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| NVENTI ON [ 0001] The present invention relates to a
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conpounds. One enbodi ment of the present invention

i ncl udes a mechani sm for probucing al kyl aromatics, for

exanpl e et hyl benzene and cunene. Anot her enbodi nent of

the present invention includes a process for producing
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of olefins,~€.g. ethylene, propylene, buiylene or
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[0003] Another process which has achieved significant commercial success is

the liquid phase process for producing ethylbenzene from benzene and ethylene
since it operates at a lower temperature than the vapor phase counterpart and hence
tends to result in lower yields of by-products. For example, U.S. Patent No.
4,891,458 (Innes) describes the liquid phase synthesis of ethylbenzene with zeolite
Beta, whereas U.S. Patent No. 5,334,795 (Chu) describes the use of MCM-22 in the
liquid phase synthesis of ethylbenzene.

[0004] Cumene has for many years been produced commercially by the 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 more active and selective for



particularly solid phosphoric acid or al um num
chloride. Mdre recently, however, zeolite-based
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to be a significant problem in the case of cumene production where existing
catalysts have either lacked the desired activity or have resulted in the production of
significant quantities of by—products such as ethylbenzene and n-propylbenzene.
[0007] According to the present invention, it has now unexpectedly been found
that an organic compound conversion process conducted in the presence of a
specific catalyst manufactured to exhibit a Proton Density Index (“PDI”), as herein
defined, of greater than 1.0, for example, from greater than 1.0 to about 2.0, e.g.

from about 1.01 to about 1.85, yields a unique combination of activity and, often

importantly, selectivity. This is especially the case when the process involves liquid



specific catalyst manufactured to exhibit a Proton
Density Index ("PDI"), as herein defined, of greater
wo ban/130085 for exanple, fromgreater than 1.0 POI/ERNG/017734

2.0, e.g. fromabout 1.01 to about 1.85, yields a
uni que conbi nati on of act|V|3y and, often inportantly,
selectivity. This is especially the case when the
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an improved oligomerization process comprising contacting feedstock comprising

olefins, for example ethylene, propylene and/or the butenes, with catalyst at
oligomerization reaction conditions to produce desirable distributions of
oligomers, said catalyst comprising an acidic, porous crystalline material and
having a PDI of greater than 1.0, for example, from greater than 1.0 to about 2.0,
e.g. from about 1.01 to about 1.85. The catalyst for use in the present process may
comprise, for example, an acidic, porous crystalline material or molecular sieve
having the structure of zeolite Beta, or one having an X-ray diffraction pattern

including d-spacing maxima at 12.4+0.25, 6.9+0.15, 3.57£0.07 and 3.42+0.07



ol i goners, said catalyst conprising an acidic, porous

crystalline material and having a PDI of greater than
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e.g. fromabout 1.01 to about 1.85. The catalyst for

use in the present process nhy conprise, for exanple,

an acidic, porous crystalline material or nolecul ar

sieve having the structure of zeolite Beta, or one
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OF THE DRAW NGS [0010] Fig. 1 shows the shall ow bed
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process for conversion of feedstock conprising organic
cdovglvmgdis préyeat Bweltiopr ocess nmechani sm i nvol ves
producti on of nonoal kyl ated aromati ¢ conpounds,
particularly ethyl benzene, cumene and secbutyl benzene,
by the |i quDgTAT PRMHESCRIPTICONDOP raFenpiytmN on of an
alkﬁmatable aromatic conpound, particularlTy benzene.
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pﬁ‘rmmman@[dtad arbietie t@Bindf mﬂﬁa&rlysea@lt&nzaieawﬁéne and sec-
conp03|t|on conpr.l si.ng an aci di.c, por ous crysta
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Cpoaa?c% ari Opowvgrtrplolaecﬁgrr %vlelcglfll Iiigomers. More particularly, the present
process uses a catalyst composition comprising an acidic, porous crystalline
material and is manufactured to exhibit a PDI of greater than 1.0, for example, from
greater than 1.0 to about 2.0, e.g. from about 1.01 to about 1.85.

[0012] As used herein, the term PDI when used in connection with a particular
catalyst composition is defined as the proton density of the new, treated, catalyst
composition measured at a given temperature, divided by the proton density of the
original, untreated, catalyst composition measured at the same given temperature.

[0013] As used herein, the term "proton density" means the millimoles (mmol)
of acidic protons and/or non-acidic protons per gram of catalyst composition. The

proton density of the new, treated catalyst composition, and the proton density of



catal yst conposition is defined as the proton density
of the new, treated, catalyst conposition neasured at
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present inventiqQn conprises the steps of: (a)
p(fomrﬁpfh@egepﬁp t, untreated catalyst, i.e. one not
having b CAAY dirtatcl GRS 10)orNhi(Ehidf b
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mat eri al ,trestad cicéordBig, toustepse(bb add ({a) af tlss ntethadp gomprising an
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such as from about 1°C to about 500°C, preferably from about 1°C to

about 99°C, for a contact time of at least about 1 second, preferably
from about 1 minute to about 60 minutes, to generate a second catalyst
having a second hydration state measured in mmol of protons per gram
of catalyst, said second hydration state being greater than said first
hydration state, i.e. the product of step (b) has a higher proton density
than the step (a) catalyst; and

(©) drying the second catalyst resulting from step (b) at a
drying temperature of up to about 550°C, preferably from about 20°C
to about 550°C, more preferably from about 100°C to about 200°C, for



having a second hydration state neasured in nmol of

protons per gram of catalyst, said second hydration
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i.e. the product of step (b) has a higher proton

density than the step (a) cafalyst; and (c) drying the
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acidic, porous crystalline material and having a first
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andl/or} 01a1-at01 Iwr ];‘)jrop(}{qg ro%tsluglg] cz?tgl%tewl?lg}tx e associated with the chemical

reaction, to generate a catalyst composition having a third hydration state between
that of the first and second hydration states, whereby the catalyst composition will
have a Protoﬁ Density Index of greater than about 1.0. That is, such catalyst
comprising an acidic, porous crystalline material and treated by the above method
has a greater proton density, and/or a greater number of acidic and/or non-acidic
protons as compared to the same catalyst which is not treated by such method. In
other words, PDI is defined as the proton density of the third hydration state
catalyst composition divided by the proton density of that catalyst in the first
hydration state, both prepared and measured in the same manner.

[0017] The term "aromatic" in reference to the alkylatable aromatic



that of the first and second hydration states, whereby
the catal yst conposition will have a Proton Density
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conmpounds i ncl ude benzene, napht hal ene, anthracene,
n@f2Alnhac &vacrape e elky] goaps tie ean dedredeshansibrséhents on the
wi th benzene bei ng .preferred. 0] ,Generally.the
RS P BB CaR P TS | Poibalt 24 LDt ait SoGHy from
tamRual QB tdrbod AORRUAY B6d idhdlly FaMaBodtq t8RUdtbod%toms.
carbon atons and usually fromabout 1 to 8 carbon

d08XH, aMuitahle elkybabstitptadraspmatioesmpounds inchuieielnene, xylene,

021] Suit e al kyl .subst .t ut ed.ar omat |
ThoHBevng2ede, TPl bt PR BRRISRE ¢ pensene,
Nmsiyisne pé&nies) e ymahds Butyiichydne apdetiiedu@itRe, o-diethylbenzene, m-

et.hyl benzene, nesityl ene, durene, cynenes, .
tfh@%lbéﬁée@ﬁe, PsSigHytenssns; o- EPERYIDESAS.ene isohexylbenzene,

By Fie%)lltgeﬁ%ﬁn p e&ﬁﬂ%tg%l{gﬁ%gg 260183 4l SQAIRRRAEDR,; 1,2,3,5-

ilsohe enzehe, pen €nzéne,
petnsmethybyhieanz end,2 4-fizstByldenzend, r ael 2y3-trenathylbenzene, m-

,2,.3,5- tetra hyl benzene, .1 2, 4-triethyl benzene
TG e T e o ASLIDYP I Gerett roluens, Bl oluene,
m-propyltoluene, 4-ethyl-m-xylene, dimethylnaphthalenes, ethylnaphthalene, 2,3-

dimethylanthracene, 9-ethylanthracene, 2-methylanthracene, o-methylanthracene,
9,10-dimethylphenanthrene, and 3-methyl-phenanthrene.  Higher molecular
weight alkylaromatic compounds can 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, 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



p- butyl tol uene, 3,5-diethyltol uene, o-ethyltoluene,

p- et hyrtol uene, mproryltol uene, 4-ethyl-mxylene,
walresetsopbmapht hal enes, et hyl napht hal ene, 2, 3- PCT/US2006/017734

di met hyl ant hr acene, 9-et hyl ant hr acene,

2- met hyl ant hr acene, o- et hyl&nt hr acene,

9, 10-di net hyl phenant hrene, and 3-net hyl - phenant hr ene.

