PROCESS AND CATALYST FOR THE TRANSALKYLATI ON OF
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for the transal kylation of aromatics, particularly the

transal kyl ati on of polyisoprgpyl benzene with benzene

to produce cunene and the transal kyl ati on of

pol yet hyl benzene wi th benzene to produce ethyl benzene.
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the presence of MCM-22 to produce ethylbenzene; and U.S. Patent 4,891,458

discloses liquid phase alkylation and transalkylation process using zeolite beta.
[0003] Zeolite-based catalyst systems are used in the propylation of
benzene to cumene. U.S. Patent 4,992,606 discloses a process for preparing short
chain alkyl aromatic compounds using MCM-22, including the liquid phase
alkylation of benzene with propylene in the presence of MCM-22 to produce
cumene.

[0004] Alkylation processes in commercial use for the production of
ethylbenzene and cumene produce certain polyalkylated by-products in addition to
ethylbenzene and cumene. It is well known in the art to transalkylate the
polyalkylated by-products with benzene or other alkylatable aromatic to produce
additional ethylbenzene or cumene. This transalkylation reaction may be
accomplished by feeding the polyalkylated by-products through a transalkylation

reactor operated under suitable conditions and in the presence of a transalkylation
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I'ons wever, none of these references
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beta'tor use 1 n al kylation and transal kyl ation
alkylation of aromatic compounds under liquid phase conditions.

[0009] However, none of these references contemplate a transalkylation
catalyst that comprises zeolite beta catalyst that has been impregnated with
phosphorus and exhibits unexpectedly higher relative catalytic activity as

compared to conventional zeolite beta for use in alkylation and transalkylation

processes.
SUMMARY OF THE INVENTION
[0010] According to the invention, there is provided a process for

producing a monoalkylated aromatic compound from a polyalkylated aromatic

compound, comprising the step of contacting an alkylatable aromatic compound



processes. SUMVARY OF THE | NVENTI ON [ 0010] Accordi ng
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[0014] Preferably, the polyalkylated compound of step (b) above is
polyisopropylbenzene and the alkylatable compound is benzene to produce

cumene as the monoalkylated aromatic product.

DETAILED DESCRIPTION OF THE INVENTION

[0015] The present invention relates to a novel zeolite beta catalyst
impregnated with phosphorus (P-Beta) that exhibits unexpectedly higher relative
catalytic activity as compared to conventional zeolite beta. Preferably, the beta
zeolite transalkylation catalyst of step (b) is the Hydrogen-form of zeolite Beta
and Al,O; (Alumina 203) in a weight ratio of 80/20. More preferably, the P-Beta

catalyst has an X-ray diffraction pattern including d-spacing maxima at 11.4+0.2,
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exhi bits unexpectedly higher relative catalytic

activity as conpared to convgntional zeolite beta.
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OwPJ%‘MOS{Qtt%o@saﬁ %taf?wf said catal yst. [0017] The
term"aromati c” \M(’l] sed in reference to the

al0RyTht abl eThe term “aromatic” when used 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 that possess a
heteroatom are also useful provided they do not act as catalyst poisons under the
reaction conditions selected.
[0018] Substituted aromatic compounds that may be alkylated in
accordance with the present invention, such as alkylatable aromatic compounds,
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, alkylaryl,



conmpounds whi ch are useful herein is to be understood
in accordance with its artrecogni zed scope which
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hydrocarbons with olefin oligomers. Such products are frequently referred to in

the art as alkylate and include hexylbenzene, nonylbenzene, dodecylbenzene,
pentadecylbenzene, hexyltoluene, 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
Cs to about C;2. When cumene or ethylbenzene is the desired product, the present
process produces acceptably little by-products such as xylenes. The xylenes make
in such instances may be less than about 500 ppm.

