|  LIQUI D PHASE ALKYLATI ON W TH MULTI PLE CATALYSTS FIELD [0001] The
present disclosure relates to a process for producing al kyl aromatic
conpounds, particularly ethyl benzene. BACKGROUND [0002] Ethyl benzene is a
key raw material in the production of styrene and is produced by the
reaction of ethylene and benzene in the presence of an acid catalyst. Ad
et hyl benzene production plants, typically built before 1980, used AICl3 or
BF3 as the acidic catalyst. Newer plants have in general been switching to
zeol i te-based acidic catalysts. [0003] Traditionally, ethylbenzene has been
produced in vapor-ohase reactor systens in which the ethylation reaction
of benzene with BIGQUIDBHA A 8 AULAWE SIATAL Y$TS hout 380- 420C
and a pressure of 9-15 kg/cn? g in nultlple fi xed beds of zeolite

catal yst. Ethylene exothermally reacts with benzene to form ethyl benzene,
al t hough undddEL®bl e chain and side reactions also occur. About 15% of the
et hyl benzene d et hyl benzene
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pol yet hyl at ed benzenes (PEBs). In addition to the ethylation reactions, the
formation of xylene isoners as trace products occurs by side reactions.
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of ethyl benzene product and about™ 3-4 Wt % of PEBs. To avoid a yield |oss,
the PEBs arete hasel skl catedysst hy| benzene by transalkylation with

addi tional bgggape ﬂQcii{f@rlahy, étﬂ&l@eﬁ&i%q{agtbgent ﬁt@@lfb@h lﬁylvﬂ)toi'-gﬂase reactor

systems, in which the ethylation reaction of benzene with ethylene is carried out at

a temperature of about 380-420°C and a pressure of 9-15 kg/cm’-g in multiple
fixed beds of zeolite catalyst. Ethylene exothermally reacts with benzene to form
ethylbenzene, although undesirable chain and side reactions also occur. About
15% of the ethylbenzene formed further reacts with ethylene to form di-
ethylbenzene isomers (DEB), tri-ethylbenzene isomers (TEB) and heavier
aromatic products. All these chain reaction products are commonly referred as
polyethylated benzenes (PEBs). In addition to the ethylation reactions, the
formation of xylene isomers as trace products occurs by side reactions. This
xylene formation in vapor phase processes may yield an ethylbenzene product
with about 0.05-0.20 wt % of xylenes. The xylenes show up as an impurity in the
- subsequent styrene product, and are generally considered undesirable.
[0004] In order to minimize the formation of PEBs, a stoichiometric excess of
benzene, about 400-900% per pass, is applied, depending on process optimization.
The effluent from the ethylation reactor contains about 70-85 wt % of unreacted
benzene, about 12-20 wt % of ethylbenzene product and about 3-4 wt % of PEBs.
To avoid a yield loss, the PEBs arc converted back to ethylbenzene by
transalkylation with additional benzene, normally in a separate transalkylation

reactor.




reactor. 2 [00051 By way of exanple, vapor phase ethylation of benzene
over the crystalline alumnosilicate zeolite ZSM5 is disclosed in U S.

Pat ent Nos. 3,751,504 (Keown et al.), 3,751,506 (Burress), and 3, 755, 483
(Burress). [0006] In recent years the trend in industry has been to shift
away from vapor phase reactors to |iguid phase reactors. Liquid phase
reactors operate at a tenperature of about 170-250C, which is bel ow the
critical tenperature of benzene (about 290C). One advantage of the liquid
phase reactor is the very low formation of xylenes and ot her undesirable
byproducts. The rate of the ethylation reaction is normally |ower conpared
with the vapor phase, but the | ower design tenperature of the |iquid phase
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benzene is n&f orming PEBs is considerably lower; namely, about 5-8% of
the ethylbenzene is converted to PEBs in liquid phase reactions versus the 15-20%
converted in vapor phase reactions. Hence the stoichiometric excess of benzene
in liquid phase systems is typically 150-400%, compared with 400-900% in vapor
phase.

[0007] Liquid phase ethylation of benzene using zeolite beta as the catalyst is
disclosed in U.S. Patent No. 4,891,458 and European Patent Publication Nos.
0432814 and 0629549. More recently it has been disclosed that MCM-22 and its
structural analogues have utility in these alkylation/transalkylation reactions, see,
for example, U.S. Patent No. 4,992,606 (MCM-22), U.S. Patent No. 5,258,565
(MCM-36), U.S. Patent No. 5,371,310 (MCM-49), U.S. Patent No. 5,453,554
(MCM-56), U.S. Patent No. 5,149,894 (SSZ-25); U.S. Patent No. 6,077,498 (ITQ-
1); and U.S. Patent No. 6,231,751 (ITQ-2).

[0008] Commercial liquid phase ethylbenzene manufacturing processes
generally employ a plurality of series-connected alkylation reaction zones, each
containing a bed of alkylation catalyst. Most, if not all, of the benzene is normally
fed to a first inlet reaction zone, whereas the ethylene feed is typically divided
substantially equally between the reaction zones. Poisons can and do enter the

alkylation reaction system with both the cthylene and benzene feeds and the




fed to a first inlet reaction zone, whereas the ethylene feed is typically
divided substantially equally between the reaction zones. Poisons can and
do enter the alkylation reaction systemw th both the ethylene and benzene
feeds and the 3 alkylation systemfrequently includes a by-passable
reactive guard bed, which is normally located in a pre-reactor separate
fromthe remai nder of the alkylation system The reactive guard bed is
al so | oaded with al kyl ation catalyst and is naintai ned under anbient or up
to alkylation conditions. Benzene and at |east a portion of the ethylene
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result of which the reactive guard,
alkylation processes which maximize the cycle length of the catalyst in the
reactive guard bed and/or the inlet alkylation reaction zone.
[0010]  Aithough the preceding discussion has focused on the production of
ethylbenzene, it will be appreciated that similar comments apply to the production
of other alkylaromatic compounds, such as cumene and sec-butylbenzene, in
which the alkylating group comprises othér lower (C;-Cs) alkenes, such as
propylene and 1-butene and/or 2-butene.
[0011] The present disclosure provides an aromatics alkylation process that
allows the use of a catalyst in the reactive guard bed or the inlet bed (first
alkylation reaction zone) which exhibits an increased poison capacity (on a moles
of poison per unit mass of catalyst basis), as a resuit of which the reactive guard
bed or the inlet bed exhibits an increased cycle length between catalyst change-
outs. This can be accomplished by providing an alkylation catalyst in the reactive
guard bed or the inlet bed which has a greater amount of acid sites per unit mass
of the catalyst than the alkylation catalyst in the second bed (second alkylation

reaction zone).




