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15 both polymethylated and polyethylated benzenes, which are inherently co-

produced with ethylbenzene in the alkylation reactor, are transalkylated with
benzene to produce additional ethyibenzene either by being recycled to the
alkylation reactor or by being fed to a separate transalkylation reactor.
Examples of such ethylbenzene production processes are described in U.S.

20 Patents Nos. 3,751,504 (Keown), 4,547,605 (Kresge), and 4,016,218
(Haag).

More recently focus has been directed at liquid phase processes for
producing ethylbenzene from benzene and ethylene since liquid phase
processes operate at a lower temperature than their vapor phase

25 counterparts and hence tend to result in lower yields of by-products. For
example, U.S. Patent No. 4,891,458 describes the liquid phase synthesis of
ethylbenzene with zeolite beta, whereas U.S. Patent No. 5,334,795
describes the use of MCM-22 in the liquid phase synthesis of ethylbenzene .

Cumene has for many years been produced commercially by the

30 liquid phase alkylation of benzene with propylene over a Friedel-Craft
catalyst, particularly solid phosphoric acid or aluminum chloride. More

recently, however, zeolite-based catalyst systems have been found to be



recently, however, zeolite-based catalyst systens have been found to be WO
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catal yst, itNpends3igBahpe acconpanied by a decrease in the nonoal kylation
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contacting the air-regenerated catalyst w an aqueous umis effective
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solution of acetic acid. ' ] o )
temperature with flowing air so as to remove the deactivating species and

15 burn off any coke deposits. However, although such air regeneration is
effective in improving the activity of the catalyst, it tends to be accompanied
by a decrease in the monoalkylation selectivity of the catalyst. This
results in a significantly increased duty on the transalkylator and a
consequent drop in overall yield and product purity. There is therefore a

20 need for a regeneration protocol which minimizes this change in the
selectivity of the catalyst to undesirable by-products.

According to the invention, it has now been found that contacting
the air-regenerated catalyst with an aqueous medium is effective in
restoring the selectivity of the catalyst back to its fresh state. in one

25 desirable embodiment of this concept, the washing solution is an aqueous
solution of ammonium nitrate or ammonium carbonate. In another
desirable embodiment of this concept, the washing solution is an aqueous

solution of acetic acid.

30 Summary Of The Invention

in one aspect, the invention resides in a process for regenerating a

spent aromatics alkylation or transalkylation catalyst comprising a molecular
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in a further aspect, the present invention resides in a process for
alkylating an aromatic compound comprising the steps of:

15 (a) contacting an alkylatable aromatic compound and an
alkylating agent with an alkylation catalyst comprising a molecular sieve
under alkylation conditions;

(b)  when said alkylation catalyst has become at least partially
deactivated, contacting said alkylation catalyst with an oxygen-containing

20 gas at a temperature of about 120 to about 606°C; and then

(c)  contacting the catalyst from step (b) with an aqueous

medium.

Preferably, the molecular sieve of the alkylation catalyst is selected
from MCM-22, PSH-3, SS2-25, MCM-36, MCM-49, MCM-56, faujasite,

25 mordenite and zeolite beta.

Preferably, the contacting step (a) is conducted in the liquid phase.

Preferably, the alkylating agent includes an alkylating aliphatic group
having 1 to 5 carbon atoms.

Preferably, the alkylating agent is ethylene or propylene and the

30 alkylatable aromatic compound is benzene.



Preferably, the alkylating agent includes an alkylating aliphatic group
having | to 5 carbon atons. Preferably, the al kylating agent |s1 e or
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are al so usetep, ipndiddek dé@cnvécedwaukylaﬂ@n aatalymﬁ@bdﬁtbcﬁﬁi wnn&nunder t he

reacti on condi.ti ons sel ected. Substituted aromatic con‘gounds whi ch can be
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napht hacene, per yiléntermcsEremalis! imrieransadatthe @liylatablencompounds
which are useful herein is to be understood in accordance with its art-

15 recognized scope which includes alkyl substituted and unsubstituted
mono- and polynuclear compounds. Compounds of an aromatic character
which possess a hetero atom are also useful provided they do not act as
catalyst poisons under the reaction conditions selected.