H gher nol ecul ar wei ght al kyl aromati ¢ conpounds can

S8 aBEuMS S Wikenthuffeht BQetﬁ?fb@ﬁieﬁE?s {AB dedinl f#6&iuct, the present

aromat 1 ¢ hydrocarbons such”as are produced by the

giragasapiodncasfaceaptatdy littlethyeprodantbantd apixylkened. éftiexylenes made

al i gqonmers. Such .produycts .are equently referred to in
t“r"lég pstégceam@}y't%tlgssgﬁ@ 3000t AP Xy | benzene,
Nooxd1beNReARmaOSGRMhRGNZ SRR turD VTt RAGW, REMERN @nd/or xylene
hexyl't ol uene, nonyl tol uene, dodecyl tol uene,

renstitties gipeitigulady vsefp! fev for thé allplatipik pragess afshis invaniiend

hi gh. boiling fracti in_which al kyl _group .
AP0Zned T8 {ihe aBfics e FedlobS dbAT B pReRHer i
divedhtion t@nalaytindilde addhglipHatiowh rdhated SyphleubeiRuhé having
the desired product, the present process produces

206 3t BBTS, aydilablecalkylating gliphatic sgrewpsagapellecpfeEeactigqe with the

i 4N q e .
et G o el ARGy ARY etk fafnd, PRTp AMscing
Heomdrte,5 dachoneat@manBkanpley bfsvitablensityildtiticepents are olefins such
partj cul arl seful feed for the alkylation process,of
i fgﬁsﬁmﬁerm Rfency @e?z%‘}tea% l%ﬂl'vé}%?rmé% Srigienghd Faggfures
8ertaf hd | the { fAROCERENAL Gftsive1 (R hbARICHOR! dlikiohols,

i nclude any aliphati'c or aronatic organi c conpoun
Heielcolgpls retc.p suchoasemathanolabthencl] kel propawlslthe hetenaels, and the

roups, ca |l e of reacti.on wth,the alkyl atable.

oBH31sE et 251 ERBldrhins rovedehyd  Brdhigpatdehyde,
BubHAIdBRFRE 88d Moval&aldbiyde afd GREP AliddsOfRh JsXasmlieshiofide,
suitabl e afkylatln agents are ol efins such

A 9 ) as _
et} chlpsidepthe pyorsA ehlorides, e brgkclipnddsy andthepeptm ehlerides,
%ngh%ﬁﬁland m xtures thereof), and the pentenes;
al cohol's™(i ncl usi ve of nonoal cohol s, dial cohols,

t[0024)cohMisturest of ) lighChlefiss ned hasfl , asetalkgiming hfmits in the
propanol s, the butanols, and the pentanol s; al dehydes
Alfefation pracess PHbEaEeNtione s SHIHBIX WS BT g odetmy ges useful

t = r ; hal
M hanfie W 16e HAdibrifAlon! RoCRUC! M dnferfith, Ak ciGely,
ahixareded, ethylend) uprpbylehd, obutehess, aaddrt pentgrest which are major
chlaorides, .and sq faorth. [0024] M xtures of |ight
GPRTITS o H uTy ereliyl Seehy Sgen el o s Plant off-gas
bkliakd %‘Eh}ﬂ’(ftf_é? %‘f§pﬂ’éne§ R, haptemd :ccf%il&kex/‘\bﬁogassé&llfhining light

m xtures of |ight ol efins are usefu _
olefins, refinery FCC propane/propylene streams, etc., are useful alkylating agents

0

and oligomerization reactants herein. For example, a typical FCC light olefin

stream possesses the following composition:



as reactants in the oligonerization processes of this
i nvention. Accordingly, mxtures of ethylene,
wWEe@psB®ae, butenes, and/or pentenes whi ch ar ePOEUS2006/017734

constituents of a variety of refinery streans, e.g.,

fuel ?as, gaf pl ant g{;-gas %Entaiping ethylsngh

propyl ene, etc., nap a cracker off-gas containing
l'ight olefins, refinery FCC propane/ propyl ene streans,

etc., are useful alkylating agents and ol igonerization
reactants herein. For exanple, a typical FCC |ight

ol efin stream possesses t H&tf®l | owi ng comdoki%i on: W . %
Mol e % Eth 3.3 5.1 Ethylene 0.7 1.2 Propane 4.5

15. 3 Propyﬁ@ﬁ@“ﬂz.S 46. 8 Iégbutane 12.9 1083 n- But ane

%.3 3:6 BUU§g§§?82iﬁ 38.32Qgentg?es Od7f0'42Eg025]
eaction products at may be obtaine romthe

process of Rrhpangresent invehAtion include ethyl benzene

fromthe react ilone of benz%2§ wi th ethyl ene, . gunene

fromthe reddY 6N of benzéh® with propyl enér

et hyl t ol uengodui&® t he reaqpion of tol uene W.3 h .

et hyl ene, cynepes fromthe reaction of toluene with
Eropylene,é?ﬁﬁgﬁ?c-butylbe%ﬁfne fr?nLthe_rgébflgn of
enzene an - enes, a ure o eavi efins

fromthe olﬂggﬁgrization g?ﬁlight olefinsagja

Parti cul ar |Benpumes err ed pro@@ss nechani snms 0#4 t he
invention relate to the production of cunene by the

al kyl ation of benzene w th propyl ene, production of
qob310eNREAG RDrédif thlith ) bOSb G SOALINE phédels of the present
ethyl'ene, production of sec-butylbenzene %& the

ahkeritiani imoludé dibylbenreneii frdm Ithe enestionanf] benzene with ethylene,

LIPS BBl BEERHEBi BB B e
REAKRE SES tohik 8RTh Qattl%derﬁ%’ ciibfesl R¥RNHeORabtH bl €oludtet with
are not limted to, alkylation of aromatic conpounds

anepydency one seehutythenainediianithe reastioney bisazeps rigd ar-beenes, a
SIHSJBHE Ig?the;\tigr SIERS A8 Sthgroﬁgomerization of light olefins. Particularly

preferred process mechanisms of the invention relate to the production of cumene

by the alkylation of benzene with propylene, production of ethylbenzene by the
alkylation of benzene with ethylene, production of sec-butylbenzene by the
alkylation of benzene with butenes, and oligomerization of ethylene, propylene,
butylene, or mixtures thereof.

[0026] The organic conversion processes contemplated by this invention
include, but are not limited to, alkylation of aromatic compounds and
oligomerization of olefins and may be conducted such that the reactants are
brought into contact with the required catalyst in a suitable reaction zone such as,
for example, in a flow reactor containing a fixed bed of the catalyst composition,
under effective conversion conditions. Such conditions include a temperature of
from about 0°C to about 1000°C, preferably from about 0°C to about 800°C, a
pressure of from about 0.1 to about 1000 atmospheres, preferably from about
0.125 to about 500 atmospheres, and a feed weight hourly space velocity (WHSV)
of from about 0.01 to 500 hr”', preferably from about 0.1 to about 100 hr™. If a



brought into contact wwth the required catalyst in a

sui tabl e reaction zone such as, for exanple, in a flow
w0 e@ciarostont ai ning a fixed bed of the catal ysPCT/US2006/017734

conmposition, under effective conversion conditions.

