

A particularly preferred aspect of the present inven-
tion is to use catalytic compositions comprising beta zeo-
lite described in EP 687,500 and EP 847,802, i.e. catalytic
compositions consisting of beta zeolite and an inorganic
ligand characterized by an extra-zeolite porosity consist-
ing, for a fraction of at least 25%, of pores with a radius
higher than 100 A and, in the case of EP 847,802, also
characterized by a total extra-zeolitic pore volume greater
than or equal to 0.80 ml/g.

According to a preferred aspect of the present iaven-

- 10 -



ceed, as already specified, 8 000 ppm and is even nore preferably present
in concentrations |ower than or equal to 7,000 ppm Experts in the field
are able to define a priori - starting fromthe nol ar rabesePbend®3e] /[ | PA]
and [propyl- ene]/[IPA] when propylene is also fed to the reaction sec-
tion together with IPA - tenperature and pressure condi- tions which

respect the limt relating to the concentratiagn ~present .in the
i qui d phastéloé]quézlhetgr%S% 8 0ot - 5 maW Wag.n% 6?% réirl\gri)ﬁ{i‘ pees%%flﬁ%n or

cqual 10,7990 BRI 1680 hagscol 4 e Jotal oguapLiL ol eter, presen

in the m-Xt'ure and consequently regar tity of

| sopropyl i ¢; al cqhpl, f ed 19, Lhe,1eAGH AN SRGLEOBon e, ANG, Ayl 2 on

a h
reaction offrf)enzene wi'th Isopropa- nol o th mxtures

propyl ene igro% rnroge&oﬂxé&e Ogjgpﬁg%)ﬁke%p%4&uiaqdp§§§§yl%_e_dddq|}tfegesuI ts are

equal ly ob = cenber the concentration of water in

the reacti Oéhg;%réyfslggf&mt sy&aed S QAN anguprelahghhy remains

equal to or t han 000 ppm W w, regardl ess of the to- tal quantity of
TPA fed to the reaetignigection. In the process clained herein, the nolar
rati o between benzene and i sopropanol preferably varies from3 to 10,

even nore prefefgbhy dficOmdhdiQol. Mhesa priory| ene Ladal saiaddi phapal |y used’
as al kylating agent together with isopropanol, the nolar ratio between
conditions, the concentration of the water, which is formed
as reaction by-product, in the liquid phase should not ex-
ceed, as already specified, 8,000 ppm, and is even more
preferably present in concentrations lower than or equal to
7,000 ppm.

Experts in the field are able to define a priori -
starting from the molar ratio [benzene]/(IPA] and [propyl-
ene]/[IPA] when propylene is also fed to the reaction sec-
tion together with IPA - temperature and pressure condi-
tions which respect the limit relating to the concentration
of water present in the liquid phase equal to about 8,000
ppm w/w and preferably less than or equal to 7,000 ppm w/w,
regardless of the total quantity of water present in the
reaction mixture and consequently regardless of the gquan-
tity of isopropylic alcohol fed to the reaction section.

When the alkylation reaction of benzene with isopropa-
nol or with mixtures of IPA and propylene is carried out 1in

completely liquid phase, excellent results are equally ob-
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benzene and al kyl ati ng agent i sopropanol plus propylene varies from3 to
10, nore preferably from4 to 8, and the nolar ratio between isopropanol
and propyl ene varies from 10 to 0.01 and even nore preﬁéﬁ%ﬁﬁ@ef?&ﬁSS to
0.1. The al kylation of benzene w th isopropanol can be car- ried out in
continuous, sem -continuous or batchw se. Wien the process is carried out
in continuous, it is also possible to use a caonfiguration of the reaction

system whit@nesmpli $88 CRECHAF RGO &y d1aTg of" t SFRAGERL BEX "t he

reaction section, after cooling 8 aration of tq? queous phase from

t he organldlﬁﬁa§@e3t605h§“F§a€t?0ﬁ %e%g M +Y0h ?Tge??e‘ﬁﬁ%’ﬁééygﬁlﬁa ratio to
rati o between the nt|

the reaction section, |

ef fl uent froMethEor 8% %RﬁQQm¥n§80?e@%pﬁ§m¥éﬂwfo ?%%r?l%ﬁﬁlon § C%IOH itself
and the qua tlt% of eff%g§§F EOE] e H%%% i.on se %IOH col - 12 5
Decenber 2 PEULY 3 BdUET 5% grgater han or equal to 0.2

and preferably es fromlt lOO The shun g agti ection in
t he confi gura- hl ﬁh%\nfﬁocreesgygﬁ??ﬁrﬁe%fheﬁ nr'elah? n8] #%aefnfo &eé:%%e ed above

s convenl il 4Ren 1 [EaGkalol S SRAERLEML ULaw?}g BroBl of ety hpguid phase

con s I'n eedi ng ghér t han

t hose st0|ch|nn%g g p?@%é%ﬂﬁ@r%ﬁéﬁqukp% to the concentration of water

speci fied Si5ov
When propylene is also additionally used as alkylating

agent together with isopropancl, the molar ratio between
benzene and alkylating agent isopropanol plus propylene
varies from 3 to 10, more preferably from ¢ to 8, and the
molar ratio between isopropanocl and propylene varies from
10 to 0.01 and even more preferably from 5 to 0.1.

The alkylation of benzene with isopropanol can be car-
ried out in continuous, semi-continuous or batchwise.

When the process is carried out in continuous, it is
aiso possible to use a configuration of the reaction system
which comprises the partial recycling of the effluent of
the reaction section, after cooling and separation of the
aqueous phase from the organic phase, to the reaction sec-
tion itself,

The recycling ratio to the reaction section, i.e. the
weight ratio between the quantity of effluent from the re-
action section re-fed to the reaction section itself and

the quantity of effluent from the reaction section col-
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The al kyl ati on reaction of benzene with IPA or mx- tures of |IPA and

propyl ene as al kylating agent, remains however exothernal and in order to
maintain the tenperature wthin a preferred range and Pd¥eeEbendlo3

by- production of aromatic polyal kyl ated products, the catal yst can be dis-
tributed in the reactor in various layers inside a fixed bed reactor. A
quench is effected between one | ayer and another wth inert solv%pts

and/ or part 18¢tehel HeREEN&SaRIPEEChatf J6FAERE FRIYPropyRFEE al ' onbI? or

m xture of isopropylic_alco- hol/pro ylenﬁ as al kyl ati ng agent. Operating
conveni ent | 29 (R FERZ EnEFATRS | (th 48enP’ ratios can be obtained on the
single layer, without in- creasjing the sanme overall. rghio, mgich IS an
obvi ous advan- tXie WHPPA"E e8pet?e t 5 R FbI BTt v 't S"BuBRE*ANT Tonse-
guently the separation operatio downst ream the reac -, 1 5 Decenber
3003t on SELEE drUMTRECPERHE AL e ORer b Lokt BiS 1t PR ER g B by
means of quenching the reagents. and/or ..nert. pr t .al so_ by nmeans
of inter-cob?iﬁﬁngﬁPWEEh Fﬁ%“|§98réﬁaﬁ%§3§|kV$a??§%l$%a§#?oﬁ%céﬁ“€e

U101V, SO LR PULL AN OO TN T RSO S TuSRIES oo cagl od (0

t
€ feeding o € 1sopropylic al cohol, op-

tionally mxed with propylepg.qand/ gt PEPZeRsn ¢aBsRe sc8khAhye dvi ded
bet ween t he“VAFi bUs Teactors and feactor
cally corresponding to the concentration of water specified
above.

The alkylation reaction of benzene with IPA or mix-
tures of IPA and propylene as alkylating agent, remains
however exothermal and in order to maintain the temperature
within a preferred range and reduce the by-production of
aromatic polyalkylated products, the catalyst can be dis-
tributed in the reactor in various layers inside a fixed
bed reactor.

A quench is effected between cne layer and another
with inert solvents and/or part of the benzene and/or part
of the isopropylic alcohol or mixture of isopropylic alco-
hol/propylene as alkylating agent.

Operating conveniently, high benzene/alkylating agent
ratios can be obtained on the single layer, without in-
creasing the same overall ratio, which is an obvious advan-
tage with respect to the selectivity to cumene and conse-

guently the separation operations downstream of the reac-
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| ayers, i.e. the al kylating agent and/or benzene are added in nore than
one step. Cunene is also produced in an integrated al kylation process in
whi ch the same reaction unit (consisting of sev- eral abK3dcatriben20@act ors)
can be contenporaneously run un- der different conditions between the
reactors. It is possible, in fact, to have one or nore reactors in which
the al kyl ati ng agent, either totaIIy or partially, consists of isopropanol
and one or LiBReSFEREYDrs in which the al kyl ating agent is propyl ene al one,
in which case the conditions be those described jn Europgean_ patent
appli - cations 687, 568Paf B47, Céé?roﬁm Glanpt e %Ee‘bﬁ'eéi/ e ‘F\‘gjr%u}ﬁger f or
illustrative pur- _poses of a reaction carri W th |so opa 0

Al kyl- ati AG285CAE, BB b id ooy ens, - Fafis kweafﬁ i S

exanpl e ObVIOUS%% does n gstrlct t he s%epe o fg A4 5 Decenber 2003
present i n¢eAti m%%55é1 JPEEF RO e RSERE S n presence of i sopropa-

nol can be carr, (igyl %1%gerg0nfléHJ%%tl%e FHtQaéngy Aﬂﬂﬁ%a Lttg§ reaction

effluent to the %d% SRR €°co 1'ons a rea

described abQve. [0S NRGRIBLLY: R LN Copllgurabion {5 fteed! pate Lo the

present ataly iC zone, as it is p055|ble

in fact, wlt &Qstu &gf%ggfeégle&t BENtnbt S JpdUEL1 08 LAcLRE Orggnic -

ef f | uent by fBans o
tionally mixed with propylene, and/or benzene, can be

suitably divided between the wvarious reactors and reactor
layers, i.e. the alkylating agent and/or benzene are added
in more than one step.

Cumene is also produced in an integrated alkylation
process in which the same reaction unit (consisting of sev-
eral alkylation reactors) can be contemporaneously run un-
der different conditions between the reactors.

It is possible, in fact, to have one or more reactors
in which the alkylating agent, either totally or partially,
consists of isopropancol and one or more reactors in which
the alkylating agent is propylene alone, in which case the
conditions may be those described in European patent appli-
cations 687,500 and 847,802.