Substituted aromatic compounds which can be alkylated herein

20 must possess at least one hydrogen atom directly bonded to the aromatic

| nucleus. The aromatic rings can be substituted with one or more alkyl,
aryl, alkaryl, alkoxy, aryloxy, cycloalky!, halide, and/or other groups which
do not interfere with the alkylation reaction.
" Suitable aromatic hydrocarbons include benzene, naphthalene,

25 anthracene, naphthacene, peryiene, coronene, and phenanthrene, with
benzene being preferred.

Generally the alkyl groups which can be present as substituents on
the aromatic compound contain from 1 to about 22 carbon atoms and
usually from about 1 to 8 carbon aloms, and most usualty from about 1 to

30 4 carbon atoms.

Suitable alkyl substituted aromatic compounds include toluene,

xylene, isopropylbenzene, normal propylbenzene, aipha-



benzene being preferred. Generally the al kyl groups which can be present as
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B v T

di et hyd naphtfhaleagstrametibaaritenal EnaricByBetz8Ré Ny balifhadfnzene,
9- et hyl ant hracene; 2- nethyl ant hracene; o-irethyl ant hracene;
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nucl eus vari egdrocarbafs charaiedbetusel dsostahmigt meletiald\BRA iSI0BE Grdrhatic
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accept abl y | ihvdrecapops suakes ajadmoducsd by ssalkyladionyaf éfematigke i n such
| nstances m}‘l)@%éa%ﬁné p@;{r\uﬁggﬁﬂbn&&ﬂe@%uﬁ‘ﬂ)?&ﬂ?&&aFé’ﬂEahBhﬁ%e?HPé&a”t I al

guantities o enzene,
to in the art as alkylate and include hexylbenzene, nonylbenzene,

15 dodecylbenzene, pentadecylbenzene, hexyltoluene, nonyltoluene,
dodecyitoluene, pentadecytoluene, etc. Very often alkylate is obtained as
a high boiling fraction in which the alkyl group attached to the aromatic
nucleus varies in size from about Cg to about C42. When cumene or
ethyibenzene is the desired product, the present process produces

20 acceptably little by-products such as xylenes. The xylenes make in such
instances may be less than about 500 ppm.

Reformate containing substantial quantities of benzene, toluene
and/or xylene constitutes a particularly useful feed for the alkylation
process of this invention.

25 The alkylating agents which are useful in the process of this
invention generally include any aliphatic or aromatic organic compound
having one or more available alkylating aliphatic groups capable of
reaction with the alkylatable aromatic compound, preferably with the
alkylating group possessing from 1 to 5 carbon atoms. Examples of

30 suitable alkylating agents are olefins such as ethylene, propylene, the
butenes, and the pentenes; alcohols (inclusive of monoalcohols,
dialcohols, trialcohols, etc.) such as methanol, ethanol, the propanols, the



and/ or xylene constitutes a particularly useful feed for the al kyl ation
process of this invention. 25 The al kylating agents which are useful in the
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n-val eral dehyde; and al kyl halides such as nethyl chloride, ethyl chloride,
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Et hyl ene0. 71. 2" Pro 515. 3 Propyl ene42. 546. 8 | sobut anel2. 910. 3
n- But &he3. 37efnBit ERéspropere/moepylene streams, etc., are useful alkylating agents

herein. For example, a typical FCC light olefin stream possesses the
following composition:

Wt.% Mole %

Ethane 3.3 5.1

15 Ethylene 0.7 1.2
Propane 4.5 15.3
Propylene 42.5 46.8
|sobutane 12.9 10.3
n-Butane 3.3 2.6

20 Butenes 22.1 18.32
Pentanes 0.7 04

Reaction products which may be obtained from the process of the
invention include ethylbenzene from the reaction of benzene with ethylene,
25 cumene from the reaction of benzene with propylene, ethyltoluene from
the reaction of toluene with ethylene, cymenes from the reaction of toluene
with propylene, and sec-butylbenzene from the reaction of benzene and n-
butenes. »
The alkylation process of this invention is conducted such that the
30 organic reactants, i.e., the alkylatable aromatic compound and the
alkylating agent, are brought into contact with an alkylation catalyst in a
suitable reaction zone such as, for exampie, in a flow reactor containing a
fixed bed of the catalyst composition, under effective alkylation conditions.
Such conditions include a temperature of from about 0°C to about 500°C,
35 and preferably between about 50°C and about 250°C, a pressure of from



Pent anes0. 70. 4 Reacti on products which nmay be obtained fromthe process of
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conposition W carrier ts’s 'exanpl e,
hydrogen or hitragenor Mregebenzene is al kylated with ethylene to produce
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liquid phase conditions include a temperature between 300° and 600°F

15 (about 150° and 316°C), preferably between 400°F and 500°F (about
205°C and 260°C), a pressure up to about 3000 psig (20875 kPa),
preferably between 400 and 800 psig (2860 and 5600 kPa), a space
velocity between about 0.1 and 20 WHSV, preferably between 1 and 6
WHSYV, based on the ethylene feed, and a ratio of the benzene to-the

20 ethylene in the alkylation reactor from 1:1 to 30:1 molar, preferably from
about 1:1 to 10:1 molar.

When benzene is alkylated with propylene to produce cumene, the

reaction may also take place under liquid phase conditions including a
temperature of up to about 250°C, e.g., up to about 150°C, e.g., from

25 about 10°C to about 125°C; a pressure of about 250 atmospheres or less,
e.g., from about 1 to about 30 atmospheres; and an aromatic hydrocarbon
weight hourly space velocity (WHSV) of from about 5 hr' to about 250 hr™',
preferably from 5 hr to 50 hr'.

The alkylation catalyst comprises a crystalline molecular sieve

30 preferably selected from MCM-22 (described in detail in U.S. Patent No.
4,954 325), PSH-3 (described in detail in U.S. Patent No. 4,439,409},
S82-25 (described in detail in U.S. Patent No. 4,826,667), MCM-36
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No. 3,308, 069). Nsethetdlmahom pscbc@se oiahehw@noarﬁrooeéds ntheqkgatioronal nmanner
wi th an oxi de binder, such as such that the fjnal al kyl ation

catal yst cofet@iss vk orrdyally ’9%"8@"%{'3}60%@@%[% Adch thatdhyeaelioth process of
t he '18\’9”“%0?{1 I‘%('E&l%dl%’ 28 Blde Lé?\‘}e'é’ lveﬁgﬁﬁ%aﬁ@ejaﬁh‘?&gﬁlﬁoy lose 1ts

al kyl'ati on B S Chat e re ature required to

achieve a gexmpltecémmimeomeamlemg aoent, ewian'rdrease)nnecondmg o thiehe
al kyl ati ng agent, will increase, Accordlcgglato the invention, when the

al kyl ation %?PUPE‘yWB?”ttHQ WQI%@CW&A’ ¢ catalystdias %‘Eﬁfﬁaﬁﬁ‘é@&t er mi ned
amount .t ypg §atlyreﬁet nﬁﬂéa%nfo fiRbBicRF e 5% oY, horeNrecBRPRO ©d Lo the

initial alk on ac IVIt ata

to 50%, compared to the initial a!kylatlon actnnty of the catalyst, the

15 deactivated catalyst is subjected to the novel ex-situ regeneration
procedure of the invention.