Such conditions include a tdfperature of from about

Q0C to about 1000C, preferably from about O0C to about

8000C, a pressure of fromabout 0.1 to about 1000

a&a@&f’ﬁﬁ&ﬁ?ﬁ: rusBd gﬁ@ E@a@ﬁc}( flﬁl%%iﬁb%"ﬁ 19 about | ﬁnﬁllﬂ@ g aﬁ(gﬂ 100

at nospheres, \NEI ght rl'y space vel oci t

(M‘d@{praféra‘mllyd‘mmbbmjzt 1010@11totaboﬁﬂm hourd,, preferably from

0.1.to about 100 hr. 1. batch reactor is
W O dnp ebeingh GBS [eibe AR PR o rortalh, or
abRletd§An Iﬂfé‘&‘iq?nd gmi,é 8h@PAnybd AQMi_bRE frémhﬁtéhh&&l a&%&m
10 hours he reactants can be in either
v@pdﬂutMnawéh mthcpramtateatlal yorothey oap| st bropghthinte econtaqiu lwmth the

d f f
AR G B her Rt agicr Rerseh henal Bl Msh ey oxemple
bigydes e WhbhittopkR. contact with the catal yst conpositi on
wth the aid of carrier I(wtqases or diluents such as,

0928l e, Amediedaféon process © ag%mve@mggyymcgmdwteétw@hthat the
PR Jaflahf e TR PP ARG ROROER, BHE S i

cayent) wnsl baought ko ablabtatvithor ageible alatybubn wa@mSt it ta0suitable
contact with a sujtable alkylation catal a}_
STGREHNB) 200p SHelt AHNOL GRERIGCHT adlovs bﬁaﬁ@szg ﬁa@ms A tixed b, of

gs{%?gt&gtlra{}gf) Eﬁéé{%ﬁgﬁe %10 of %gnéﬁflo Pﬁ %fkgt@ﬁ%h caldBR€ay

It1ons. I on
caingiriss toneray aamvrptre st an aadwg pearoms ntystadinm‘ materials iod nlecular
por ou rystalli [ C i eves
PSR bt 8 PG oh Feos el Mol Y, Sariplteyer an MwwW
NRFRER ft}?)e%aﬁﬁaﬂVHWﬁi HCK AP diﬂrﬁ@tldfﬁbﬁférﬁlhnélﬁdihggi #acing
X-ray diffraction pattern including d-spacing maxima

ama&’%lmM@‘- 254+6280 6119%0 13, 5*717i©$)7a 3.4P29. Qg’7 Amgsfeans meSuch
S { {
SPGBt SE MR By 5 g

f5(lﬁﬁC@§l@tHraHl & houahoed t@ 6&9&3266%9 repeituee 6f frf)llhcdbbut 0.2
about 0.2 to about 250 atnospheres, preferablsy from
o

dBotbout 25Q, atpespherss; pyeferbbn &ioes abcaltdor%ab%tﬁ atgpospheres, a
P SR HRYR0BI GofaPlobit B B0 CeaR SRl s

00. 521 Tto tabowt ik, p?céfeﬂabl}aﬁdm&bbaedwleﬂogﬁbbuhb@m gndsqoﬁaeé weight

ity sphee eipasty S Y) B 8 P BlibAaBR Tomseopt 01 o

aﬁm% 1 1008rPtbiy om about 0.5 to about 100 hr.
[0029] When benzene is alkylated with ethylene to produce ethylbenzene, the

alkylation reaction is preferably carried out in the liquid phase under conditions
including a temperature of from about 150°C to about 300°C, more preferably
from about 170°C to about 260°C; a pressure up to about 200 atmospheres, more
preferably from about 20 atmospheres to about 55 atmospheres; a weight hourly
space velocity (WHSV) based on the ethylene alkylating agent of from about 0.1
to about 20 hr, more preferably from about 0.5 to about 6 hr'; and a ratio of
benzene to ethylene in the alkylation reactor of from about 0.5:1 to about 30:1

molar, more preferably from about 1:1 to about 10:1 molar.



[ 0029] When benzene is alkylated with ethylene to

produce et hyl benzene, the al kylation reaction is
woe@7as@bs y carried out in the |iquid phase unP&r/US2006/017734

conditions including a tenperature of from about 1500C

to about 3000C, nore preferdBly from about 1700C to

about 2600C, a pressure up to about 200 atnospheres,

nore preferably from about 20 at nospheres to about 55

phe | y
HOTRAP o Vikn St IR AP RRTSPIRIOR) bodstl ebhene, the
Qredction atayutalsﬁo tdke" placronedgor ﬁtlendalphgsef rconditiboutinduding a

| prgti Ml de ot B preimabom RUR b ECT &y b dou

3ﬂ)°@3 150 RIut IW@ Ep??\h sﬁﬁ@mfyabt)ﬁp%@ﬁﬁh@ Berds P l%obﬁg from
10: 1 nol ar. 036 benzene i s al yPate

pabopiy 1 écmebqut 3|@ra§mgs;réwm§ne esight frourly amqeowlomy (éNIé%V) based

o O A IRl bl T,
a6t tabdbhO 9 Gir' @o Biboufl 5O MrEbad a lﬁ@t@ﬁof bed2as tto ]pz&@le@ in the

pressure of about 250 atnospheres or |ess, e. from

aaeletion reactgpefifrommbaphBSghierabeut 30:hanejpt nmsa prﬁferéblé{c%om
Va%'oﬁﬂ ¥o%ﬁ’é§§¥éﬁ%§l§? on propyl ene al kyl ati ng agent of
. r

from abou o about 250 hr 1, preferably from
40081] 1 NWheh Henzadzostalllatbd with; ancalklylatingiagent séled:temfvenethe
to propyl.ene ip.the alkylation yeactor of from ab

(8r8UR CPBSI%{BEU?P dcpuerio P aputeniomd PHEPETSatbeTropr OnP Big soc-

]{i ylf)&z% Qe ]rgac]ﬁoﬁntﬁ{r -aldo0PR4] lmeﬁn&? N fph§se condltlons
al

Kylated wth an ating agent selected fromt
gnduﬁmgcmwmbrange of mbabcnm &0 tp aPouutei‘&Q°€nnreﬁarahlurfew about

A0S o L GRS G HhAC Aot g e piotably
'ﬂ?&h%bﬁ‘m fo bR 7 mbEpREes! b NHBNOVIse®@nltRe BBRHE alkylating

2500C, 1goefer abl%/ from abou 100 to about 2000C, a 1,

mesrisefifeora pbe At tagateut 80 hbom@refg@bbt frorpsherick to about 10 hr’;
e | from ab I,

R A o0 7B bt 0P A R BRI 55 o 100,

girefetably from@batioll to?ébdﬂt41,m<§1ﬁlefer ably fromabout 1 to
about 10 hr 1 ; and a ratio of benzene to the butene
aIIOQ?ﬂ]at [ ﬂ@e ﬁ@tébfﬁt for BA iabeipresent MysnieRmEY f@mﬂ?ﬂse one or more

%:ﬁ{l@r ut ¥s fe leﬁ'xj%o Wiateia tish()i) 904 sévéEDhQng [tQQ 3fgl]lowmg

e Cat al yst or use in resent I nvent
cupturess ezeolite Betanfeseribed dn dJ. Sp Patent Not 38s108l,.(]6|9)1eor an MWW

TRt 2 ELeT 2 Shevee PRND L1 OO R0 et
3ndl8in@6Rdpacty ARAxMMat 12.4+0.25, 6.9+0.15, 3.57+0.07 and 3.42:+0.07
Angstroms.

[0033] As used herein, an "acidic, porous crystalline material" means a porous
crystalline material or molecular sieve containing acidic protons sufficient to
catalyze hydrocarbon conversion reactions.

[0034] Examples of MWW structure type materials include MCM-22
(described in U.S. 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 U.S. Patent No. 6,231,751), ITQ-30 (described in WO 2005-



structure type such as, for exanple, those having an

X-ray diffraction pattern including d-spacing nmaxi na
W@R001230085 25, 6.90. 15, 3.570.07 and 3.420. 07 AQEUSDING 017734

[0033] As used herein, an "acidic, porous crystalline

material" nmeans a porous crylgtalline material or

nol ecul ar si eve containing acidic protons sufficient

to catal yze hydrocarbon conversion reactions. [0034]

TR Rl MR Ao 1. mbln R 31259237, RGBS (deperibed
(igle®JicS.i Patenti WolJ. 5236558 nindNWICM- 363 9let09hed 86523.85 Patent No.
(described in U S, Pat,e&t No. 4, 326, 66

. 7), ERB-I .
(U8CLPIBedbp Faralysh saa inpude fe R lcoﬁgs%%zar,ystﬁw puaterial or
(Iggf%‘éﬁlbﬁﬁgvé th Hhitdunf?k 8Bt LNAN® FOHY of';gﬁt)ama{i{r@gthe material or
(described 1n U'S. Patent No. 6,231,751), ITQ 30
(mekculabsidvé canVi® @80%indd Bva 6dnvekiidnd angndeswith badxide binder