An example is provided hereunder for illustrative pur-
poses of a reaction carried out with isopropanol as alkyl-
ating agent, or IPA and propylene, as alkylating agent:

this example obviously does not restrict the scope of the
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dilution. If the reaction mxture is in mxed phase, it is pos- sible to
vary the concentration of water in the catalytic zone by operating, as
menti oned, on the reaction conditions and consequent| yS bgcemeen)8dr
fraction of the reagent stream on decreasing the pressure and/or
increasing the tenperature, there is an increase in this vapor fraction

wi th a consequent decrease in the water concentration in the |iquid phase,
as the | attwresegtnbpeeyoldt-ile than the rest of the m xture conponents.
The configuration of the fractionation section, down- streamof the
reacti on sectiofbehakkelriipforfaRen?ale ith thCoPFEEERSE inagiPRGCPRe wat er
devel oped in the reaction sec- tion itself. The effluen: fronl&he reaction

section desttli K@@ PghEPELisd Stidet? t1d'S sRrde AR LYhC dEcdfi~6f9wat er

pres - 15 5 Decenber 2003 ent, is first cool ed and.theg sggarated into two
phases, an %ori§&nitéashase %ﬁﬁhﬁﬂ“édﬁbﬁiﬁ BRASEHOR P HqudSGd FpHASET i s
flushed fromthe plant, ere%§ t he ortg;an%;gDr hase is fed to the
fractionat g SEBFLEMOLF HEFIYWAERAChETES %%e‘to the reactor itself as

recycled product, if this,is included in.the_configuratiqn.w cycling.
Figure 9 indi cat'8€, ”FS?S‘th{?%I%/pinfstCroa{'t e pur poses o o%%é%%%e% ion, the

| e oSSR LR b0 Per  BRS0R) 1110 SER21RECT GBRE] OF
as it is possible, in fact, with the recycling, to obtain
its reduction in the organic effluent by means of simple
dilution.

If the reaction mixture is in mixed phase, it 1is pos-
sible to vary the concentration of water in the catalytic
zone by operating, as mentioned, on the reaction conditions
and consequently on the vapor fraction of the reagent
stream: on decreasing the pressure and/or increasing the
temperature, there is an increase in this vapor fraction
with a consequent decrease in the water concentration in
the liquid phase, as the latter is more volatile than the
rest of the mixture components.

The configuration of the fractionation section, down-
stream of the reaction section, has an important role in
correctly managing the water developed in the reaction sec-
tion itself.

The effluent from the reaction section described

above, in order to reduce the concentration of water pres-

- 15 -



fromwhich it can be assunmed that the first cooling step is obtained by
nmeans of a thernmal recovery with respect to the organic phase separated.
The process thus characterized allows great flexibil- i?yeaambe[2083 the
quantity of cunene deriving fromthe al- kylation reaction section is
concerned, obtained both with isopropanol as al kylating reagent and al so
with propylene. This flexibility is also obtained thanks to the par-

ticul ar corfrtguriat fonsofcadiedt padt Flrrat it St HALDFEHhP 2585 ct PBN
products, as described hereunder. Mdifications to the fractionation
section wi td¥rgeed cspheset ¢ehé Pk MNPt PERSBhe FEBNEABCPFHCBYZSYi 4% propyl ene
concern the depropanating caolum for se arating the propane _naornally
present in ﬁ”ﬂ?ﬂ@ﬂefFﬁmiFP%fﬂ%@&FkyV%@?%ﬁgdﬁﬁ?Qé.a?h% Aeng©CofBrms of
the typical fractionation section of a cunene plant via propylepe, i.e.
the debenzdhe 1racyipabhdRr SYHIPhAT iy ol d%?,“ t”ﬁ&ec?ﬁﬁjéﬁe E%{nltgﬁi ng
colum and the colum _for the s pgratign of the diiso LO%X'Q

sent to tHAGRRSALREE Lt FON RGO PEPEREFh that et éd i h

procedure and consequent]y da ire further details. The asset

ot req
modi fi cat i o€ COUEREVERPT Yt iﬁac%%fﬂh%'(s) are indicated in Figure 10

for purely il ?fgﬁ%ﬁ%&;’ﬁe%@?%%&, Ofof NBuLOYPNE | Ak e HRG bl fRlrpligRE OPaNAt i ng

of the invention, the simplified flow scheme relating to

enzenes to be
<] 1N . .
unc- tioning

the cooling step of the reaction effluent described above,
from which it can be assumed that the first cooling step is
obtained by means of a thermal recovery with respect to the
organic phase separated.

The process thus characterized allows great flexibil-
ity as far as the quantity of cumene deriving from the al-
kylation reaction section is concerned, obtained both with
isopropanol as alkylating reagent and also with propylene.

This flexibility is also obtained thanks to the par-
ticular configuration of the fractionation section of the
reaction products, as described hereunder.

Modifications to the fractionation section with re-
spect to the known art of the cumene process via propylene
concern the depropanating column for separating the propane
normally present in the olefin in the alkylation charge.

The remaining columns of the typical fractionation

section of a cumene plant via propylene, i.e. the debenzo-
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gani ¢ stream downstream of the cooling and separation unit, already
qualitatively described and schematized in figure 9, and also receives a
recycl ed stream of benzene in order to: cool the vapor8Degemper Z¥Bum, by
reduci ng the thermal charge of-the condenser; + heat the recycl ed benzene
destined for the alkylation and transal kylation sections renoved as

| ateral cut; + allow a deviation of part of the benzene present in the

f eedi ng to #diei reolariumhowdhnds cuhent aférbshing gdurgy @ngd the tded upaact i on.
To limt the concentration of water recycled to the reaction sections in

t he | at er al feutthef sehergolemefT-the fiisppramhdibengeaecnetessardgotbring a
hi gh quantity of benzene into-the product at the head of the colum; wth
this asset tid tremsedkyhntion sediiamhe rpapér pmaltrrakddi dge Fuis - 17 5
Decenber 2003 columm, as well as not being separated fromthe organic

phase on t heigliagepracetarey andacRBsC YR eloh Fhst afedhe® HeddN&Rd i s t hen
separated in the reflux accunulator. The stream at the head of colum T-1,
rich i n bendelweilsf.eeds a second depropanating colum T-2 which separates

t he benzene fromthe propane used in the reaction section as inert product
and any possi bl &bgaperestTdiiicaddAps FRothy KeRTerarat prodtred % dm t he

bottom of colums T-- 1 and_T-2, which are sent, Ho t he_debenzenati ng
col umm. al -are indicated in Figure 10 for purely illustrative purposes

of the invention.

The first depropanating column T-1 is fed by the or-
ganic stream downstream of the cooling and separation unit,
already qualitatively described and schematized in figure

9, and also receives a recycled stream of benzene in order

to:

. cool the vapors in the column, by reducing the thermal
charge of. the condenser;

. heat the recycled benzene destined for the alkylation
and transalkylation sections removed as lateral cut;

. allow a deviation of part of the benzene present in

the feeding to the column towards the lateral cut re-

cycled to the reaction.

To limit the concentration of water recycled to the
reaction sections in the lateral cut of the column T-1, it
is therefore necessary to bring a high quantity of benzene
into the product at the head of the column; with this asset

of the column T-1, all the water in the feeding to this
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ready nentioned above, for the separation of the benzene. The rest of the
fractionation section, as already specified, has a configuration which is
substantially analogous to a typical fractionation secPil®sempPeaziisene

pl ant via propylene. The case of a plant for the production of cunene al-
ready existing and having two independent reaction sec- tions, each with
its own fractionation section, represents an ad ittjéonal %ossi bility for

appl yi ng t hEChieesds akebt d2Si MPt PIHY PPt SHatei™ dppl i L&IF0: ~ The

al kyl ati on of benzene wi th isopropanqgl or isopro- panol and propyl ene as

al kyl ating Bg@Pt P8 BB rFefFut qcﬁaqgﬁe fSFCE‘ﬁg o eSS racti%n
sections, whereas the a&l- kgl at i oneﬁjpf. b%gzenefi/\,ithc%qj%%g{;g al one as

al kyl ating N8g@mnd &ScaPPMed®BTte5ST the “BENEYE 4% A5 part T cul ar case,
there are already twy depro - .18 5 Decenber 2003 panatict , one for
each of the two %’ea@tti%ﬁ iatbnth%é‘ceﬁdoﬁg 5??%%%3102%& %t‘?hg?gaﬁ%%%%s'pr ocess

therefore pro. yides diff gﬁg& RIAGHANLE hOTr IINRING SREaEYL. doplo-

panating (640) Separafron section renal ns the sane-as

that al read¥ i1l ust ;[at[r?dtl‘il% ijg_, £, 9,and,; al 50, 1 p.1his, case.idhesdasic
operating pPBREUT e5"0r “theP T eraini hg col - Unhs Form ng part of the
fractionati QHeEtng}o%%tagﬁgang eﬁ‘o'sé-i%tliengatéf?nﬁirilu'i‘&@s@ﬁ@d-:

Two streams are produced from the bottom of columns T-
1 and T-2, which are sent to the debenzenating column, al-
ready mentiobned above, for the separation of the benzene.

The rest of the fractionation section, as already
specified, has a configuration which is substantially
analogous to a typical fractionation section of a cumene
plant via propylene.

The case of a plant for the production of cumene al-
ready existing and having two independent reaction sec-
tions, each with its own fractionation section, represents
an additional possibility for applying the process accord-
ing to the present patent application.

The alkylation of benzene with isopropancl or isopro-
pancl and propylene as alkylating agent 1is carried out in
one of the two existing reaction sections, whereas the al-
kylation of benzene with propylene alone as alkylating
agent is carried out in the other.

In this particular case, there are already two depro-
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The operative asset of the two depropanating colums is schematized in
figure 11 in which the differences in the operative asset, with respect to
that illustrated in figure 10, can be noted. |n partic@Racember 8843 be
observed that colum T-1 is fed with effluents deriving fromthe reaction
section in which the alkylation is carried out wth isopro- panol or

i sopropanol _and .propyl.ene _as alkylatin gent, and _colum .T-2 i.s fed with
ef fl uents cEﬁW%%H%§f¢§%%ﬂﬁﬁé edct Ton e%%@tf%n‘%ﬁbr%ﬁ%ngr%& Oﬁﬁﬁﬁéylene

al one as al kyl.ating nt,., .Aon.pbject_of resent ..nv i.gn _al so rel ates
sé&t ns aqg%aﬁynsxg 9_$?,.a56 Epﬁ ?ﬁ%é 5S t%éfgybrg o0

to a proc- ess for prépar phéenof” i n whrc or mation of by- products

| s control | e Thisg (PLOCRSS GBMBLLFES LAG T LLOMK, | RgeStERs: dbolkylation
of benzene Vil tH i Sopropylic~alcohol; an optionally propylene,”  to give
cumene andd%%£§;5g2kogé$g§;ion of the cunene thus obtained; - 19 5

t

Decenber 2 reatnent of cunyl hydroperoxide with acids to obtain a

m xture of phenqiﬁeaegoﬁfr% R sAhab¥udi 9g9enatd o Ohnk Es A0t At Qs

i sooropanol which is recycled to step 1. In particular and according to a

preferred enpndi gpAlaqyl) 11 Nes@ldedaaton cohubenzengidd tindSOpPRORYiIsC
al cohol, and optionally propylene, to give cunene and water, is carried

out in the presenee Bhsdc AN hgPBS68e@ire PR 286! FoMa Blithg RIater ably,
with a catal yst prepared
umns forming part of the fractionation sections already ex-
isting, remain unaltered.