The regeneration procedure of the invention comprises the steps of

contacting the deactivated catalyst with an oxygen-containing gas at a
temperature of about 120 to about 600°C, pfeferably about 350 to about

20 525°C, and then contacting the catalyst with an aqueous medium.
Preferably, the step of contacting the catalyst with an aqueous medium is
conducted at a temperature of about 15 to about 120°C, more preferably
about 50 to about 80°C, for a period of about 10 minutes to about 48
hours, more preferably about 30 minutes to about 4 hours. Any oxygen-

25 containing gas can be used in the initial regeneration step, but preferably
the gas is air. In addition, any aqueous medium can be used to contact
the oxygen regenerated catalyst. Particularly preferred aqueous media for
use in the regeneration process of the invention are aqueous solutions of
ammonium carbonate, ammonium nitrate and acetic acid.

30 Preferably, after contacting with the aqueous medium, the catalyst is
calcined at a temperature of about 25 to about 600°C for a period of about

10 minutes to about 48 hours.



15 deactivated catalyst is subjected to the novel ex-situ regeneration
procedure of the invention. The regeneration procedure of the i i 6Coi0
conpr i seswidhes/eseqs of contacting the deactivated cat al yst PoTISOEIFI66
oxygen-contai ning gas at a tenperature& of about 120 to about 600C,
preferably about 350 to about 20 525C, and then contacting the catalyst with

an agueous edi UMyyeRLEERL ARl orbBeSias (B ISAMATIL HOLA LT, BRIl Y Lh an

aqueous nediumis conduc enperatu abou 20C,

nor e pr ef er ain restabmgithebdctivityadidhe ca8tilystwithoat pabtastiaf loabdmthel0 i nutes to
about 48 hours, re prefer,a_bla&/ Ebout 30 mnutes to about 4 hours. Any
oxygen 25 coWM%‘%%e@ﬁﬂV'Ey fise#ata#lyethe initial regeneration step, but

B e Y e ooy IS 13 08 dorbDiaRACHEk T oreRile B SRYRIRCANSR 1588050 1 0

contact the oxygen regen articu y pre aqueous

medi a §or utie procebs of dyeRcation may osdsgoaing bemony aisitoReatip/atigieous
sol utions of anmoni um carbonate, anmmpniumnitrate and acetic acid. 30

Preferably, BIRGSAUERHIACEXHHPIR Bh ST RPN YEB @Crbaialkgne Heeteeblyyst is

cal ci ned at e t 0, £.Of ' about
Cal of med 20, BrdRARELRIE oo MAD e ahau, RSl aRSiaRfe B, 700U
The r egener atheoinveniioredBuehdfi-sithecactivativhdn cosvémsigntly tarrr) efifgted i ve in
restoring the activity of thq@cégg%ﬁﬁ{: wi t hout substantial loss in the

a

monal kyl at i of®rRRETEEITRAT AP asH y3Pressureatyweps ahopit dcata @t t hat i n
practige thesglkyl QtWPfS\?pEﬁ/l/é@% ?Hél?fcb.bﬁ] amd 5@3(%9@%%@?%&%%# Q\ﬁg;t ' on may

undergo one oOr nofte i n-situ reactrvation procedure

strippi ng w hbua t613CHayd, kaore preferbbhafpby 1 [ 24 dowirs. bTherregbeéragiosubj ect ed
to the ex-situ reg%m;ner ation procedure of the invention, Such in-situ

react i vat i onPfacess ) & Benyiopas pimdexsist when in-sitd @stivakien is ipeffasih@iniso to
2601C, a preﬁ%r‘?‘n@bﬁ{é"@&mtg%‘{ﬁe %ap%yrgtand 10 50 atm a WHSV bet ween about
an f about

0.01 and 50 atinme .1 hours to 30 days, nore preferably
from| to 24 hour $heHikylattygepsrcess @h the invention is particularly intended to
15 produce monoalkylated aromatic compounds, such as ethylbenzene and
cumene, but the alkylation step will normally produce some polyalkylated
species. Thus the process preferably includes the further steps of
separating the polyalkylated species from the alkylation effluent and
reacting them with additional aromatic feed in a transalkylation reactor
20 over a suitable transalkylation catalyst. The transalkylation catalyst is
preferably a molecular sieve which is selective to the production of the
desired monoalkylated species and can, for example employ the same
molecular sieve as the alkylation catalyst, such as MCM-22, MCM-49,
MCM-56 and zeolite beta. In addition, the transalkylation catalyst may be
25 ZSM-5, zealite X, zeolite Y, and mordenite, such as TEA-mordenite.

