8 January 2004 PROCESS FOR THE REGENERATI ON OF ZEQOLI TI C CATALYSTS The
present invention relates to a process for the re- generaté%uﬁé,z'boaeol itic
al kylation or -transal kylation catalyst, at |least partially exhausted, and
conprises sub- jecting said exhausted catalyst to heat treatnent with an
aromati ¢ hydrocarbon. Mrre specifically, the process of the present inven-
tion is useful for regenerating exhausted zeolitic cata- |ysts which derive
from preparation processes of nonoal ky- |ated aromati c hydrocarbons by the
al kyl ati on of an aro- matic hydrocarbon substrate with a suitable

al kyl ating agent selected from CZ-C4 ol efins, isopropanol and m xtures of
i sopropanol with propylene, or by the transal kylation of an aromatic

hydr ocarbon substrate with one or nore polyal - kylaromatic hydrocarbons,
said al kylation or transal kyla- tion processes being carried out in at
“least partially lig- uid phase and in the presence of a catalyst of
zeolitic na- ture. The regeneration of these exhausted catal ysts accord 1 -
| 8 January 2004 ing to the present invention conprises treatnent w~'th an
aromati ¢ hydrocarbon effected in at least partially liquid phase and at a
tenperature equal - to or higher than that at 5 )

PROCESS FOR THE REGENERATION OF ZEOLITIC CATALYSTS

The preseﬁi invention relates to a process for the re-
generation of a =zeolitic alkylation or transalkylation
catalyst, at least partially exhausted, and comprises sub-
jecting said exhausted catalyst to heat treatment with an
aromatic hydrocarbon.,

More specifically, the process of the present inven-
tion is useful for régenerating exhausted zeolitic cata-
lysts which derive from preparation processes of monoalky-
lated aromatic hydrocarbons by the alkylation of an aro-
matic hydrocarbon substrate with a suitable alkylating
agent selected from C;~C4 olefins, isopropanol and mixtures
of isopropahol with propylene, or by the transalkylation of
an aromatic hydrocarbon substrate with one or more polyal-
kylaromatic hydrocarbons, said alkylation or transalkyla-
tion processes being carried out in at least partially lig-
uid phase andrin the presence of a catalyst of zeolitic na-
ture.

The regeneration of these exhausted catalysts accord-



whi ch the al kylation or transal kyl ati on process was carried out. , It has
been knawn for a long tinme that the 'al kylation of aromats garisely 2e0r bon
substrates with C2-C4 ol efins can be effectively carried out by the use of
solid catal ysts based on zeolites. In 1965 the preparati on of cumene by the
reacti on of benzene with propyl ene using X or Y zeolite as catalyst, was
described for the first tine (M nachev, Kr. , et al, Neftekhimya 5
(1965) &%8) Lornkh@s@resesdol FHERNTIRR hcamPéajS%§| ireadmendt drdh oft he
al kyl ati on of benzene wth |ight ol efins was subseq uentlé descri bed by
Venut o efomgfici hygrogarRen, @f%@f@ 1.3 eagt op2rutal eséifiBés the - use
of ZSM5 type zeolites for alkylating benzene with pro- pylene. At present
t he besPhpesupngl iat thetefReaadiiisn afuak okt P& @Wé@?a?’é@nvw-bﬁt@t 4
~olefins, in particular ben- zene, in at least partially liquid phase, are
obt ai newhashi ﬁgeb@tlésy/zl@@lpneoastaawa&ﬂw@ﬁtéaﬂapy@t:e(sEPwaszcauleEP
687,500, EP 847,802). The al kyl ati on of benzene with isopropanol in the -
presenceubt Y zeolite is described in U4S. 5,015,786. In U S 5,160,497, a
dealum nated Y zeolite is used, wth a nolar ratio ranging from8 to 70,
for the al kyLat has De@nl dmesiny . f0 binpenzmmethviit htpeopykghet and
i sopropanol . Preparations of nonoal kyl ated aromati ¢ hydrocarbons by
of aromatic hydrocarbon substrates with C;~C4 olefins can
be effectively carried out by the use of solid catalysts
based on zeolites. In 1965 the preparation of cumene by the
reaction of benzene with propylene using X or Y zeolite as
catalyst, was described for the first time (Minachev, Kr.
M., et al, Neftekhimiya 5 (1965) 676). The use of zeolites
with a faujasitic structure for the alkylation of benzene
with light olefins was subsequently described by Venuto et
al. in J. Catal. .5, (1966) 81. U.S. 4,292,458 describes the
use of ZSM-5 type zeolites for alkyléting benzene with pro-
pylene. At present the best results in the alkylation of
aromatic substrates with C;~-C4 olefins, in particular ben-
zene, 1in aE least partially liquid phase, are obtained us-
ing beta zeolite as alkylation catalyst (EP 432,814, EP
687,500, EP 847,802).
The alkylation of benzene with isopropancl in the
presence of Y zeolite is described in U.S. 5,015,786.
In U.S. 5,160,497, a dealuminated Y zeolite is used,

with a molar ratio ranging from 8 to 70, for the alkylation



t he transal kyl ati on of pol yal kyl ated aromati c hydrocarbons wth aromatic

substrates in which zeolitic catalysts with small, nmediu pores
are used, are.described for exanple in U S. 3,385,906, U@% g @%gﬁﬁll and

EP 308,097. I'n particular, the transal kylation reaction of polyal- kyl ated
aromati ¢ hydrocarbons can be suitably carried out in a step follow ng the

al kyl ati_qgn ste of a y strate with an ol efin,
operati r y pF o uc are formed as by- products
RG BRNERES BoryaPhyr 4t ea b7 BaucE SPanr A h
~and are rec ¥ered Eomngtr am_of ;P &ag élatoogFl Thkgy § %f%zgo bI|t|c
catal ysts fof *FP8pariij n8 oaPRYPat€aaronat P hyar FBonR By "¥he
transal k Iation of yal kyl drocarbo s.,in a
SUbsequee (oA LRSI Bno o bl AT RALL e HEOTRE 15 chig-SgarBeEs | s
4,774, 377, U S. 4,168,111 and EP, 308, Q9 %ihe al atjon and
~transal KyCBt iFIPRGE ST chRbiheERt tﬁﬁ?%iy§ﬁ%lﬁétpo
monoal kyl ated aromatics, EP 439,632, EP 687,500 and EP 847, 802 describe ~
the pr&daddiomest uiprnd kKAEIRIPEF6RRGRE mﬁﬁdocaar%r%e$?ﬁaﬁ%ﬁio- Ofat i ¢
hydr ocar bon substrates, not onlé b% means of al kyla- tion but also by neans
d

of transxerplet iienUafd 3:88abPA aﬁkyﬂaﬂﬁ@nlhﬁda@¢aﬁ§a§Q§r997on process,
catalyzed by beta zeolite. In particular, the al kylation of benzene wth
eth 8 JanuarFHZQQItypﬁﬁérortb@oﬁ?ﬁéﬁéléﬁaaﬁh@ﬂtFQ@@E%R?I@ﬁlBﬁlaﬁldlethylben
zene or diisopropyl benzene with benzene are descri bed.

kylated aromatic hydrocarbons can be suitably carried out

in a step following the alkylation step of an aromatic hy-
drocarbon substrate with an olefin;- operating. -on the
polyalkylated products which are formed as by-products and
are recovered downstream of the alkylation. The use of zeo-
litic catalysts for preparing monoalkylated aromatic hydro-

. carbons by the transalkylation of_polyalkylated aromatic
hydrocarbons in a step éubsequegt.to'the alkyiation step 1is
described in U.S. 3,385,906, U.S. 4,774,377, U.S. 4,168,111
and EP 308,097, where alkylation and transalkylation proc-
esses are combined to obtain better yields to monoalkylated
aromatics.”

EP 439,632, EP 687,500 and EP 847,802 describe the
production of ménoalkylated aromatic hydrocarbons from aro-
matic hydrocarbon substrates, not only by means of alkyla-
tion but also by means of transalkylation and a combined
alkylation and transalkylation process, catalyzed by beta

zeolite. In particular, the alkylation of benzene with eth-



Zeolites are materials .characterized by a lattice structure in which the
pore dinensions are of the sane or- der of magnitude as tRaf,0f 1944

ol ecul es of reagents and reaction products. The high selectlv?ay of
theses materials in alkylation or transal kylation reactions, for exanple
in the alkylation of benzene to cunene or ethyl benzene, or in the

transal k iation of _benzene }%P iet? | benzen £ diisopr @é} zene, lies
both i n ¥t¥"paPti &ff"’gﬁg&ed\gc ar&l%c ’\é‘??%?lzcé’?%ﬁao& s?gsicﬁet%h ll%%r}'
shape-selectivi%¥_linked ﬁgrghe sp%ghgic ore strug}ure.gi t he catal yst.
Oni ng t FEHe ¢F it BRI S R & dis BT AT R ih&te ¥ St es are
situated and jn which the nol ecul.es react, deactivatjon is _a particularly
significant pMoheon 208 m@&ﬁrﬁéiéaugaﬂ;BSFﬁrbﬁeﬁouPYndio#at S ngle
acid sites and also b _a@ysical blockage of the channel s of the porous
system THIGCHErun t ¥R FR? nBPFBNIOTCETAOPENEEE Wit FP8 SAFEh 9FS1 ecul ar
wei ght which obstruct the free passage of reagents and products and hinder
t he reac#®Bnofr Beg8d tutfe asuddiain @ FRRpBARLPEFECFoL Lt HEAGERES VAT on of
the catal yst are prevalentI% ol i goners, polyal kyl ated products and pol y-
condensetRagoh@l | Bredngss ( ahbfr RéGheseaRFtAVIRYT Off JRAS IRtaEE Susl y
‘substituted. The conbination of these substances is hereinafter referred
to as piizhatkyBabiouapy L20enspilkydakhonn repetiossee tharemede time
catalytic mate rial can be partially or totally regenerated by neans of

the alkylation of benzene to cumene or ethylbenzene, or in

the transalkylation of benzene with diethylbenzene or

diisopropylbenzene, lies both in its particular acid char-

acteristics and alsc in the shape-selectivity linked to the

specific pore structure of the catalyst.