The operative asset of the two depropanating columns
is schematized in figure 11 in which the differences in the
operative asset, with respect to that illustrated in figure
10, can be noted. In particular, it can be observed that
coiumn T-1 is fed with effluents deriving from the reaction
section in which the alkylation is carried out with isopro-
panol or isopropanol and propylene as alkylating agent, and
column T-2 is fed with effluents deriving from the reaction
section operating with propylene alone as alkylating agent.
An object of the present invention also relates to a proc-
ess for preparing phenol in which the formation of by-
products is controlled. This process comprises the follow-
ing steps:

1) alkylation of benzene with isopropylic alcohol, and
opticnally propylene, to give cumene and water;

2) oxidation of the cumene thus obtained;
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according to the procedure described in EP 687,500 and EP 847,802. The

pressure and tenperature conditions with which the
are such as to guarantee that

phase is not higher than about 8,000 ppm regardless of the total

gquantity of water present in the reaction system and therefore of the

reaction is carried out
the concentration of wat é&Ddcambre2dGZui d

quantity of s} SORLABYkLG: 31 £ahaly1FG8robOrbRfnd GAGH 81:8ECL Ubddisell: 2) the

currene deriVing

hydr oper oxi de, yhi
phenol and acet one

acetone; 3),fhe
hydr ogenated to

passes to the

romstep 1 1S oxi al'r to give cuny

n%%aeﬁafpé@i cfl@dtﬁclp st&Pore | 8o p@é&g%yoﬁn 106AlikcY is

I"'sopropylic al cohol which is recycle

20 5 Decenber
to step 1. According;tg @ M&fenred aspect, at the end of the
after separating by fractionation the desired product,

EhLn HbdoS Lheatedioydih an acid to give a mxture of
Kgnﬁhi%ﬁ%fs fractionaté% to separate the phenol fromthe

2003

first step,
_ ( odl cumene, which

, pisequapt agxi Aaldron ngt €8, at fife f@MINeRGoliiReid on of
pol yi sopropyl benzenes is wused in a separate step for a transal kyl ati on

reaction Wwih hepzemai@ti860wWE Beltidriconal ticuieagrogifia d ransaidkyl ati on

reaction is carried out in the presence of beta zeolite or a catalyst

based on beta ze@ optionally propylene, to give cumene and water, is

2}

carried out in the presence of a catalyst based on
beta zeolite and, preferably, with a catalyst prepared
according to the procedure described in EP 687,500 and
EP 847,802.

The pressure and temperature conditions with which the
reaction 1s carried out are such as to guarantee that
the concentration of water in the liquid phase is not
higher than about 8,000 ppm, regardless of the total
gquantity of water present in the reaction system, and
therefore of the guantity of isopropylic alcohol fed
to the reaction section itself;

the cumene deriving from step 1 is oxidized with air
to give cumyl hydroperoxide, which in turn is treated
with an acid to give a mixture of phenol and acetone
which is fractionated to separate the phenol from the
acetone;

the acetone obtained in step 2 is partly or totally

hydrogenated to isopropylic alcchol which is recycled

- 20 -



lite, in particular prepared according to the procedure de- scribed in EP
687,500 and EP 847,802. The tenperature conditions for the transal kylation
re- action are selected from 100C to 350C, the pressuredPgcergbere?d08d from
10 to 50 atmand the WHSV ranges fromO0.1 h-1 to 200 h-E, according to the
procedure described in EP 687,500. Consequently, in step (2), the cunene
deriving from ste él) and optionally fromthe transal kyl ati on step, is
oxi di zed to cumyP ﬁ§ Poper oxi de. The cunyl hydroperoxide is then

transformed int henol a cetone. In the |ast step, part of or all the
acet one obtainegcggr§§q%rggu%tE?ﬁﬂgfgﬁg ff?efg’hfﬁrggéhafg% fo f§8propylic

al cohol Mhiﬁﬂxnﬁzﬁg%%F%ftgg %Eég%%kt%@lb§;ggacglgagpﬂ%%OQ%gaEkgﬁrESaCtiOn of

acetone to 1sopropa IS a wn IS carried out USi ng cat al ysts

pased - 21 o R leemMele 7003, Rl heleLA08Y cnll Bl iRRRCIoxs dar 1o

copper-chr&%aunl ¢opper- zinc or based on netals o e platinumgroup for

exanpl e pl atduny, paLLadi iy [ 4DaNdHM o F NBYL Y o £3ABLYSLybASEd on

Ni ckel Raney copper - omumis preferably used. "The conditions under

whi ch the hydrogenat ggaafﬁaectsit%g £8F Acetons itakes:bhaks &i®ndgsehi bed,
anong others, In US 5,015,786 or U S 5,017,729. A renarkabl e aspect of
the processgs, descebbedofrieizlditional cumene. ' )

The tramsalkylation reaction is carried out in the
presence of beta zeolite or a catalyst based on beta zeo-
lite, in particular prepared according to the procedure de-
scribed in EP 687,500 and EP 847,802.

The temperature conditions for the transalkylation re-
action are selected from 100°C to 350°C, the pressure is
selected from 10 to 50 atm and the WHSV ranges from 0.1 h™*
to 200 h™t, according to the procedure described in EP
687,500.

Conseqguently, in step (2), the cumene deriving from
step {1), and optionally from the transalkylation step, is
oxidized to cumyl hydroperoxide. The cumyl hydroperoxide is
then transformed into phenol and acetone. In the last step,
part of or all the acetone obtained as by-preduct in step
(2) is hydrogenated to isopropylic alcohol which is re-fed
to the initial step.

The hydrogenation reaction of acetone to isopropancl

is already known and is carried out using catalysts based
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and in particular of the alkylation step of benzene with isopropanol or

m xtures of propylene and isopropanol, is the great flexibility in
re-using the acetone co-produced w th phenol, from whi &PecempeniiidBi c

al cohol is obtained by reduction with hydrogen. This flexibility is in
fact ob- tained by the use of the catalyst (zeolitic) adopted in the
process according to the invention, associated with the specific operating
condi t i ons o5f ¥H%“ﬂea8@?%hrséé?F%ﬁf%@ﬂRﬂ?rtQRﬂﬁﬁﬁ?Fhﬁaﬁ%%ﬁteéOP%%fébsence of
performance reduction and rapid deactivatjon phenonena typical of solid
aci d cata- 3y&t STdbeses Pﬂemﬁgég%n%% e vt i gE@n SF_VEd Y BhEMRER of

i sopropylic al cohol as, al kyl ati ng agent of benzene. The foll ow ng exanpl es
agai n proviPdétanyst t B¢l iqqigy FPgP? Ryf HRE1PRventi on described herein,

wi t hout however |imting.its scog&,in any way:. EXAVPLE % - 22 5 Decenber
2003 An al kyl at fofi@t&Sfs P58z BRI TH &REXT BF e“FPISEBROWYI 1T al cohol
(I'PA) and pro%élegg (C3}} is carried out using an apparatus consisting of
an AlSl 318 FkEA°bEA'THE cro-pilot reactor, with an internal di ameter of

L3S 2 ey el 0sE, LAOKS L6l ecdetians, Leoaronyli <

al cohol and pro e feeding, 0 i ng of

benzene andd BA-r8ndes,d] quarLer, £ ofdasing { hgonpramd ene; by 14 ali d

sy or the tem "perafure anhd preéséure control, for

dischargin%’bq§r§gglg§qys' 5,017,729.

A remarkable aspect of the processes described herein
and in particular of the alkylation step of benzene with
isopropancl or mixtures of propylene and.isopropanol, is
the great flexibility in re-using the acetone co-produced
with phenol, from which isopropylic alcohol is obtained by
reduction with hydrogen. This flexibility is in £fact ob-
tained by the use of the catalyst (zeolitic) adopted in the
process according to the invention, associated with the
specific operating conditions of the reaction section which
together guarantee the absence of performance reduction and
rapid deactivation phenomena typical of solid acid cata-
lysts due to the presence of water generated by the use of
isopropylic alcohol as alkylating agent of benzene.

The following examples again provide a better illus-
tration of the invention described herein, without however
limiting its scope in any way:

EXAMPLE 1
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fromthe reactor and for analyzing the feeding and product. The reaction
products, liquid and gaseous, are ana- |lyzed by neans of gaschronmat ography
using the follow ng equipnent: (a) Carlo Erba GC 6000 §&schmBanidSr aph
equi pped with a MEGA SE54 colum having an external dianeter of 0.53 nm
and a length of 25 m FID detector and tenperature program (b) HP 6890

gaschr omat ogr aph e i@ed.vx,ith a P colum havi ng .an external dianeter
of 0.2 mm and aﬁ“erc%t 6 OB AT FPD Ze‘%ﬁeor‘“”afﬁ‘dat F&fuPé pri8gram (c)

Carl o Erba 4200 gaschronmatogr equi pped with ra- pack-Q filled col um

navi g o i BHETER o A TR FOgPROBH 2 rfCIraD el et oPoat

tenperature program__ The reaction condi ti onsé%l\/\g'é:h t he, ﬁst was carried
er t

out are as PotThiEt 2PPag3tUS SCORRSHES 96037 iurfeixa“ 58 Mifet= 180C

Pressure= 14 bar. ' h-. . [Benzene] [ [.C3;+| PAl =_7 noles/noles
[C3-]/]1 PA](::rcé.Eblglr%:?Ags%/a%%gé ‘fh%hrglﬁc I?%erlllr{:%lncﬁ“taimgﬁsrsggeéf édgébr ?espond to

operat- i ng {y, 1ixedgaskl i gui g Phasg widd) 3,L0kak,conCentalion of  vater

present equa _ ppm and a concentration present in
the Iiquid gfégﬂdeQHQQ$%bp§9eﬁ@o%ﬂ the feeding, dosage pumps for the

feeding of benzene and IPA, a mass fléwﬁeher for doéing the

propylene in liquid phase, an automatic system for the tem-

perature and pressure control, for discharging the effluent
from the reactor and for analyzing the feeding and product.

The reaction products, liquid and gaseous, are ana-
lyzed by means of gaschromatography using the following
eguipment:

fa) Carlo Erba GC 6000 gaschromatograph equipped with a
MEGA SE54 column having an external diameter of 0.53
mm and a length of 25 m, FID detector and temperature
program;

(b} HP 6830 gaschromatograph equipped with a PONA column
having an external diameter of 0.2 mm and a length of
50 m, FID detector and temperature program;

(c} Carlo Erba 4200 gaschromatograph equipped with a Poro-
pack-Q filled column having a diameter of 4 mm and a
length of 2 m, TCD detector and temperature program.
The reaction conditions at which the test was carried

out are as follows:
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3,180 ppm The attribution of the physical state of the reagent mxture is
ef fected both by conparison with the existing phase diagrans for the
conponents and mi xtures in question, and also by cal cubalacemPenddpti ng t he
RKS state equation (Soave G Chem Eng. Sci 27, 1197, (1972)). The
interaction paraneters for this equation are obtained fromregression of
the experinental data in literature relating to liquid- vapor equilibrium
and nutual EIREFATERRL o] HE IRrdr ocart®Obbn-water mixtures (C. C. Li, J.J.
McKetta Jul. Chem Eng. Data 8 271-275 (1963) and C. Tsonopoul os, G M

W son ALCHEESSRM\fEAal 29, 990-999, (198%) P2ffe reaction system to which the
above equation is ap- plied resenbles, as far as the conpositions are
concer ned, "R systen1[benzene)/[propfleﬂe] = 7 nol es/ nol es and (ben-

zene] /[ wat e = 21. I les. - 24_ 5 Decenber. 2003 A catal yst based on
beta zeol i tfeg,e'bzreé‘ﬁé?ég???? ding to tﬁemﬁr?gée"a%rees described in E? 687,500

and EP 847,802, i harged i nside the a i quantity correspondi ng
to a catal@gié/égaAﬁéight of 42.5 cnlzéﬁb&%géi/@ %ﬁ% the trend of the

ol selecti vl KL lip Sl oune, RS oRm e ot

Triisopropyl- benzenés w respec pro

verted) and, { %.Innglliﬁgdsg%i%%j!%jitdy B% & dit A €3k 2l LIREEL Ml BEPECT T
the total propylenée and convefte ?]dur-

water present equal to about 10,000 ppm and a concentration

of water present in the 1liquid fraction equal to about

3,180 ppm.