U S, Patent No. 5,250,277 49 (d i bed in U S,
Fis BRFFRGE" 40T 5 70 A RIS OOBb b S b, average
RrgAt &be of 88246810 - pdibes CRiMIUAE MmaRriknot Usl6lctMer sieve

acidic, porous crystalline material or nolecul ar sieve

i epnppenentrdaybe fremfabpuihas torheub?00 Bigrenss fariogample, fram 20 to
teri or._nol ecul ar sieve can be conbined in a

2%19\‘7%%@4 BHA™ manner with an oxi de bi nder as

hpossinaf twherdlealch®idn hedhafignd af theagapiene advieation éf alkhlation,

catal yst, the average particle size of the_ acidic,

pibe orlkylatigns reactery e anio FPRIAING cXBTS0 AIPIAHCS fegthe monbalkylated

o e b . : t O, G :
TGS PR LARCa g bt HR0utfoe i
t leeoverat by distiiteiidramids racgéled e ther #kgation reaetot.i dfsualdy a small

oIS B el g WU MDA S el BFGRAG Iropumis fom the

PRbyal ¥ FoaEmBr RHHCHS  didNht¥AM A Del R} distiBed t0&eparate
aromatic feed 1s recovered by distillation and

L woyadlledated Etddaciaﬂr@ylpatyiaﬂwlat@hmpducts wadietherheaviepal |
i f t.h | | i
(AP« - 0®; FihyeeBlad PropEy naheBies HhL "6, HRHREF grgeter

t éelustitShay batdabied Fih RRlitidhal Aemadt Fdd inediriakeRas@iactor,
nonoal kél ated product from pol yal kyl ated products and

otehaiatehbomi the allybawe) reduter, suer aIskijable Eanssiyiption watalyst. The

S&%%@gﬁ%o{ %ﬁ%%ﬁaf&ogﬂrﬁg 080 of § ﬂ?;étg&ds c?‘tf,] ch&i'@, 'f)tordm&ﬁ?alline

reac I"onal® aromat

t marsak Kigkiagi the streaaicwf, zesBeaBeth,czeblitenY) herdenky loatan (TWW

rseuiau%’%u% ’typ%vrenrate?'ials ll'lllaxt/lfalg la% 5{339 S(ﬁ%é(a%‘lcigxg ip%tr‘ger(r:laitngllugi?l%' d-sl,-ft]a%ing
maxima at 12.440.25, 6.9+0.15, 3.57+0.07 and 3.42+0.07 Angstroms.
[0037] The X-ray diffraction data used to characterize said above catalyst
structures are obtained by standard techniques using the K-alpha doublet of
copper as the incident radiation and a diffractometer equipped with a scintillation
counter and associated computer as the collection system. Materials having the
above X-ray diffraction lines include, for example, MCM-22 (described in U.S.
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

U.S. Patent No. 6,231,751), ITQ-30 (described in WO 2005-118476), MCM-36



transal kyl ati on catal yst nmay conprise one or a mxture
of acidic, porous crystalline materials having the
wareoaaswse of zeolite Beta, zeolite Y, nordeni PET/0R20861017734

MAW structure type material having an X-ray

diffraction pattern includirdg d-spacing maxi ma at

12. 4ct O 25, 6.90.15, 3.570.07 and 3.420.07 Angstrons.

[0037] The X-ray diffraction data used to characterize

L. t St e s i :

S L o P o PP T MOUP AP Rieulefl ipg. patent No.

COPIEF 79 snd MCMAT6 (lendribeddin &L S.dratenh Noa 5 3162 HP Ay woievVIEM-22
i pped wi Eh a.scintillation counter and associ at ed

aéPc‘ﬁA%r X PEEEEY ection system Materials having

tloe3gboveedite ?’%Zetad isf dis@6det 9 U6 NBgerit N, BB, 069! Zeolite Y and

exanpl e, MCM (described in U S. Patent

Noomlegitel 0G5 natupdly: But(wex elsp thedised ioge opghednsyntstic forms,

AolBas I0heatEy (OSHIRAoh S Ydehett Bp ol ElbndRo g 440070,
O3 Qaeth exdhﬁ%% Y@ Remhiie ddoBsedRi BIR. Phient No. 4,415,438,

6,077,498), 1 TQ 2 (described in U S. Patent No. | .
eAnd3NE AsgnyrdenitYizn patste inpadenite merarod giom g4rpagtion mixture

i i 5,250 277: 4
(PApREER bt BREGRE Mno2 oot £ldtpoMih'0.s.
(RiratNd3e8 766,098 &hd a4 004. Ndowsve3 G2, thddse ofif EA-vtideRize for
A o ol e S o
Lﬁ&%ﬁgir{o?edo@&idr td! atﬁc’f:‘ g;?lr)gﬁétigﬂtoﬁ%y n@r@&ﬁt@epﬂdaﬁg J:d(?n&%ﬂ@d of

ir synthetic such as Utrastable Y Y) ,
wireddminantli lexgeasystils withl.aSizeRpeatertthago] nBeuon ond Tpicaltsagound

oSl e e TV el B ShAAL s Bt esutan
SYIRA BESriEniteOREeM hRrieeiitidsitd OMidks HBAL DISOMidbX kdsiBs in a
conprising a tetraethyl anmoni umdirecting agent), )
viine#lkylatiefl eatalysi avith materigly ieeged arigwty Br a@dphasearematics
3&a§1%a 11?4110n However, in the case of TEA-nordenite for

uSe Y the t r ansal kyl ati on catal yst, the particul ar
S[p0391esi The aaalle srysiab AEAPRGrdenité Risipall fort Bamkaikgidtidre@dn be
to the production of a nordenite product conpagsed of .
prredussd Pyrryspaliizatige fromy &rsynthegis myxire; hawang, g duglay cqmpgsition

1o e Ouﬁg&?g%%%(%%{ly around 5 to 10 micron. It has

been rolling the synthesis so that the
resul tant TEA-nordenite hasUsgfubver age Peefgrs¢dal si ze of

| ess than Lgron results in a tran kylgtion
catal yst w 4%?( erially enfixficed actig)?}[jy_(#' r liquid

phase ar omehjg§ic,r ansal kyl akp on. 0.05-0.2
Si/Al = >30-90 35-50
H,0/OH = 50—70 50 -60

[0040] The crystallization is conducted at a temperature of 90 to 200°C, for a
time of 6 to 180 hours.

[0041] The catalyst for use in the present invention may include an inorganic
oxide material matrix or binder. Such matrix materials include synthetic or
naturally occurring substances as well as inorganic materials such as clay, alumina,

silica and/or metal oxides. The latter may be either naturally occurring or in the



[0039] The small crystal TEA-nordenite desired for
transal kyl ati on can be produced by crystallization

WO e@m13008ynt hesi s m xture having a nol ar conmpoBCT/USIV06/017734
within the follow ng ranges: Useful Preferred RIR+tNa +
>0.4 0.45 - 0.7 OHVSi2 <0.2# 0.05 - 0.2 SiZAl 2 >30-
90 35 - 50 H2O' CH 50-70 50 -60 [0040] The
crystallization is conducted at a tenperature of 90 to
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e, [ i.da.-cl j J1CH i
([RAEE D, SEEAEE sRefil Sl it Pt BHORES cnfhysfla®herein
dinchidé ejlicaaahiniina, ozirceniaL i titdinda, sticahaloings sdaa-rhegnasiedsilica-
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SHeBR Blca-thoria; sififarprryHia. prtifeniE-as el 2% feTRaRg fgTapgsitions
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or binder materials enployed herein include silica,
adndnpiticg-magnesimzizconia. t difieamatgix| ¢amabalinrtheiform of a cogel. A
silica- nesi a, Si *i caﬂ'[ rlcoQi a, .silica-thoria,

ST RS ?F?Igf,’oréefl S CHYT% ei%?eg's well as ternary
CORYS! t a8 ?‘rel%’ei@@ pﬁﬁ)o_ﬁidnb (‘cff'tﬁé Hﬁﬂﬁ?pbf&% Ic@ystalline materials or
silica-al um na-zirconia, silica-alum na-nmagnesi a and
sioplegularraighie sind- binderoAr anatriheifnpiicpent, sy waYi Widehe with the

5l BT 5 G BT Y o
apdredn€ by i gt sarey mstesubie it eangtl of aboun®0) ecabloat 80 percent

si eve, and binder or matrix, if_ present, may vary
v wEight % the tofal catalyst. Of course, the catalyst may comprise a self-bound

material or molecular sieve or an unbound material or molecular sieve, thereby
being about 100% acidic, porous crystalline material or molecular sieve.