[0022] Reformate containing substantial quantities of benzene, toluene
and/or xylene constitutes a particularly useful feed for the alkylation process of

this invention.
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al kyl ati on of aromatic hydrocarbons with olefin
w@bkiogoomss. Such products are frequently referP€dUSI06/006866

the art as al kyl ate and incl ude hexyl benzene,
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Ethane 33 5.1

Ethylene 0.7 1.2

Propane 4.5 15.3

Propylene 42.5 46.8

Isobutane 12.9 10.3

n-Butane 3.3 2.6

Butenes 221 18.32

Pentanes 0.7 0.4

[0026] Reaction products which may be obtained from the process of the

invention include ethylbenzene from the reaction of benzene with ethylene,
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from about 0.2 to about 250 atmospheres (20-25,000 kPa), and preferably from
about 5 to about 100 atmospheres (500-10,000 kPa), a molar ratio of alkylatable
aromatic compound to alkylating agent of from about 0.1:1 to about 50:1, and
preferably can be from about 0.5:1 to about 10:1, and a feed weight hourly space
velocity (WHSV) of between about 0.1 and 500 hr™', preferably between 0.5 and
100 hr''.
[0028] The reactants can be in either in the vapor phase or partially or
completely in the liquid phase and can be neat, i.e., free from intentional
admixture or dilution with other material, or they can be brought into contact with
the zeolite catalyst composition with the aid of carrier gases or diluents such as,
for example, hydrogen and nitrogen.
[0029] In another embodiment of the invention, when benzene is alkylated
with ethylene to produce an alkylation reactor effluent that contains ethylbenzene.
The alkylation reaction may be carried out in the liquid phase or in at least partial
liquid phase under conditions including a temperature between 300°F and 600°F
(about 150°C to 316°C), more preferably between 400°F and 500°F (about 205°C
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[0033] The alkylation catalyst that may be useful in this invention is a
crystalline molecular sieve preferably selected from MCM-22 (described in detail
in U.S. Patent No. 4,954,325), MCM-36 (described in detail in U.S. Patent
5,250,277), MCM-49 (described in detail in U.S. Patent 5,236,575), MCM-56
(described in U.S. Patent 5,362,697), and zeolite beta (described in detail in U.S.
Patent 3,308,069). The molecular sieve can be combined in conventional manner
with an oxide binder, such as Al,O3 (Alumina 203), or can be self bound such that
the final alkylation catalyst contains between 2 and 100 wt.% sieve.

[0034] The alkylation reactor effluent contains the excess aromatic feed,
monoalkylated aromatic compounds (such as ethylbenzene or cumene),

polyalkylated aromatic compounds (such as polyethylbenzene or
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of P-Beta is in the range of 0.001 wt.% to 10.0 wt.% of said catalyst; more

preferably, such phosphorus content is in the range of 0.005 wt.% to 3.0 wt. % of
said catalyst; and most preferably such phosphorus content is in the range of 0.01
wt. % to 0.5 wt.% of said catalyst.

[0038] To prepare one embodiment of the P-Beta transalkylation catalyst
of this invention, 50 grams of a zeolite beta catalyst comprising 80 wt.% of
hydrogen form (H-form) of beta zeolite crystal and 20 wt.% alumina (Al,O3)
1/20” (1.27mm) quadrulobe extrudates were impregnated to incipient wetness
with an aqueous solution of ammonium hydrogen phosphate, 0.43 grams of
ammonium hydrate phosphate dissolved in 30 cc of distilled water. The P-Beta
catalyst was then calcined at 1000°F (538°C) with a 10 hour hold at full air. The
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t[ﬁ941] When the polyalkylated aromatics are polyethylbenzenes and are

contacted with benzene to produce ethylbenzene in a transalkylation reactor, the
transalkylation conditions preferably include a temperature of 428°F to about
500°F (220 to 260°C), a pressure of 20 to 30 barg (2100 - 3100 kPa), weight
hourly space velocity of 2 to 6 on total feed and benzene/PEB weight ratio 2:1 to
6:1.