The attribution of the physical state of the reagent
mixture is effected both by comparison with the existing
phase diagrams for the components and mixtures in guestion,
and also by calculation, adopting the RKS state eguation
{(Soave G. Chem. Eng. Sci 27, 1197, (1972)). The interaction
parameters for this equation are obtained from regression
of the experimental data in literature relating to ligquid-
vapor equilibrium and mutual solubilities of the hydrocar-
bon-water mixtures (C.C. Li, J.J. McKetta Jul. Chem. Eng.
Data B 271-275 (1963) and C. Tsonopoulos, G.M. Wilson ALCHE
Journal 29, 990-999, (1983).

The reaction system to which the above equation is ap-
plied resembles, as far as the compositions are concerned,
the system [benzenel/{propylene] = 7 moles/moles and {ben-

zenel]/{water] = 21.2 moles/moles.
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ing the test in relation to the productivity reached by the catalyst
expressed in Kg Cunene/Kg zeolite. For the whole duration of the test,
there were no signs of deactivation of the catalyst sucHeembepr0@kanypl e,
a drop in the conversion of the isopropylic alco- hol/propyl ene al kyl ating
agent (quantitative for the whole duration of the test) or an increase in

the fraction of | polyal kyl ated products. The.selectivities during the whole
test remai ned s@b-cas%éiﬁftsl}éa%f’ﬁegnglnteree8 vﬁef)ﬁlg\%r%%p%% (ﬁeasc%%rtf%%gto about

84.0%for Sel.[,Cuml/[totC3] and about 98,89 N 1./ 13 0t.G3] It
shoul d be pof n‘t"éedrgdﬁ) *Fhat Cfeﬁsecrc%%git a‘ﬂcho{g{'ﬁ%OOts\%Bd g%ﬁée(:%’l%[%'y l(cj%f'jtta

during the %\ig'.%)%/cfe[ yel%ts;é%dg t?‘ﬁ(é rlﬁégeét%rSiig- ?gbé%rglg{l:ty %%r}r&ilkggéfr?gt & 3 const ant

catalytic a So Wi th respec ransa ation reaction of -

25 - 5 Dece r,.2003 I £g-prodicts, which, as is known to experts
in the fie?%?a%ﬁﬁgygggaﬁggﬁﬁ{gie cont enpor aneously with the alkylation

reaction. The deaglj-uaty o0nGQfst hgeCal Al NSt opoukd. rﬁﬂeécxactselé'@lﬁ’ievit%;eg_

observed, even before a drop in the conversion of t reagents,

decrease in:4he, 8elect i YhiNeddum Hl1QiEoy1680sends th £he; sgiRd A /
[t ot C3] select|V|t§5 due to a re- duction’in the catalytic activity in the
transal kyl afd Q5 n LG0T 8be P! ¥8! kHbat8HaPr EYSRene and IPA con-
verted) and the molar selectivity (Cum.]/[totC;] (Cumene
with respect to the total propylene and IPA converted) dur-
ing the test in relation to the productivity reached by the
catalyst expressed in Kg Cumene/Kg zeolite.
For the whole dufation of the test, there were no
signs of deactivation of the catalyst such as, for example,
a drop in the conversion of the isopropylic alcoe-
hol/propylene alkylating agent (guantitative for the whole
duration of the test) or an increase in the fraction of
polyalkylated products.
The selectivities during the whole test remained sub-
stantially unaltered with average values equal to about
84.0% for Sel.[Cum]/[totCs] and about 98.8% for Sel.
[Ar]/ [totCal.
It should be pointed out that the constancy of the two
selectivity data during the whole test is extremely sig-
nificant as it indicates a constant catalytic activity,

also with respect to the transalkylation reaction of
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EXAMPLE 2(conparative) An al kylation test of benzene wth a m xture of iso-
propylic al cohol and propylene is carried out using the sane apparatus as
that described in exanple 1. The catal yst used and t he5dqemembey2@dar ged
into the reactor are the sane as those specified in exanple 1. The
reaction conditions during the test are the followng: Tenperature at the
inlet= 180C Pressure= 30 barg WHSV: 20 h-1 [Benzene]/[Propyl ene+l PA] =7
mol es/ nol espo[Rriogpleerd] PirbBA¢ s 2. Oh ol esésplies kihenr gactaxgeretondint i ons

sel ected correspond to operat- ing in the presence of |iquid phase al one

i nstead of the fiekéd pheses asaidescplded tontdecpr@goggsyexanpl ehewith a
concentration of water in the liquid phase now equal to - 26 5 Decenber
2003 about 40x@PICE ippmreettiomi th respect to about 3,180 ppm of the
previous exanple. This attribution is effected, as already described in
exanpl e 1, by as¥ienideacithgaten radadticoraspdyem wagldaritstagthe é¥®posi ti ons
are concerned, to that already described in exanple 1 Figure 2 shows the
trend of theeamw|drseswiedet YRR yOEITe [& GreB] landhAoFaRveET ™ QA e cum | /

[totC3] during . o
reagents, by a decrease in the selectivity [Cum} / [totC;]

{also with the same {Ar]/[totCj;] éelectivity) due to a re-
duction in the catalytic activity in the transalkylation
reaction of polyalkylated products.

EXAMPLE 2 (comparative)

An alkylation test of benzene with a mixture of iso-
propylic alcohol and propylene is carried out using the
same apparatus as that described in example 1. The catalyst
used and the quantity charged into the reactor are the same
as those specified in example 1.

The reaction conditions during the test are the following:

Temperature at the inlet= 180°C

Pressure= 30 barg

WHSV: .20 ht
[Benzene}/ [Propylene+IPA] = 7 moles/moles
[Propylene]/[IPA]= 2.0 moles/moles

The reaction conditions selected correspond to operat-
ing in the presence of liquid phase alone instead of the
mixed phase as described in the previous example, with a

concentration of water in the liquid phase now equal to
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the test inrelation to the productivity of the catalyst. The trend of the
data indicated in figure 2 shows a very rapid deactivation of the catalyst
unlike what is ob- served in the previous exanple. In faéecemher 2003
selectivities drop very rapidly and also the conversion of the isopropylic
al cohol / propyl ene al kyl - ating agent (not shown in the figure) drops to
about 40% after reaching a productivity equal to only 50 Kg cunene/ Kg
beta. From abmtdatla O0RdiPe@t E8Lfh Figur eepeqthd e 3 APBoPPENEE of t he
water present in the liquid phase in deter- mning the deactivation rate of
t he cat al yst?e ieFefReref ®fE€F&ri dent. Basical |y, when the concentration of
water present in the liquid fraction existing in the reaction system

remai ns  withi nTORE PLhTFERUEMLIS SHGCtefegdP dREEREFYF 9 HEedl Tha- ter
content present in thy reaction system- there are no - 27 _5 Decenber
2003 pr obl e Eati ndY% ¢SPAPLd2 B F At THF IR R SE&Tal §5t X whAdr eas
exceeding these limts corresponds to a nore or . less rapid deactivation of
the catal yste I‘%OW%P*QBSbér§b§8P9%HneEqTattcf ht‘ehi?tea“i‘:]tsﬁﬁ?la@&%&ictrilﬁﬁg adopt ed
in this exanple ar e apply included in the range of normal reaction

condi ti ons ¥breX&Pifddstrial alkylation process of benzene (except for the

WHSV) wi th propyl.ene. 8 ong, i LhaUid RS aphet hAhaLNesn &G L NS
{Ar]/[totC3;] and molar selectivity [Cum.]/[totC:] during
the test in relation to the productivity of the catalyst.

The trend of the data indicated in figure 2 shows a
very rapid deactivation of the catalyst unlike what is ob-
served in the previous example.

In fact, the selectivities drop very rapidly and also
the conversion of the isopropylic alcchol/propylene alkyl-
ating agent {not shown in the figure) drops to about 40%
after reaching a productivity equal to only 50 Kg cumene/Kg
beta.

From the data indicated in figure 2, the extreme im-
portance of the water present in the liquid phase in deter-
mining the deactivation rate of the catalyst, is therefore
evident.

Basically, when the concentration of water present in
the liquid fraction existing in the reaction system remains
within the limits established - regardless of the total wa-~

ter content present in the reaction system - there are no
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therefore be applied when the al kylating agent al so com prises isopropanol
intotal or partial substitution of pro- pylene. EXAMPLE 3 An al kyl ati on
test of benzene with a mxture of iso- propylic al cohol S &§8ePP8pH%ne i s
carried out using the sane apparatus as that described in exanple 1. The
catal yst used and the quantity charged into the reactor are the sane as
those specified in exanple 1. The reaction conditions during the test are
the foll ompﬁ@bl%ﬁpé?ég&@ atOt REPERA| QﬁaEEBWW%&ﬂrE“%sﬁaga}@,SRAHsv =20
h-1 (Benzene] /[ C3- -1PA]. [ Propyl ene}/[IPA = The reaction conditions 7
nol es/ nol eghegeap| S<FRBYE LTI séf“é%gedlﬁ‘b 7 eSPORTERY Gperat 2 MyTen Tonpl et el y
| i quid phase with a total _concentrgti on - Zi 5 Decenber 2003 of water
present eqd&FSt BRRHH HEASGRF3pPA b I GEC2THFS  attribution is effected as

al ready described in t revi ous ”&lﬁs’thb assim.| ati ngiéhe reaction

I a S PLE g%f reaction, con ions
system as fartasChe® thposi PPORE At e e ndF 2t T he 8T st Em

[benzene] / [aropylenel 7 7 J10le3kma: &5.apf, [BRN78R8] AhWRLE  bange of
normal reaction conditions for an industrial alkylation
proéegs of benzene (except.for the WHSV) with pfopylene
alone in 1liquid phase and that these conditions cannot
therefore be applied when the alkylating agent also com-
prises isopropanol in total or partial substitution of pro-
pylene.

EXAMPLE 3

An alkylation test of benzene with a mixture of iso-
propylic alcohol and propylene is carried out using the
same apparatus as that described in example 1. The catalyst
used and the quantity charged into the reactor are the same
as those specified in example 1.