bed or the inlet bed exhibits an increased cycle | ength between catal yst
change- outs. This can be acconplished by providing an al kyl ation catal yst
in the reactive guard bed or the inlet bed which has a greater anmount of
acid sites per unit mass of the catalyst than the al kylation catalyst in
t he second bed (second al kylation regction zone). 4 [0012] U S. Patent
No. 5,998, 687 discl oses a process for producing ethyl benzene conprising:
a) contacting a first feed conprising benzene and ethylene with a first
catal yst conprising zeolite beta in a first catal yst zone at first

al kyl ation c | L1 ons to,obtal ' ffluent, and withdrawng the first
ef fi uent frngane ?lﬁlsstp %ﬁa#‘@s?sé%%@agmgioﬁsr& POSSe % @F%%,‘\Qcﬁgd b)
contacting a eletissngerkeqinprising! wylicoftactingl £aHbt feed Wolripaibing fbehhge fdndst

ef fluent and conprising_ethyl ene and. benzene with a second catal yst
compr | 1 ng 7 SDTERE W1 st CRANGH CoraBSie P15 B 1t A ol AP BE] on
condi tions t aligidtidh boRdiS&HA0 @bfd & eI eROAD khdWRBArk Mg tRe Ake Bfluentand

wi t hdrawi ng the second effluent fromthe second catal yst zone at a second

t enper at ur e, FRRHSiTHshosRISEERR A ¢ BFsh mpetaiuesagd fp) gerdactipg, & seqond feedy st
tenperature. indififlddht Wag 2 PaERAoMNAe tﬁftogflﬁuéﬁ%ngic%ﬁlpﬁiiﬁg eﬁy@n@%ﬁs for

produci ng ethyl benzene by gas-phase al kyl ation over pli't |oad of

monocl i ni ¢ siticneear itk a seeqad atalsh comptiingsaealit X ionysagpnd eatalyit zand dtca/ al uni na
ratios. A feedsihqGh fitoh eodifias 168G 1SR el &H%Fkxﬁ %?ﬂbln?z@né,o a

mul ti-stage alkylation reaction zone having a plur |t%/ 0

seri es- connecné dvithdraniyg thelpeetmd effludng from thescwad shiplyst tod aterseeonds a  first

nmonocl i ni¢c silj e al.ys ' is ] 4 ] ratio of at | east
on ond i I B AR e AR ARl LER UGl Bhbdatle & 1 ©
silicalite cdo@3yst URavPatent aNei |6,65/485 udisplasasaki proséss| ders prddmningbout 275.

The al kyl ati g eactiqn zan i erated at .. erat ure.and. pressure
conditions i r‘?%qe%enf:&’é’ %aéf?i%sﬁeﬁbggtfoﬁ e @ Sagg gogﬁs()fa ‘3{5’811?18 SH%&@S gas- phase
al kyl ati on ofalifyteion caalgbts Gadnbdifkfhesilicy/diiRina pities.c Adfeeddfock Bentaidiagc! i ni c

silicalite catal ysts, t roduce, an al kyl atio roduct.. The, al kyl ation
oroduct is t RERERE pFRRIS BRRTERL § BBl tegs Aloon Sraction, s fAYAE 2 and

recovery. Thehusiy QF séhig-coRdcied @R sObedsatal vt oheScasays bbd calthitvaa hi gher
TR N T NN TS Y MG S
at least one other catalyst bed contains a second monoclinic silicalite catalyst
having a silica/alumina ratio of less than about 275. The alkylation reaction zone
18 operated at temperature and pressure conditions in which the benzene is in the
gaseous phase to cause gas-phase alkylation of the aromatic substrate in the
presence of the monoclinic silicalite catalysts to produce an alkylation product.
The alkylation product is then withdrawn from the reaction zone for separation
and recovery. The use of the split load of catalyst is said to allow a higher purity
ethylbenzene product to be produced at improved efficiencies than if only one of
the catalysts were used by itself.
[0014] U.S. Patent No. 6,995,295 discloses a process for producing an
alkylaromatic compound by reacting an alkylatable aromatic compound with a
feed comprising an alkene and an alkane in a multistage reaction system
comprising a plurality of series-connected alkylation reaction zones each
containing an alkylation catalyst. The process comprises: (a) operating at least
one of said alkylation reaction zones under conditions of temperature and pressure

effective to cause alkylation of said aromatic compound with said alkene in the




the catal ysts were used by itself. [0014] U S. Patent No. 6,995, 295

di scl oses a process for producing an al kylaromatic conpound by reacting an
al kyl atabl e aromati c conpound with a feed conprising an al kene and an

al kane in a nmultistage reaction system conprising a plurality of
series-connected al kyl ation reaction gzones each containing an al kylation
catal yst. The process conprises: (a) operating at |east one of said

al kyl ati on reaction zones under conditions of tenperature and pressure
effective to cause al kylation of said aromati c conpound with said al kene in
the 5 presence of%é_ail_l%l | ky] ati on catalyst and to nmaintain said
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catal yst, wherein the first alkylation catalyst has a first anount of acid
sites per unit mass of the catalyst; (b) operating said first alkylation
reacti on zongumnNesryondi tions effective to cause al kylation of said

al kyl at abl e aromatic conpound by said al kene to produce said al kylaromatic
conpound, sail®8bndilpioBnasnse; thg PEasem disglesurs ggsifles in a process for producing

an alkylaromatic compound, the process comprising:

(a) introducing a first feed comprising an alkylatable aromatic
compound and a second feed comprising an alkene into a first alkylation reaction
zone comprising a first alkylation catalyst, wherein the first alkylation catalyst has
a first amount of acid sites per unit mass of the catalyst;

(b)  operating said first alkylation reaction zone under conditions
effective to cause alkylation of said alkylatable aromatic compound by said alkene
to produce said alkylaromatic compound, said conditions being such that said
alkylatable aromatic compound is at least partly in the liquid phase;

(¢)  withdrawing from said first alkylation reaction zone a first effluent
comprising said alkylaromatic compound and unreacted alkylatable aromatic
compound,

(d) introducing at least part of said first effluent and a third feed
comprising said alkene into a second alkylation reaction zone comprising a second
alkylation catalyst, wherein the second alkylation catalyst has a second amount of
acid sites per unit mass of the catalyst and wherein said second amount is less than

said first amount;




al kyl atabl e aromatic conpound is at |least partly in the |liquid phase; (c)
wthdrawing fromsaid first al kylation reaction zone a first effluent
conprising said al kyl aromati c conpound and unreacted al kyl atable aromatic
conpound; (d) introducing at |east part of said first effluent and a third
feed conprising said alkene into a sgcond al kyl ation reaction zone
conprising a second alkylation catalyst, wherein the second al kyl ati on
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second afkylation catalyst.

[6019]  Conveniently, the first and second alkylation reaction zones are contained within

the same alkylation reactor. Alternatively, the first alkylation reaction zone is a by-passable

guard bed reactor and the second alkylation reaction zone is in a separate reactor containing

at least one further alkylation reaction zone connected in series with said second alkylation

reaction zone.

[0020] In one embodiment, said alkene includes ethylene, said alkylatable aromatic

compound includes benzene and said alkylaromatic compound includes cthyibenzene.

Conveniently, the conditions in (b) and/or (€) include a temperature of about 120°C to about

270°C and a pressure of about 675 kPa to about 8300 kPa.