[0042] The effluent from the transalkylation reactor is blended with
alkylation reactor effluent and the combined stream distilled to separate the

desired monoalkylated product.
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barg (2100 - 3100 kPa), weight hourly space velocity
of 2 to 6 on total feed and benzene/ PEB wei ght ratio
2:1 to 6:1. [0042] The ef TABdAt1from the

tr.ansal kyl ation reactor is blended with al kyl ati on

r 8@‘?‘6 effluent and the conbined streamdistilled t809
sepamabetddee desired nonoal kyl at ed product. [ 0043] 0.034
Enbodi nents of the present invention will be described

i Gthenes PorfiBwi ng exanpl es. [0044] The transal kyl at i 0f.004
fﬁ%ge ed in Exanples 1 and 2 that follow were

prepared as follows. Chemical grade benzene and par £6-:449
anihen@4 Pataffiepr opyl benzene were purified by 0.022
percol ati on over activated alum na. The purified
dPtheips Bypitmenzenes were nixed 2:1 by weight 0.008
b8 a). The purified benzene and _
%gﬁlyl opropyl benzenes were m xed 2:1 weight ratio ang'001
dfwunes under 0.028
Other Cyq Paraffins 0.003
1,2-diethylbenzene 0.044
Other C;¢ Aromatics : 0.002
Other Cq; Aromatics 0.435
1,3-diisopropylbenzene 11.776
1,4-diisopropylbenzene 21.183
1,2,4- tetraethylbenzene 0.001
1,2,3-tetracthylbenzene 0.002
Sum 99.997
[0045] EXAMPLE 1: Cumene synthesis via benzene/PIPB transalkylation

over zeolite beta catalyst.



nitrogen. A gas chromatograph (GC) anal ysis of the

feed provided the conposition by weight shown in Table
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hours. The zeolite beta catalyst was diluted with
aﬂ?@?roﬂPWH}gewoa% dhedeedodeserbrd wekable d vess ingraglugegdnto the

qes1GN@atebod BotANcAAP% NELBRY) -anf W ida QW prédsiie F&s &t to 300
psig (2170 kPa) by a grove loader. Weight hourly space velocity (WHSV) was set

to achieve approximately 50% total DIPB conversion. The beta zeolite reached
approximately 50% DIPB conversion at 16 WHSV. After lining out weight
hourly space velocity, the total product was vaporized and sent to an on-line HP
5890 GPC. Relative activity based on a first order reaction rate constant, cumene
selectivity and impurity-make for the catalyst were determined and are shown in
Table 2.

[0046] EXAMPLE 2: Cumene synthesis via benzene/PIPB transalkylation
over P-Beta catalyst.

To prepare the P-Beta catalyst, 50 grams of sample comprising 80 wt.% of
hydrogen form (H-form) beta zeolite crystal and 20 wt.% alumina (Al,O; 1/20”
(1.27 mm) quadrulobe extrudate was impregnated to incipient wetness with an
aqueous solution of ammonium hydrogen phosphate prepared by dissolving 0.43
grams of ammonium hydrate phosphate in 30 cc of distilled water. The P-Beta
was then calcined at 1000°F (538°C) with a 10 hour hold at full air. The P-Beta
was then dried off-line at 392°F (200°C) at atmospheric pressure (100 kPa) with
100 cc/min flowing N, for 2 hours. The total phosphorus content of the catalyst
was 0.02 wt.% based on the total weight of the catalyst. Two (2.0) grams of the
P-Beta extrudates (chopped to 1/16” [1.59 mm] length) were used for
transalkylation of the feed described in Table 1. The P-Beta was diluted with
approximately 2.6 grams of sand per gram of catalyst and charged to an

isothermal, down-flow, 3/8” [9.5 mm] outside diameter fixed bed reactor. The
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T%ﬁ’ly@%?en\ﬁgguql%eg%ﬂ%&d into the reactor (based on 830
tReRliveAtayist wei ght) and reactor pressurd6vias set t83.2