Owing to the limited channel dimensions in which the

acid sites are situated and in which the molecules react,

deactivation is a particularly significant phenomenon. It

can be caused both by fouling of the single acid sites and

alsc by physical blockage of the channels of the porous

system; this is due to the formation of substances with a

high moleCular weight which obstruct the free passage of

reagents and products and hinder the reaction process. The

substances responsiblé for the deactiwvation of the catalyst

are prevalently oligomers, polyalkylated products and poly-

condensed aromatic rings (anthracenes and higher aromatics})

variously substituted. The combination of these substances

is hereinafter referred to as pitches.



thermal treatnent at a high tenperature (500-600C) in an oxidative
envi.ronment (oxygen or air). This in fact allows the conbygid o4 he
pitches present in the pores and the regeneration of the material under
such conditi@Qs as to enable it to be used again in the reaction. EP 0 353
813 describes the al kylation of aromatic hy drocarbons using al kyl ating
agent s containin% %ron12 %p carbon acons, selected from ol efins,

a

20
al cohol s, al Kyl *RafioredNobst &CE & Statdy s A Hydr fdlr%ons.
Synthetic _or natural materials of the zeolitic or argillaceous type are
used asFtatalfst £ wRPERLAHLEr OondeigdthYy dB8IERFTAESDNPY ES30Se Qfegener at ed
by means of alternating cyclic washings effected with paraffins and
al cohol &leRal ptrersaehiés iinst - NhPR oMPere tyectiSPRriPdN & e iorawml | y
di stingui shed between soluble and insoluble products of which the latter
‘cause Q¥HIRT WAl CAEILGRRNABSS (AKUAER @ayraidat o iE ti riesPec@lias he
former, obstructing access (fully or partially) of the catalyst pores (M
Gui snettlee apmbupfign cit he PASCche4 prsyent] g9y thed RRreGatand wWey, |
286-298, 1992) . The effect of the washings carried out in EP 353,813
rel at esregendeadion od] uthenmaterhalpaindasr i suchnponddtienat @isnetbin t he
~pitches. It has now been surprisingly found that catalysts 5 8 January 2004
based oanakbéi it tsedei nsetikgpainonnother amgatkgh ati on
EP 0 353 §13 describes the alkylation of aromatic hy-

drocarbons using alkylating agents containing from 2 to 20

carbon adcoms, selected from olefins, alcohols, alkyl hal-

ides, esters, ethers and acetylene hydrocarbons. Synthetic

or natural materials of the zeolitic or argillaceous type

are used as catalysts, which after undergoing deactivation,

can be regenerated by means of alternating cyclic washings

effected with paraffins and alcohols. The pitches responsi-

ble for the deactivation are normally distinguished between

soluble and insoluble products of which the latter cause

additional weightiness and/or degradation with respect to

the former, obstructing access (fully or partially) of the

catalyst pores (M. Guisnet et al., in J. Catal. 106, 242-

250, 1987 and J. Catal. 134, 286-298, 1992). The effect of

the washings carried out in EP 353,813 relates to the dis-

solution of the polymeric compounds contained in the

pitches.

It has now been surprisingly found that catalysts



processes, in particular used in alkylation reactions of aromatic
substrates with an alkylating agent selected from C2-C4 of gfj, R 2004

i sopropanol and m xtures of isopropanol and propylene, or used’in
transal kyl ation reactions of aromatic  substrates wi th polyal kyl aromatic

“hydrocarbons, once deac-.tivated due to, pitches, can be_regeperated by
neans of R&&ed tPBatﬁ%ﬁ{19ﬁtt?%ﬁ?'aFBna?%Ey%?5+%%afﬁbnFr?ﬂﬁglgyéﬁkﬁgﬂt not

only renoves the sol ubl e conponent of the pitches, .but is also capable of
cheni cal | PrOEGSEES i nik BFLvesHdast Ustathi v 88  TRETIRDT uB?e
pitches: the aromatic hydrocarbaon in fact reacts with the pitches,
probabl y BFoedhs ofulsteates Wwith &5 at kvha hhad of9ePnsgleck§Hat TPBN
reactions catalyzed by the zeolitic material it- self, transformng the
pi tches i fzoCapbéefilas, cASCREOPANSEd 215y B 1 GRS df et BPRFORRIGAt 21€0| ubl e
“in the aromatic hydro- carbon and, above all, capable of diffusin%_through
the zeol ipHapyYares. o WiFkdn diranfa lgdaddon Peastionst Rér erematisl at es
to a process for the regeneration of a zeolitic catalyst at |east
partial | y ssistusttesy wibth vbagvaibyl arprephe abvernopasbopgdssopfegdeac-
nonoal kyl ated aromati ¢ conpound by neans of the alkylation of an aromatic
hydr ocar ban wathst raue tw tii tarhes - dayl d1d megsgenates dyt agafwomiohekitns
containing fromtwo.to four carbon atons, isopropanol and m xtures of
-'isopro 8 Jaremimnyer004 ttarml awwngiricpyHehm,cagbday. neans of the.

transal kyl ati on of
' This treatment not only removes the soluble component
of the pitches, but is also capable of chemically degrad-
ing, by means of a reactive process, the insoluble pitches:
the aromatic hydrocarbon in fact reacts with the pitches,
probably by means of é series of alkylation and/or transal-
kylation reactions catalyzed by the zeolitic material it-
self, transforming the pitches into molecules characterized
by a lower molecular weight, soluble in the aromatic hydro-
carbon and, above all, capable of diffusing through the
zeolitic pores.
An‘pbject of the present invention therefore relates
to a process for the regeneration of a zeolitic catalyst at
least partially exhausted, deriving from a preparation pro-
cess of a monoalkylated aromatic compound by means of the
alkylation of an aromatic hydrocarbon substrate with an al-

kylating agent selected from olefins containing from two.to

four carbon atoms, isopropancl and mixtures of isopro-



an aromati c hydrocarbon substrate with one or nore polyal- kylaromatic
hydrocarbons, effected in the presence of the zeolitic cagahigiyangsin at

| east partially liquid phase, said regeneration process conprising

subj ecting said ex- hausted catalyst to treatnent with an aromatic
hydrocarbon, in a liquid phase, at a tenperature higher than that at which

the al k%ﬁhﬁbil_o%rﬁf S FeneRd de) aéf:OB%fpﬁlgﬁﬁgsoff Q. \M}an{sbélhgyl%?ﬂ%&?ﬁ

catal yst derives,. was carried out, sald tenperature being conprised

bet ween 458G A 290fya s, AL YL Ocat bAN Juged, [ Yo ddgd fugner ati ng

treatnment of the exhausted catal yst can be seél ected Zene, tol uene,

A DekoRE B cte !y R AEe A BEPLEELRT ASRARL BLoLDRCRT BSeNlnd T ent] on

i s that € aronati on use OF the Tegenherari ment is

equal t ro i S te of_.the. al kylatjon rqcess frqgm which the
'eghaustgggggﬁ:g ysr?tﬁét%‘éfslqgeéslﬁgor?ni &t gg%%?t %/Baf:héagulgnaﬁqé“guﬁ)g}arsﬁ'_e of the
transalkgL tion pro-'._.cess fromwhich the, catal yst to be reggnerated

der i ves SoHle TEHEAT RETH ST AP CCR ¢ ROPEORHAR ati I ST eHireRt L9c & be
effected ranges from 150 ,to 290C, preferably from 200 to 290C. The -
treatne FHFEgSaFﬁﬁégkﬁgttPoF?EaEFW£“%3H§% F§g§ﬁQHﬁ?iQ.QK?W??@H&GF&,
preferably from15 to 45 hours, and at a pressure ranging from5 to 50

bars, preferabiyd PhatR 2% & 46™BerEurg Hiiesr yhopoihathety ebdrr 58S on

process is preferably .carried out at _
alkylation oxr “transalkylation process, from which the exhausted

catalyst derives, was carried out, said temperaturerbeing compri.sed o
between 150°C and 290°C. |
The aromatic hydrocarbon used for the regenerating
treatment of the exhausted catalyst can be selected from
benzene, toluene, naphthaleneland their mixtures.
A preferred aspect of the-pfésent'invent¢on is that- : =
the aromatic hydrocarbon used for the regenefating treat-
ment is equal to the aromatic substrate of tﬁevalkylation'
process from which the exhausted catalyst-deriveé, or is
equal to the aromatic substrate of the transalkylation pro-~-
cess from which the catalyst to be regenerated derives. » - r
The temperature at which the regenerating treatment
can be effected ranges from.150 to 290°C, preferably from
200 to 290°C. The treatment is carried out for a time rang-
ing from 0.1 to 60 hours, preferably from 15 to 45 hours,
and at a pressure ranging from 5 to 50 bars, preferably

from 20 to 40 bars.



a tenperature which is higher than that of the alkylation or
transal kyl ati on process from which the exhausted cat a- Iy%LJ %5' S5
Exhaust ed zeolitic catal ysts which can be subjected to regenerdation
treatment according to the present\invention are those containing a
zeolite selected frombeta zeolite, Y zeolite, nordenite, ZSM 12, MM 22,
and are preferably those containing beta zeolite. Tne al kyl ati on_process,
from which t BBSe regRAGIEEE O HAIAGRSSs IFeMiARL e heEH T 8hPKnodh -
al kyl ation processes in which an aromatic hydrocarbon supstrate is
al kyl at @d temperadmog ki Heh ngSagdahesetdepedMatorRh 2 ALY 2HHOD) so-
propanol and m xtures of isopropanol and [o%ylene, in the presence of a
zeol i ti orcdtzingaliafidtiipat PFregess pﬁr‘fPF‘aM% chl {the deprsEedrheahdomati c
substrate which is al kylated can be benzene, toluene, naphthal ene or their
- m xt ur edysd@ndeirdivegr.ef erably benzene; the olefin can be ethylene or propyl-
ene. In particular, exhausted catalysts containing Y zeo- lite~deriving
from the al kixatustepgr aeedd tdic lvetzéyetwi whichbt hphehe subpecpetiehe to.give
cunene or ethyl benzene de- scribed in U S. 5,177,285, EP 521,554 and EP
485, 683 regyendiatdtond trdatpsts eonvaidbngg tRCNHRY. prestit eineenting from
the al kyl ati on of benzene with C2-C4 ol efins described in 8 8 January 2004
are those containing a zeolite selected from beta zeolite,

Y zeolite, mofdenite, ZSM-12, MCM-22, and are preferably
those containing beta zeolite,

The -alkylation process, from which these exhausted
catalysts derive, can be all the known alkylation processes
in which an aromatic hydrocarbon substrate is alkylated
with an alkylating agent selected froﬁ a C;—-Cy olefin, iso-
propanol and mixtures of isopropanol and propylene, in the
presence of a zeolitic catalyst and in at least partially
liquid phase. The aromatic substrate which is alkylated can
be benzene, toluene, naphthalene or their mixtures, and is
preferably benzene: the olefin can be ethylene or propyl-
ene.