The reaction conditions during the test are the following:

Temperature at the inlet = 180°C

Pressure = 30 barg

WHSV = 20 h™*
(Benzenel]/[C3- +IPA] = 7 moles/moles
{Propylene] /{IPA]= 9 moles/moles

The reaction conditions selected correspond Lo operat-

ing in completely liquid phase with a total concentration
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70. Figure 3 shows the trend of the nolar selectivity [Ar]/[totC3] and

nol ar selectivity [Cum]/[totC3]

catal yst. For the whole duration of the test, there wer®Dggemger
deactivation of the catal yst such as, for exanple, a drop in the
of isopropylic alcohol and/or pro- pylene (quantitative for the
whol e duration of the test) or . an increase in the fraction of
pol yal kyl at¥fd “GL64uREES eVl eEPi ¥R es Rl PRY Phe'SuiSite test remai ned
ally unaltered with average val ues equal to about??§6ig@6for t he

Sel ectivity [CumtPt 8F EBPURP abbut oL BT 6 A'e38¥| 866FEt

conver si on

sub- stanti

Arl/[totC3]. | t d of t ith
e ot %t 6 e PP P el San P at 11 i HAS et edlis aksTaTs on of

respect to

t is evident .that. the differen the te

wat er presentd%n t he Eb%uid Bhase_mhich in

limts clai
An al kyl ati
propylic al

Fed-Her &F n ORI iRE

Herefn'l Che" pirevT Bus “Btarl e B0
CBRGF L] Mo NG Sheber fene ro aftheanant. [hder4 aEFET

3of

nmber
The

inrela- tion to the productivity of the

d “USHoENTTaT! on of
e FEn e Rl & BB T 57 E B fiar at 1 ve)

2003

experinmental -gqui pnment consists of tanks for the benzene and isopropylic
al cohol reagent's, feeding punps of the reagents to the reactor,

pre-heating uni%iS&réh% '&bws the trend of the molar selectivity

[Ar]/{totC;] and molar selectivity [Cum.]/[totCs] in rela-
tion to the productivity of the catalyst.

For the whole duration of the test, there were no
signs of deactivation of the catalyst such as, for example,
a drop in the conversion of isopropylic alcohol and/or pro-
pylene {(quantitative for the whole duration of the test) or
an increase in the fraction of polyalkylated products.

The selectivities during the whole test remained sub-
stantially unaltered with average values egual to about
86.0% for the selectivity{Cum}/{[totC;] and about 98.6% for
the selectivity [Ar]/{totCa].

It is evident that the different trend of the test
with respect to the previous test can be attributed to the
concentration of water present in the liquid phase which in
this case is kept within the limits claimed herein unlike
the previous example.

EXAMPLE 4 (comparative)

An alkylation test of benzene is carried out with iso-
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gents, steel reactor situated inside an electric heating oven, regulation

| oop of the tenperature inside the reac- tor, regulation | oop of the
pressure inside the reactor, reactor effluent cool er afdes6beCEIBh system
of the liquid and gaseous products. In particular, the reactor consists of
a cylindrical steel tube with a nmechanical sealing systemand a dianeter
equal to about 2 cm A thernonetric holder having a diane- ter of 1 mmis
situat ed al pnepyhe madjcohohxisingf thReekpatimenial iqmilgacphi ¢esdhidas is a

t hernocouple free. to run along the major axis of the reactor. A catal yst
based on beb@al@eolite, prepared according to the procedure described in
patent application EP 847,802 in exanple 4, is charged into the reactor in
a quantity cor r@spaidiesdmeptal hef TPt (IRt Wi C4pEd d@Falt™@ 10 cm
A quantity of inert material is charged on top of and below the catalytic
bed to conpPetzeitheBed SOPREP etz Ol ad Ges65P6panbtet iR Py By &tit s -
preheated and prem xed in a suitable mxer - are fed to the reactor with
up flow ThEMAnEPYEGE St H&er ERECEBR pPOATREIT Y vt &F dde -re50 5.
Decenber 2003 as descrjbed in exanpl . .The reaction conditions during
the test ar@th faF¢ow F\%‘?Ctl%acstjir@r‘?%te Hhr S Gig%%rlﬁeafbeﬁtolﬁlgpr essure

= 19 barg gﬁgﬁc é%éHfgtion loop of the temperature inside the reac-

tor, regulation loop of the pressure inside the reactor,
reactor effluent cooler and collection system of the liguid
and gaseous products.

In particular, the reactor consists of a cylindrical
steel tube with a mechanicalisealing system and a diameter
equal to about 2 cm. A thermometric holder having a diame-
ter of 1 mm is situated along the major axis of the reac-
tor, inside which there is a thermocouple free to run along
the major axis of the reactor.

A catalyst based on beta zeolite, prepared according
to the procedure described in patent application EP 847,802
in example 4, 1is charged into the reactor in a quantity
corresponding to a height of the catalytic bed equal to 10
cm. A quantity of inert material is charged on top of and
below the catalytic bed to complete the bed. The benzene
and isopropanol (IPA) reagents - preheated and premixed in
a suitable mixer - are fed to the reactor with up flow.

The analysis of the reaction products is carried out
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(Benzene] /[I PA] = 5.82 nol es/ nol es The reaction conditions sel ected
correspond to operat- ing in mxed gas/liquid phase with a total
concentration of water equal to about 35,000 ppm and aSdiavember 8@0%n of
wa- ter present in the liquid phase equal to about 8,900 ppm This
attribution is effected as already described in the previous exanples, by
assimlating the reaction system as far as the conpositions are
concerned, ts Hhecsystkemn [dempdre]l.[ ThepHeareior boB8dihol @sd nadkesngand

[ benzene]/ (wa- ter] = 5.8. Figure 4 shows the trend of the nolar

sel ecti vi t yth¢ Arddt 1aRA] thedfablavrirgel ectivity [Cum]/[IPA] in relation to
the productivity of the catalyst reached. The trend of the data indicated
in figure 4Rshowsom tegpevabute const ant dEHE i vation of the catal yst unlike
what is indicated in exanples 1 and 3. The type of deactivation however is
di fferent fRemctidmatorebsthe Tapi d deacti¥dtdmgn observed in the test of ex-
anple 2. The selectivities show a certain decrease already with - 31 5
Decenber 2088SW: productivity equal to 4beb cunene/ Kg beta; together with
t hese productivity values a slight drop in the conversion of the al cohol

i s al so regiBergae] MBF_h passes from yuhmaliesdpiesto 99. 7% The drop in

selectivity and conversion in this test is -
The reaction conditions selected correspond to operat-

ing in mixed gas/liquid phase with a total concentration of
water equal to about 35,000 ppm and a concentration of wa-
Ll ter present in the liquid phase equal to about 8,900 ppm.

This attribution is effected as already described in
the previocus examples, by assimilating the reaction system,
as far as the compositions are concerned, to the system
fbenzene) /[propylene] = 5.8 moles/moles and [benzenel]/ [wa-
ter] = 5.8.

Figure 4 shows the trend of the molar selectivity
{Ar]/[IPA] and molar selectivity [Cum.]/[IPA] in relation
to the productivity of the catalyst reached.

The trend of the data indicated in figure 4 shows a
slow but constant deactivation of the catalyst unlike what
is indicated in examples 1 and 3.

The type of deactivation however is different from
that of the rapid deactivation observed in the test of ex-
ample 2.

The selectivities show a certain decrease already with
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however much sl ower than that described in exanple 2 and consequently the
deactivation rate is slower in this test wth respect to that regi stered
in exanple 2. .1t can therefore be concluded that the readPémmbeodd3 tions
adopted in this test, corresponding to operating in mxed phase with a
concentration of water present in the |liquid phase equal to about 8, 900
ppm cause a gradual but not rapid deactivation of the catalyst, unlike
the rapid asaeastduwativdnyodgerve 40 dxaophend/KEXANBL EcSgdrheant kayiltait | on t est
of benzene with a m xture of iso- propylic alcohol and propylene is carried
out using theesequigiventiviegscrabeds i a ekanpt edfop Tive clat atystenssied and t he
quantity charged into the reactor are the sanme as those specified in
exanpl e 1. dhecha edebhoh condiltscomrsgdatengdt hehitcbspaases abrdwlquans:
Tenperature at the inlet = 180C Pressure = 19 barg WHSV = 20 h-1

[ Benzene] / [ Priopyilvenéo+PPA]5 = 7 nol es/noles - 32 5 Decenber 2003

[ Propylene]/[I PA]= 2.0 nol es/ nol es The reaction conditions sel ected
correspond to opf@eatiropnin i yehfctédigusAnd geenvesisase Wit Bhbs ttaasll is
concentration of water present equal to about 10,000 ppm and a

concent r at i RS iRy ﬁdr%’%ntthlaﬁ tthat |C1$Lﬁcdlbﬁﬁséﬂe@éémpi1@ gbawd 6, 400

consequently the deactivation rate is slower in this test
with respect to that registered in example 2.

It can therefore be concluded that the reaction condi-
tions adopted in this test, corresponding to operating in
mixed phase with a concentration of water present in the
liquid phase equal to about 8,900 ppm, cause a gradual but
not rapid deactivation of the catalyst, unlike the rapid
deactivation observed in example 2.

EXAMPLE 5

An alkylation test of benzene with a mixture of iso-
propylic alcohol and propylene 1is carried out using the
equipment described in example 1.

The catalyst used and the qguantity charged into the
reactor are the same as those specified in example 1. The

reaction conditions during the test are as follows:

Temperature at the inlet = 180°C

Pressure = 19 barg

WHSV = _ 20 n™t
[Benzene]/[Propylene +IPA] = 7 moles/moles
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ppm This attribution is effected as already described in the previous
exanpl es, by assimlating the reaction system as far as the conpgsitions
are concerned, to that described in exanple 1. Figure &DsRMRE 403t r end of
the nmolar selectivity [Ar]/[totC3] and nolar selectivity [Cum]/[totC3] in
rela- tion to the productivity of the catalyst reached. For the whol e
duration of the test, there were no signs of deactivation of the catalyst
such as, fotPzoparphne)/[BPAMdp in the cohverwiles/@plafcohol and/ or propyl ene
(quan- titative for the whole duration of the test) or an increase in the
fracti on of pol FaEk¥RaEeEHrisdgétd oOnThee ket et iCprepaBOMtr ihPRsétwhol e t est
remai ned sub- stantially unaltered with values equal to about 85.3% for
Sel . [Cun] ¥19 tix @3 xednde bohftige PSR of i Eel2 tRARL FopERREZition Rfthis case
the concentration of water present in the liquid phase is within the
limts indivaitedd PEEFBRR ¥ dicd 2PPHE FaptY dedcerdati oAt oHEer@rHani n
exanple 2 or_the slow but gradual _deactivation of exanple 4. - 33 5
Decenber 2003 BLAVPIRESSPEorPalati vefuitheP iR e iTrertPauteduitpient -
described in exanple 4 is used and also the sane catal yst, the anal ysis of
the re- act®®h products is carried out according to the procedure already
described in ex%gggea%trlggtﬂggciéngfgggg Iéﬁ“ﬂlready described in
the previous examples, by assimilating the reaction system,
as far as the compositions are concerned, to that described
in example 1.
Figure 5 shows the ftrend of the molar selectivity
[Ar]/[totCi] and molar selectivity [Cum.]/{totC;] in rela-
tion to the productivity ¢f the catalyst reached.
For the whole duration of the ¢test, there were no
signs of deactivation of the catalyst such as, for example,
a drop in the conversion of alcohel and/or propylene (gquan-
titative for the whole duration of the test) or an increase
in the fraction of polyalkylated products.
The selectivities during the whole test remained sub-
stantially unaltered with values equal to about 85.3% for
Sel. [Cum]/[totCs;] and about 96.0% for Sel.[Ar]/[totC;].
In this case the concentration of water present in the
liquid phase is within the limits indicated herein to avoid