300 psig (2170 kPa) by a grove | oader. Weight hourly
space velocity (VWHSV) was set to achi eve approxi mately

SR)%%]M al DpfB transalkylation feed used in Example 3 was prepared as
follows. Chemical grade benzene was percolated through activated alumina. A
polyethylbenzene (PEB) mixture containing 90% diethylbenzene (DEB) was
obtained from a PEB column overhead of a commercial ethylbenzene unit, and
percolated through activated alumina. Percolated benzene and PEB were mixed in
a 3:1 weight ratio. A GC analysis of this feed provided the composition by weight

shown in Table 3.



conversion. P-Beta reached approxi mtely 50% DI PB
conversion at 72 WHSV. After lining out WHSV, the

wo edoaliosnduct was vapori zed and sent to an onPCT/HE20p#2006866
5890 GPC. Rel ative activity based on a first order
reaction rate constant, cu e selectivity and
i mpurity-nmake for the catal yst were determ ned and are
al so shown in Table 2. TABLE 2 Zeolite-Beta P-Beta
VWHSV 16 72 Overall DI PB c&&ger sjion 49. 0% 53. 9%
met a- DI PB conversi on 8. 4%' ¢ ﬁpar a- Dl PB conversion
72.0% 74.8% Cunene Sel ectivity 96.6% 98.9%  weioht Percent
N- propyl benzene/ Cunene (ppmy) 280 320
EBBénzeenzene/ Cunene (ppmy) 330 830 Rel ative Activity4.719
]E—XP' 1 83.2 [0047] The transal kyl ation feed used in 0.021

%4}%?}}% 3 was prepared as follows. Chem cal grade )

bepzene was percol ated through activated alunmina. A ¢.122
pol yet hyl benzene (PEB) m xture containing 90%

d-grapyl ne (DEB) was obtained froma PEB col um 0.005
of a commercial ethyl benzene unit, and
gﬁé@&%ﬁg?%ed t hrough activated al um na. Percol at ed 0.004

bemnztheazewed PEB were mixed in a 3:1 weight ratio. A @342
anal%fi f this feed provided the conposition by
tethylg

vigelg f#ESRR Tabl e 3. TABLE 3 Wi ght Percent Benzére?35

L AR abdens 0. 021 EB 0. 122 n-propyl benzene 0.005 550
Elfaﬁyl t %ne&% 004 '
ortho-diethylbenzene 4518
Triethylbenzene (TEB) 1.601
Others 0.134
Sum 100.00
[0048] EXAMPLE 3: Ethylbenzene synthesis via benzene/PEB-

transalkylation over zeolite beta catalyst.

[0049] The transalkylation process was conducted with a down flow fixed-
bed reactor which consisted of a three-zone furnace and a 3/8” (9.59mm) outside
diameter reactor with 1/8” (3.19 mm) outside diameter, central thermowall in the
catalyst bed.

[0050] A sample of 0.5 grams of zeolite beta catalyst, comprising 65 wt.%
hydrogen form of zeolite beta crystal and 35 wt.% alumina (Al,O3) binder, 1/16”
(1.59 mm) cylindrical extrudate (chopped to 1/16” [1.59 mm] length) was diluted
to 3 cc with sand and dried at 257°F (125°C) at atmospheric pressure (100 kPa)
wifh 100 cc/min. flowing of N, for 2 hours. The N, was turned off and the grove
loader was set to 500 psig (3616 kPa). The transalkylation feed described in
Table 3 was introduced by an Isco pump at 257°F (125°C) and 60 cc/hr for 1 hour
and then at 5 total WHSV. The reactor was ramped at 41°F/min. (5°C/min.) to
464°F (240°C) and then at 37°F/min. (3°C/min.) to 500°F (260°C). The product
was collected in a cold trap and analyzed off-line on the HP 5890 GC equipped
with a DB-1 capillary column. Catalysts were tested at 500°F (260°C, 500 psig
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a down flow fixedbed reactor which consisted of a

t hree-zone furnace and a 3/8" (9. ,59m*% out si de .

di38he tkdia).r A cogreni R IpB 1Weeht miip gwihytolsl, dlomg atg) agng (variable.