In particular, exhausted catalysts containing Y zeo-
lite deriving from the alkylation process of benzene with
ethylene or propylene to give cumene or ethylbenzene de-
scribed in U.S. 5,177,285, EP 521,554 and EP 485,683, ex-
hausted catalysts containing MCM-22 . zeolite deriving froﬁ

the alkylation of benzene with C;-C4 olefins described in



U S 4,992,606, exhausted catal ysts containing ZSM-12 zeo- lite or
nordenite deriving fromthe al kylation of benzene wth 5 iNs as
described in Rao S. S . , et al. "Pro- ceedings, 1St Tokggs%%%%bﬁéﬁgé on
Advanced Catal yst Science and Technol ogy", Tokyo, July 1-5, 1990 (S.
Yoshida et al., Eds), Vol. 1, 56, page 361, can be regenerated according
to the nethod of the present invention. Y zeolite |s descrifed in US.
3, 130, 087 S -MAIEZ - AQH i 1R RUHRE FHRRL YR EPCOBY2 DBHENS BMATLT ed®Pat al yst s
containing Y zeolite deriving fror" the alkylation process of benzene with
pr opanollifte grxenerdenthe desdvipad fremu. e sabiylatgom it eRABESPEd
catal ysts containing dealum nated Y zeolite used in the al kyl ati on of
benzene wiittth Gs6pr opahbnsang plespyibre desRadeR: i - U ab; 1568rg97, can be
regenerated according to the nethod of the present invention. According to
a pref ecesdligggsact],*" cBokVystonéenearai ng AdepacedolrtalysedStornthe
al kyl ati on of benzene with ethyl ene to give ethyl benzene or for the
al kyl at iaond Fedterdiangy Wi tToyopyheke 105gi ¥898uiBneYdebkitdabetd BA.-EP .
432,814, EP 439,632, EP 629,599, EP 687,500 and EP 847,802, can be re
gener at éisggcoradi.ng ,t G &hearet 1¥&d ,ofcarhdenesme ratredntcgnrdihg perti cul ar,
the catalytic conpositions conprising beta zeolite described in EP
687, 500.t N dndtih @ H B Ghaarerasaind- ilnwtent iconpdsizdoditec dnsidesicmgbefi bet a
zeolite and an inor 9

in ©.S. 3,130,007, MCM-22 =zeolite 1is described 'in EP

64,205.

Exhausted catalySts containing Y zeolite deriving fromw
the alkylation process of benzene with propanol to give cu-
mene described in U.S. 5,015,786 énd exhausted catalysts
containing dealuminated Y zeolite used in the alkvlation of
benzene with isopropanol and propylene described in U.S.
5,160,497, can be regenerated according to the method of
the present invention.

According to a preferred aspect, catalysts containing
beta zeolite used for the alkylation of benzene with ethyl-
ene to giGé‘ethylbenzene or for the alkylation of benzene
with propylene to give cumene described in EP 432,814, EP
439,632, EP 629,599, EP 687,500 and EP 847,802, can be re-
generated according to the method of the present invention.
In particular, the catalytic compositions comprisinglheta
zeolite described in EP 687,500, and EP 847,802 are cata;

lytic compositions consisting of beta zeolite and an inor-



8 January 2004 ganic ligand characterized by an extra-zeolite porosity
consisti.ng for a fraction of at |east 25% of pores with a g j@aflaHsadsgher
than 100 A and, in. the case of EP 847,802 also characterized by a total
extra-zeolitic pore volune greater than or equal to 0.80 m/g. According to
anot her preferred aspect, exhausted zeo- litic catalysts can be regenerated

according to the nethod of the esent invention, deriving froma process
for thGandidyRaBREA oFPAFRTEETEZSHmESUNES bS*FERCETOR BF (RFOEY mat i o

conmpound of interest ""wi_th -i"sopropanoj,- al gne or. mxed wth an ol efin,
consi stGaiP kSt i rifhg? o6E2SRFAN aPky 124t i iR ST e4et | Bh PRFERe ¥ ¥séhce of a
catal ytic conposition based on,zeolite, under m xed gas-|i qqlsji d. phase
condi t izl Wy bihghasr thémpl &I § BGui it HhsEe %d tPbnEPaB Sudf?
~tenperature and pressures that the concentration of water in the liquid -
react i Ghlgshasbarscherireghdy thaho8ad00eppha —7egbrldi@sBose YHAmet al
content of water present in the reaction mxture. |In this alkylation
procesgyreatemrigman iar cshpdun® i%s 88 &l/rably benzene and the ol efin,. when
present, is propylene, the zeolite is beta zeolite, preferably in acid
form de scrAdmardimd).i 3nGUBV6Prefhrseteesprestl i taxheastssl mMecd with
sui tabl e binding agents, such as for exanple, alumna, or.catalytic
conposilitnits catabgstusedancbapregengrbéed aecording desdhichatihodEP 687, 500
and EP 847,802, i.e. catalytic conpositions consisting of beta zeolite and
an i norg@ntie present invention, deriving from a process for the

alkylation of aromatic compounds by reaction of the aro-

matic compound of interest 'with "isépropahol, alone or mixed

with an olefin, consisting in carrying out said alkylation

reaction in the presence of a catalytic composition based

on zeolite, under mixed gas-liquid phase conditions or un-

der completely liquid phase conditions at such temperature

and pressures that the concentration of water in the liquid

reaction phase is not higher than 8,000 ppm, regardless of

the total content of water present in the reaction mixture.

In this alkylation process, the aromatic compound is pref-

erably benfene-and the olefin, when present, is propylene,

the zeolite is beta zeolite, preferably in acid form, de-

scribed in U.S. 3,308,069. This beta zeolite can be mixed

with suitable binding agents, such as for example, alumina,

or catalytic compositions can be used, comprising beta zeo-

lite described in EP 687,500 and EP 847,802, i.e. catalytic

compositions consisting of beta zeolite and an inorganic

- 10 -



-8 January 2004 l|igand characterized by an extra-zeolite porosity consist-
ing, for a fraction of at |east 25% of pores with a radi Ja d%gn?§4than
100" A and, in-the case of EP 847,802 also char- acterized by a to £
extra-zeolitic pore volune greater than or equal to 0.80 m/g. This

al kyl ation process is preferably carried out at a tenperature ranging from

170 to _230C, and at a reactjon_pressure ranging from.l to_ 50 bars under

m xed phsERAQoRARERGRET HER gbysé Hﬁﬁ%ﬁﬁ“%ﬁﬁ¥ﬁﬁ%dgﬂﬁﬁ?l $¢5prodpanol and
propylene indifferently as alkylatin ent. Experts in the fiegld are able
to defiheda B@Fo@if¥a§¥é9?i%@'¥?gh??%% ﬁg%arofaﬁgﬁg%eﬁig%e?iE%%+%%anol and
pro- pyl ene/isopropanol ,when propylene is alsgo fed to the reac- tion

sect i orhi@ger herani LA0] BopRdpyt R i comd®. L the $4h SPerat¥P ST pressure

conditions which ensure that the concentration |imt of water present in-
“the |icattephaed hsqual §adboBKLBR0B0CPBMLCT R ¥SLUSR t HECR bR A

quantity of water present in the reaction m xture and therefore re-
gar dl esthaf tde ggaadi t§o of . BSoptlophnolhised abkyket ieachiresessectfon, -is
respected. The transal kyl ati on processes from whi ch exhausted_ catal ysts
whi ch cpneberabfjgnerardddwpth 2hea preopesatre hsangiegehromnyédtton, -
derive, are all known transal kyl ation processes in which an aromatic
substragaoPs,t aadsakkyl acedtient pressuve nengipogl fupRkylatonhikars
hydrocarbons in the presence of a zeolitic catalyst and in at |east
parti al ijider mixed phase conditions using isopropanol and mixtures
of isdpropanol and propylene indifferently as alkylating
agent. Experts in the field are able to define a priori -
starting from the molar ratio behzene/isopropanol and pro-
pylene/isopropanol when propylene is also fed to the reac-
tion section together with isopropylic alcohol - the tem-—
perature and pressure conditions which ensure that the
concentration limit of water present in the liquid phase
equal to about 8,000 ppm, regardless of the total quantity
of water present in the reaction mixture and therefore re-
gardless of the quantity of isopropanol fed to the reaction
section, is respected.

The transalkylation processes from which exhausted
catalysts which can be regenerated with the process of the
present invention,  derive, are all known transalkylation
processes in which an aromatic substrate is transalkylated

with one or more polyalkylaromatic hydrocarbons in the

presence of a zeolitic catalyst and in at least partially

- 11 -



8 January 2004 liquid phase. The aromatic substrate can be benzene, tolu-
ene, naphthalene or their mxtures, and is preferably benTLﬁﬁﬁg e

pol yal kyl aromati ¢ hydrocarbon can be selected from diethylbenz

optionally mxed with triethyl benzene, and diisopropyl benzene, optionally
m xed wth triisopropyl benzene. In particular, exhausted catal ysts
containing Y zeo- lite derivingﬁfron1the transal kyl ati on process of benzene

with dildianiihaesf- of Deli REOPRBPGI BERSERE R SERI B8d DEg2edg Wini.l.
Li shchiner et al., React. Kinet. Catal. Lett., Vol. 23, Nrs. 3-4, 261-265
(1983) enschaiapitehakene PystiedsndikbiggsverRnd? igefbale iaddy iBfhe
transal kyl ati on of polyal kyl aromatics, such as for exanple the
transaldgne- then pPlupispprEpprbéazdhedmeerridedcpr LS. BiFatesio, ex-
hausted catal ysts containing ZSM 12 zeolite or nordenite used in the
"t r ansal foydnl ad ierhwfbernigngt kyort bome 1 k¥ mbsed ivvddr YrigmhpdsomEne can be
regenerated according to the nethod of the present invention. According to
a pr ef eancedd pspeptopHban 3ans, copt ddmdhly beixed svltih £ xisiessbdphe |
transal kyl ati on of diethyl benzene wth benzene and dii sopropyl benzene wth
benzenepasleseié bed in EP 432,814, EP 439,632, EP 629,599y EP 687,500 and EP
847,802, can be regenerated according to the nethod of the, present
invention. The paetesslaf,t kxhpesent cavahgston- cantbenéhfedt exko-

lite deriving from the transalkylation process of benzene

with diethylbenzene or diisopropylbenzene described for ex-

ample in I.I. Lishchiner et al., React. Kinet. Catal.

Lett., Vol. 23, Nrs. 3-4, 261-265 (1983), exhausted cata-

lysts containing MCM-22 zeolite used in the transalkylation

of polyalkylaromatics, such as for example the transalkyla-

tion of diisopropylbenzene described in U.S. 5,371,310, ex-

hausted catalysts containing ZSM-12 zeolite or mordenite

used in the transalkylation of polyalkylaromatics described

in EP 308,097, can be regenerated according to the method

of the present invention.

Accor&ing to a preferred aspect, catalysts containing

beta zeolite used for the transalkylation of diethylbenzene

with benzene and diisopropylbenzene with benzene described

in EP 432,814, EP 439,632, EP 629,599, EP 687,500 and EP

847,802, can be regenerated according to the method of the

present invention.