[0044] The catalyst for use in the present invention, or its acidic, porous
crystalline material or molecular sieve component, may or may not contain added
functionalization, such as, for example, a metal of Group VI (e.g. Cr and Mo),
Group VII (e.g. Mn and Re) or Group VIII (e.g. Co, Ni, Pd and Pt), or
phosphorus.

Experimental Methods

[0045]  The following equipment and feed pretreatment methods were used in
the experiments described in the non-limiting examples of the invention.
Equipment

[0046] A 300ml Parr batch reaction vessel equipped with a stir rod and static

catalyst basket was used for the activity and selectivity measurements. The



crystalline material or nol ecul ar sieve content

rangi ng fromabout 1 to about 99 percent by weight,
w@ea7as008s usual |y in the range of about 30 to BODUS208€)017734

percent by weight of the total catalyst. O course,

the catal yst may conprise al8el f-bound material or

nol ecul ar sieve or an unbound material or nol ecul ar

si eve, thereby being about 100% aci di c, porous
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catalyst for use In the present invention, or It
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dram pypemnpaeirkipeqially gated spwee tas pedienipd wmamelecular sieve 5A

el AR A B P AGRERAL ARy BB ARG o or

df2 lvareesfereanthgp rA)lﬂ)yéfemﬂcers es bemzte'ne/ qirtypylﬁ&eaﬂld nitrogen, refer to

Pr et r eat ment 047 grade benzene .
ﬁi’%f?@gteécaavaf ‘SP % ?pg yev:é g1age prRpyleng, agd tﬁ? ulfea high

8t Hﬁfo%eﬁ: tR4t h@b@ﬂeen%&re%?éd%%féﬁé?xb@@hexp /. ymer
gra e propyl éne obtained froma commercial specialty
dﬁ@ﬁ solhe é‘oﬂmmngr]ﬁlvﬂk@rmd\met for dstermining psoten aleBgity was

b d .
B L SR R destrin el i e i o S BEGIY o oS epsion.
PR BatafrMd: Dadhesdk Rrotsh PéasiBA and Sel exsorb CD.
Al feed pretreatnent materials were dried in a 2600C

d0@491t or Imthe mtﬁwﬁ ipemiipn the NMR prodedyre fferr daterasning the proton
bd%ﬁn@ﬁ Of a?a{téi? SIIH 139 QS ?Alfo(&%g elrhe I{rgtf 8 deddit td}ea catailalst sample

enzéne, the VBT grade prop

andgly Ibd‘l@et&thilmeﬂ dsh@ha Hallo¥\bed I(Zi@@ERNtdeo@e,mhotvhah Fiave In F1 .
been pretreated as described herein. [0048]

e
flo P ICAW BRNdoricp isshen vehiehyis ca@papss qﬂaﬁglpa‘?rdlosﬁnaéﬁg@ {apver
V}ﬁﬁm g%ofnfbc{eh%éﬁp ?'i.‘l rf?@fn% 68 HahBEM 1 Br g a glass trapdoor

non-1rmtin es o e 1 nvention
16 over a catalyst bed 14, means for a vacuum line 20, and means for heating via

thermocouple 13. A 5 mm o.d. glass tube 17 slides over a 3 mm stainless steel rod
15, and rests between the endcap 18 and the glass trapdoor 16. The stainless steel
rod 15 is retracted by turning the mechanism 11, whereby the glass tube 17 raises
the glass trapdoor 16 above the catalyst bed 14. By gently turning or shaking the
CAVERN device, the catalyst sample (not shown) falls into the MAS rotor 19. This
process works for zeolites and metal oxide powders. Further details regarding the
operation of the CAVERN device are disclosed in Xu, T.; Haw, J. F. Top. Catal.
1997, 4, 109-118, incorporated herein by reference.

[0050] In order to determine the proton density of a catalyst sample, a thin layer
of the catalyst sample was spread out in the catalyst bed 14 of the CAVERN device,

and the temperature of the catalyst sample via thermocouple 13 was raised to the



NMR Procedure for Determ ning Proton Density [0049] In
the present invention, the NVMR procedure for
wa@ledoensnoss ng the proton density of a catal yst BERpEm®06/617734
as follows. The proton density of a catalyst sanple
may be determ ned using a sh&® | ow bed CAVERN devi ce,
shown in Fig. 1. In Fig. 1, a CAVERN device is shown
which is conprised of an upper housing 5 and | ower
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for zeolites and netal oxide powders. Further details
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L2eerinBiiH6h B WeroRr dnBShE BhdehY I8 upBHRIBackind the catalyst sample.

t hernocouple 13 was rai sed to thedesired tenperature

' Bre diffatenae imthet tro waightsywas Sarphan ofplecedtilyst suvigle in the

mﬁre trfﬁnt Tenper ature”) under sufficient vacuum by
J#i%i've 20 to renove any noi sture absorbed on the

qabsd]y st ' aIREexp&hiRess wdry pérfsiAIERloR MBG0 B &Aild] sYate NMR
held at the desired te eratyre for 2 hqurs under such

\ERETPRRGHH CpPrating VRO ferght Qupdssive Hispeqtrapuere obtained
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AP R R BRI ol SBREIR 0P Tl 7 e
Wistig oK) kIfz spifiniS@ Bpdeds. MRMbipAllyaBI5AG #/Du ,llfﬁl\éf 125-ps and

device. AU the operations were performed while the
dad efl WSt] wawereasedaior 8 spinhing speed of 2ddinm Speetsardqniged heing the

| e,int ity f NVR st.udy. Af t desi red NVR
SR, b o 5 g L oG O e
GpinalngSho&asRh@ (R ¢hdtd 18 b aRAVAS Wist 19et £lsBlideeho sequence
e

foll owed by weight determnation of the rotor and th

evitfe HFFIBI upwavenhachackground sigabifipm thaapicsa. The DEPTH
sequence consisted of a 90° pulse (3.5-us) followed by two 180° pulses. A

description of the DEPTH sequence appears in Corey, D.G.; Ritchey, W.M. J.
Magn. Reson. 1988, 80, 128, incorporated herein by reference. A pulse delay of 10
seconds was sufficient for quantifying proton density of the catalyst samples tested.
Acetone was used as secondary standard for 'H shift (2.1 ppm). All the reported
chemical shifts were referenced to tetramethylsilane (TMS) at 0 ppm.

[0053] The proton densities for various “as synthesized” acidic, porous
crystalline materials not yet treated in accordance with the above method, and

therefore in the first hydration state, are as follows:



The difference in the two wei ghts was the anount of

the catalyst sanple in the MAS rotor 19. [0052] 1H NMR
wezpenswent s were perfornmed on a 400 MHz sol i dPGT/ESM06/017734

NMR spectroneter operating at 399.8 MHz for 1H.

Quantitative 1H spectra werd7obtai ned by the use of

rotor-synchroni zed spi n-echo sequence (tr/2 - toi - r

- t 2 - Echo) using 8 to 12 kHz spi nning speeds.
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are as foll ows: [ 0054] O course,

tﬁgéeeﬁrﬁgﬁ%ﬁgta rb%?gus crystalline materials in the

tj0053] hydhatfolewisizahehed fdradetdiehinttidar fane Préteaeesity Index
according to the above nethod woul d have_ proton

RS wqde@ dhe grpFrimems desraibed | insthe dnemhbRpEing, exanpplesy 9ﬁéhls
% in the first hydration state. [0055] The

folTowng nmethod for determ nation of the Proton

DeetsintipatioidetProms Meseity Indek he experiments described in

t exa les of this inventjon.
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romthe atio of the proton density of ,
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described herein or other techniques that alter proton density. Also, such original,

untreated catalyst composition may or may not be treated in accordance with the
proton adjustment techniques described herein or other techniques that alter
proton density. As noted above, the term "proton density" as used herein means
the millimoles (mmol) of acidic protons and/or non-acidic protons per gram of
catalyst composition. The proton density of the new, treated catalyst composition,
and the proton density of the original, untreated catalyst composition are both
measured at the same temperature, for example room temperature, e.g. from about
20°C to about 25°C. Therefore, the PDI of a particular catalyst composition is

defined as the proton density of the new, treated, catalyst composition measured at



conposition may be treated in accordance with the
prot on adjustnent techni ques described herein or other
wo e@hngmees that alter proton density. Al so, SPEUS2006/017734

original, untreated catal yst conposition may or may

not be treated in accordancd®ith the proton

adj ust nent techni ques descri bed herein or other

techniques that alter proton density. As noted above,
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[0061] The reactor temperature was then reduced to 130°C, the nitrogen purge

- -

was discontinued and the reactor vent closed. A 156.1 gram quantity of benzene
was loaded into a 300 cc transfer vessel, performed in a closed system. The
benzene vessel was pressurized to 100 psig with a nitrogen source and the
benzene was transferred into the reactor. The agitator speed was set to 500 rpm
and the reactor was allowed to equilibrate for 1 hour.