C d g I A, t I : ‘

ERR apRGLERR ohh 8 PREE itigRhie ittt Ahyibenzene

cseiqotivey agd GbpwityYadkedoothercatabysta wéreziethmined patiare shown in

C{i&@tﬁll and 35 wt.%alumna (Al O3) binder, 1/16"

(1%89*mm) cylindrical extrudate (chopped to 1/16"

[1.59 mm] length) was dil giagsf @ 3 cc with sand and

dried at 257F (1250C) at atnospheric pressure (100

kPa) with 100 cc/min. flowing of N2 for 2 hours.Zephiée Beta

turned off and the grove | oader was set to 500 10

pSii 3616 IcPa). The transal kyl ati on feed descri bed

i OvdrabhIDEB coderdidt r oduced by an Isco punp at 2570F 50.3%

(1250C) and 60 cc/hr for 1 hour and then at 5 total

VBiaylbelibmercenedrsipnwas ranped at 41F/ min. (5 mm) t30.5%
4,%.%[;&24&)@ and then at 37F/mn. (3¢ mn.) to 500?}530/
( 260FVIHAR product was collected in a cold trap and>”°
agatyzae, @f.fosl ine on the HP 5890 GC equipped with a
DB-1 capillary colum. Catalysts were tested at 5000F
(260001BB0 psi g(3616 kPa), 3:1 benzene/ PEB wei ght 0.207%
ratio with total flowrate as a variable. Relative 0.047%
activi g}uﬁl};\esed on a first order reaction rate ’ ¢
const apthyltehksnkbenzene sel ectivity and inpurity- még073%
for the catal ysts were deternined and are shown in

Tabl e GUMeRE| E 4 0.054%
n-propylbenzene 0.038%
Ethyltoluene 0.032%
Diphenylethanes 0.856%
Others 0.693%

Relative Activity 7.7

[0051] The transalkylation feed used in Example 1 was prepared as

follows. Chemical grade benzene was percolated through activated alumina
column. A PEB mixture containing 69.4 wt.% DEB and 28.6 wt.% TEB was
obtained from a PEB column overhead of a commercial ethylbenzene unit, and
percolated through an activated alumina column. Percolated benzene and PEB
were mixed in a 2:1 weight ratio. A GC analysis of this feed provided the

composition by weight as shown in Table 5.



Zeolite Beta WHSV 10 Overal| DEB conversion 50.3%

But yl benzene conversi on 30.5% TEB conversi on 18. 3%
w®Eeloeaviset ty, w. % Lights 0.207% Tol uene 0. 04F%/US2006/006866

Et hyl benzene 98. 073% Cunene 0. 054% n- propyl benzene

0. 038% Et hyl t ol uene 0.0SZ%{& henyl et hanes 0. 856%

QG hers 0.693% Rel ative Acti 'G?y 7.7 [0051] The

transal kyl ati on feed used in Exanple 1 was prepared as

foll ows. Chem cal grade benzene was percol ated through

activated al um na col urm. TABMBS ni xt ure contai ni ng

69.4 wt.% DEB and 28.6 wt.% TEB was obtai ned gl ercent

PEB col umm overhead of a commrercial ethyl benzeTTei%%iBt,_"