The process of the present invention can be effected

- 12 -



8 January 2004 by recovering theA: f,.hausted catalyst fromthe al kyl ati on
or .transalkylation reactor and subjecting it to regeneratd pg,, b{ ent
with the pre-selected aromatic hydrocarbon in a specific react r;” but a
preferred aspect of the present in vention is that the regenerati on process
of the catalyst, at |least partially exhausted, is effected in the dane

al ky- lation or transgl kyl ation reactor, b eedi t rQmatic

hydr oc &% diF STt t(?I'ber 'c't"ﬁ'ba“ise@@e e‘f%\tf‘—i’]rﬁs'%/rgerﬁnhgﬁ% agfq(ty;a%lsodlsﬁerndi ng the
feeding of the al kylation or transal kylation reagents. This qnbodinent S
par ti cUIEAIS <Sht FSAGEOPr 68 r SRP IR el Bl kYl ASEIGAL LG
transal kylation reactor is a continuous reactor, even nore preferably a
cat al ytikeagmeatd WebhcShei RIS Rt . 2Tt 1 heYEERARFAP o priocess of
the at |east par- tially exhausted catalyst is carried out in the sane
Cal ky- 13Re®HE 0 Feariel kB i HrPFRERTERY 3TRAGT il PIRIEYr rid  aspect
of the present invention is to use, as aromatic hy- diocarbon for the

r egenereenhion r dat A, tlite BRGRNAFBRLOR cPERBRET aPé §4ed Ga+a1EStal kyl ation
or transal kyl ation proc ess, after suspending the feeding of the al kylating
r eagentat ckedst ypd kY1 dbhy etehanebpécet Lveeffetlrd Ha i tTRMe By em

bodi nent is particularly conveni ent and preferred when the. al kyl ation or

t r ansal kyt adn oorr ézensalkylationt inegodomedy- feedingy dihersrronteierably a
catal ytic fixed bed continuous reactor. In practice, according to this
parti cutpdrendncdn selected for the regenerating treatment, after

suspending the feeding of the alkylation or transalkylation
‘reagents. This embodiment is particularly <onvenient and
preferred when the alkylation or transalkylation reactor is
a continuous reactor, even more preferably a catalytic
fixed bed continuous reactor.

When the regeneration process of the at least par-
tially exhausted catalyst is carried out in the same alky-
lation or transalkylation reactor, a particularly preferred
aspect of the present invention is to use, as aromatic hy-
drocarbon for the regenerating treatment, the same aromatic
substrate used in the alkylation or transalkylation proc-
ess, after suspending the feeding of the alkylating reagent
“or polyalkylbenzene, respectively, to the reactor. This em-
bodiment is particularly convenient and preferred when the
alkylation or transalkylation reactor is a continuous reac-—
tor, even more preferably a cataiytic fixed bed continuous‘

reactor. In practice, according to this particular embodi-

——
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8 January 2004 nent in continuous of the regeneration process of the pre-

sent invention, when a zeolitic alkylation catalyst is ex'85§H§¥j¥bOi:he
feeding stream of the alkylating agent to the alkylation reactor-is

suspended, said al kyl ating agent be- ing selected from C2-C4 ol efins,

i sopropanol or mxtures of isopropanol and propyl ene, whereas the stream

of aronmpkine Substdsratimuord igfleshe orépenéedtiont heoceast of, tbpt Posal | y

rai sing the tenperature of the catalytic bed, when it has been decided to
carry oudknirthe gweganeimt ivorerd reateebhitat alkpigheont empeigstr ést kear t hat . of
the_..al kylation process. Wen the regeneration process is concluded, the
f eedi ngnhef;stidie altey| ededichpoenteds cesthet elikydaténheggrentheocalthy a- tion
process, after possible cooling of the catalytic bed. This particular

enbodi Mgt 1SRy MSRItdr | 15 thespaseeaf shhe megenerangomgehtameexhaust ed
“catal yst containing beta zeolite, Y zeolite or MCM 22 zeolite, preferably

beta zeq; doié@keéieéd Vi gk f0m,t Beedlikyl, atiisoprepahénz ene miidth reshyfene  t o
gi ve eth§1 enzene or of benzene with propylene to give cunene, o-r

derivin al Xyh abir8py PEnbenzenra and hehd seprepanels, saloanpa ier m xed
wth prgﬁ%#g%g%nﬁgbagding tgya %articular enbodi nent in ¢ontinuous of the

regener at, | e e t eLAV i , Jusizad cat al yst
Ss&#b%ﬂ\?e{rgﬁggiw%@ RLESRNt rEAVENY | e WREBLAR, VP yataly

derivin rom a ation process 1Is to be regenerated, the feeding

pol val kYA GITRY | £n8Y epeERERRE BT 3B OxtdydiansablylRbbon e g o s
been decided to carry out the regeneration treatment at a
higher temperature than 'that .of rhe.alkylation process.
When the regeneration process is concluded, the feeding of
the alkylating agent is restarted to re-begin the alkyla-
tion process, after possible cooling of the catalytic bed.
This particular embodiment is very useful in the case of
the regeneraﬁion of an exhausted catalyst containing beta
zeolite, Y zeolite or MCM-22 zeolite, preferably beta zeo-
1ite, deriving from the alkylation of benzene with ethylene
Vto give ethylbenzene or of benzene with propylene to give
cumene, ‘or deriving from the alkylation of benzene with
isopropanol, alone or mixed with propylene.

According to a particular embodiment in continuous of
the regeneration process of the present invention, when an
exhausted catalyst deriving from a transalkylation process

is to be regenerated, the feeding polyalkylaromatic hydro-

carbon stream to the transalkylation reactor is suspended,

- 14 -



- 14 8 January 2004 whereas the stream of aromatic substrate continues to
be fed to the reactor, optionally raising the tenperature pf, - 04

catal ytic bed-when it has been decided to carry out the regeneraition
treatment- at a higher tenperature than that of the transal kyl ati on process.
When the regeneration process is concluded, the feeding of the

pol yal kyl ated aromatjc  is restarted.to_r -ge in the tr al kyl ati on
pr oces ¥NEEES t?%sELB?amc(ﬁi?@?%ﬁt%%esggﬁ Fg%?CQﬁﬂ#lﬁﬁg%'gérgicular em
bodi nent is very useful in the case.of the regeneration of . an aust ed
cat al y&e% ot af ?n&eBQFQrZe&H%tlé’,na‘j‘lé’eoqalltse“bcf t ?QEQE%FF?e?’)g;referabl y
beta zeolite, deriving fromthe transal ky] at.i on of benzene w th
di et hy [Ben @ L BPG SRS (Fehibtedan DRof PEEe FEe B L 18 OPFortEhe
transal kyl ati on of benzene wi th diisopropyl benzene, optionally mxed with
Ctri-- iCRgETSFAY dfeatmend Iatcéséb“ﬁhﬁweé‘}ﬁ’etrﬁé?urr@gé:g‘@f‘atti i° carri ed
out in the sane alkylation or transal kylation reactor, and said reactor
is in ddwitrAnsaly prereradbty VhaGi Rjer FeFrLerasiop RIPSESS adopt ed,
even nore preferably from2 to 8 h-i. In accordance with what is specified
above, ix fapndkededspdee HeedhedppEsbht PAMYALKYAACECaPEOMES 18n 18 kyl ati on
process in continuous, in the presence of a zeolitic cata-.lyst, preferably
in a fipextdsted etiot org-hefgian shendigansadinsiatbian weracassal IBfit&YL ng agent
sel ected fromolefins | _ '
"possible cooling of the catalytic bed. This particular em-
bodiment is very useful in the case of the regeneration of
an exhausted catalyst containing beta zeolite, Y zeolite or
MCM-22 zeolite, preferably beta zeolite, deriving from the
transalkylation of benzene with diethylbenzene, optionally
mixed with triethylbenzene, or from the transalkylation of
benzene with diisopropylbenzene, optionally mixed with tri-
_isopropylbenzene.
In all cases in which the regeneration is carried out
in the same alkylation or transalkylation reactor, and said
reactor is in continuous, a WHSV preferably ranging from 1
to 20 h™! i5 adopted, even more preferably from 2 to 8 ht.
~In accordance with what is specified above, a further
aspect of the present invention relates to an alkylation
process in continuous, in the presence of a zeolitic cata-
lyst, preferably in a fixed bed reactor, of an aromatic

substrate with an alkylating agent selected from olefins

containing from 2 to 4 carbon atoms, isopropanol and mix-

- 15 -



containing from2 to 4 carbon atons, isopropanol and m x- -15- 8 January
2004 cures of isopropanol and propylene, with cyclic regengra- ti f the
catal yst, conprising the follow ng steps: a) al kylation ofgéaWﬁgﬂgﬁ%fof
aromatic substrate with a feeding of alkylating agent, carried out in at

| east par tially liquid phase and in the presence of a zeolitic cata- |yst,

until thereat abgstissbeopaaioll emsd padpiyakndeactiitha-cyeDiv tbyefdgRENsi on. ,
of the feeding of the al kylating agent and treatnent of said deactivated

cat al ystr Wit bt hend erdiaigy of, tEemp Al 908G | EnsUPSI IS Engl §P8psin |iquid phase
and at a tenperature higher than the alkylation tenperature of step a),

sai d tenperatung kaiRg &ONRNiBRANR} WeLNaLafer aRd 290G rA4t 15 ¢hecat al yst

has been regenérated; c) re-establishnment of the tenperature conditions

used in edRg R kyEakh QD151 8LER AN Mhes, £ hes & e@ﬁg_e&ﬁt iQn fassdegn,_carried

-out at a tenperature higher than that of the a ation step,” and
re-startd

: t:he. A i h | at <. ) : ti
b oceas P i ULl ad Nen Y Sheslite PN cAOPERIREEEAL T 1o
20 h - ' b f n . J . L hi
ref or nivy MELELE e GRRRS SnoR B 1ef SHRALA Nl bl L)
benzenethgw when

{b) suspension:of the féeeding of the alkylating agent and

treatment of said deactivated cataiyst with the feeding of the
aromatic substrate alcone, in liquid phase and at a temperature higher
than the alkylation temperature of step £L said temperature being
;omprised between 150°C and 290°C, wuntil the catalyst has been

regenerated;

c) re~establishment of the temperature conditions used in
the alkylation in step a) when the regeneration has been
carried out at a temperature higher than that of the alky-
lation step, and re-starting of the feeding of the alkylat-
ing agent.