the rapid deactivation observed in example 2 or the slow

but gradual deactivation of example 4.
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during the test are as follows: Reaction tenperature = 190C Reaction
pressure = 30 bar WHSV = 4 h-I [Benzene]/[IPAlin feeding = 5.82

mol es/ mol es These conditions ensure that the reaction s{dtesambsr 2npl et el y
in liquid phase. Mre specifically, the reaction conditions selected
correspond to operating in the presence of |liquid phase alone with a total
concentration of water present equal to about 35, 000 ppm This attribution
is ef fectedE&Pafr éadyoniesextidbed in the previous exanples, by assimilating
the reaction system as far as the conpositions are concerned, to the
system [benzen&hp[ propyd-Eire]imensad Aok eyleTol desandPibehn -2 2@eFE/ Fwat er] =
5.8. This attribution is effected as already described in exanple 4,

obvi ously tikiusgdt Reddetseridit seper aeFaby Predhesapalysmtd HecddentteFigure 6
shows the trend of the nolar selectivity - 34 5 Decenber 2003 [Arl /[ PA]
and nol ar SAEEN HEOFULEEMLF/ FEPA}EH noﬁ‘él‘é‘f?‘bﬂj“‘tgo e sy AR ey of the
catalyst. The trend of the data indicated in figure 6 shows an k6 extrenely

rapi d deact3\eeEddn WSAHEEat Hl ySFATRA | ke ISt TFCIRErSRWHACBRanpl e 4

where the deactivati on was nuch
during the test are as follows:

Reaétion temperatﬁre = 190°C

Reaction pressure = 30 bar

WHSV = 4 h™t
[Benzene]/[IPA]in feeding = 5.82 moles/moles

These conditions ensure that the reaction system is
completely in liquid phase.

More specifically, the reaction conditions selected
correspond to operating in the presence of liquid phase
alcne with a total concentration of water present equal to
about 35,000 ppm.

This attributicon is effected as already described in
the previous examples, by assimilating the reaction system,
as far as the compositions are concerned, to the system
[benzenel/[propylene] = 5.8 moles/moles and [ben-
zene}/[ﬁater] = 5.8.

This attribution is effected as already described in
example 4, obviously taking the different operating pres-
sure into account.

Figure 6 shows the trend of the molar selectivity
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sl ower and nore gradual. The selectivities drop very rapidly and al so the
con- version of isopropylic alcohol not indicated in the fig- ure) drops to
about 80% after reaching productivities of |ess than 49Drgember ne/ Kg
beta. It can therefore be observed that the reaction condi- tions adopted
in this test, corresponding to operating in conpletely liquid phase with a
concentration of water pres- ent in said phase equal to about 35,000 ppm
cause a rapgad)/deex!i yadi oolaf theecataltyst [Qunl.iiKEIWnat insrehdttat ed in
exanples 1, 3 and 5 and in particular exanple 4, carried out under

conpl et el y canahegousduraactitgno€onide t¢aoms.yexcept for the reaction pressure.
A conparison wth the data of exanple 4 denonstrates the actual inportance
of the water coftgentretd orf |ihe tdate ainEdaiedeiin. fOauexceedhpgs tde |inmt of
8,000 ppm the deactivation of the catalyst seens in fact gradual at

first, as iexltusthedy edapid t deackitve talonf icgurtdied cagad Yer t huBhixe ngh@ase in the
wat er content the deactivation becomes rapid, or extrenely rapid, as can
be seen frdm tdisedaed 6h exagplesdDspeFBethe0ORaEt §urlel @ o¥a§ i Gutle 2.
EXAMPLE 7 An al kyl ation test of benzene with a m xture of iso- propylic

al cohol andlprepysehenqrs gaRAred- out using the same equi prent described in

exampl e 1, except for the in- ) -
The selectivities drop very rapidly and also the con-

version of isopropylic alcohol {not indicated in the fig-
ure) drops to about 80% after reaching productivities of
iess than 40 Kg of cumene/Kg beta.

It can therefore be observed that the reaction condi-
tions adopted in this test, corresponding to operating in
completely liquid phase with a concentration of water pres-
ent in said phase egual to about 35,000 ppm, cause a rapid
deactivation of the catalyst unlike what is indicated in
examples 1, 3 and 5 and in particular example 4, carried
out under completely analogous reaction conditions except
for the reaction pressure.

A comparison with the data of example 4 demonstrates
the actual importance of the water concentration limit
claimed herein. On exceeding the limit of 8,000 ppm, the
deactivation of the catalyst seems in fact gradual at
first, as illustratedrby the data of figure 4, and with an
increase in the water content the deactivation becomes

rapid, or extremely rapid, as can be seen from the data of
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troduction of an additional section which allows the reac- tion effluent to
be recycled to the reactor itself. In this test, the products |eaving the
reactor enter an Al S1316 barrel having a volune of 2 | Pt&cemMbaasi3i ned

at a pressure of 2.5 Barg. The effluent, on cooling to room tenperature,
separates water which is continuously drained fromthe bottom of the
barrel. Part of the organic phase, saturated with water and contai ni ng
about 500 pphgulss & @cyfigker] 2-0 the reaction section by nmeans of a speci al
dosage punp. The part of organic phase not re-fed to the reaction section
is sent instedtPlf % he product collection section and analyzed as is
custonmary for the evaluation of the catalytic performance. The ratio

bet ween t he houriny adiahel+9n ofeHf fP PR MY itthe & EHUSR SéctiiSon re-fed
to the reaction section itself and the hourly quantity of effluent from
the reacti OPFRRIELIG | DIFRGE rEs RIFRY LSwe rje%c??ﬁ?ﬂ%c?‘%/'bnuﬁén‘aeftpﬁed as the
recycling ratio. The reaction conditions during the test are as.fol - 36 5

Decenber 20834 REIIPTPRpERIEEREGI MR XIS & FIGEPTPIREsIPE 4730 barg
VHSV = 20 hEéédJé%?%%eg%]é Fﬁéﬁ?@fgﬁéi”égﬁkﬁoﬁ Zh?cgngfngQME%% reac-
tion efflueﬁf to be recycled to the reactor itself.

In this test, the products leaving the reactor enter
an AIST316 barrel having a volume of 2 liters, maintained
at a pressure of 2.5 barg. The effluent, on cooling to room
temperature, separates water which is continuously drained
from the bottom of the barrel. Part of the organic phase,
saturated with water and containing about 500 ppm, is recy-
cled to the reaction section by means of a special dosage
pump .

The part of organic phase not re-fed to the reaction
section is sent instead to the product collection section
and analyzed as is customary for the evaluation of the
catalytic performance.

The ratio between the hourly quantity of effluent from
the reaction sectlon re-fed to the reaction section itself
and the hourly quantity of effluent from the reaction sec-
tion not re-fed to the reaction section is defined as the
recycling ratio.

The reaction conditions during the test are as fol-
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[ Propylene]/[IPA]* = 2.0 noles/noles Recycling ratio =3 ww?®* = ratios
referring to the feeding of the fresh reagents to the reaction section
These conditions ensure that the reaction systemis coRpteseBIbgr 2003 i qui d
phase. Morre specifically, the reaction conditions selected correspond to
operating in the presence of liquid phase alone with a total concentration
of water present in the reactor. equal to about 2,900 ppm which w thout
the recy- clowg: of the reactor effluent would instead be equal to about
10,000 ppm i.e. equal to the total water developed in the reaction
analogoustTeMDQwanHLeaz thi snlatt H buti®h G s effected as al ready descri bed
in the previous exanples. A catalyst based on beta zeolite, prepared
accordi ng Eée$$eﬁpfbcedure descri bed iﬁ3ﬁéﬂ@nt application EP 847,802 in
example 4, is charged into the reactor in a quantity corresponding to a
hei ght of tWeS¢atalytic bed equal to 429 %cm - 37 5 Decenmber 2003 Figure
7 shows the trend of the nolar selectivit [Ar]/[tot C3] and nol ar

sel ecti vi ty [Benarn9l[/i(Sreylere reiBd) *t Fon- gom?#ﬁﬁ /Brod@8ctivity of the

catal yst. For the whol e duration of the test there were no signs of
deactlvatloﬁPEﬁpﬁﬁﬁ?QQéﬂéP§§f‘Such as, f&r0Rakfi/goles

Recycling ratio = 3 w/w
* = ratios referring £o the feeding of the fresh reagents
to the reaction section

These conditions ensure that the reaction system 1is
completely in liquid phase.

More specifically, the reaction conditions selected
correspond to operating in the presence of liquid phase
alone with a total concentration of water present in the
reactor. equal to about 2,900 ppm, which without the recy-
cling of the reactor effluent would instead be equal to
about 10,000 oppm. i.e. equal to the total water developed
in the reaction analogously to example 2.

This attribution is effected as already described in the
previocus examples.

A catalyst based on beta zeolite, prepared according
to the procedure described in patent application EP 847,802
in example 4, is charged into the reactor in a quantity
corresponding to a height of the catalytic bed equal to

42.5 cm.
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a drop in the conversion of al cohol and/or propylene (quan- titative for
the whole duration of the test) or an increase in the fraction of

pol yal kyl at ed products. The selectivities during the whéllecesber 2édai ned
sub- stantially unaltered with val ues equal to about 82. 1% for

Sel .[Cun]/[totC3] and about 94.8% for Sel.[Ar]/[totC3]. The data and graph
provi ded denonstrate that on dilut- ing the content of water produced by

t he dehydrati on mfguresopr epy¥s c thkcohmdndyof eypel | myl par sebéct el tveact or
efflu- ent to the reactor itself, it is possible to avoid the problem of
t he cat al ystadpaptanfal i endwho thr weell €kt ion tvhelCuot-Réil thadd, irakeels-ace

w thout the recycling and with the sane other operating conditions, due to
t he hi gh contemtta-thel pmodficwatidry. oFhénexpadd brat.of recycling the reaction
effluent to the reactor therefore proves to be an adequate system for
keepi ng t he concent raité onhefe wdticat peeseit thia higsthethere Weseclrd ned
herein in order to avoid problens relating to the rapid deactivation of
the catal yssigus oif deswsiertiommrfséhgheatopesativeg gt sfae emaEdinits. -
38 5 Decenber 2003 EXAMPLE 8 (conparative) An al kylation test of benzene
with a nixtarered jinsdheprepyditionl eshdlcahdl pup\AreRECPELIR? r {BHBUt usi ng

the equi pnrent described in exanple 1. The reaction conditions during the
test are astibitive for the whole duration of the test) or an incCrease

in the fraction cof polyalkylated products.

The selectivities during the whole test remained sub-
stantially unaltered with values equal to about 82.1% for
Sel. [Cum)/[totCs;] and about 94.8% for Sel.[Ar]/[totC;].

The datz and graph provided demonstrate that on dilut-
ing the content of water produced by the dehydration of
isopropylic alcohol by recycling part of the reactor efflu-
ent to the reactor itself, it is possible to avoid the
problem of the catalyst deactivation which would, on the
other hand, take place without the recycling and with the
same other operating conditiops, due to the high concentra-
tion of water.