[0062] A 75 cc Hoke transfer vessel was then filled with 28.1 grams of liquid
propylene and connected to the reactor vessel, and then connected with 300 psig

nitrogen source. After the one-hour benzene stir time had elapsed, the propylene



catal yst sanple and quartz chips were renoved fromthe
oven, imediately placed in the reactor, and the
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tenperature was set to an in-situ drying tenperature
("Specified In-situ Drying ®énperature”) and purged
with 100 SCCM of nitrogen for 2 hours. [0061] The
reactor tenperature was then reduced to 1300C, the
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art. [.0063] .In these exanpl.es, .the selectivi of th
e Yot b Pobetl et Stneprtl tomiymyes il K 10 Fhose
C!sﬁﬁleﬂ@ﬁ’tﬂesﬁp@'gﬁﬁélﬁﬁﬁéﬁﬂ%z"é.c!mene) product was

cal culated as the ratio of isopropyl benzene to

d0Petipr o Belireng protPBCOMPE) adinsteenijeelmyquesevere used in the
C ' e ed, 100%. A.hi gher .1 P | PB ratio nmeans
SRV EEPAP Ll AR Fne JOu il il e e,

| BoLuHtdie Adaen &t EhdduesAl SO, in these exanples the
catalytic actlvity of the catal yst sanples was
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container. Water in liquid form, specifically deionized water, was transferred into

the container slowly so as to displace air from the catalyst sample by filling from
the bottom up. Water was added until the catalyst sample was completely covered
with water and the level of the water was approximately 1/4" above the catalyst
sample. The catalyst sample and water were allowed to remain undisturbed under
these conditions for a specified contact time ("Contact Time") of at least about 1
second preferably from about 1 minute to about 60 minutes or greater, to generate
a catalyst sample having a second hydration state (measured in mmol of protons
per gram of catalyst sample), in which the said second hydration state being

greater that said first hydration state. After the Contact Time, the water was



Proton Content Adjustnent Techni ques Proton Content
Adj ust nent Technique # 1 [0065] In one enbodi nent of
wao b@7i1s0eent i on, a sanpl e of catal yst conpri si NBCEHNS2006/017734

acidic, porous crystalline nmaterial and having a first

hydration state nmeasured in28illinoles (nmmol) of

protons per gram of catalyst, was placed into a

suitable container. Water in liquid form specifically
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Proton Content Adjustnent Technique #2. [0068] In
sExqmplodt anot her enbodi ment of the invention, the

; - !
<RoB00 2 IR eyl Adnl BRI ERfmilE R bR R MOM-45 and
| 20W126 Blubdiea{ A0 ) nd dts preten densiy twasHFietrminedan hertrdance with

Adj ust nent Techni que # 1. .
thJe NMR Procedure foqu'betemgining Proton Density, described above, at the

Specified NMR Pretreatment Temperature of 250°C. The proton density was 1.71
mmol per gram of catalyst (first hydration state).

[0071] A 0.5 gram portion of the catalyst sample of this Example 1 was tested
in accordance with the Catalyst Reactivity Testing Procedure at the Specified Ex-
situ Drying Temperature of 250°C and the Specified In-situ Drying Temperature
of 170°C. The Catalyst Selectivity of this catalyst sample was 5.92, determined as
the weight ratio of isopropylbenzene to diisopropylbenzene (IPB/DIPB). The
Catalyst Activity of this catalyst sample was 363.



[0069] Non-limting exanples of catal yst sanples nade

i n accordance with the above descri bed nethod, and the
waiz®70800stich catal yst sanples in al kylation  PCT/US2006/017734

experinments, are described with reference to the

fol | owi ng experiments. Exan@lle 1 [0070] The catal yst

sanple of this Exanple 1 conprised 80w % MCM 49 and

20m % al um na (Al 2Q3) and its proton density was

Lhed in accordance with the NVR Procedure for
%#% ng Proton Density, described above, at the
JP6R2If i edurNer Rogianeet the ndatdlystsempateuoeErndmpls A0 @as Tieeted in

dens;j 1.7 ol f :
Ciepodindny i vl otied At T AGhE R it Time of
thRr&@hndlels i _h%ﬁﬂ'pch §ré&duct Hhé nEXRIRhRIY lbettRE Bxdmple 2

accordanceé with the Catal yst Reacti Vi tti/‘ esting |
Arayoou thardalydriteonSpielei fTihe dprates idensiDr ofi the thizdvhydration state of

50C,and.t he Specifi In-situ Dryi T at,ur .
Ibe T2t LGP AL s il 8 it ket TP EflHyration
SdTe), detéBfined B2acceftaBEd Witk theANMRIBrosed1db tforf Réte@ni@ing Proton
i sopropyl benzene to diisopropyl benzene (EPB/ DI PB). The

daensitys desseibed jabgvepfat tthg §p@<‘a§9¢ PYIRs Bregeatnigat Temperature of
%%o(llgxan'pl e 2 [0072] Another portion of the catalyst
sanpl'e of Exanple 1 was treated in accordance wth
HO00T3In CanDsngrafdpertibmefithel aestad grmlydt damaple fChistBxaimple 2

R AL AL ML
e BT SheDfyind TEpBLALAL oEESF G g e SPReidN TR stu Drying

ITdiperiate ¢XEI709C AMheCatay<R ISyRLti(ithof thidyatitadtisaple was 6.94,
state), determned in accordance with the
FicraRRde

he NWR
stthe wekehbratip oif BB/BNBBo T hedrmtalys) Aciaiy of Hagcatalyst
ag?%g‘ag@ 3§3he Speci fied NVR Pretreatnent Tenperature

0 0073] A 0.5 gram portion of the treated

cadadlyst ThaPlef die datdl st Exapiplof s Basmplet wak determined to be

acgord nce with the Catal yst Reactivity Testing

Pr- 8% eadrepraienisan Spdpqreasedn e rpton cprighhiGletremiied 46 gpmaol of
Lt o .

GrogiReeAat REC SR WS bUn OB, B CREve 1

sHmpCetalyst Selepudyityd €iPe/IDIHR)dofathet ¢atalysi ghiple af itiis dixample 2

! %g’g&%éxslgg%gga ct>fai %/%,t anﬁctme \eattz}iys?fActtlrw]/EqS/ d?s%tl:%flexsagl increase of

5.5%, as compared to the catalyst sample of Example 1.

Example 3

[0075] The catalyst sample of this Example 3 comprised 80wt% zeolite Beta

and 20wt% alumina and its proton density was determined in accordance with the
NMR Procedure for Determining Proton Density, described above, at the
Specified NMR Pretreatment Temperature of 250°C. The proton density was 2.48
mmol per gram of catalyst (first hydration state).

[0076] A 1.0 gram portion of the catalyst sample of this Example 3 was tested
in accordance with the Catalyst Reactivity Testing Procedure at the Specified Ex-
situ Drying Temperature of 250°C and the Specified In-situ Drying Temperature
of 170°C. The Catalyst Selectivity of this catalyst sample was 5.62, determined as



[0074] The PDI of the catalyst sanple of this Exanple
2 was determned to be 1.08, and represents an 8%
WO p@rae3®ss i n the proton content (determ ned aspPe@mDb2006/017734
protons per gram of catalyst) as conpared to the
catal yst sanple of Exanple 22 The Catal yst Selectivity
(I PB/ DI PB) of the catal yst sanple of this Exanple 2
di spl ayed an i ncrease of 17% and the Catal yst
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czd.al yst sanple of this Exanple 3 conprised 80w %

zeolite Beta and 20wt % al umina and its proton density
rmned in accordance with the NVR Procedure
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of 170C. .Th tal.yst, Sel egtivit Lot hi t al yst .
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| RB{IOPRIgcathivt Cahpéitire 662309CLy of this catal yst

sangl e was 23. Exanple 4 [0077] Another paqrtion of the
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hydration state. The proton density of the treated |

cof BI0ySt Tha Saplyst Saiestivipeef this satebit samnle yas 9 3ondstermined as

hydr ati.on st . nj ' > i
gt bt & PR o A G B3 SIS Bahbtbabidfe was .

dpwe9) bedhetraVef tad cdtzil?stgﬁm lef dfakis MYBnPlest waatieremtined to be

Tenperature of 2500C.. [0078] A 1.0 gram portion_of the

t He3t endl repraspyista bVetiRprsasddnpypionAcaRant (detprpingd, as mmol of
PSR IRE S of hAB SO T are i Kbt GRS rample 3.
oTh Satlys Seldeevibp ¢THE/DERB) of thet vatilyyti sunple mp ghist Example 4
g&ﬁé;ge%,ﬁgﬂlgregg g’{]@}@r%%!’fg% tdg{all}gg A%{iwlt)rr] IWSaS (s:t?ltl ?1732% of that of

Example 3.