apgnhRer col ated through an activated al um na col um. 0.015

Percol at ed benzene and PEB were mxed in a 2:1 meigrg

rBemgsne A GC anal ysis of this feed provided the 6.634

{:/@cr)n%%sgtl on by weight as shown in Table 5. TABLE 5 0.013

PGRtC Per cent Li ghts 0. 015 Benzene 66. 634 Tol uene

Ogg13 EB 0. 018 Cunene 0. 016 0.018
Cumene 0.016
n-Propylbenzene 0.023
Ethyltoluene 0.058
Butylbenzene 0.084
meta-diethylbenzene 14.550
para-diethylbenzene 6.722
ortho-diethylbenzene ' 1.788
1,3,5-tetracthylbenzene 6.978
1,2,4-tetracthylbenzene 2.521
1,2,3-tetracthylbenzene 0.065
Others 0.516
Sum 100.001
[0052] EXAMPLE 4: Fthylbenzene synthesis via benzene/PEB

transalkylation over P-Beta catalyst.

[0053] The transalkylation process was conducted with a down flow fixed-
bed reactor which consisted of a three-zone furnace and a 3/8” (9.59 mm) outside
diameter reactor with 1/8” (3.19 mm) outside diameter, central thermowall in the
catalyst bed.

[0054] One-half gram of P-beta, a 1/20” (1.27 mm) quadrulobe extrudate
(chopped to 1/16” [1.59 mm)] length) containing 0.2 wt.% phosphates and 20% wt.
alumina (AL,O3) binder was diluted to 3 cc with sand and dried at 257°F (125°C)
and atmospheric pressure (100 kPa) with 100 cc/min of flowing N, for 2 hr. N,
was turned off and the grove loader was set to 500 psig (3616 kPa). The feed, as
described in Table 5 was introduced by an Isco pump at 257°F (125°C) and 60
cc/br for 1 hour and then at 5 total WHSV. The reactor was ramped at 5°C/min to



n- Propyl benzene 0. 023 Et hyltol uene 0. 058 Butyl benzene
0. 084 net a-di et hyl benzene 14. 550 par a-di et hyl benzene

W@ 2008207361 ho- di et hyl benzene 1. 788 PCT/US2006/006866
1,3,5-tetraet hyl benzene 6.978 1, 2, 4-tetraet hyl benzene
2.521 1,2, 3-tetraet hyl benze 0.065 Ot hers 0.516 Sum
100. 001 [0052] EXAMPLE 4: Ethyl benzene synthesis via
benzene/ PEB transal kyl ati on over P-Beta catal yst.

4B THeoHOIG SBPIFEEL iR R ERP EORPATEY e on b HP
t g‘g%eGé%qﬁlggé’& RGeS, BB @aéﬁl’ll%% cé%lnﬁp Ry boidrl fosted at 464°F

di aneter reactor with 1/ nm oufside dianeter,
c@A01Q) 5@tpsig (@6 kPa)y 2 hberwanePBtwdight rafi@@4th]a total flow rate

One- hal f. gra . P-bet.a, ,a 1/20" (1 27 uadr ul obe
o p oo CRbBlie 6V bt 4 aoih P TheioR fate Sotant,
CaRYIBEMAE sflectivitly- a1 R 86 RN the?AM1ydts watddBtdithined and
(Al 203) binder was diluted to 3 cc with sand and dried
atre 3oy 128©6) and at nobspheric pressure (100 kPa)
with 100 cc/mn of flow nQ‘A'ﬁ?L r 2 hr. N2 was turned
of f and the grove | oader was set to 500 psig (3616
kPa). The feed, as described in Table 5 was i ntrodu@eBeta
by an Isco punp at 257F (125C) and 60 cc/hr for 1 hour
aﬁ@is‘ﬁen at 5 total WHSV. The reactor was ranped at 10
5 j - The product was collected in a cold 0
trég%lagr? ar€1ra yzsé0 off-line on a HP 5890 GC equi pped 40.7%
wBttyltenBiBelconegsibhary col uim. Cat al ysts were tested 12t0%
4{5@”F xg24d)C), 500 psig (3616 kPa), 2:1 benzene/ PEB 0
FORYSEEPR with a total flow rate as a variable. 13:5%
Rediadtivig, webjpvity based on a first order reaction rate
constant, ethyl benzene selectivity and inpurity make

for thbigbtst al ysts were deternined and 0.297%
Toluene 0.043%
Ethylbenzene 98.591%
Cumene 0.010%
n-propylbenzene 0.000%
Ethyltoluene 0.000%
Diphenylethanes 1.043%
Others 0.016