The regeneration procéss of step.b) is preferably‘car-

ried out at_a WHSV ranging from 1 to 20 hours™, preferably

from 2 to 8 hours™. The temperature of this step prefera-
bly ranges from 200 to 290°C, |

The aromatic substrate is preferably benzene and, when
the alkylating agent 1is an olefin, said olefin is prefera-

bly selected from ethylene and propylene. The :zeolitic

catalyst preferably contains a zeolite selected from beta

- 16 ~



the al kylating agent is an olefin, said olefinis prefera- bly selected
fromethyl ene and propyl ene. The zeolitic catalyst preferﬁglﬁlJ gb@;ns a
zeolite selected frombeta - 16 - 8 January 2004 zeolite a JE6 and
is preferably beta zeolite. The reaction conditions of step a) are those
described in lit- erature and known to experts in the field. or those de-
scri bed adudviece edrad | gzeoltihe, alakyl dtsi @rreffe mibdnatiet subasl1®d £SThén t he
presence of beta zeolite, with isopropanol, alone or mxed with propyl ene.
| n accorgaae on tdomdiat i dss SpEcstepdagbave, thdad theicriasqecinof jthe
present invention relates to a transalkyla- tion process in continuous, in

the presange @ angeotidwic teatakystts Prafl efrpdl ¥iziu aofi xeedgseact or,
of an aromatic substrate with one or nore pol yal kyl aromatics, with cyclic

regener afd et élﬂ@v@akéh)é%tmgcqm)rﬁﬁé ng1 kD&af obh OWEN G r AR
transalkylatlon of a feeding of aromatic substrate wth a feedlng of

pol-yal ky 'Clrhyﬂi{écﬁfé)éléhc&%f't?&a%oi &l | east; 88 Eéﬁéﬁajr"qu'd

phase an |n the presence of a zeolitic catalyst, unti e catal yst shows
at |eas q&§§y4 P¥b uspensi on of the feedlng of the

pol yal ky aronatlc chﬁt e#é?t?eatnent of said deactivated catal yst
with the feedi gaéﬁofci&cearw@ﬁ'ﬁhﬁebwgb%&'ﬂ@% drbdd,au dephasg and at a

tmmmauuem
aspect of the . present invention relates to a transalkyla-

tion process in continuous, in £he presence of a zeolitic
catalyst, prefeirably in a fixed bed reactor, of an aromatic
substrate with one or more polyalkylaromatics, with cyciic
‘regeneration of the catalyst, comprising the following
steps:

aj transalkylation of a feeding of aromatic substrate
with a feeding of polyalkylaromatic hydrocarbon, carried
out in at least partially liquid phase and in the presence
of a zeolitic catalyst, until the catalyst shows'at least
partial deactivation; i
{b) suspension of the feeding of the polyalkylarcmatic hydrocarbon
and treatment of said deactivated catalyst with the feeding of the
aromatic substrate alone, in liquid phase and at a temperature higher
than the transalkylation temperature of step a), said temperature being
comprised between 150°C and 290°C, until the -catalyst has been
regenerated;

C) re—establishment of the temperature conditions used in

-~ 17 -



than the transal kyl ation tenperature of step a), said tenperature being
conpri sed between 150C and 290C, until the --catalyst haszgfen 0
regenerated; C) re--establishnent of the tenperature condi ;%WQQU%éﬁ in -
17 8 January 2004 the transal kylation in step a) when the regeneration has
been carried out at a tenperature higher than that of the transal kylation
step, and re-starting of the feeding of the polyalkylaromatic. The

r egener Bbi o NINGEdSY LGt ioe pl ) SEEPpAf YNy tREY TSNP TARIONR B3HHSV
ranging from1l to 20 h--', preferably from2 to 8 h-1. The tenperature of
this stbpepr cBerakly cutardfesa f FeRP20BtHEe293gheThdharofddte %@ggli‘?ate is
preferably benzene and the aronmatic hydrocarbon is referabl¥ sel ected
from di erhykalkghathen spepenahtly rargedriing Pfiébﬁyg%@%iéﬁeQ ahBedi i so-
propyl benzene, optionally mxed with triisopropyl benzene. The zeolitic

- cat al yspopyeleyabcpmabmntai ns a zeolite se- |lected frombeta zeolite and Y
zeolite, and is preferably beta zeolite. -The process conditions of step
(a) are thosthedeesgehbedtinont peopeser ofir stepdbar éskpoefierabdypesars in the
field. The regeneration of exhausted catal ysts according to the present

i nvent i @Aea@ndhith aecer dRHSE wianyingat fiemda- tser2Bed hbopeefesabdmpveni ently

used also in the case of .
from 2 to 8 h™'. The temperature of this step preferably
ranges from 200 to 290°C.

The aromatic substrate is preferably benzene and the
aromatic hydrocarbon is preferably selected from diethyl-
benzene, optionally mixed with triethylbenzene, and diiso-
propylbenzene, optionally mixed with triisopropylbenzene.
The zeolitic catalyst preferably coﬁtains a zeolite se?
lected from beta zeolite and Y zeolite, and is preferably
beta zeolite. The process qonditions of step (a) are those
described in the prior art and are known to experts in the
field.

The regeneration of exhausted catalysts according to
the present invention and in accordance with what is de-
scribed above, is conveniently used also in the case of
catalysts deriving from a preparation process of a moncal-
kylated aromatic hydrocarbon comprising the following
steps:

1) alkylation of a feeding of aromatic substrate with é

feeding of an alkylating agent selected from C;-Cs4 olefins,

—_—
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catal ysts deriving froma preparation process of a nonoal- kylated aromatic
hydrocarbon conprising the following steps: 1) alkylatiorn j’a{nugpf i ng of
aromatic substrate with a feeding of an al kyl ating agent select’ed Trom
C2_C4 olefins, 8 January 2004 isopropanol and m xtures of isopropanol and
propyl ene, car- ried out in at least partially liquid phase and in the

preseansggxf@pg&&iiaﬁ& 8% ehysd :og)iw%;t@éwﬂ Sd theopy Dekie! @btai ned in

(a) into rac t1on containing the aro ic substrate (b), a fraction con-

talni nO: A ARG Ky alad pLogel 'P%r'@xgrlg)cya{ Pody Aidphked akdaghl omeont ai ning

pol yal Ky aronati ¢ hydrocarbons, al kylation of the fraction

containiggsggéga$§yé £§6?gtgﬁc§%¥§fy§ygrocarbons with the aromatic

subst r X &5 CaFried” ol ast” partially |iquid-phase and in the
Fegeneral i orbetre o RELEM P ratde ol Th Y A PR Rt T Ay et

and poryanksParshath  FGr stasbhe “SeePaRtentb netarbael i Whecrate
Fegencr SELBRRGT 3 hOQREGUREIaE  SRRRRERS At BaTal fRC ofeli b (b)' are

carried out inde- pendently. FXAVP 1 . .
fraction cogtainingypo va k&fgted aromatic hydrocarbons,

3) transalkylation of the fraction containing polyalky-
lated aromatic hydrocarbons with the aromatic substrate,
carried out in at least partially liquid.phase and in the
presence of a zeolitic catalyst.

In this mulﬁi—stepped process the regeneration of the
exhausted catalysts can be carried out by contemporaneously
suspending the feeding of both the alkylating reagent and
polyalkylaromatic hydrocarbon, and 1letting the aromatic
substrate flow alone until the catalysts have been regener-
ated, or, preferably, the regeneration of the catalyst of
step (a) and the catalyst of step (b) are carried out inde—
pendently.—

EXAMPLE 1

| An alkylation test of benzene with propylene to give
cumene is carried out using an experimental apparatus con-
sisting of an AISI316 fixed bed micro-pilot reactor, with
an internal diameter of 1 cm., a total length of 8.5 cm,

tanks for the benzene and propylene in the feeding, dosage

_19_



An al kyl ation test of benzene with propylene to give cunene is carried out
usi ng an experinental apparatus con- sisting of an Al SI31 i xed
mcro-pilot reactor, with an internal dianeter of 1 cm,%aj%ng?a'lﬂﬁgngth of
8.5 cm tanks for the benzene and propylene in the. feeding, dosage - 19
8 January 2004 punps for the feeding of the two reagents in |iquid phase,

an automatic systemfor the te ature and pressure .con-. trql.,_for
di scharRHHRP tHF fihe ugﬁ?‘%’r?%n?gﬁg{‘?eggPorree?ﬁ&“fg'Sr lnar‘?ﬁ%}ls]i% pg}asﬁfe f eed and
product. The cat al gst used in this test - is a catalyst based on beta

I
zeol i t @ ARFARAESCt RABLEPr 9% ed'UnbCBREERFBEY PRIREFIZETE Si°bat ent
application EP 0 847 802, 4.5 g of _said catal yst, sieved int 1gcganul es
t

havi ng @FelenstondeSRRACT D00 Sfekhienhf4am hf JFeqdey 2 Tal, are
charged into the reactor, obtaining a honpge- neous catalytic bhed -having a
" hei ght arpkysi® Sf 5tken feRG-and REGHC br opYe FRE-BNES T atfeGtin ¥ kperat ure
of - 150C, a pressure of 30 barg, a WHSV of 19.6 g/g/hour and a ben-
zene/ privpyt ene eatGAtBYE: nPaFedbeai Mt azeRl gt peREdAr- tRyetRAt cunene in
the effluent of 19.6. The test is pro- longed until the concentration of
cunene prepiecef ahdedtescaribed tig bexawbss By ofeibgifen3. A icakieoni s poi nt
the re- generation procedure of the exhausted catalyst is i.niti- ated: the
f eedi ngEPf OpBepyB6Ge ©s 5i kit efr \atiel adfmrlesst, sieved into granules
having dimensions equal to 20-40 mesh, and 11.5 g of inert
material, are charged into the reactor, obtaining a homoge-
neous ¢atalytic bed ‘having a height equal to 8.5 cm. Ben-
zene and propylene are fed, at a temperature of 150°C, a
pressure of 30 barg, a WHSV of 19.6 g/g/hour and a ben-
zene/propylene ratio of 6 m/m, obtaining a weight percent¥
age of cumene in the effluent of 19.6. The test is pro-
longed until the concentration of cumene in the effluent
drops to below 5% by weight (3.72%). At this point the re-
generétion procedure of the exhausted catalyst is initi-
ated:

. the feeding of propylene is interrupted whereas
the feeding of benzene remains unaltered (WHSV = 19.6
g/g/hour);

. the catalytic bed is heated to a temperature of
220°C (at a rate of 0.6°C/min);

. the above temperature is maintained for 3 hours;

. the catalytic bed is cooled to a temperature of



t he feeding of benzene remains unaltered (WHSV = 19.6 g/g/hour); the

catalytic bed is heated to a tenperature of 220C (at ar f mn); -
t he above tenperature is maintained for 3 hours; t he ca?%ﬁ?@??g§@ S

-cooled to a tenperature of - 20 8 January 2004 150C. At the end of the
regeneration procedure described above, the feeding of propylene is
re-started, the alkyla- tion process is re-activated as descri bed above,
and a wk&@ﬁ$-percentage of cunene is obtained in the effluent equal .to
19.51. The test is prolonged until the concentra- tion of cunene in the
ef fluent drdps tdes. 200 WL welghtregene ¥ X0hoPRPCRIVEGerfaSqE P Dr ocedur e
of the exhausted cata- |yst anal ogous to that described above, is
initiatabbved thhefeading ofi proeydsder dgemaamtiagited-hdha I8dkathian process
is re-started, obtaining a weight percentage of cunene in the effluent
"~ equal toide. ghod®¢EVPLE 2refract] kydted omst edesofilehz &Vt hapdopyl ene to
give cunene is carried out using am experinental apparatus con- sisting of
an Al SI3dbght X gek doecth triger oo Hi lcameneaci sr obkistinedanin nteenad fidiwemndt er of 1
cm, atotal length of 8.5 cm tanks for the benzene and propylene in the
f eedi ngeq@@sage 19.51. The test is prolonged until the concentra-

tion of cumene in the effluent drops to 6.20% by weight. At

this point a régeneration procedure of the exhausted cata-

lyst analogous to that described above, is initiated. At

the end of this second regeneration, the alkylation process

is re-started, obtaining a weight percentage of cumene in

the effluent equal to 19.65.