[0021]  In another embodiment, said alkene includes propylene, said alkylatable aromatic

compound includes benzene and said alkylaromatic compound includes cumene.

Conveniently, the conditions in (b) and/or (¢)




at | east one further alkylation reaction zone connected in series with said
second al kylation reaction zone. [0020] In one enbodi nent, said al kene

i ncl udes ethyl ene, said al kylatabl e aromatic conpound i ncl udes benzene and
sai d al kyl aromati ¢ conpound includes ethyl benzene. Conveniently, the
conditions in (b) and/or (e) include a tenperature of about 120C to about
270C and a pressure of about 675 kPa to about 8300 kPa. [0021] In another
enbodi ment, said al kene includes propylene, said al kylatable aromatic
conmpound i ncl udes benzene and sai d al kyl aromati ¢ conpound i ncl udes cunene.
Cbnveniently,.th@iconditions in (2% and/or (e) 7 include a tenperature of
about 75C to BFYfe @ semeratie ofabont i¥ria abgut 28¢iand gouesswpaf phoup 5000
kPa. [00221 |gpawehbsigbdiaracnbodi nent, said al kene incl udes 1-butene and/ or
2- butene, said_ al ky|l atabl e aromatic conmpound includes benzene and said
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present disclosure. DETAILED DESCRI PTI ON OF THE EMBODI MENTS [ 00251 The
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DETAILED DESCRIPTION OF THE EMBODIMENTS

[0025] The present disclosure provides an at least partly liquid phase process
for producing alkylaromatic compounds from feeds of an alkylatable aromatic
compound and an alkene in at least two series-connected alkylation reaction
zones, preferably in a plurality of series-connected alkylation reaction zones, each
containing a bed of alkylation catalyst. Typically, the alkylation reaction zones
are arranged in pairs, with one or more pairs being contained within the same
alkylation reactor. Generally, since the alkylation reaction is exothermic,
interstage cooling is provided between adjacent pairs of reaction zones.

[0026] Frequently, the alkylation system includes a by-passable reactive guard
bed in addition to, and upstream of, and in series with, cither the series-connected
alkylation reaction zones or at least one further alkylation reaction zone. The
reactive guard bed is normally located in a pre-reactor separate from the
remainder of the alkylation system. The reactive guard bed is also loaded with
alkylation catalyst, which may be the same or different from the catalyst used in
the series-connected, multi-stage alkylation reaction system, and is maintained
under ambient or up to alkylation conditions, i.e., conditions wherein the

alkylatable aromatic compound is at least partly in the liquid phase. The reactive




I nterstage cooling is provided between adjacent pairs of reaction zones.
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about 2.0 apreferably from about 0.5 to about 1. In determining the liquid to vapor volume ratio in a
given reaction zone, the total volume of all the reactants in the tiquid phase in the reaction
zone is divided by the total volume of all the reactants i the vapor phase in the reaction zone.
[0028] The effluent from each alkylation reaction zone comprises the desired
alkylaromatic compound, unreacted alkylatable aromatic compound, any unreacted alkene
(overall alkene conversion is expected to be 98-99.99+%), and any impurities. Each
alkylation reaction zone effluent, except for that from the final alkylation reaction zone, is

then passed to the subsequent alkylation reaction zone where additional alkene feedstock is
added for reaction with the unreacted aromatic compound,




preferably fromabout 0.5 to about 1. In determning the liquid to vapor
volunme ratio in a given reaction zone, the total volune of all the
reactants in the liquid phase in the reaction zone is divided by the total
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they do not act conpletely deactivate the catal yst by
alkylatable aromatic compound and an alkene alkylating agent.

{0031} The term "aromatic” in reference to the alkylatable compounds which
are useful herein is to be understood in accordance with its art-recognized scope
which includes alkyl substituted and unsubstituted mono- and polynuclear
compounds. Compounds of an aromatic character which possess a heteroatom are
also useful provided they do not act completely deactivate the catalyst by
poisoning the catalyst under the reaction conditions selected.

[0032]  Substituted aromatic compounds which may be alkylated herein must
possess at least one hydrogen atom directly bonded to the aromatic nucleus. The
aromatic rings may be substituted with one or more alkyl, aryl, alkaryl, alkoxy,
aryloxy, cycloalkyl, halide, and/or other groups which do not interfere with the
alkylation reaction.

[0033} Suitable aromatic hydrocarbons include benzene, naphthalene,
anthracene, naphthacene, perylene, coronene, and phenanthrene, with benzene

being preferred.




poi soning the catal yst under the reaction conditions selected. [0032]
Substituted aromati ¢ conpounds which nay be al kyl ated herein nust possess
at | east one hydrogen atomdirectly bonded to the aromatic nucl eus. The
aromatic rings may be substituted with one or nore al kyl, aryl, alkaryl,

al koxy, aryloxy, cycloallcyl, halideg and/ or other groups which do not
interfere with the alkylation reaction. [0033] Suitable aromatic

hydr ocar bons i ncl ude benzene, naphthal ene, anthracene, naphthacene,

peryl ene, coronene, and phenanthrene, with benzene being preferred. 10
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alkylaromatic hydrocarbons may also be used as starting materials and include

aromatic hydrocarbons such as are produced by the alkylation of aromatic
hydrocarbons with olefin oligomers. Such products are frequently referred to in
the art as alkylate and include hexylbenzene, nonylbenzene, dodecylbenzene,
pentadecylbenzene, hexyltotuene, nonyltoluene, dodecyltoluene,
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 Cys.

[0036] Reformate or cut thereof containing substantial quantities of benzene
(>1%), toluene and/or xylene constitutes a particularly useful feed for the
alkylation process of this disclosure.

[0037] Suitable alkene alkylating agents useful in the process of this
disclosure includes alkenes, such as ethylene, propylene, 1-butene and 2-butene,
preferably ethylene.

[0038] Preferably, the reactants in the process of the disclosure are benzene

and ethylene and the desired reaction product is ethylbenzene,




whi ch the al kyl group attached to the aromatic nucleus varies in size from
about C6 to about Cl12. [0036] Reformate or cut thereof containing
substantial quantities of benzene (>1%, toluene and/or xylene constitutes
a particularly useful feed for the alkylation process of this disclosure.
[00371 Suitable al kene alkylating aggpts useful in the process of this

di scl osure includes al kenes, such as ethyl ene, propylene, 1-butene and
2-butene, preferably ethylene. [00381 Preferably, the reactants in the
process of the disclosure are benzene and ethylene and the desired
reaction product is ethylbenzene. I~~ 11 Akkylation Catalysts [0039] In
one enbodi nent, the al kylation catal yst enployed in the al kylation zone(s)

or the alkyl %kﬂgﬁmﬁaﬁgg enpl oyed in each al kyl ation reaction zone,

including the reactTvé guard bed, conprises at |east one nedi um pore
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[0040] In another embodiment, the alkylation catalyst employed in the

alkylation zone(s) or the alkylation catalyst employed in each alkylation reaction

zone, including the reactive guard bed, comprises at least one molecular sieve of

the MCM-22 family. As used herein, the term “molecular sieve of the MCM-22
family” (or “material of the MCM-22 family” or “MCM-22 family material” or