Example 5

[0080] The catalyst sample of Example 1 was treated in nitrogen that was

saturated with water vapor in accordance with Proton Content Adjustment
Technique #2 at a Contact Temperature of 220°C and a Contact Pressure of 50
psig. The resulting catalyst was then treated in accordance with Proton Content
Adjustment Technique #1, to produce the treated catalyst sample of this Example
5 having a third hydration state. The proton density of the treated catalyst was
1.76 mmol per gram of catalyst (third hydration state), determined in accordance
with the NMR Procedure for Determining Proton Density, described above, at the
Specified NMR Pretreatment Temperature of 25 O°C.‘

[0081] A 0.5 gram portion of the treated catalyst of this Example 5 was tested



the weight ratio of I PB/D PB. The Catal yst Activity of
this catal yst sanple was 4. [0079] The PDI of the

wae a10al1y®s5 sanpl e of this Exanpl e 4 was det er ni PELUSZHO&@17734
1.12, and represents a 12% i ncrease in proton content
(determ ned as mol of prot@ds per gram of catal yst)
as conpared to the catal yst sanple of Exanple 3. The
Catal yst Selectivity (1PB/ DI PB) of the cat al yst sanple
ah ak&raaxf%éfm{ Eatdlydi R@Acmg F}ﬂg}%g 5 o? @@5%?@5@ Ex-situ

the Catalyst Activity was
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cEt7al yst was then treated in accordance with Proton
Cont ent  Adj ustgnt Techni que #1, produce t

tl088%led dhe BDJf thesalyst samplgio t@ﬁw@e \M%wi%maned to be
thbi dadglyfégt?etas‘iayst D Sl re%%zenp 1%%}{‘ IR d¥> e?lflllfea s mmol of

tredt was per gra
(trbfons! phy giraat o Deatalyst), e, cottpharadniortbel catalyat:mm}ﬂa nﬁ Exmunple 1.
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treated catal yst of this was” t est edin

e rscamperedite ﬂlmaéysysamlﬂé@g}éxwpv ITesting Procedure
q-f’;xag’rq‘“le pecified Ex-situ Drying Tenperature of 2500C
aria e Specified In-situ Drying Tenperature of 170C.

Toes3Jat alTyis tatgbicsatipld §HMhix ExtaRiHl€a tahphiedSSURAYEMEI-49 and
6.80, determ ned as the weight ratio of |PB/ D PB. The

by slumipa pgd it mptmrﬁ%ls%msm rgmﬁél B ogpgerdance with the
S e ol R4S ln SR, Hesorlted AR the
ISmcﬂ'&ﬂeNNlR Wmteannenn ril“e&nf;ier:{tdlet ef Mb0t€d dherprofonodensity was
tuf S S Bl ar emicyes @Eﬂ%%?a‘n'éﬁfpis?até& cotivity
O[bﬁ’ﬁl 10! P@O 9f, atntﬂPoﬁf%h%' %ﬂil ca%ﬁ?g?lngm LeJ i 5%3@?&! Ewas tested

i spl’ayed an”i ncrease of 15%
Autaceartdgnedivatil GytelystRedctivity Tsstingf Préeoduas atctheSaeatied 8x-situ

tlgr%ln?gajl“em grtatuﬁea gP 1§0°(H anEé( ahnpgpemﬁedEﬁ'n-san ]%rylng Temperature of

150°C. The Catalyst Selectivity of this catalyst sample was 5.92, determined as

the weight ratio of isopropylbenzene to diisopropylbenzene (IPB/DIPB). The
Catalyst Activity of this catalyst sample was 275.

Example 7

[0085] Another portion of the catalyst sample of Example 6 was treated in
accordance with Proton Content Adjustment Technique #1 at a Contact Time of
approximately 1 hour, to produce the treated catalyst sample of this Example 7
having a third hydration state. The proton density of the treated catalyst was 3.16
mmol per gram of catalyst, determined in accordance with the NMR Procedure for
Determining Proton Density, described above, at the Specified NMR Pretreatment
Temperature of 150°C.

[0086] A 0.5 gram portion of the treated catalyst of this Example 7 was tested



[0083] The catal yst sanple of this Exanple 6 conprised

80wt % MCM 49 and 20wt % al um na and its proton density
wor®7dstses ni ned i n accordance with the NVR Pr oR€DUSI06/017734

for Determning Proton Density, described above, at

the Specified NVR Pretreatn@dt Tenperature of 1500C

The proton density was found to be 2.59 mmol per gram

of catalyst (first hydration state). [0084] A 0.5 gram
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hydration state. The proton_densi of the treated
iRipXpdianfagrease o6 3tk En‘géhe Gatalys %tva&yaiteggeased only slightly to

to r h the NVR Procedure for
Cbalt/g?mhﬁﬁﬁfgthgg%fﬂg%I%e@r%g?lpmédescrl bed above, at the

d NVR Pretreatnent Tenperature of 1500C.

(APESTL, 2or SoAbGERE 20 exteBBle By PR ehrcyEe and
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thins! p@tgiém%lfcab@lsstlﬁist h&&aﬁaﬂl sthied. PDI of the cat aI yst
| e of was determ ned to be
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Qatyilgy Tempearared by [250°C( bitBAHY SiRciftdd InhsdtuCBivihy Slenparaphre of
of Exanple 7 displayed an increase of 32% and the

Ad08Ey skhepcatplystt l@cémtyaéébe gﬁalystsmngm s (563 togesined as
tﬁgtwe?éhtt rlg?lo o%tlgol%ﬁpylbenZenca n;p d%sopropylbenzene (IPB/DIPB). The

Catalyst Activity of this catalyst sample was 272.

Example 9
[0090] A portion of the catalyst sample of Example 8 that had become at least

partially deactivated, such as if used commercially, was regenerated according to
the following two-step procedure. First, the catalyst sample was heated to a
temperature of 385°C in an atmosphere having less than 2.0 vol. % hydrogen and
hydrocarbons. The oxygen concentration was initially increased to 0.4 vol. %,
and then increased again to 0.7 vol. % while the maximum catalyst temperature

was maintained at 467°C. Second, the catalyst was heated to 450°C in an



Exanpl e 8 [0088] The catal yst sanple of this exanple

conprised 65w % MCM 22 and 35w % al um na and its
w@e@vasnosensity was determ ned in accordance wWeTUs1v6/017734

NMR Procedure for Determ ning Proton Density,

descri bed above, at the Spe@dfied NVR Pretreat ment

Tenperature of 2500C. The proton density was 1.46 mmol

per gram of catalyst (first hydration state). [0089] A
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maxi mum cat al yst tenperature was ‘mai ntai ned at 510C.

[ egadinctinissthe ateaght satic BRIDIPBasThen@atalysteAttidtyaeidbnsdéatalyst
to Pioton 7ggntent Adj ustnent Technique # 1 at a
BMPIEY 2T e of approximately 1 hour, to produce. the

toegdied qat ST @b dabilyst BxapR! & Bxdwaple Wwas btefdined to be

hydration state. The proton density of the treated
chdalapd repesents, 035 mimsiregse in theawolon cenlenl (determingl ag mmol of

b . . . \
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Tenperature of 2500C. [0092] A 1.0 gram portion of thfe
tHeplaved acbi"épg;@rpasgaﬁwj egfatelypis At was still 64% of that of the

catalyst of Example 8.