EXAMPLE 2

An alkylation test of benzene with propylene to give

cumene is carried out using an experimental apparatus con-

sisting of an AISI316 fixed bed micro-pilot reactor, with

an internal diameter of 1 cm., a total length of 8.5 cm,

tanks for the benzene and propylene in the feeding, dosage

pumps for the feeding of the two reagents in liquid phase,

an automatic system for the temperature and pressure con-

trol, for discharging the effluent from the reactor and for

the analysis of the feed and product. The catalyst used in

this test is a catalyst based on beta zeolite similar to

that prepared and described in example 4 of patent applica-

tion EP 0 847 802. 4.5g of said catalyst, sieved into gran-
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punps for the feeding of the two reagents in |liquid phase, an automatic

systemfor the tenperature and pressure con- trol, for di iw% he -
efffuent fromthe reactor and for the analysis of the feggm%%% pré%hct.

~The catalyst used in this test is a catalyst based on beta zeolite simlar
to that prepared and described in exanple 4 of patent applica- tion EP O
847 602. 4.5g of said catalyst, sieved into 8ran 8 January 2004 ul es havi ng
di mensi ohesegaaling cligmsd®nestguahdta128-§0ofeshpepndndtlers &1 ,chre
charged into the reactor, obtaining a honbgeneous catal ytic bed having a
hei ght gquat mat@rsadm amRenceaegeddiptopyhengeacd dred, cktianihparat ure of
150C, a pressure of 30 barg, a WHSV of 19.6 g/ g/ hour and a ben-
zene/ pr ppybgaacvati canflftitmbeobttaiviingg a hesigitit gperalento &ge oh. cunene in
the effluent of 19.44. The test is pro- longed until the concentration of -
" cumene BantBaeehbhldugrbpydeapsate liebpwabY%abyempeghturg. 049450, tai s poi nt
the re- generation procedure of the exhausted catalyst is initi- ated: the
f eedi ngpetsBneBY | &Ne30s Hariger raApWREV tdfe 19 0w gAY hofirt badbenzeaer-f eedi ng
is reduced to a value of WHSV = 4.0 g/g/hour the catalytic bed is heated
to a te%ﬁé?b‘fngqtené&%@ibafoﬁ ¢ ahaef SbBLmimg ;a whighbopertenperature is
0

mai nt ai ned r hour s; the catalytic bed is cooled to a tenperature of
age of cumene in the effluent of 19.44. The test is pro-
longed until fhe concentration of cumene in the effluent
drops to below 5% by weight (3.04%). At this point the re-
generation procedure of the exhausted catalyst 1is inita-
ated:
. the feeding of propylene is interrupted
. the flow-rate of the benzene feeding is reduced

to a value of WHSV = 4.0 g/g/hour

. the catalytic bed is heated to a temperature of

220°C (at a rate’of 0.6°C/min);

. the above temperature is maintained for 24 hours;
. the catalytic bed is cooled to a temperature of
i ——
' 150°C.

At the end of the regeneration procedure described
above, the original flow-rate of benzene is re-established
and also the feeding of propylene, the alkylation process
is re-activated as described above, and a weight percentage
of cumene is obtained in the effluent equal to 19.31. Thé

test is prolonged until the concentration of cumene in the
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150C. At the end of the regeneration procedure described above, the
original flowrate of benzene is re-established and ahy)§ﬁ% é& a9 of
propyl ene, the al kylation process is re-activated as descr ove and
a wei ght percentage of cunene is obtained in the effluent equal to 19. 31.
The test is prolonged until the concentration of cunene in the 8 January
2004 aff nt _dr 0 2%-hy t i i reg ation
procedd?tyﬁ ?%eggéﬂg té g o tandt AL Enbe E%%ﬂéegbﬁﬁ%

aus catal st a l ogous to above, is

d. A h f I
et o0, A0 o BEC LR deeneteLon, e bt gn i oce

g percen age o uent .
equal to 19. 3 An, alk t f benze i pyl ene to
give ctihed ?§CE¥A$/P%P% * uk? nJQ exper?gn%n%‘? a%%a@gt%ﬂsl%osgé-gm sting of
-- an Al SI 316 fixed bed micro If reactor, with nter i aneter of

12 omong Fevarerenteh orioo by PhrifR e the %eﬁaez F oS ene i n
t he feedi ng, dosage s for the f edln of . th ents | I|qU|d
phase, téhnaﬁgoﬁaVPéQQE ehreokagfie® ééﬁLﬁ% ?éﬁg troI f or
di scharging the effluent fromthe reactor and for the anaIyS|s of t he feed
and proﬁgcg9 3Be catalyst used in this test is a connerotal Y zeo- tite
(called 330 HUA, of Tosoh Corporation).

EXAMPLE 3

An alkylation test of benzene with propylene to give
cuméﬁe is carried out using an experimental apparatus con-
sisting of-an ATSI316 fixed bed micro-pilot reactor, with
an internal diameter of 1.2 cm., a total length of 22 cm,
tanks for the benzene and propylene in the feeding, dosage
pumps for the feeding of the two reagénts in liquid phase,
an automatic system for the temperature and pressure con-
trol, for discharging the effiuent from the reactor and for
the analysis of the feed and product.

The catalyst used in this test is a commercial Y zeo-
lite (called 330 HUA, of Tosoh Corporation).

The conditions for the alkylation reaction are the

following:

Temperathre at the inlet = 150°C
Pressure = 38 ba;g
WHSV = 20 g/g/h
[Benzenel/[Propylene] = 7 m/m

1.2 g of catalyst (obtained first by forming tablets
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The conditions for the alkylation reaction are the follow ng: Tenperature
at the inlet = 150C Pressure = 38 barg WHSV = 20 g/ g/h -
[Benzene] /[Propylene] = 7 mim1.2 g of catalyst (obtained §PP4E%E904 o i ng
tablets -- 23 8 January 2004 of catalyst in powder form and then grinding
and sieving into granules having di nensions equal to 20-40 nesh) and 30 ¢

fi i.al h d i h .0bt.ai ni . hot
cat al yt PE BEHHAA NG : ROIRE datal 100 25REH, SFra At f of LR Jengent s -

is started, obtaining a weight ercent age_of _cugene .in t ef f.l yent equal
Lo 35 7LRtangRorHOC S CREENEY SR BRRSF OBanerttn tone0anP| BtT dfbis S0 bal ow
5% by weight (2.9%, the ﬁollomﬁ regeneration procedure is.initiated: +
the 1eei R§ hestoBRtensat saF At SARGBEEALNE e RSt ZPPLEOTheRDF S heAPed to a
tenperature of 200C, the above tenperature i s maintained fgQr 5 hours;
“the cat @l POFEIBBEOLS E86PLUTLE Reflehp¥iafurehErINEs66UaA EPhe2eRB of the

regeneration procedure described above, the feeding of propylene is
re_starggg,ﬁgqgi@gkﬁﬁaxhe reagents is started, obtaining a weight

percentage of cumene in the effluent equal to 13.21.
When the concentration of cumene in the effluent drops
to below 5% by weight (2.9%), the following regeneration

procedure is initiated:

o ) the feeding of propylene is interrupted
. the catalytic bed is heated to a temperature of
200°C;
. the above temperature is maihtained for 5 hours;
. the catalytic bed is cooled to a temperature of
150°C.

At the end of the regeneration procedure described
above, the feeding of propylene is re-started, the alkyla-
tion process is re-activated as described above, and a
weight pertentage of cumene is obtained in the effluent
equal to 13.61. When the concentration of cumene in the ef-
fluent droés to below 5% by weight (2.1%), a regeneration
procedure analogous to that described above, is initiated.
At the end of the regeneration, the alkylation process is
re-started, obtaining a weight percentage of cumene in the

effluent equal to 13.55.
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tion process is re-activated as descri bed above, and a weight percentage
of cunene is obtained in the effluent equal to 13.61. Wien the
concentration . of cumene in the ef fluent drops to bel ow S%WWW
(2.1%, a regeneration procedure anal ogous to that described above, is
initiated. At the end of the regeneration, the al kylation process is

re-started, qobtaining a i ght percentage of cunene in the effluent equal
to 13.é@gﬁgﬁiﬁf—éﬁﬁﬂgﬁﬁfﬁﬁé%§4 EXAVPLE 4. (conparative) An al kyl ation test
of benzene with propylene to giv cunene is, carried. out using a catalyst
based on bet® -Yfgg%P%nHe?ﬁeoixﬁﬁqqﬁﬁﬁa.l%$p8F8?¥%eagsgﬂ % n exanpl e
1. The reaction conditigons during the test_are the fol |low ng: 150C
Tenper sRenat1$.hEarAled Qupr dsbili% 2302 bRl WHRYSe90°8 §RjFh 280
[ Benzene] /[ Propyl ene] =6 mMm4.5 g of the catal yst of exanple 1, ground and
- si eved Litft I SR EXRREATRN R heRagind wsq g s o oasl 4 RSP kghdt - 11.5 g of
inert material are charged into the reactor, ob- taining a honbgeneous
catal yti ¢ bdhéhaveagt ktomerghtdibgoapr dugiggs the THetradgedt® adfelfed and a
wei ght percent age of

lowing:

N
Temperature at the inlet = 150°C
Pressure = o 30 barg
WHEV = 20.0 g/g/h-
[Benzene]/[{Propylene] = 6 m/m

4.5 g of the catalyst of example 1, ground and sieved
into granules having dimensions equal to 20-40 mesh, and
11.5 g of inert material are charged into the reactor, ob-
taining a homogeneous catalytic bed having a height equal
to 8.5 cm. The reagents are fed and a weight percentage of
cumene is obtained in the effluent equal to 19.7.