Relative Activity 25.1
[0055] When the relative activity values for the catalysts are compared,

P-beta is 5.1 times more active than conventional zeolite beta not comprising
phosphorous in the transalkylation of cumene under equivalent conditions of
WHSV; and 3.2 times more active than conventional zeolite beta in the
transalkylation of ethylbenzene not comprising phosphorous under equivalent
conditions of temperature, pressure and DIPB conversion.

[0056] While the present invention has been described and illustrated by
reference to the preferred embodiments, those of ordinary skill in the art will

appreciate that the invention lends itself to alternative embodiments not



are shown in Table 6. TABLE 6 P-Beta WHSV 10 Overal

DEB conversi on 40. 7% But yl benzene conversi on 12. 0% TEB
wW@ewea0EsDN 13. 5% Sel ectivity, w. % Lights 0.2O7%82006/006866

Tol uene 0. 043% Et hyl benzene 98. 591% Cunene 0. 010%

n- propyl benzene 0. 000% Et hyl g0l uene 0. 000%

Di phenyl et hanes 1.043% O hers 0.016 Rel ative Activity

25.1 [0055] When the relative activity values for the

catal ysts_are c are P-beta is 5.1 ti re

ey S G, BTER %ﬂr igaeao TR aﬂ«%ﬁ%ﬁ% made sglely to
e BPARH i OF phiRR L M Biihe s T o0 W e present
aowves®nt han conventional zeolite beta in the
transal kyl ati on of ethyl benzene not conpri sing
phosphor ous under equival ent conditions of

tenperature, pressure and DI PB conversion. [0056]

VWil e the present invention has been descri bed and
illustrated by reference to the preferred enbodi nents,

those of ordinary skill in the art will appreciate
that the invention lends itself to alternative
enbodi nents notnecessarily illustrated herein. For

this reason, reference should be made solely to the
appended cl ains for purposes of determ ning the true
scope of the present invention. CLAI M5



W Caim 1. A process for producing a nonoal kyl at ed
aromati ¢ conpound from a pol yal kyl ated aromati c

W@ 09poeme conprising the step of contacting aPCT/US2006/006866
al kyl atabl e aromati c conpound with a pol yal kyl at ed
aromati ¢ conmpound under at |gast partial liquid phase
conditions in the presence of a first transal kyl ation
catal yst having a first catalytic activity, said first
transal kyl ati on catal yst conprising zeolite beta and
p ous, the phosphorus content of said
transal kyl ation catalyst is in the range of 0.001 w.%
to 10.0 wt.% of said first transal kyl ati on catal yst,
t @egrloimw:de a product which conprises a nonoal kyl at ed
aromati ¢ conmpound. 2. The process of claim1l, wherein
said first catalytic activity is greater than a second
cat al yat pAfebdsv ErYprotiudng ac fddodikated! kyhatic WdngRLAd YEdm a
whi ch conprises zeolite beta and free of phosphorous,
when sndlgalkylatad arethatie compord moaiprizing: the rtepaphcgipging an
are conpa under_..equi val eondid i
ot ocos SRy AR AT b O PoiveRO ey il spragund
cat al yahddrag 18adppasipdiqusd phaseesvndltiont e thapgesende of a first
0.005 mt.%to 3.0 wt.%of said first transal kyl ation
cat al y§ansaikylatigp sagbet shaying | & #5st | caflutici #rtivayy sad  first
first at.i | : S I
cont enf RAEBHEORELLER.C b he RIS BI°RRE Sy the
first phesphatukygbaitnoof saat tedngslkylafion Fatelyptris e e rafige of 0.001

laim1, ' i d pol.yal kyl at i ,
oyt sBvbag) Bt ‘o gl s srlai i Rt rovide a
c OWOUP§>gha WIBE 85eprited aRhQYAAS1 £ RO AS cSBPSund.