"MCM-22 family zeolite") includes one or more of:

. molecular sieves made from a common first degree crystalline building
block unit cell, which unit cell has the MWW framework topology. (A unit
cell 1s a spatial arrangement of atoms which if tiled in three-dimensional
space describes the crystal structure. Such crystal structures are discussed
in the "Atlas of Zeolite Framework Types", Fifth edition, 2001, the entire
content of which is incorporated as reference);

. molecular sieves made from a common second degree building block,
being a 2-dimensional tiling of such MWW framework topology unit cells,
forming a monolayer of one unit cell thickness, preferably one c-unit cell
thickness;

. molecular sieves made from common second degree building blocks,
being layers of one or more than one unit cell thickness, wherein the layer

of more than one unit cell thickness is made from stacking, packing, or
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Patent No. 4,954,325), PSH-3 (described in U.S. Patent No. 4,439,409), SSZ-25

(described in U.S. Patent No. 4,826,667), ERB-1 (described in European Patent

No. 0293032), ITQ-1 (described in U.S. Patent No 6,077,498), ITQ-2 (described in

International Patent Publication No. W097/17290), MCM-36 (described in U.S.

Patent No. 5,250,277), MCM-49 (described in U.S. Patent No. 5,236,575), MCM-

56 (described in U.S. Patent No. 5,362,697), UZM-8 (described in U.S. Patent No.

6,756,030), and mixtures thereof.

[0043] In a further embodiment, the alkylation catalyst employed in the or

each alkylation reaction zone, including the reactive guard bed, comprises one or
more large pore molecular sieves having a Constraint Index less than 2. Suitable
large pore molecular sieves include zeolite beta, zeolite Y, Ultrastable Y (USY),
Dealuminized Y (Deal Y), mordenite, ZSM-3, ZSM-4, ZSM-18, and ZSM-20.
Zeolite ZSM-14 is des;:ribed in U.S. Patent No. 3,923,636. Zeolite ZSM-20 is
described in U.S. Patent No. 3,972,983. Zeolite Beta is described in U.S. Patent
Nos. 3,308,069, and Re. No. 28,341. Low sodium Ultrastable Y molecular sieve
(USY) is described in U.S. Patent Nos. 3,293,192 and 3,449,070. Dealuminized Y
zeolite (Deal Y) may be prepared by the method found in U.S. Patent No.
3,442,795, Zeolite UHP-Y is described in U.S. Patent No. 4,401,556. Mordenite is

a naturally occurring material but is also available in synthetic forms, such as TEA-




I nternational Patent Publication No. W97/17290), MCM 36 (described in U S
Patent No. 5, 250,277), MCM 49 (described in U S. Patent No. 5, 236,575),

MCM 56 (described in U S. Patent No. 5,362,697), UZM8 (described in U S.
Patent No. 6,756,030), and m xtures thereof. [0043] In a further
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in the form of gelatinous precipitates or gels including mixtures of silica and metal
oxides. Clays may also be included with the oxide type binders to modify the
mechanical properties of the catalyst or to assist in its manufacture. Use of a
material in conjunction with the molecular sieve, i.¢., combined therewith or present
during its synthesis, which itself is catalytically active may change the conversion
and/or selectivity of the catalyst. Inactive materials suitably serve as diluents to
control the amount of conversion so that products may be obtained economically
and orderly without employing other means for controlling the rate of reaction.
These materials may be incorporated into naturally occurring clays, e.g., bentonite
and kaolin, to improve the crush strength of the catalyst under commercial operating
conditions and function as binders or matrices for the catalyst. The relative
proportions of molecular sieve and inorganic oxide matrix vary widely, with the
sieve content ranging from about 1 to about 90 percent by weight and more usually,
particularly, when the composite is prepared in the form of beads, in the range of
about 2 to about 80 weight percent of the composite.

[0046] Generally, the alkylatable aromatic compound and the alkene supplied to
the present process will contain some level of reactive impurities, such as nitrogen

compounds, which are small enough to enter the pores of the alkylation catalyst and




m xtures of these and other oxides. The latter may be either naturally
occurring or in the formof gelatinous precipitates or gels including

m xtures of silica and nmetal oxides. Cays nmay also be included with the
oxi de type binders to nodify the nechanical properties of the catal yst or
to assist in its manufacture. Use of g material in conjunction with the
nol ecul ar sieve, i.e., conbined therewith or present during its synthesis,
which itself is catalytically active nay change the conversion and/or
selectivity of the catalyst. Inactive nmaterials suitably serve as diluents
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second alkylation catalyst is in the range of 40:1 to 1:1, and generally in the range

of 10:1 to 1:1. The number of acid sites per unit mass of a catalyst can be
determined by variety of techniques including, but not limited to, Bronsted proton
measurement, tetrahedral aluminum measurement, the adsorption of ammonia,
pyridine and other amines, and the rate constant for the cracking of hexane.
Although these techniques are disparate in nature, all provide a relative measure
of the number of active sites on a fresh zeolite catalyst such as faujasite, beta, the
pentasil family zeolites and the MWW (MCM-22) family zcolites. A particularly
suitable method of measuring the number of acid sites per unit mass of a catalyst
is pyridine sorption since pyridine is about the same size or larger than the typical
poisons present in alkylation processes and pyridine is readily adsorbed by the
zeolitic materials identified as suitable alkylation catalysts.

[0048] The different levels of acid sites in catalysts used in the first and
second alkylation reaction zones can readily achieved by varying the level of
(non-acidic) binder between the catalysts. For example, the weight ratio of the
binder to the active component(s) in first alkylation catalyst in the first alkylation




second catalysts are different in that the first catal yst has a greater
nunber of acid sites per unit mass of the catalyst than the second
catalyst. Apart fromthe difference in the nunber of acid sites per unit
mass of the catalyst, the first and second al kylation catal ysts can enpl oy
the same or different zeolite materigks. [0047] In one enbodi ment, the
rati o of the nunber of acid sites per unit mass of the first alkylation
catalyst to e nunb s, per unit mass of the second
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aci d sit es Refictidn Conditions
{0050}  In one or more embodiments of the present process of the disclosure, the alkylation
reaction in each of the series-connected alkylation reaction zones takes place under at least
partly liquid conditions which may be maintained throughout such zones, such that the
alkylatable aromatic compound is either completely in the liquid phase or partly in the vapor
phase and partly in the liquid phase. In this respect, it is to be appreciated that maintaining

the alkylatable aromatic compound in the liquid phase or the ratio of the volume of liquid to
the volume of vapor in a




catalyst is generally a function of the amount of zeolitic alumnumin the
catal yst. For exanple, in one enbodi nent, MCM 49 can be enployed as an
active conmponent in the first alkylation catalyst in the first al kylation
reacti on zone, whereas MCM 22 is enployed as an active conponent in the
second al kyl ation catalyst in the seggnd al kylation reaction zone. [0049]
In addition to the issue of catalyst poisoning, where the al kylation
reaction zones are arranged in pairs with interstage cooling being

provi ded between adjacent pairs of reaction zones, it will be appreciated
that the exothermc nature of the reaction will tend to cause the
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condi tions f @enRRL lo)rdg1eab froh2Bodt 194 highuPlo. M xed phase al kyl ation of
benzene with ethylene fo produce ethyl benzene may include a tenperature of

from about 1338b adeticuly popdidonsr fssearwingt outbthst ligHig ero mikedyphase
alkylation of benzene with I-butene and/or 2-butene to produce sec-butylbenzene

may include a temperature of about 75°C to about 250°C, a pressure of about 500
kPa to about 4000 kPa, a WHSV based on butene of from about 0.1 to about 10 hr'!
and a mole ratio of benzene to butene from about 1.0 to about 5.0.