The transalkylation reaction of the invention is conducted in the liquid
phase under suitable conditions such that the polyalkylated aromatics react
with the additional aromatic feed to produce additional monoalkylated
product. Suitable transalkylation conditions include a temperature of 100 to

30 260°C, a pressure of 10 to 50 barg (200-600 kPa), a weight hourly space-
velocity of 1 to 10 on total feed, and benzene/polyalkylated benzene weight

ratio 1:1 to 6:1.



process of the invention is enployed when in-situ activation is ineffective
in restoring the activity of the catalyst. The al kyl ation procegs ﬁgzﬁdge

i nvention is })art icularly intended to 15 produce nonoal kyl at ed (gJ t
compoundVOLd@AKE et hyl benzene and cumene, but the al kyl aRCHNSEYER6a | |
normal |y produce sonme pol yal kyl ated d8ecies. Thus the process preferably

i ncl udes the further steps of separating the polyal kyl ated species fromthe

alkylation off] usinch e dfbdteg el bre By Eippn AR Fateecd Tn o

transal kyl ati on reactor er a suitable tra atron catalyst. The

t ransal kyl aréattecavith benzére torppbduad ethyibandeseytrar transalkylatibeh i s sel ecti ve

to the production of tgqe desi red nonoal k?_/,I atgéj@ ecies and can, for exanple
enpl oy t he SRAEIIORSIREEIArably ficdide ademReraibig Phe?Qtp B0 (@ Pressutohs MoM 22,
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may be 25 Zeo EA- nordeni te.

The trsansal bﬁhg@h@mggmgmmm 2t é:nvention is conducted in the liquid
phase under suitable conditions such that the polyal kyl ated aromati cs react

with the additi ondheartbaamolyeltytatad somaties aee RENPIORIRENZEHSS Arkhars: ed

50 2600C, o praed T BpRadh B hBBuGr BihehB! st Pt B E FRRURROET 1§ space.
\r/el ocity of plef_e@aﬂl%@cﬂu@@b%m eRfured ot (e 720G A priskiiteabes Repgene wei ght
atio 1:1 to 6: 1. 03/ 006160 10 13 DEC 2005 PCT/ US02/ 15966 WWhen the

pol yal kyl at baéras waight beury spansi valotii dlchieihe ondatal deed and benezengiRiRBbenzene

to prqQduce eth enzen he transal kyl ation conditions preferably include
a ten@eratum'é%ﬂﬁ'@ ﬁﬁ‘%ggc a pressure of 20 to 30 barg, weight hourly

space vel ocity ofagtHeirBn&dlk§Ialich chrffbidEomdLa88OR/IER YRidHe ratio 2:1 to

6:1. Wen the polyal kyl ated aromatics are pol ypropyl benzenes "and are
react ed wit subgerieddo the paweuegenenatins, proress pasissickbed@bonedonelietioons

preferably E&%b‘%ﬁﬁa%%”@ﬁ%f%ﬁre of 100 to 200C, a pressure of 20 to 30

The invention will now be more particularly described with reference
15 to the following Exampies. In the Examples, catalyst performance is _
defined by reference to the kinetic rate constant which is determined by
assuming second order reaction kinetics. For a discussion of the
determination of the kinetic rate constant, reference is directed to
"Heterogeneous Reactions: Analysis, Examples, and Reactor Design, Vol.
20 2: Fluid-Fluid-Solid Reactions” by L. K. Doraiswamy and M. M. Sharma,
John Wiley & Sons, New York (1994) and to "Chemical Reaction
Engineering” by O. Levenspiel, Wiley Eastern Limited, New Delhi (1972).