The expedient of recycling the reaction effluent to
the reactor therefore proves to be an adequate system for
keeping the concentration of water present within the lim-
its claimed herein in order to avoid problems relating to
the rapid deactivation of the catalyst which, however,

arise when operating outside these limits.
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| ows: Tenperature at the inlet = 180C Pressure = 14 barg wHSV = 20 h-1

[ Benzene] /[ Propyl ene +I PA] = 7 nol es/ noles [Propyl ene]/ [ngsz] = 2.0

nmol es/ nol es The reaction conditions sel ected corresponddfscepbenddis3ing in

m xed gas/liquid phase with a total concentration of water present equal
to about 10,000 ppm and a concentration of water present in the liquid
phase equal to .about 3,180 ppm This attribution is effected as al ready
descri bed i axambEE pr eddooparexavgl es, by assimlating the reaction system
as far as the conpositions are concerned, to that described in exanple 1.
A commer ci al catal ystkyllSZ 1830 teltD ¢cbhabedzeme Ywigonl at®)xtuse chariged i nto the
reactor in a quantity corresponding to a catalytic bed height equal to
42.5 cm Fi goopyBicshawsolidle an@ndropyldrmes nbbarcageliedt iowict yusipar [¥He ot C3]
and nol ar selectivity [Cum]/(totC3] inrela - 39 5 Decenber 2003 tion to
t he product equipraft tdesceabaflyst exXmngldatta i ndicated in the graph of figure
8 clearly denonstrate, if conpared with those of figure 1 relating to the
experi ment descritisedréarctaanpiaditiphat dagahasthquitiesta arsi @s afol-
[Ar.]/[totC3] selectivity, there is a nuch | ower

lows:

Température at the inlet = 180°C

Pressure = 14 barg

WHSV = 20 ht
[Benzene]/{Propylene +IPA] = 7 moles/moles
{Propylene}/[IPA]= 2.0 moles/moles

The reaction conditions selected correspond to operat-
ing in mixed gas/ligquid phase with a total concentration of
water present equal to about 10,000 ppm and a concentration
of water present in the liquid phase equal to .about 3,180
ppm.

This attribution is effected as already described in
the previous examples, by assimilating the reaction system,
as far as the compositions are concerned, to that described
in example 1.

A commercial catalyst TSZ 330 HUD (based on Y zeolite)
is charged into the reactor in a quantity corresponding to
a catalytic bed height equal to 42.5 cn.

Figure 8 shows the trend of the molar selectivity

[Ar]/[totC:] and molar selectivity ([Cum.]/[totCs;] in rela-
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[Cum]/[totC3] selectivity wwth the TSZ 330 HUD cat al yst,

based on Y

zeolite, with respect to the catal yst based on beta zeolite. The

[Ar.]/[totC3] selectivity, in fact, in this test has ahDgoerbgellPl ue

equal to 98.5% agai nst an average value equal to about 98.8%in exanple 1
but the [Cum]/[totC3] selectivity on the other hand has an average

equal to about 76.1% agai nst an average val ue equal to about 84.0%in

exanpl e 1. tilinstpeans phaiudtheifyaet idre gltpolyygal kyl at ed prod- ucts,

especially diisopropyl benzenes, is nmuch greater with the TSZ 330 HUD

val ue

catal yst than tleef dacei dndotatpayl yai kyhat edepipr oBuétigunhi 8hcileatdyned with
the catal yst used in exanple 1 based on beta zeolite. In an industrial
process forderkasprateictirrogbacadeneth hioslk ebnprises & helagdodery of this
fraction in a separate transalkylation section with benzene to give cunmene
this obvi ¢l pxpepteesEnt®®sardPsadvar@iwlni th FedpardainFtaduisfat ogous
process which uses the catal yst based on beta zeolite used in exanple 1. -
40 5 Decerfdév 12003 A dmlEPECYoi SRS LViEWr oftPERE d&t A yBYECRiedBYEYation, a
substantialk% constant trend of the selectivitézcan be noted_ on the other

hand, whi cHGAdi éaERECHhSAssEAFEEBf “iHe thapl
phenonmena observed in sone of the previous exanpl es

based on Y zeolite, with respect to the catalyst based on

beta zeolite.

The [Ar.]/{totC:] selectivity, in fact, in this test

has an average value equal to 98.5% against an average

value equal to about 98.8% 1in example 1

but the

[Cum.}/[totCsi] selectivity on the other hand has an average

value equal to about 76.1% against an average value equal

to about $4.0% in example 1.

This means that the fraction of polyalkylated prod-

ucts, especially diisopropylbenzenes, is much greater with

the TSz 330 HUD catalyst than the fraction c¢f poiyalkylated

products which is formed with the catalyst used in example

1 based on beta zeolite.

In an industrial process for the preduction of Cumene

which comprises the recovery of this fraction in a separate

transalkylation section with benzene to give cumene this

obviously represents a disadvantage with respect to an

analogous process which uses the catalyst based on beta

zeolite used 1n example 1.
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This nmeans that also with a different catalyst from that used in exanpl e
1, with conpletely different catalytic performances in_terns

selectivity, there is still the positive effect of the555@?@9ﬁﬁﬁm3
conditions clainmed herein which guarantee absence of deactivation of the
catalyst in the reaction in question, regardless of the total content of
wat er present in the reaction mxture. The water concentration limt

cl ai med herei n themeftbeepoaht ovis tiker alfkyhat care neactieent ofathienzene W th

i sopropanol or m xtures of isopropanol/propylene to be carried out re-
gardl ess of sthetdotisd] lwat ernge@ntent rémd t koé rdact sehect and v t bher efoer e t ot al
content of isopropylic alcohol in the feed- ing - and regardl ess of the
zeolitic cahtatgsdtoudde. obhdecersbr w2008 ChAlMBdF tAeprbsense far dhlze

al kyl ati on of aromatic conpounds by the reaction of the aromatic conpound
of interestrapith andédprogardhal aldeastdvanived phierhmprdpybeneyedonsi sting
in carrying out said reaction in the presence of a catalytic conposition
based on zedPne eof Uigepravkeds sy@spliegui d phase conditions or under
conpletely liquid phase conditions, at such tenperature and pressures
that the concentTHiS geaeF idwdr 4lsxt el tfeat HoRt$ TN dPateRase ifromot hi gher
t han 8, 000 regardl ess of the total water content present in‘the
reaction n1£?%ﬁ(¥3%? IPhexpRRtesy Maiht Reral Ry &t iU fereat ormhdlytéenpounds

according to claim 11, wherein the aromatic conpound is
performances in terms of selectivity, there is still the

positive effect of the operating conditicns claimed herein
which guarantee absence of deactivation of the catalyst in
the reaction in guestion, regardless of the total content
of water present in the reaction mixture.

The water concentration limit claimed herein therefore
allows the alkylation reaction of benzene with isopropanol
or mixtures of iscopreopancol/propylene to be carried out re-
gardless of the total water content in the reaction - and
therefore total content of isopropylic alcohol in the feed-

ing - and regardless of the zeclitlic catalyst used.
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benzene. 3. The process for the al kylation of benzene according to the
previous claim characterized in that the reaction is carried out under
such conditions that the concen- tration of water preseAtPScAMPRR2¢43ui d
phase is pref- erably less than 7,000 ppm 4. The process for the

al kyl ati on of aromatic conpounds according to one of the previous clains,
wherein the reaction is carried out in the presence of a zeolite of the
beta, Y, ZSVLARM®r nordenite type. 5. The process for the al kylation of
aromati c conpounds according to one of clainms 2 or 3, wherein the reaction
- 42 5 Decénb@r p2008SFs fedr fhed ady e Rl eheopr e5entlel ©f CANRRBITGIFs PY
crystalline material having the conposition: [ _ o

(x/ n) M 10. 1- x) FBA] Ar&s yEpopeH2ehe ettt cn GoRPPRBA 0Rf daRFBFE ST dfidfof M x
is less than 1, y ranges from5 to 100, wis fromQ to 4, Mis a netal

sel ect ed from £RBBRECRFNYrolpLHeACT 1T *ed WikhoProRy 1PRR} 0BPRS BySt M or from
transition netals, TEA is tetraethylanmoni um 6. The@grocess faor the

al kyl ati on of &PorfR5 1 EGnPRInd$2ihcEERAFRT™ t 30t Ne'Sr BEFIRACELI 8F m@ wher ei n

the reaction catalytic composition based on zeolite, under mixed
gas-liquid phase conditions or under completelf liéuid
phase conditions, at such temperature and pressures
that the concentration of water in the reaction liguid
phase is not higher than 8,000 ppm, regardless of the
total water content present in the reaction mixture.

2. The process for the alkylaticen o¢of aromatic compounds
according to claim 1, wherein the aromatic compound is
benzene.

3. The process for the alkylation of benzene according to
the previous claim, characterized in that the reaction
is carried out under such conditicns that the concen-
tration of water present in the ligquid phase is pref-
erably less than 7,000 ppm.

4. The process for the alkylation of aromatic compounds
according to one of the previous claims, wherein the
reaction is carried out in the presence of a zeolite of
the beta, Y, ZSM-12 or mcordenite type.

5. The process for the alkylation of aromatic compounds

according to one of claims 2 or 3, wherein the reaction
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is carried out in the presence of a conposition corre- sponding to the
above fornula present in acid form 7. The process for the al kylation of
aromati c compounds according to one of claims 2 or 3, wH&aeMvef 0% eaction
is carried out in the presence of a catalytic conmposi- tion conprising a
beta zeolite and an inorganic |igand. 8. The process for the al kyl ati on of
aromatic conpounds according to the previous claim wherein the reaction
is carried out iFnCeRBL$f edehck? o' RIERSENYPEI €LcampesPysSt FrS edHpYISi ng a
beta zeolite and an inorganic |igand, characterized by an extra-zeolite
porosity consi 88Fagie¥ A2Vanpr ABei SPFIGTS Wt OPéast 25% of pores with a radi us
- 43 5 Decenber 2003 hi gher than 100 A, or further characterized by a
total extra-zédkinlle(lpgdré vwolbhbrEyuabi®owerOgreater than 0.80 ni/g. 9.
The process for the al kylation of aromatic conmpounds according to one of
claims 7 or 8, “MRE®®®n the inor- ganic ligand of the catal ytic composition
in the pres- ence of which the reactioréis carried out, is selected from

oxi des of siliBohS HUMRHEER oM EoriURafd magne- sium 10. The process for

t he al kyl ati on of onmat ihc cgrrpounds according to one of clainms 1 or 2,
wherein the redctfor®> $"@8rfred out with isopropanol alone. 11. The

process for ths gékgésatgr%rr}l gf tgr%r@’ti Cc conpounds
w is from 0 to 4,
M is a metal selected from those of groups IA, IIA,
TIIA of the Pericdic System or from transition metals,
TEA is tetraethylammonium.

6. The process for the alkylation of aromatic compounds
according to the previous claim, wherein the reaction

" is carried out in the presence of a composition corre-
sponding to the above formula present in acid form.