[0054] Where the alkylation system includes a reactive guard bed, this may be
operated under liquid phase conditions or mixed liquid/vapor phase conditions, but
is preferably operated under liquid phase conditions. In the case of ethylbenzene
production, the guard bed will preferably operate at a temperature between about 20
and about 270°C and a pressure between about 675 to about 8300 kPa. In the case
of cumene production, the guard bed will preferably operate at a temperature from
about 25 to 180°C and pressure from about 675 to 4000 kPa. In the case of sec-
butylbenzene production, the guard bed will preferably operate at a temperature
from about 50 to 250°C and pressure from about 445 to 3550 kPa.




8300 kPa, a WHSV based on ethylene of fromabout 0.1 to about 10 hi', and a
nol e rati o of benzene to ethylene fromabout Ito about 10. [0052]
Particular conditions for carrying out the liquid or m xed phase

al kyl ati on of benzene with propylene to produce cunene may i ncl ude
tenperature of about 75C to about 250C, a pressure of about 1000 kPa to
about 5000 kPa, a WHSV based on propylene of fromabout 0.1 to about 10
1111, and a nole ratio of benzene to propylene fromabout 1 to about 10.

[ 0053] Particular conditions for carrying out the liquid or m xed phase

al kyl ati on of benzene with 1-butene and/or 2-butene to produce

sec- butyl benmﬂ'ﬁl@&?ﬁhcl ude a tenperature of about 75C to about 250C, a
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separation train that not only serves to_ renpve unreacted al kyl ated
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pol yal kyl at eqoggfCi &%r &%@phﬁﬁu&yé@aﬁ@@ RRCERS IR Syt !ﬁ@ﬁjc{#ﬁﬂ gﬁaae a
ic e

transal kyl ati on reactor is normal |y separate fromt I 'kyl ation
reactor, whdresalkyltion oh henzesnwrh polyathulensenns yeay inelugy o demperrtiy of eact i ng

the pol yal kylg@bfshout 150°C to about 260°C, a pressure of 7000 kPa or less, a WHSV based
on the weight of the total liquid feed to the reaction zone of from about 0.5 to about

100 hr! and a mole ratio of benzene to polyethylbenzene of from about 1:1 to about
30:1. Particular conditions for carrying out the liquid phase transalkylation of
benzene with polypropylbenzenes may include a temperature of from about 150°C
to about 300°C, a pressure of 5500 kPa or less, a WHSV based on the weight of the
total liquid feed to the reaction zone of from about 0.1 to about 20.0 hr! and a mole
ratio of benzene to polypropylbenzene of from about 1.0 to about 10.0. Particular
conditions for carrying out the liquid phase transalkylation of benzene with
polybutylbenzenes may include a temperature of 100 to 300°C, a pressure of 1000
to 7000 kPa, a weight hourly space velocity of 1 to 50 hr” on total feed, and a
benzene to polybutylbenzene weight ratio of 1 to 10.

[0057] The transalkylation catalyst can comprise one or more of any of the
molecular sieves discussed above in relation to the vapor phase alkylation system
and can be used with or without 2 binder or matrix. Generally, however, the
transalkylation catalyst is selected from zeolite beta, zeolite Y, Ultrastable Y (USY),
Dealuminized Y (Deal Y), mordenite, ZSM-3, ZSM-4, ZSM-18, and ZSM-20.




species with additional aromatic conpound in the presence of a

transal kylation catalyst. Typically, the transal kylation reactor is
oper at ed under conditions such that the polyal kyl ated aronati c conpounds
and the al kyl atabl e aromatic conpound are at |east predom nantly in the
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t he di scl osu S shown in Figure 1, in which the alkylatable aromatic
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plurality of vertically spaced, series-connected pairs of catalyst beds 18, 19. Each bed 18, 19

also contains catalyst A and receives ethylene feed 13 such that the ethylene and the benzene-

containing effluent from the zone 15 or the previous bed 18, 19 pass cocurrently down

through the bed containing alkylation catalyst A. Alternately, the flow may be cocurrent

upflow through the beds 18, 19. Again each bed 18, 19 is typically operated at or near to

100% ethylene conversion. A further optional cooler 17 is provided between each adjacent

pair of beds 18, 19 to remove heat generated in the preceding pair of catalyst beds.
Optjonally, other methods of temperature controlied may be applied, such as effluent recycle
or other suitable means.,

[0061]  In a second embodiment of the disclosure, shown in Figure 2, catalyst B having a
relatively high level of acid sites is provided not only in the alkylation reaction zone 12 but
also in the upstream bed 18 of each pair of catalyst beds 18,




tenperature, is fed to a first al kylation reaction zone 12, which may be a
reactive guard bed. The first alkylation reaction zone 12 al so receives an
et hyl ene feed 13 under pressure such that the benzene and et hyl ene pass
cocurrently down through a bed of alkylation catalyst Bin the first

al kyl ation reaction zone 12. Alternatgly, the flow may be cocurrent upflow
through the first alkylation reaction zone. The first al kylation reaction
zone 12 typically operates at or near 100% et hyl ene conversion, but nmay
operate at |ower conversions so that the effluent 14 |eaving the zone 12

i s conposed of ethé]benzenes, unreact ed benzene and small anmpunts of
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cont ai ni ng al kyl atcompowdtaab yastecohd fAéd emmaisiigyan dlltvac fintow firstyalkydativacur r ent

upfl ow t hrough the ds 18, 19. .Agai n.eac d 18, .19 is typically operated
20 or near o 100FRLPRyPE, SREIGE & BRE Sy Ry sdeodpor B Sy 077 <
provi ded between ebghitiadljcaiyt haspafirst amotieds atfy, sittd peOukii€ MAYE oh et
generated in the preceding pair of catalyst beds. Optionally, other

met hods of tenper &'8PE controll ed may be applied, such as effluent recycle
or other suitable neang) [ O§fedaling N séidserandiginesi rRBlioof zdnbe vdiigc! osure,
shown in Figure 2, c taly%%:B having a _relatively high |l evel of acid sites
is provided not ofPRAIGNs;: FECHYS P Laft alkxlation ot spygh @lkybutably aromadis i n t he

upstream bed 18 ofomp&ihdRA daidhik&Rt B! pYSducd 84§ alkGlardriaticI@mpbidlsyiat A having
arelatively low level of acid sites is provided in the ownstream bed 19

of each pair of c&euditions bgingsudhgthatigid slkyaahle prpmasigsomppind; isehiesst t hi s
di scl osure rel at eg,419'in A Riyel- A process for producing an

_ figGik =
al kyl aromati ¢ conpound, thg rocess conpri sing:
(¢)  withdrawing from said first alkyiation reaction zone a first

effluent comprising said alkylaromatic compound and unreacted
alkylatable aromatic compound;

(d)  introducing at least part of said first effluent and a third
feed comprising said alkene into a second alkylation reaction zone
comprising a second alkylation catalyst, wherein the second alkylation
catalyst has a second amount of acid sites per unit mass of the catalyst and
wherein said second amount is less than said first amount;

(e) operating said second alkylation reaction zone under
conditions effective to cause alkylation of said unreacted alkylatable
aromatic compound by said alkene to produce said alkylaromatic
compound, said conditions being such that said alkylatable aromatic
compound is at least partly in the liquid phase; and

® withdrawing from said second alkylation reaction zone a
second effluent comprising said alkylaromatic compound.