The test is prolonged and when the concentration of
cumene in the effluent drops to below 5% (1.01%) the fol-

lowing regeneration procedure of the exhausted catalyst is

initiated:

* the feeding of propylene and benzene is intef—
rupted

. the system is flushed with nitrogen

. n-hexane is fed with the same flow-rate used for

the benzene in the alkylation phase
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cunene is obtained in the effluent equal to 19.7. The test is prolonged and
when the concentration of cunene in the effluent drops to below 5% (1.01%
the fol - |owing regeneration procedure of the exhausted c&tlanyary 2084
initiated: rupted the feeding of propylene and benzene is inter the system
is flushed with nitrogen n-hexane is-fed with the sane flowrate used for
the benzene in the al kyl ati on phase 8 January 2004 the catalytic bed is
heated to a % enperheg ucatalyt200bedatisa hedleedf t0. BCLEMPEraHE adbve.
tenperature is maintained for 3 hours; the catalytic bed is cooled to a

t enper a209 eCofatspratatof h@- end/BiNt he regeneration procedure descri bed
above, the systemis flushed again with nitrogen, the feed- ing of
benzene:' and pr ojpyd extsoendo ¢ripe B tkytat iHmaestaied for st drawds as

descri bed above, obtaining a weight percent- age of cunene' 'i'n- the
_-effluent- of 1.66he Acaeadptdicegenerios toohegr boedurtense wfthuot edf in the
same way as described before, using cyclohexane instead of n-hexane. At

t he endl50fCthe regeneration. procedure described, the systemis flushed
again with nitrogen and the feeding of benzene and propyl ene and

al kyl ati on tEst tAre eedstaft ddheasregsuerseion procedure;\described .

above, the system is flushed again with nitrogen, the feed-
ing of benzene’ and propylene and the alkylation test are
re-started as described above, obtaining a weight percent-
age of cumene in the - effiuent of 1.66. A second regenera-
tion procedure is effected, in the same way as described
before, using cyclohexane instead of n-hexane. At the end
of the regeneration. procedure described, the system is
- flushed again with nitrogen and the feeding of benzene and
propylene and alkylation test are re-started as described
above, obtaining a weight percentage of cumene in the ef-

Fluent of 0.93.
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above, obtaining a weight percentage of cunene in the ef- fluent of 0.93. 8
January 2004 CLAIMS 1) A process for the regeneration of zeoli%%f

catal yst at |east partially exhausted, deriving froma pr ﬁﬁ?@ﬂi 4‘process
of a nonoal kyl ated aromati c conpound by neans of the al kylation of an
aromati ¢ hydrocarbon sub- strate with an al kyl ati ng agent selected from
olefins con- taining fromtwo to four carbon atons, isopropanol and m x-
tures of isqp anol and propyl ene, or by neans of the transal kylation of
an aromat rate with one or nore polyal kyl ated aromati ¢ hydrocar bons,
effected in thei pres- ence of a zeolitic catalyst and in at |east partially
lig- uid phase!lsai & r B§&R&ES | S0 Tpr 686 s TERPRTS A s uBfecti ngeothelc
exhausted catal yst to treatnment with an aromatic hydro- carbon, in a liquid
phase, at Ca RNt aflr e lRRGhker PRERAIHM gEDaNistedrhedeginingt | §nowr a
~transal kyl ati on process, fromwhich the exhausted catal yst derives, was
carri ed oRfePsFiad ¥¥hprfetese 98i agnesrplivdd test iewmatliBD Cempo2ed Gy 2)
‘The process according to claim1l, wherein the aromatic hydrocarbon used for
t he- regelerasi odftr madkyilatdgirecpéd 4n odtsaetdie, hydroeaeponaphitval ene
and their mx tures. 3) The process according to claiml, carried out at a
t enper at uFErR&RYIWIF I rom a58viletiegC aganta pebssted from olefins con-

taining fromdtwo to four carbon atoms, isopropanol and mix-
tures of isopropanol and propylene, or by means of the
transalkylation of an érbméticnsgPStraté with one or more
polyalkylated aromatic hydrocarbons, effected in the pres-
ence of a zeolitic catalyst and in at least partially lig-
uid phase, said regeneration process comprising subjecting
the exhausted catalyst to treatment with an aromatic hydro-
barbon,hwa Hqukiphase,atzatemperannelﬂghefthanfhatatmﬁﬂchthe
alkyia_ti'on or transalkylation process, from which the exhausted catalyst
derives, was carried out, said temperature being compriséd between

150°C and 290°C.

2} The process according to c¢laim 1, wherein the
aromatic-%ydrocarbon used for the regeneration treatment is
selected from benzene, toluene, naphthalene and their mix-
tures.

3) The process according to claim 1, carried out at
a temperature ranging from 150 to 290°C, at a pressure

ranging from 5 to 50 bars and for a time ranging from 0.1

teo 60 hours.

~——
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ranging from5 to 50 bars and for a tinme ranging fromO0.1 to 60 hours. 8
January 2004 4) The -process according to claim3, carried out at _a
tenperature ranging from 200 to 290C, at a pressure ra'hgi%éama%?% to 40
bars. and for a tine ranging from15 to 35 hours. 5) The process accordi ng
to claim1, wherein the zeolitic catalyst is a catalyst containing a
zeolite se- |ected frombeta zeoI|% Y. zeolite, ,nordenite %i %:

MOM 22. 6) e prioCedr At di P TORe aFfh 6 adferei r?atrﬁeledZe% t% is beta
zeolite. 7) The process accordin to ne of é 8 &Ialns from1l to 6,

wher ei rﬁtﬁéméﬁﬁéﬁé‘tr@d FaRa} Y&t 0f ridin 4nlabky-2% afli PP VEERs of an
aromati c substrate with an al kyl ati ent selected fromol efins

cont ai Farg¥nonfrem €8 feurt? é’%ﬂ%na‘g‘iio T psbpPSpdaid il AR utes of

i sopropanol and propyl ene, carried out in at least partially liquid phase.
-+ 8) The 0 otedxowetording to claim7, wherein the aromatic substrate is
benzene, toluene, naphthalene or their mxtures. 9) The process according
to claim8, Sher &he t BEOCEFENEAGEOEURY r &1 Fiabanz neWhegpithethR ocess

according to'claim7, wherein the al- kylating agent is ethylene or
propyl emeolitic catalyst is a catalyst containing a zeollte se-

lected from beta zeolite, Y zeolite, mordenite, ZSM—12,
MCM-22.

6) The process according to claim 5, wherein the
zeolite is beta zeolite.

T) The process according to one of the claims from 1
to 6, wherein the exhausted catalyst derives from an alky-
lation process of an aromatic substrate with an alkylating
agent selected from olefins containing from two to four
carbon atoms, isopropanol and mixtures of isopropancl and

propylene, carried out in at least partially liquid phase.

8) The process according to claim 7, wherein the
aromatic substrate is benzene, toluene, naphthalene or
their mixtures.

9) ‘The process according to claim 8, wherein the
aromatic substrate is benzene.

10) The process according to claim 7, wherein the al-
kylating agent is ethylene or propylene.

11) The process according to claim 7, wherein the ex-

hausted catalyst is based on beta zeolite and derives from
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11) The process according to claim7, wherein the ex- hausted catalyst is

based on beta zeolite and derives fron18 January 2004 an alkylatlotgﬁrocess:

of benzene with an al kyl ati ng agent selected fron1ethy|e

i sopropanol and m xtures of isopropanol with propylene.. 12) The process
according to claim7, wherein the aromatic hydrocarbon used for the
regenerating process is equal to the aromatic substrate of the

al kyl at@1@)n\ﬂgkwéé;tréonl:ﬂmﬁﬁspr%e%%né%’é%rHFLﬁB 8 At inhra9RL out in
the same al kyl ation reaction. 14) The process according to claim 13,

wher ei nsehecte@daérom B§hﬁleﬁﬁt|RG@BE1¢%90tb$OPH%QaW%b %@@c@%ét%é%%rdlng to
claim 14, wherein the reactor is a fixed bed continuous reactor. 16) The
processoﬁcta®nrﬁgan©chéth1RQOBﬁHeQ%, wherein the regeneration treatment is
carried out in continuous us- ing as aromatic hydrocarbon the same aromatic
-substrate si?epanThe tdmocdseyl accondpngcdss. cl2)mThé pwbegednactledi ng to
claim 16, wherein an ex- hausted catal yst based on beta zeolite deriving

f r om anaabmakytahivaromaotesns ufedbefzenéhei thegmmealalbyilngt ipwpeantise- | ected
from et hyl ené, propyl ene, isopropanol and m xtures of isopropanol wth
propyl esgualstoeghaeazbadtio thessaateabRythtiabkybacion psocgss he benzene
stream 18) The process according to one of the clains fron11

13) The process according to claim 7, carried out in
the same alkylation reaction.

14) The process according to claim 13, wherein the
reactor is a continuous reactor.

15) The process according to claim 14, wherein the
reactor is a fixed bed continuous reactor.

16) The process according to claim 12 and 15, wherein
the regeneration treatment is carried out in continuous us-
ing as aromatic hydrocarbon the same aromatic substrate
stream as the alkylation process.

17) The piocess according to claim 16, wherein an ex-
hausted catalyst based on beta zeolite deriving from an al-
kylation process of benzene with an alkylating agent se-
lected from ethylene, propylene, isopropancl and mixtures
of isopropanol with propylene, is regenerated in the same
alkylation reactor using the benzene stream.