7. The process for the alkylation of aromatic compounds
according to one of claims 2 or 3, wherein the reaction
is carried out in the presence of a catalytic composi-
tion comprising a beta zeolite and an inorganic ligand.

8. The process for the alkylation of aromatic compounds
according to the previous claim, wherein the reaction
is carried out in the presence of a catalytic composi-
tion comprising a beta zeolite and an inorganic ligand,
characterized by an extra-zeolite porosity consisting

for a fraction of at least 25% of pores with a radius
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according to one of clainms | or 2, wherein the reaction is carried out at

a tenperature ranging from 170C to 230C, at a pressure ranging from10 to
50 bars and at a WHSV ranging from10 h-' to 1 h-'. 125Tasepbeedld® for t he
al kyl ati on of aromatic conpounds according to one of clains 1 or 2,
wherein the reaction is carried out wwth an al kylating m xture consi sting
of isopropanol and propyl ene., 13. The process for the al kyl ati on of
aromati ¢ conpoliigserasierdify Lo erafwFamer wHEEGterhéet eBét foh®FRcarried
out with a nolar ratio between benzene and isopropanol ranging from3 to
10. - 44 5 Dec&fsER-20081U4 FRES prodess i alhetal I SR TS T Ardtmtic
conpounds according to the previous claim wherein the reaction is
carried out with82 Mdf%r ratio between benzene and i sopropanol preferably
ranging from4 to 8. 15. Tgﬁﬁfrocess LOﬁ t he aIEyIatiQQ.of aronatéc
conpounds  dccdPdi RFISESEl ith 199 WREFELATIIE PEadEPBR TS S8MPPRESSout with_
a nolar ratio between benzene and al.kyl ati.ng L Xt ure_rangj from3 to 10.
16. The procesécFBFng% EPkﬁpﬁtﬁ%wQﬁg%W%ﬁgf?%n%bnﬁé%ﬁegl g@%o% ?ﬁg to the

A A L AL S
The process fo%d%geo%lﬁ%k%ﬁiQHQOLQQEQPEEifgcaﬂﬂggﬁd%ut( is selected

from oxides of silicon, aluminum, zirconium and magne-

sium.

10. The process for the alkylation of aromatic compounds
according to one of claims 1 or 2, wherein the reaction
is carried out with ilsopropanol alone.

11. The process for the alkylation of aromatic compounds
according to one of claims I or 2, wherein the reaction
is carried out at a temperature ranging from 170°C to
230°C, at a pressure ranging from 10 to SO.bars and at
a WHSV ranging from 10 h™ to 1 h™.

12. The process for the alkylation of aromatic compounds
according to one of claims 1 or 2, wherein the reaction
is carried out with an alkylating mixture consisting of
isopropanol and propylene.

13. The process for the alkylation of aromatic compounds
according to claim 10, wherein the reaction 1is carried

out with a molar ratio between benzene and isopropanol

ranging from 3 to 10.
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according to one of clains 14, 15 or 16, wherein the reaction is carried
out using an al kylating m xture consisting of isopropapgl and yl ene in
a nolar ra- tio ranging from10 to 0.01. 18. The procesge?ﬁ?m?ﬂg&ﬁgkylation
of aromatic conpounds according to the previous claim wherein the
reaction is carried out using an al kylating m xture consisting of

i sopropanol ., an ropyl ene i.n_a nol ar,  atli refera- Y. aggﬁﬂgjfron15 to
0.1. 19.A p}gcggg £Orethe 5?5p§¥%ﬁi%ﬁ¥%) tgﬁgno"c%ﬁ&éggﬁcag t he ngrselirrinary

al kyl ati on of beg%iej‘glf“g%é@;%%gé%@:%o%ﬂﬁp’e ﬂefgi edthvg t Ryl ene, the

oxi dation of th& nmene us obtalned, the acid

treatment of ng}/'cgéégié’" BeLoyLde. - 1he) lydrooenabLlonal ddie.daeelage whi ch

is forned as product and recycling e i1 sopropanol which is thus

f or med, characggéﬁfééggﬁ%r Q@Eei£ﬁh§r%§dd¥ng al-kyl ati oy of the benzene takes

pl ace by neans 0 cess according to one or nore of 'clainms 1 to 18.
20. The progessyfor, Lhesal kykatd@n of - Areuehi GCOoNPAHYE: a&eRIMIGRY to one

of clainms 1. or 2, wherein part of the organic phase of the reaction

effluent is rezfed-dthd h® J10a6t 190 s8ekken, cAbt ecagondd NG angSepar ation
of the aqueous phase ‘and organi c phase. 21. The process for the

preparation of ,gUMgRAeLagCRbILRIrheioChatimedn BBRi&Id ike pDLyRldiykat ed
products present in :
mixture ranging from 3 to 10.

16. The process for the alkylation of aromatic compounds
according to the previous claim, wherein the reaction
is carried out with a molar ratio between benzene and
alkylating mixture preferably ranging from 4 to B.

17. The process for the alkylation of aromatic compounds
according to one of claims 14, 15 or 16, wherein the
reaction is carried out wsing an alkylating mixture
consisting of isopropancl and propylene in a molar ra-
tio ranging from 10 to 0.01.

18. The process for the alkylation of aromatic compounds
according to the previous claim, wherein the reaction
is carried out using an alkylating mixture consisting
of isopropancl and propylene in a molar ratio prefera-
bly ranging from 5> to 0.1.

19. A process for the preparation of phenol comprising the
preliminary alkylation of benzene with isopropanol,

alone or mixed with propylene, the oxidation of the cu-
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the effluents of the reaction section are separated in a specific
fractionation :section and sent to a transal- kylation section with
benzene. 22. The process for the alkylation of aromati c®&BBHRAHI0S
according to claiml1l, wherein the said aromatic conpound is a benzene and
the effluent froma reaction zone, after appropriate cooling, is separated
into an organi ¢ phase and an aqueous phase, after which the aqueous phase
i s discharged, whereas the organic phase is sent to a fractionation

secti on, ar res t sal d. reaction zone._-46 5 cenber 2003
23. The p@%ggsghg%%ogaﬁggnég’CH§F%1igfdmﬁg?ggwepﬁe‘?%a8P93AE§858' consi sts
of two or gggeirgactgﬁg Hp(gt Ieaﬁg one 3f mgich t he al kyl.ation reaction
is carri eBS68€ RFeh | SopropAndI ST Pkt ub e o G0 p&Rdichand Spr opyl ene
and in at least one of mh&ch thedﬁlK¥lat'ph reaction is carried out with
propyl enefCBHSATRE pPYTREQIUGE o A gF T oY Bf O¢| fihks PIOBECRANOWherei n t he
fractionation section to which the organic phase obtained by separation of
the ef fl UBRECRr dfh EAYS dFICGH f&ﬁ%aék?gﬁﬁﬁq 1 gy sdse aldeptdpanat i ng
zone, a debenzenating zone, a cunene finishing zone and a zone for the
separ at i ol kY LaBiPRomfopythehoBaeae aders Rdfsieacker reaasi wf halbet he
depropanating zone for the separation of propane normally present in the
ol ef i ni c RARAFYRSf BECAFRY NGt FOnocBBNPE| BeEeaofi ¢baims 1 to 18.

20. The process for the alkylation of aromatic cdmpounds
.aécording tq one of claims 1. or 2, wherein part of the
organic phase of the reaction effluent is re-fed to the
reactidn section, after cooling and separation of the
aqueous phase and organic phase.

21. The process for the éreparation of cumene according to
claim 2, wherein the polyalkylated products present in
the effluents of the reaction section are separated in
'a specific fractionation .section and sent to a transal-
kylation section with benzene.

22. The process for the alkylation of aromatic compounds

according to claim 1, wherein the said aromatic compound is

a benzene and the effluent from a reaction zone, after

appropriate cooling, is separated into an organic phase and

an aqueous phase, after which the aqueous phase 1s

discharged, whereas the organic phase 1s sent to &

fractionation section, or partly re-fed to the said reaction

zone.
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depropanating colum to which the organic stream downstream of the cooling
and separation sections is fed together with a recycled benzene stream
and al so a second depropanating colum to which the st?E8R¢PPe203 benzene
at the head of the first depropanating colum, is fed, and two streans

| eave the bot 5 Decenber 2003 tom of said depropanating colums, which are
sent to the above debenzenating colum. 25. The process for the al kylation
of benzene with isopro- panol, alone or m xed with propylene, according to
clainms 22 or 23, wherein the depropanating zone in the fractionation
section consists of two depropanating colums, the first of which is fed
with effluents de- riving fromthe al kyl ation section in which the reac-
tion is carried out with isopropanol, alone or with propylene, the second

bei ng feg widh gifluents cemg oo LAk e aldhpk-at h o atkicenoepesad i ng with
propyl ene alone. 26. The process for the al kylation of benzene wth

i sopro- panéPnsasbheCbr R x2d Nith FPGHFEnd”” aEcoPaFhgPto °tl 4 He 24 or 25

and char act ghi.zgdy | ThdiRAL rbhe: SBPakacatt oy Qutt hetRgueguspphasect rom t he
organi c phase is carried out in the refl ux accunulatorifof t he depro-

panating colirmk¥re 50 DecEmIePaDeh R PREGESY FER FE ALRYLATPEN SF° AROVATI C

COVPOUNDS AQsitikaCtne alkylation reaction is carried out with propylene.

24. The process according to one of claims 22 or 23, wherein the
fractionation section to which the organic phase obtained by
separation of the effluent from the reaction =zone, 1is sent,
comprises a depropanating zone, a debenzenating zone, a cumene
finishing zone and a zone for the separation of
diisopropylbenzenes, and is characterized 1n that  the
depropanating =zone for the separation of propane normally
present in the olefinic charge for alkylation comprises a first
depropanating column to which the organic stream downstream of
the cooling and separation sections is fed together with a
recycled benzene stream, and also a second depropanating column
to which the stream rich in benzene at the head of the first

depropanating column, is fed, and two streams leave the bot-
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Process for the al kylation of aromatic conpounds by the re- action of the
aromati ¢ conpound of interest with isopropa- nol, alone or mxed with

propyl ene,

characterized in that

presence of a catalytic conposition based on zeolite, under m xed

gas-liquid phase

at such tenperature and pressures that the concentration of water
reaction |iqui dophase saddnstepyogheptimancelepos, pphi ol wireegarndl éos of the
wat er content present in the reaction mxture. Fig. 11 -49

t ot al

25.

26.

the above debenzenating column.

The process for the alkylation of benzene with isopro-
panol, alone or mixed_ with propylene, acccrding to
claims 22 or 23, wherein the depropanating zone in the
fractionation section consists of two depropanating
columns, the first of which is fed with effluents de-
riving from the alkylation section in which the reac-
tion is carried out with isopropanol, aleone or with
propylene, the second being fed with effluents coming
from the alkylation section operating with propylene
alone.

The process for the alkylation of benzene with isopro-
panol, alone or mixed with propylene, according to
claims 24 or 25 and characterized in that the separa-
tion of the aqueous phase from the organic phase 1is

carried out in the reflux accumulators of the depro-

panating columns.

_48_

said reaction is carr Pdipcenber A0Qhe

conditions or under conpletely liquid phase conditions,

in the