Paragraph 2. The process of paragraph 1, wherein each of said

first and second alkylation catalysts comprises an aluminosilicate




(a) introducing a first feed conprising an al kyl atable aromatic conpound
and a second feed conprising an alkene into a first alkylation reaction
zone conprising a first alkylation catalyst, wherein the first alkylation
catal yst has a first amount of acid sites per unit nmass of the catalyst;
(b) operating said first alkylation reaction zone under conditions
effective to cause al kyl ation of said al kyl atable aromatic conpound by
said al kene to produce said al kyl aromati c conpound, said conditions being
such that said al kyl atable aromatic conpound is at least partly in the

i quid phase; (c) W i 1sal LISt .at Lon agtian zone a
first effluent coﬁ%&?gﬁﬁghgngﬁ%ﬁ%&%&?Sﬁg?%gn@%ﬁ%%gﬁgggﬁ%sﬁﬁ?kﬁe?ed

al kyl at abl e ar onat f&2lysrip dessdthag dhe isHice ddudimipaamoleeasio pAntie efcondi d first
effluent and a thiy lm&ﬁﬂgm%ggprising said al kene into a second al kyl ation
reaction zone conprising a sécond al kyl ation catal yst, wherein the second
al kyl ation cat al yBaragraph 1 secon@hapmuess ofparagriaph §bf pfagresh 2Ritergi®ss of the

catal yst and whergj i d~.secaond a nt is less fthan said first anpunt;

(e) operating saidggggﬁﬁu s ?ﬁ%??@ﬂgﬂgk@??8ﬂﬁ¥%ﬁ HFePPrisss adindebns

ef fective to causeand thy|wdiglanatd ofahel bitdee as tedmaldsymhatioR! & wRr gRAtic
conpound by said al e to produce said al kylaromatic conmpound, said
condi ti ons being s%§ﬁ£¥ﬁﬁfm§§$dséFﬁyﬁﬁ?dﬁ?é“ﬁ#%ﬁ@%?@fté%ﬁﬁ%hh@3ﬁ§3at | east
partly in the |iqundleahastve aitle (dcpnddikNaicivaigf. r om sai d second al kyl ation
reaction zone a cond effluent_conprising said al kyl aromati c conmpound.

Par agr aph 2. The S%‘ﬁ%@%”‘of par agfaprpcess elpccdighparderaphi evherfeir st and

second al kyl ati on g@at ﬂfsyaﬂélaﬁm5ﬁl§r§’tsccﬁﬁbrﬁééjmtﬁlﬁ??gla% _%?ebg sgl%(te bgcul ar

sieve and the silica to alumna nolar ratio of t irs yl at'ion
catalyst is |ess thaf-5 Beolits bete zeplie A, [Hiragablo Y aUSYatand ackolithef stecond

MCM-22 family.
Paragraph 5. The process of any preceding paragraph, wherein

said second alkylation catalyst comprises a molecular sieve selected from
ZSM-5, zeolite beta, zeolite Y, Ultrastable Y (USY) and a zeolite of the
MCM-22 family.

Paragraph 6. The process of any preceding paragraph, wherein
said first alkylation catalyst comprises MCM-49.

Paragraph 7. The process of any preceding paragraph, wherein
said second alkylation catalyst comprises MCM-22.

Paragraph 8. The process of any preceding paragraph, wherein
the ratio of acid sites per unit mass of the first alkylation catalyst to acid
sites per unit mass of the second alkylation catalyst is in the range of from
40:1to 1:1.

Paragraph 9. The process of any preceding paragraph, wherein
the ratio of acid sites per unit mass of the first alkylation catalyst to acid
sites per unit mass of the second alkylation catalyst is in the range of from
10:1to 1:1.

Paragraph 10. The process of any preceding paragraph, wherein
the first and second alkylation reaction zones are contained within the

same alkylation reactor.




al kyl ati on catal yst. Paragraph 3. The process of paragraph | or paragraph
2, wherein each of said first and second al kyl ati on catal ysts further
conprises a binder and the weight ratio of the binder to the nol ecul ar
sieve in the first alkylation catalyst is |less than the weight ratio of
the binder to the nolecular sieve inthe second al kyl ation catalyst.

Par agraph 4. The process of any precedi ng paragraph, wherein said first
al kyl ati on catal yst conprises a nol ecul ar sieve selected from ZSM5,
zeolite beta, zeolite Y, Utrastable Y (USY) and a zeolite of the MM 22

famly. Paragraph p. Th rocess_of any precedi ng paragraph, wherein said
second al I cylati orrsaﬁaﬁaé’gy}gt corrpT]?eSEEocgssaneéEXll“é‘g ‘éﬁaé%rég@@lseét‘@dgsf rom
ZSM 5, zeolite betwherd®ahd fiest Yalkyihtlonagh@dhezoXe (VY by padaile 2894 b& of the

MCM 22 fam |y. Paragraph . 6, The prgcess of any precedi ng paragraph, wherein
said first alkyl atrF%FPrc?&fiafb?é?C"E‘gﬁg‘ﬂag@% TRACNATY BONCHS (1B dfr SHPAFAME. reqUier process

of any preceding RBR@BIRER lealt ik Firther BRYMHSERAAMIHKY bithbQ HALALY St
conprises MCM 22. Paragraph 8. The process of any precedi ng paragraph,

wherein the rati ovigfsaiiciret adfrylation pesctionone.mass of the first alkylation
catalyst to acid pgiLBShHREr unity RE JFhy yg,«;&%ﬁgg?%‘éta?g 8’?&3@ alyst is

in the range of from 40:1 to 1:1. Paragrap any
precedi ng paragr aptid akerceiirrludepecthyletco wid adiviptalilt esopatic wnnpourdss of t he

2l kol ati on cat al yer Y Binobf A8 BRI RS colf b TR BEREEE 10 e
process of any pr &ermgiaplylpar agr dijte, pedwessei of pategrdphr 42, awbersiec gaid
al kylation reacti g, #@esn &) ndBPF dfide MiobedidS e aBATT Y ALk 0"
270°C and a pressure of about 675 kPa to about 8300 kPa.
Paragraph 14. The process of any onc of paragraphs 1 to 11,
wherein said alkene includes propylene, said alkylatable aromatic
compound includes benzene and said alkylaromatic compound includes
cumene.
Paragraph 15. The process of paragraph 14, wherein said
conditions in (b) and/or (e) include a temperature of about 75°C to about
250°C and a pressure of about 1000 kPa to about 5000.
Paragraph 16. The process of any one of paragraphs 1 to 11,
wherein said alkene includes 1-butene and/or 2-butene, said alkylatable
aromatic compound includes benzene and said alkylaromatic compound
includes sec-butylbenzene.
Paragraph 17. The process of paragraph 16, wherein said
conditions in (b) include a temperature of about 75°C to about 250°C and a
pressure of about 500 kPa to about 4000 kPa.