Example 1:
25 Benzene alkylation with propylene was first conducted using an

MCM-22 catalyst prepared as 65/35 extrudate with 65 wt% MCM-22
crystal and 35wt% alumina in 1/16" cylindrical extrudate form. One gram of
the catalyst was charged to an isothermal well-mixed Pafr autoclave
reactor along with a mixture comprising benzene (156 g) and propylene

30 (28 g). The reaction was carried out at 266°F (130°C) and 300 psig for 4
hours. A small sample of the product was withdrawn at regular intervals

and analyzed by gas chromatography. The catalyst performance was
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Example 3 (Comparative):

The spent MCM-22 catalyst from Example 2, unloaded from the
commercial cumene reactor, was then regenerated ex-situ in flowing air at
a gas hourly space velocity of 300 hr”' at 1000°F (538°C) for 12 hours.
One gram of this air regenerated catalyst was evaluated for benzene
alkylation with propytene in the batch test according to the procedure
described in Exampie 1. Activity and cumene selectivity of this spent

catalyst at 100% propylene conversion are listed described in Table 1.

Example 4:
A 1.0 molar solution of ammonium nitrate was prepared by

dissolving 80 grams of ammonium nitrate (1 mole) in 1 liter of distilled
water. This solution was stirred until the ammonium nitrate completely
dissolved. 25 grams of air-regenerated commercial cumene catalyst from
Example 3 were loaded into a 500 cc flask and 125 mL of 1 Molar
ammonium nitrate solution was then added to this flask. The flask was
allowed {o stand for 1 hour with gentle stirring. The extrudates were then
recovered by filtration, washed with 125 mL of distilled water, and then
placed in a beaker. This treatment procedure was repeated one more
time. Foliowing the second wash, the extrudates were transferred to a

based

ation



MCM 22 catal yst unl oaded froma commercial cunene unit at the end of its
cycle. One gramof this spent catal yst was eval uated for benzenel @W%@ tion
W th prop\xl ene in the batch test according to the procedure 10 deé in
Exanpl e WOAB6Py and cumene selectivity of this spent cBEBEU§E¥ISER6 100%
propyl ene conversion are listed in Tatie 1. Exanple 3 (Conparative): The
spent MCM 22 catal yst from Exanple 2, unloaded fromthe 15 commercial cunene

reactor, wagrtibiefe.r Feereidbledves i placadiih eni dgriivhefd thelegsddteyr | y space
velocity of 300 hr"' at 1000F (5388 for 12 hours. One gramof this air

r egener at ed wereadijed fatkheyrs alatdd G dhegerinudades avacgithen ealamachabr opyl ene in

and cumene. Sa1E 104 yode iR (8L ORE BYrEer RSPt eRe Rkl Y
conver si on yzRakkcivad cl@artedest benzbalel sikatitn W Brobylerfe th thete sol ution

of anmmoniumnitrate was prepared by disso vi_n% 80 granms of ammoniumnitrate
(1 nolse) i nteslagenrding t@itbeiproespuresiegaribed imfixarepledt. i Aativisand i rred unti |

h [ ' Pl | ' . foair- d
comor o al - CHMEMESEIEERTRLE! P peisiBiplPar (0% PohuBrelidn/eloBBE EC 1) asi
and 125 nL g¢ktdg NeS&ibedimmpspigm nitrate sol uti on was then added to this

flask. The flask was allowed to stand for 1 hour with gentle stirring. The
extrudates were then 30 recovered by filtration, washed with 125 niL of

distilled wgerl laegf then placed in a beaker. This treatnment procedure was
repeated on ime. Follow ng the second wash, the extrudates were

transferred toTac\WRoRBAOREHEXEAPIE BwBEGeRRAfd BEWHCRARL!GHBNRIHCI bl . The

cruci ble was then placed in an oven where the extrudates were dried for 4
hours at 120dfratehgolatien baimceeplates bhad-eanelphsealuion B3getic@ciiwasurs in

o e oo MRS BRI I G RS mER R YSher, ot o
procedure defistilidiedaiar. Exaargtaam bf the taliried, aretic acid washed catalyst was
evaluated for benzene alkylation with propylene in the batch test according
15 to the procedure described in Example 1. Activity and cumene selectivity
of this spent catalyst at 100% propylene conversion are listed described in
Table 1.