18} The process according to one of the claims from 1

to 6, wherein the exhausted catalyst derives from a

transalkylation process of an aromatic hydrocarbon sub-
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to 6, wherein the exhausted catal yst derives froma transal kyl ation

process of an aromatic hydrocarbon sub 8 January 2004 strate with a

pol yal kyl at ed.aromati c hydrocarbon, carried out in at |eds{anyamiod y

i quid phase. 19) The process according to claim 18, wherein the aromatic

substrate is benzene, toluene, naphthalene or their mxtures. 20) The

process according.to cla'n1%§, wherein the, aronati ubstrate i s.benzene.
Wbkt

. C
21) TheShFates¥1i8cqt dPR AFRY 18 FOFREL S RYPRECFOT I KGRt e ar omat i ¢
hydrocarbon is diisoprogélbenzene ) ogtionally m xed with
trii sopPBpylBedteh8aShr FE%%%*Bequ% AebN i onal 'y mi xedwi th
triethyl benzene. 22) The process according tQq Qlain%18, wher.ei n ﬁhe
exhaust ed cat @} ysThe s PERSEGSorP B e | FPe Hid Tet§ vedNSHSIM athe
transal kyl ati on process of benzene wi th diisopropyl- benzene, optionally .
. m xed whRrhmatitsoprbdyrdezere, Ranzfine et hpLHEALenct2BPENBAGPPY AT xed with
triethyl benzene. 23) The process according to claim 18, wherein the
aromat i thaydroixEboasused for the regenerating process is equal to the
aromatic substrate of the transal kyl ation pro- cess. 24) The process
accor di ng t 020) ai in¢8 prvaesisedaeterding hgos s ia kP at ivgieneedct BRe 25) The
process accordi-ng to claim24, wherein the o
aromatic substrate is benzene.
21) The process according to claim 18, wherein the
polyalkylated aromatic hydrocarbon is diisopropylbenzene,
"-optionally mixed with triisopropylbenzene, or diethylben-
zene, optionally mixed with triethylbenzene.
22) The process according to claim 18, wherein the
exhausted catalyst is based on beta =zeolite and derives
from a transalkylation process of benzene with diiscopropyl-
benzene, optionally mixed with triisopropylbenzene, or di-
ethylbenzene, optionally mixed with triethylbenzene.
23) The process according to claim 18, wherein the
aromatic hydrocarbon used for the regenerating process is
equal to the aromatic substrate of the transalkylation pro-
cess.
24) The process according to claim 18, carried out in
-the same alkylation reactor.
25) The process according to claim 24, wherein the

reactor is a continuous reactor.

26) The process according to claim 25, wherein the
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react or

wherein the 8 January 2004 reactor
The 'process according to claim23 and 26, wherein the redef¥lam

is a continuous reactor. 26) The process according to claim. 25,

is a fixed bed continuous reactor...

04

27)

treatment is carried out in continuous us- ing as aromatic hydrocarbon the
sanme aromatic substrate streamas the transal kyl ati on process. 28) The

rocess_according t | ai m 27, I e ted catal yst based bet
geol i ter%l%(?‘?‘gl}flrlggf?gﬁwf’éead {Breaoynsca%{ng&sa!}e%ws €d catalyst Dbascd on beta

di i sopr
di et hyl

al kyl at

i ori-"process of benzene with

opyl benzene, optionally mxed wth tr.ili ropylhenzene, .or
ben- Zthe, ti?lg?ﬁﬁﬁsy arﬁl%?erﬁlvﬁgl \#‘% R enazrga/neé,)ée’l sﬁ}ee%eelnner ated

t he sane transalkglation react or usiqg%%gﬁagenzene stream 29

TR PPORRREATHOL UHA THbus T €

).. An '
OV R ot Btibstiate with

an al kyl ating agent selected fr n1oIeEins containing.fromz2 to 4 carbon
Jrorbas | h

. atons, 1BBprdpadlABRt AR ¥

B FEGprisiEhoP TR

in

16 oPREHPSn the

presence of a zeofitic catalyst, with cyclic regeneration of the zeolitic

cat al ysstreampafsthg EFNIB FolRhiPRt

aronmat i
| east
catal ys

c substrate wth a feedi ng_of alkylatjng%agent, carried out
partiadly TheuperqeesarRFd T hed fFedidhce’ of "IHEE Yo AR t$E~

t, until the catal yst shows at |east fartial deacti.vati on;
hausted catalyst based on beta zeolite deriving from a

transalkylation process of benzene with diisopropylbenzene,
optionally mixed_with triisopropylbenzene, or diethylben-
zene, optionally mixed with triethylbenzene, is regenerated
in the same transalkylation reactor using the benzene
stream.

29) An alkylation process in a continuous reactor of

an aromatic substrate with an alkylating agent selected

. from olefins containing from 2_to 4 carbon atoms, isopropa-

nol and mixtures of isopropanol with propylene, in the
presence of a zeolitic catalyst, with cyclic regeneration_
of the zeolitic catalyst, comprising the following steps:

a) alkylation of a feeding of aromatic substrate
with a feeding of alkylating agent, carried out in at least
partially liquid phase and in the presence of the zeolitic
catalyst, until the catalyst shows at least partial
deactivation;

(b). suspension of the feeding of the alkylating agent

and treatment of said deactivated catalyst with the feeding

- 31 -
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(b) suspension of the feeding of the al kylating agent

and treat nent of

sai d deactivated catalyst with the feeding 8 January 2004 Uah&% bﬁﬂatic
substrate alone, in liquid phase and at a tenperature higher 1an e

al kyl ation tenperature of step a), said tenperature being conprised

n 150C and 290C, until the catalyst has been at |east partially

bet wee

r egenerdft éi¢ ¥ompkiestbbtiathnehinesf it he duedpeizatused candi téngRsatussed in the’
al kylation in step a) when the regeneration has

been carried out at a

t enper dtigher hlyiverthehatkyteationf térperaghiey | & | oS P sadd drd@esb@iki ng of
eding of the al- kylating agent. 30) The process according to dlaim

the fe
29, wh
ar onat
et hyl e

'31) A transal kyl ation process in a continuous reactor

substr
zeolit
conpri
ar omat
bon, ¢
a zeol

dréhg cdpristentetvedred S50t adns Robsc, based] ofhdebaazee! hhs pdhe
ic substrate is benzene and the al kylating agent is sel ected

from

e, legsapyhenial ly sepeepaned, m xtures of isopro panol with propyl ene.

ate V\A'ér a polyat kil ptedeAL ONBE Criy- tdér%@_f] e | bdnlf (A

ic catalyst, with cy clic regeneration of t

shsgat bg rha! 5@%@&%&%}9% ak oy %r)S@Jhl%ﬁ g}yqegtr}:eegjerﬁeéa%%in“%a

ic sub- strate with a_ feedi ng of poly

of an aromatic

nce of a

e zeolitic catalyst,’

aronmati ¢ hydrocar -

BEERIAD Fur <! aPREREA LI G REPSEnBRchE: bRe dhfeesence of

Ic catal yst, e Ca

alkylation stepy and_re—starting of the feeding of the al-
kylating agent. " |

30) The process according to <laim 29, wherein the
deactivated catalyst 1s based on beta zeolite, the aromatic
substrate is benzene and the alkylating agent is selected
from ethylene, propylene, isopropanol, mixtures of isopro-
pancl with propylene.

31) A transalkylation process in a continuous reactor
of an aromatic substrate with a polyalkylated aromatic hy-
drocarbon, in the presence of a zeolitic catalyst, with cy-
clic regeneration of the zeolitic catalyst, comprising the
following skteps: |

a) transalkylation df a feeding of aromatic sub-
strate with a_  feeding of polyalkylated aromatic hydrocar-~
bon, carried out in at least partially ligquid phase and in
the presence of a zeolitic catalyst, until the catalyst

shows at least partial deactivation;

(b} suspension of the feeding of the polyalkylaro-
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shows at |east partial deactivation; (b) suspension of the feeding of the
pol yal kylaro - 32 8 January 2004 matic hydrocarbon and treatnent of said
deactivated cata- lyst with the feeding of the aromatic su%g??%¥é29?%ne, in
i quid phase and at a tenperature higher than the transal kyl ati on

tenperature of step. a), said tenperature being conprised between 150C and

290C, u Eﬁgitlict Wﬁ&%@émn hafdPeeR AtndrBassr PaLL haldok drasareratedis O

re-establ i shne the tenperature conditions used in the transal kyl ation

in step l%)g%\'\/{lﬁi;\-[ﬁ hg?é f%@@é&ﬁﬁsgﬁyﬁﬁ@%?&ﬁgtfér glﬁggt%ﬁ:eatal%ntee,”pﬁ{ ature

hi gher f e tra ation step, re-starting of the

Lii?} di A% hif)d‘ ARl Y ot o R ARG MO R L RRSEST,
zeolite, the

Toaro uaBRRRE el bRl S Be R e RS R A B
{11 ot hyPOERre, 35j" THe ¥ 6Leds TSEoT Ab 1BoEIRTALY SHBFTHEY wher of
The process. Sdcor dBRGCEAPIPAPHESS, RAor SRR {HEMyeRRHErat (S E M T ed ol
at a MHﬁgeE?@%in9h£r3¥53559k§12£%bn in étep a) when the rééenera—

fion has been carried out at a temperature higher than that

of the transalkylation step, and.re—starting of the fééding

of the ‘polyalkvlated aromatic hydrocatrbon.

32) The process according to claim 31, wherein the
deactivated catalyst is based on beta zeolite, the arocmatic
substrate is benzene and the polyalkylated aromatic hydro-
carbon is selected from diisopropylbenzene, optionally
mixed with triisopropylbenzene, and diethylbenzene, option-—
ally mixed with triethylbenzene.

33) The process according to claim 16, 29 or 31,
wherein the regeneration is carried out at a WHSV ranging
from 1 to 20 h.

34) The process according to claim 33, wherein the

regeneration is carried out at a WHSV ranging from 2 to 8

h-l
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8 January 2004 PROCESS FOR THE REGENERATI ON OF ZEOLI TI C CATALYSTS Abstract
The present invention relates to a process for the regen- grationgﬁﬁ4a
y

zeoliti
exhaust

pr esent

hydr ocarbons by the al kyl ati on of an aromati c hydrocarbon
an al kyl ati ng agent selected from C2-C4 ole- fins, isopropanol and m xtures

vy

c al kylation or/tbansal kyl ation cata- lyst, at |eas

ed, and conprises subject- ing said exhausted catal yst to heat
treatment with an aro- matic hydrocarbon. In particular, the process of the

invention is use ful for regenerating exhausted zeolitic catal ysts
whi ch de rive from preparati on processes of nonoal kyl ated aronatic

substrate with

of isopropanol with propyl- ene, or by the transal kylation of an aromatic
hydrocarbon substrate with one or nore pol yal kyl aromati ¢ hydrocar bons,

said al
“parti al
nat-ur e

kyl ation or transal kyl ati on processes being carried out in at
ly I'iquid phase and in the presence of a catalyst of zeolitic
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PROCESS FOR THE REGENERATION OF ZEOLITIC CATALYSTS
Abstract

The present invention relates té a process for the regen-
eration of a zeolitic alkylation ors transalkylation cata-
lyst, at least partially exhausted, and comprises subject-

ing said exhausted catalyst to heat treatment with an aro-

. matic hydrocarbon.

In particular, the process of the present invention is use-
ful for regene;ating exhausted zeolitic catalysts which de-
rive from preparation processes of monoalkylated aromatic
hydrocarbons by the alkylation of an aromatic hydrocarbon
substrate with an alkylating agent selected from C;~C4 ole-
fins, isopropanol and mixtures of isopropancl with propyl-
ene, or by the transalkylation of an aromatic hydrocarbon
substrate with one or more polyalkylaroﬁatic hydrocarbons,
said alkylation or transalkylation processes being carried
out in at least partially liquid phase and in the presence

of a catalyst of zeolitic nature.
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