[0063] The disclosure will now be more particularly described with reference

to the following Example.

Example
[0064] A catalyst containing a MWW zeolite (for example 100% zeolite) has

a measured aluminum content of 4.4 wt%. This corresponds to a Si:Al, ratio of




Paragraph 11. The process of any one of paragraphs | to 9, wherein the
first alkylation reaction zone is a by-passable guard bed reactor and the
second al kyl ation reaction zone is in a separate reactor containing at

| east one further al kylation reaction zone connected in series wth said
first alkylation reaction zone. Paraggaph 12. The process of any preceding
paragraph, wherein said alkene includes ethylene, said al kyl atabl e
aromati ¢ compound includes benzene and said al kyl aromati ¢ conmpound

i ncl udes et hyl benzene. Paragraph 13. The process of paragraph 12, wherein
said conditigns, n.(bh).and/ or (e), incl.ude t enperat yre of yt, 120C to
about 270C afi cﬁ"‘"éli %?ié%?pé’r%?mﬁglé{}té %’gg"%ﬁ’&?ﬁ“@ pgg%‘iﬂf“ ‘g{?ﬁfﬁg’ﬁ@g?g@%ﬂ agr aph

14. | Tge proc ealSZOOfC &yl lgrtﬁ?ilzdcis&afvgg rpafibige, kit wos folind tﬁ&hﬂigﬁip&kié a&c?@ @bkene

i ncl udes prop ne, sai atabl e afomatic. compqund includes benzene
and said aIky%ﬁﬁ%ﬂﬁ?E%wcaﬁﬁdﬁﬁﬁmpﬂgﬁﬁﬁé§“aéﬂﬁ?ﬁ@?“Pﬁ?ﬁ@?@bﬁafgkm#he process
of paragraph didminohe maiugihs3i:Adl, el iatsgb@@ﬁreﬂiﬂto{"bﬁpo?d%ﬁ/c%ac{tﬁ) include a

t enperature of about 75C to about = 250C and a pressure of about 1000 kPa to
about 5000. PAP&r aphll decuments drserihed herin angyinepsroreied by refeiengsnkerding o 11,
wherei n sai d @bikgng ahwﬁﬁ&@l:ﬁao&m%s%@o%%ﬁ,gg %Il%ﬁéwe@@@me_se%eﬁt el yhat abl e

aromati c conpound I ncl udes benzene and sai yl'aromati ¢ conpound

i ncl udes sec-MtPeeFsisERnwith phisatpraphWiiile thise haye besns descripat adtapte 16,
wherein said QR HLIARSd 1) bk e | %ng Nl e 72C to about
250C and a ﬁgeSSUfe of about_@%gﬂg a t%ﬁ%tout%ig%gkkgggmrggggfﬂ he

di scl osur e withpsendwlledean rthy ert peitl trealirk dthdt yothte sod i flogter widbodimehrande to the
fol | ow ng Exafpi.&. .cat.al ¥yst cant ai.ni a, MW zeolite (for
exanpl e 100@6zeéﬁ?#@?ﬁﬁgéﬁn%hﬁgg%%ﬁégc%bﬁﬁ%ﬁ%ﬁwgﬁl é%Fﬂ%F“%Pin 5 This
corresponds tal suclbifurie? modifications and changes as come within the true scope of the

claims set forth herein.




22 about 18.5:1 and approximately 1.6 mlliequival ents per gram of
catalyst. If dried at 200C for 1 hr then dosed with pyridine, it was found
that the uptake was 1.3 mlliequivalents. This corresponds to about a 1:1
titration of a poison to available alumnum Thus the Si:Al2 ratio is a
good predictor of poison capacity. [00651 Al docunents described herein
are incorporated by reference herein,-23i-ncluding any priority docunents
and/ or testfigver ocedures to the extent they are not inconsistent with
this text. While there have been described what are presently believed to
be the preferred enbodi nents of the present disclosure, those skilled in
the art wiyl |l r i r_apnd. further enbodi,nents can be. nade

wi t hout delbarti h ljofz'%(s)r%n&?’l&loeﬁé% s &X@Q%aetm&f’?g?%@ghﬁm%ﬁﬁ ePIiEnded to
include all sgh fustdidecingmdiifst €atli @ngprizing ahsRgasbRSar6MAR: Vbhpduad!l he true
scope of the clains Sﬁ f8rth herein. -23- . CLAIMS: 1. A process for
produci ng an aPRYPatcSREt 960 SOMPESRE  at pkens, B &stitsh Alkylation geacioyy zone

i ntroducing a GCompiisih@e dire QIRIALSH REtaBt ledvksg AHAP bRk YTBLICicOpRoMRd,.  and
a second feed conprising an al kene into a first al kylation reaction zone
conprising a f o8t oldhsdiisheatalystcaddingiakylationegtalyst is gealitebaiuion zeofitedti d si t es
per unit mass gf tI&ﬁerﬁﬂh{fﬁai@ﬁfsﬁgﬁ@lraﬁorf?da&idcn! iaﬁ[? .uﬁhéi-ycloﬁﬁi'tiﬁl% GRLAlYRL 1S
zeolite beta or 'zeolite Y, (b) operating sai irst alkylatron'reaction
zone under congfusp algladen etsaidadkylgable awsetia céypanid by safl ablehe taplodhat abl e

aromati c conpo La. to.pr ce .said alkylaro [ nmpound,
said conditi ong?H gel éa'}glhc Calf‘ﬁgaéb %g(zia’i %lglcgrgﬁré?ngbtfeéng %ﬁ%ﬁé?ti %‘%@Hﬁ% is at

| east partly i arontaéic compowhd pdxadenst factly inithdlipadblnge;f rom sai d first

al kyl ation reacgtion_zone a first effluen conprisjng said al kylaromatic
conpound and uﬁﬁseacf”é@arﬁi‘”ﬂﬂ Sy pd viation IO Zome o ﬁa}ﬁt FdMeRt ng at

| east part of sahptising sdid efiylaembti@rdmpoldd hel LWBRAEE TKIRINY argifdtd al kene
into a second al kyl ation reaction zone conprising a second al kyl ati on

catal yst havi nfPBP¥8gond anount of acid sites per unit mass of the second
catal yst, (d) introducing at least part of said first effluent and a third feed comprising

said alkene into a second alkylation reaction zone comprising a second alkylation
catalyst having a second amount of acid sites per unit mass of the second catalyst,
said second alkylation is a molecular sieve having MWW topology; and

wherein the first alkylation catalyst has a greater number of acid sites per unit
mass than the second alkylation catalyst whereby the frequency at which the first
alkylation catalyst is removed for replacement, regeneration or reactivation is
reduced as compared to the first alkylation catalyst alone;

(e) operating said second alkylation reaction zone under conditions effective
to cause alkylation of said unreacted alkylatable aromatic compound by said
alkene to produce said alkylaromatic compound, said conditions being such that
said alkylatable aromatic compound is at least partly in the liquid phase; and

§d) withdrawing from said second alkylation reaction zone a second effluent

comprising said alkylaromatic compound.