cunene selectivity of this spent catal yst at 100% propyl ene conyv bééi are
| isted described in Table 1. Exanple 5: io The procedure of Exahg
repeat ed o owhedabo t he anmonium nitrate sol ution being reppaeedobisoss O. 5
~nol ar solution of acetic acid was prepared by dissolving 30 grans of acetic
"acid (0.5 nole) in 1 liter of distilled water. One gram of the cal cined,
acetic acid washed catal yst was evaluated for benzene al kyl ation with
propyl ene in the batch test according .!}RP&% ihe procedure described in
Exanple 1. Activity and cunene sel ecti f this spent catalyst at 100%
propyl ene conveﬁm_a-r-e_l_l_sl_ed—d@s-e } [able 1. WD 03/006160-13 D E C
2005 PCT/ US02/1: 966 13CHAMHE | A Cat?ﬁg'? Lujre? PBP@nHenéﬂMfﬁ?ﬁ@éfasé in

4 Activity(% Total Pol yaI kyI ate Make Bxdrfpl'd 1 016 3. Fr dstPt AlsYi@atial yst

Exanpl e 24216. \Nt Sp v 22 Cat .yo Exafpt-e—27722-H36—A Pegendr at ed
MCM 22 Cat al yst 5 até‘l &%genl;ar at e§ Sat al yst of Exarrpl e 3,
’ foll owed by wag h| ng w anmoni m n| t rate (Ihvention) ExXanple 58516. ANI L
Example 2 42 16.3 NiL
Spent MCM-22 Catatyst
Example 3 77 22.5 36
Air Regenerated MCM-22
Catalyst
Example 4 80 16.4 NIL

Air Regenerated Catalyst of
Example 3, followed by
washing with ammonium nitrate
(Invention)

Example 5 85 16.2 NIL
Air Regeneraled Catalysi of
Example 3, foliowed by
washing with ammonium nitrate
(Invention)

It will be seen from Table 1 that the regeneration procedure of the
invention, in which the air burning is followed by aqueous treatment
(Examples 4 and 5), gave improved activity restoration and improved
mono-selectivity retention as compared with the prior art process of air

10 regeneration alone (Example 3).



Air Regenerated Catal yst of Exanple 3, followed by washing wi th anmoni um
nitrate (Invention) 51t will be seen from Table 1 that the regen aﬁion
procedure of the invention, in which the air burning is foll ovvedei)gl fa%{]ﬂ%ous
treatment (Exanples 4 and 5), gave inproved activity restoration and

| nproved nono-selectivity retention as conpared with the prior art process
of air 10CLA¢MSeration alone (Exanple 3). 13 D E C 2005 14 CLAIMS: 1. A
process for regenerating a spent aromatics al kylation or transajlkylation
catal yst conprising a nol ecul ar sieve selected from MCM 22, PSH 3, SSZ-25,

MCM 49, 6, Af ayl asit.e, ' : | qed D
comr i 5 gt he' & oBLSBSSC el a PR BingC . SPeht S ABalcy [ gRReECer

e¥spent 'ca oxygen-

cont ai ni notrg@AsgRYlatioh exatsiyst drmpréingwiolddllat sisvbostiedt@ GramdVICM22,
contacting the catal Zst w th an aqueous nmedium 2. The process of claim1

wher ei n saP§Hxgu8&Ls2hebiCir4Ss dauesies mofdeniteo gpdzaiitasbetg the an

2o d sol ut piiess oREHRd I R RaRG BsTen RR 0T 20 ABBRF e
catal yst Wedhtairifig 9Ga¥ UtSa "RMpEaLAe CONABBLED 28t t& ANe600C aref tedput 15
to about 120C for a period of about 10 m nutes to about 48 hours. 4. The