pr oduc . The process of claim1l wherein said
pol yal kyl ated conpound i s pol yet hyl benzene and sai d

ctnyl paRs eI NIRRT it SR ERE acl o T4 fraw o

7, wheg&ond Sadtalystl kylivdibl efanopmbhe saplkyhtiohs citelyEe Mehich
and said al kyl ati n% agent is ethylene or propylene. 8.
3

The pr 6eEBREscszeeliiy bptecwd dics §f ehesphpronsy vy saibhyst prd segond

the st ?rgnéﬁkylation catalysts are compared under equivalent conditions.

3. The process of claim 1, wherein said first transalkylation catalyst has a
phosphorus content in the range of 0.005 wt.% to 3.0 wt.% of said first
transalkylation catalyst.

4. The process of claim 1, wherein said first transalkylation catalyst has a
phosphorus content in the range of 0.01 wt.% to 0.5 wt.% of said first

transalkylation catalyst.

5. The process of claim 1, wherein said polyalkylated compound is
polyisopropylbenzene and said alkylatable aromatic compound is benzene,

to produce cumene as said product.



contacting said al kyl atable aromati c conpound with an

al kyl ati ng agent under at |east partial |iquid phase
waeonditeidons in the presence of an al kyl ati on CBECHUYRD6/006866

selected fromthe group consisting of MCM 22, MCM 36,

MCM 49 and MCM 56, to proviq§)an al kyl ati on product

conprising said polyal kyl ated aromati c conpound. 9.

The first transal kyl ati on catal yst of the process of

any preceding claim, said first transal kyl ati on )
cét al y&be Harorerg af rolpist kavhergin @aﬁcﬁowaﬁv?agﬁﬁ compound is
conpri j ; . , .
phosph%ér1 %2?1‘?%&(31%?9?;39@” lgl?agﬂégﬁ %}?1&%0 ?)01i %d%stbgmene, 0
10. 0 whrodmaf ethgbehzene s¢ said prodadtky| at i on cat al yst,

wherein said first catalytic activity is greater than
a second catal yst activity of a second transal kyl ati on

cat al Yohe GRERREL OF Q:%iﬁlg?’,l ivhereRE A d ey 16818 Qarhatic compound is

phosphorous, when said first and second

t r ans abdyzkne irshsaghaliypdngagentiscthpencad pueryéene.
equi val ent conditions; and wherein said first
transal kyl ati on catalyst is used in the process of any

pgeceding prb@dsiN oflfny P& elin@Celahn, 0 turteai donthrisipetiad step of

said first transal kyl ati on catal yst is_shaped in_a,

f or m ofordaiingdiaisl alkylatable aromatic compound with an alkylating agent
under at least partial liquid phase conditions in the presence of an
alkylation catalyst selected from the group consisting of MCM-22, MCM-
36, MCM-49 and MCM-56, to provide an alkylation product comprising

said polyalkylated aromatic compound.

9. The first transalkylation catalyst of the process of any preceding claim,
said first transalkylation catalyst having a first catalytic activity and
comprising zeolite beta and phosphorus, said phosphorous content is in a
range of 0.001 wt.% to 10.0 wt.% of said first transalkylation catalyst,
wherein said first catalytic activity is greater than a second catalyst activity
of a second transalkylation catalyst comprising zeolite beta and free of
phosphorous, when said first and second transalkylation catalysts are
compared under equivalent conditions; and wherein said first

transalkylation catalyst is used in the process of any preceding claim.

10.  The process of claim 9, wherein said first transalkylation catalyst is shaped

in a form of a quadrulobe.