2. The process of claim 1, wherein the silica to alumina molar ratio of the first
alkylation catalyst is less than the silica to alumina molar ratio of the second alkylation

catalyst.




sai d second al kylation is a nol ecul ar sieve having MAW topol ogy; and
wherein the first alkylation catal yst has a greater nunber of acid sites
per unit mass than the second al kyl ati on catal yst whereby the frequency at
which the first alkylation catalyst is renoved for replacenent,
regeneration or reactivation is reduced as conpared to the first

al kyl ation catal yst alone; (e) operati?4g said second al kyl ati on reaction
zone unden, condint iffassse i ¥ Guhchdln SRt 3ol iRk RafllysoRhettBh gREL €d
al kyl atabl e aromati c conpound by sali a %ene 0 proau e 8ard a ylaromati c
conpound, thegrenpemneistingofs Zselitn gf thediCMA2R familyi d al kyl at abl e aromati c
conpound is at least partly in the liquid phase; and (f) withdrawi ng from
said second al kylation reaction zone a second effluent conprising said

al kyl aromdt i ¢ Toepowed.of 2]aifiiSe whertessd sdolied afi the MCMi2erRinfly iM(C-Rca to

G117 cat 0PSRN o2 For sRBanrh it Usad AP Mg s B naoa” o,
The pr ocesgfixtofes Hetdom 2, Wherein said second al kyl ati on catal yst is sel ected

from the group consisting of a zeolite of the MCM 22 famly. 4. The
process of claim3, wherein said zeolite of the MCM22 famly is MM 22,

PSH-3, SS£-25, ThEFrodess bf Sailn 2 | Wifdrdn sé\élg% 2 Ia%a%ﬁyst s kg, and

m xtures thereof. 5. The process of clam?2, erel n second alkylation
catal yst conprises MCM49. 6. The process of claim2, wherein second

| kyl ati ' : , .Th laim 1,
therein obch of "4 BieaRP BPUARES Miditiee i pllliof oy IPGRBieR S R ™ ™

conpri sesM{CMidder and the weight ratio of the binder to the nol ecul ar
sieve in the first alkylation catalyst is |less than the weight ratio of
the binder to the nolecular sieve in the second al kyl ation catal yst. 8.

The process of Tk piodest of vlati @] Whérbie dact bOsalf fiR€hill bR tiod atalydBSS Of
the first %Ik | atj on catal yst to acid sites per unit mass of the second

al kyl at i ok e§ a;bipderiaRd the weight ratio of tebmdere thromaleewariryain the1 .
first alkylation catalyst is less than the weight ratio of the binder to the molecular sieve in

the second alkylation catalyst.

8. The process of claim 1, wherein the ratio of acid sites per unit mass of the first
alkylation catalyst to acid sites per unit mass of the second alkylation catalyst is in the

range of from about 40:1 to about 1:1,

9. The process of claim 1, wherein the ratio of acid sites per unit mass of the first
alkylation catalyst to acid sites per unit mass of the second alkylation catalyst is in the

range of from about 10:1 to about 1:1.

10. The process of claim 1, wherein the first and second alkylation reaction zones are

contained within the same alkylation reactor.

11. The process of claim 1, wherein the first alkylation reaction zone is a by-passable
guard bed reactor and the second alkylation reaction zone is in a separate reactor
containing at least one further alkylation reaction zone connected in series with said first

alkylation reaction zone.




9. The process of claim1, wherein the ratio of acid sites per unit mass of
the first alkylation catalyst to acid sites per unit mass of the second
allcylation catalyst is in the range of fromabout 10:1 to about 1:1. 10.
The process of claim1, wherein the first and second al kyl ati on reaction
zones are contained within the sane a# kyl ation reactor. 11. The process of
claim1, wherein the first alkylation Y¥action zone is a by- passabl e guard

bed react d2. andiHely@ocRs eNdlaith |1C Whaleir0&id 8ReAd PRILAANEGR)ISnd, Raid ﬁ%ﬁﬁﬁlﬁ& €
reactor contajning at |east one further alkylation reaction zone connected

in series 3EHCs SPEPPYNs includes \heazsns, and aid @Hylasoraatic- 26mpdnd Tindudes ocess
of clai m kmhymhargien sai d al kene includes ethylene, said alkylatable
aromati ¢ conmpound i ncl udes benzene and sai d al kyl aromati ¢ conpound i ncl udes
et hyl benzene. 13. The process of claim 12, wherein said conditions in (b)

and/ or (e)3i ncl c at f . ut 120C to out,,270C.and. a
pressure (%f?’ abg&g%g%siggﬁjﬁa C)S'Yh%‘ﬁlgggfdkﬁggal%fﬂs. ml'ﬂg ﬂd{ﬁfe 5 ingfude) 3 m 1,
wher ei n s &npezdthesod abownt | 20F€90 pbap PV e Teand adpireksirk ¥ htuab! BkPaab Qp&it iggoE ompound
i ncl udes ?ﬁ zene and said al kyl aromati c conpound includes cunene. 15. The
process of Claim 14, wherein said conditions in (b) and/or (e) include a
tenperature of about 75C to about 250C and a pressure of about 1000 kPa to
about 5002. 1&}1 The process of claim1, wherein said al kene includes

1-but ene A&frd/ on P2 PERsERSE claimal, qvheraiay paid alkres welydes prepdenep said dlkiyhatdblales
benzene apfn&d@t dodhdiinldasn i A0R a]I'Sn& - nzene. 17. The
process of claim 1%, \/\he(?giﬁ%lbgnazi%d co#gflatl %sbﬁgﬁ%@%ﬁg‘f%@gﬁw& ature
of about 75C to about 250C and a pressure of about 500 kPa to about 4000

kPa. 15. The process of claim 14, wherein said conditions in (b) and/or (e) include a

temperature of about 75°C to about 250°C and a pressure of about 1000 kPa to about 5000.

16. The process of claim 1, wherein said alkene includes I1-butene and/or 2-butene,

said alkylatable aromatic compound includes benzene and said alkylaromatic compound

includes sec-butylbenzene.

17. The process of claim 16, wherein said conditions in (b) include a temperature of

about 75°C to about 250°C and a pressure of about 500 kPa to about 4000 kPa.