process of comtacting thehoataiyst withtasraquenusdnediymui t h t he aqueous nedium the
catalyst is calcined at a tenperature of about 25 to about 600C for a
peri od of about 10 m nutes to about 48 hours. 5. A process for al kylating an

aromati C CONMPOUTtheCOERELS ONGIdiMe! WHRRSn Jdid agBsoGd Meiimng stlectbd Yiom abl e

aromatic conpound and an al kyl ating agent, under alkylation conditions with
an al kyl at thengreapatansistingrafrarsammaniumdiitsatel splutisine we aremesiusa carkanatew 22,

PSH 3, SSZq dRtioh SHd s ab&td 384 solution.

3. The pracess of claim 1 wherein the step of contacting the catalyst with
an aqueous medium is conducted at a temperature of about 15 to about 120°C
for a period of about 10 minutes o about 48 hours.

4, The process of claim 1 wherein, after contacting with the aqueous
medium, the catalyst is calcined at a temperature of about 25 to about 600°C
for a period of about 10 minutes to about 48 hours,

5. A process for alkylating an aromatic compound comprising the steps
of:

(a)  contacting an alkylatable aromatic compound and an alkylating
agent' under alkylation conditions with an alkylation catalyst comprising a
molecular sieve selected from MCM-22, PSH-3, $SZ-25, MCM48, MCM-56,
faujasite, mordenite, and zeolite beta; and

(b) when said alkylation catalyst has become at least partially
deactivated, contacting said alkylation catalyst with an oxygen-containing gas
at a temperature of about 120 to about 600°C; and then

(c)  contacting the catalyst from step (b) with an aqueous medium.

8. The process of claim 5 wherein the contacting step (a) is conducted in
the liquid phase. |



faujas te, nordenite, and zeolite beta; and (b) when said al kyl ation

catal yst has becone at |east partially deactivated, contacti ng1§a[LEct 00

al kyl ati on catalyst with an oxygen-containing gas at a tenperatur o% ‘r'about
120 to about 600C, and then (c) contactisng-the catalyst fromstep (b) with
an aqueous mnmedium 6, The process of claim5 wherein the contacting step (a)
is conducted in the liquid phase. 13 D E C 2005 15 7. The process of claim
5 wherein the al kylating agent includes an alkylating aliphatic group
having 1 t6 5 cah®opreesasof glaimé prlwreiss the e&ﬂaﬂmg agenteinelydrs aNkyl ati ng

agent is e | en [ . | e aromatic conpound is
benzene. .'W‘ﬁ@”@?ﬁé@i‘@c @&bﬁ%ﬁm@&jmgggﬁﬁéﬁﬁqueous mediumis sel ected
from the group consisting of an ammoniumnnitrate solution, an ammoni um
carbonate solution and an acetic acid solution. 10. The process of claimb5
wherei n t h& st ejfphef prosesacfi dgin he wiheralny $he valkyatingn aggot de thyenener s:

conducted at a; tenpe ﬁ;turg IOI %lbout 5 to about. 120C for a period of about
10 ni nut esPtORY! ng, 5e3kylatable aropalic cIpRAUNG,s RENZBARS | nci udi ng t he

further step, after step (c), of <calcining the catalyst at a tenperature of
about 25 to about 600C for a period of about 10 m nutes to about 48 hours.
9. The process of claim 5 wherein said agueous medium is selected from

the grbup consisting of an ammonium nitrate solution, an ammonium carbonate

solution and an acetic acid solution.

10.  The process of claim 5 wherein the step of contacting the catalyst with
an aqueous medium is conducted at a temperature of about 15 to about 120°C
for a period of about 10 minutes to about 48 hours.

11.  The process of claim 5 including the further step, after step (¢), of
calcining the catalyst at a temperature of about 25 to about 600°C for a period
of about 10 minutes to about 48 hours.