Example 10

[0094] The catalyst sample described in Example 6 was treated in accordance
with Proton Content Adjustment Technique #2 at a Contact Temperature of 220°C
and a Contact Pressure of 50 psig in nitrogen that was saturated with water vapor.
The resulting catalyst sample was then treated in accordance with to Proton
Content Adjustment Technique #1, to produce the treated catalyst of this Example
10 having a third hydration state. The proton density of this treated catalyst
sample was determined in accordance with the NMR Procedure for Determining
Proton Density, described above, at the Specified NMR Pretreatment Temperature
of 150°C. The proton density was 2.19 mmol per gram of catalyst (third hydration
state).



was tested in accordance with Catal yst Reactivity
Testing Procedure at the Specified Ex-situ Drying
waeepas@sur e of 250C and the Specified rn-situPCr/ys1eg6/017734

Tenperature of 170C. The Catal yst Selectivity of this
catal yst sanple was 6.29, dé&bernined as the weight

ratio | PB/ DI PB. The Catalyst Activity of this catalyst
sanple was 174. [0093] The PDI of the catal yst sanple
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adisglaykainaeinaicase 6M20%MRdPhe cetlyst adtivityDiscrsasadnendy slightly to

Proton Density, described. above, at the Specified NWVR
Pé%’f’l" ﬁt#@ﬁ?‘e?éﬁfyéfﬁ%{%’faé“%? 1500C. The proton density
Wa 1491 pafivegr am of catal yst (third hydration

state). .5 gram portion of the treated
cH08Tly st Tenpitelysif sahpls ok dhip| Bxanaplaak! tcompeiged porous non-

accordance w th.Cat al YA est| 0 : :
AR e e R AL (O Fo sl g G fea in
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The Catal yst Selectivity of this catalyst sanple
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1@0p8F det @xsrighenl poetidieofl i@3catalnst saeqpleoérbis Bxadiple 11 was

increase in_the proton content. t erm ned.as I .
tested in accordance v?ith Catalyst ?{eactltwérdIeestmngrocedure at ‘the Specified

Ex-situ Drying Temperature of 250°C and the Specified In-situ Drying

Temperature of 170°C. The Catalyst Selectivity was 13.70, determined as the
weight ratio of isopropylbenzene to diisopropylbenzene (IPB/DIPB). The
Catalyst Activity of this catalyst sample was 1.

Example 12 (Comparative)

[0099]  The catalyst sample of Example 11 was treated in accordance with the
Proton Content Adjustment Technique #1 at a Contact Time of approximately 1
hour, to produce a treated catalyst sample of this Example 12 having a third
hydration state. The proton density of the treated catalyst sample was 0.41 mmol
per gram of catalyst (third hydration state), determined in accordance with the
NMR Procedure for Determining Proton Density, described above, at the

Specified NMR Pretreatment Temperature of 250°C.



of protons per gram of catalyst) as conpared to the

catal yst sanple of Exanple 6. The Catal yst Selectivity
W@ k@RABIORB) of the catal yst sanple of Exanpl e BOI/US2006/017734

di spl ayed an increase of 20% and the catal yst

‘activity decreased only slidgfitly to 89% of that of the

catal yst of Exanple 6. Exanple 11 (Conparative) [0097]

The catal yst sanple of this Exanple 11 conprised
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NVROR} oc &hurlemitmg Semplaesi ofi thg imreption iMwheing yan oligomerization
descri bed,above, at the eci fi NVR Pr et reat nment
TERBLLPEhanisE df%&fﬁ?‘pﬁ‘iﬁ%]ﬂn&sgglgmﬁsr am portion of the

tEgﬁh%@ 1gatal yst of this Exanple 12 was tested in
accordance with Catal yst Reactivity Testing Proce

dure .
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Catal yst Activity of this catalyst _sanple, . .
and tﬁe propylene c%ntent was increaseX. T?xengpem%ll\e/ads ]g'x-snu Drying

Temperature was 250°C and the Specified In-situ Drying Temperature was 170°C.

The catalyst sample was contacted with 56.2 grams propylene at a temperature of
25°C and pressure of 300 psig. After a 4 hour reaction time, the oligomerization
product was collected and shown by GC analysis to have an average molecular
weight of 161.3, with the product comprising 1.01 wt.% C6, 34.24 wt.% C9, 32.45
wt.% C12 oligomers, plus other reaction by-products.

Example 14

[0104] A 0.5 gram portion of the treated catalyst sample of Example 2 (third
hydration state) was placed in the batch reactor as described in the Catalyst
Reactivity Testing Procedure, described above, with the exception that no benzene

was used and the propylene content was increased. The Specified Ex-situ Drying



[0101] The PDI of the catalyst sanple of Exanple 12
was determned to be 1.11, and represents an 11%

WO p@rae3®ss i n the proton content (determ ned aspPe@mDb2006/017734
protons per gram of catalyst), as conpared to the
catal yst of Exanple 11. Howe$er, the Catal yst
Selectivity (IPB/ DI PB) of the catal yst sanple of this
Exanpl e 12 displayed a 29. 8% decrease, as conpared to

AL otiie 05 o TRyt DIRG 2Rl ypeg 170°C.

Tine ¢R4PR samipR-WdsBontaRedex@ipb.e Srahs pldpyleiy @nd tediperature of
i nvol ving an ol i goneri zation reacti on mechani smare
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ra ortion of .th at al, yst ~saml e .of, Exanmpl
CrrP Strellertes, =0F B8R 6 RERSS R e 2 Biebe molocular
rRaichobs 252 9ewahithedroduct Bempadiag 13102Rea%d C6) B4.99 wt.% C9,
Testing Procedure, described above, with the exception

t a4 Wb %pe h eligomess, Niescefhertgaction byrspductae cont ent was

[ ased, pecl f.i FEx- St '
WB0SE oL AEpREBap fibiighidHs: ol ioPSnts MRERL Wobumonts
V\aﬁclkioﬁﬁblicﬁﬁmsg ahahysdd, ariptier \Am&fumntsacttgﬂ herdil &6. Rilly
grans propylene at a tenperature of 25C and. pressure. .
omecaporates By rafereace Hfon aoiwrisdistens th?v% sughy, corporation is
oéé'rﬁl?t'i@fi zation product was coll ected and shown by GC
analysis to have an average nol ecul ar wei ght of 161. 3,
W06k he Whend nomedeaigowst higuits. fil mimetia@b uper. Hrhitgtareslisted

, 32.45 . % C12 ol i gapers | us. ot her reacti.o
SrER et Rt e T o PR Lo ERRIeR o
t R oYy eatwhiiC ahe! mbiraAePeRbedinfeRBMRk ethe (dvhfih have been
hydrati on state) was placed in the batch reactor as

déescribdsewiith partiowladtyt & Wik berenderstaad; thatTeasiops gther modifications

Pr dure scri.bed abov i th ot ' g
el B el Aty Pr e A ) ke Bt AL k"Rt whfous
| dafaRe doml i Spieie | dnidesbobX -l the v itive] eAquerdihgly e itws not
2500C and the Specified In-situ Drying Tenperature was
1in¢roded Hhat ther seppe of therphaims angends hisrsie be Hptitsd e the examples
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(Rose skilled in the art to which the invention pertains.




26.74 wt.% C12 oligoners, plus other reaction
by- products. [0105] Al patents, patent applications,
WO e@w/1proet edur es, priority docunents, arti cl esPCT/US2006/017734
publ i cati ons, manuals, and other docunments cited
herein are fully incorporateth by reference for al
jurisdictions in which such incorporation is
permtted. [0106] Wen nunerical lower limts and
n rical upper limts are |isted herein, ranges from
agggggﬁgr limt to any upper limt are contenplated.
[ 907 Liyhi le the illustrative enbodi nents of the
i nventi on have been described with particularity, it
wi || be understood that various other nodifications
K1l b eyt egdi e :
ki 11 o8 PRAEHS 1o 1 Hafho CPgaTal it gt BBE hors i Brganic
apsimpaeide t6f conversionvprodianwhiBcesmibrivgh yeontatting saidt feedstock
i ntended that the scope of the clalnms appended hereto
benqder eaialdicicenyersion capgitiens meldingse fempergie addiom gppyt 0°C
h b 140 ° I [ £ d
o B 00T, | et o FroE, . 0 SRR PRHE 2 bout 1000
whinodsphered, ded b fieddheeigiitdoarly spaveamtdcon (WMHRV uefi frgn abdut 0.01

fea $; whi ch woul.d be. freated as .equival ents thereof
bip BHtbEE! Sk Feastion simends b HbguthuEIS BPUcRe S Wieh o
p€£t51§’htr}§)n96€\1tiwﬁ:co%rigng'aﬁ‘acﬂdic_,"b_o%x@ CRpstallifd mafkial Mid Kaving
convérsion of feedstock conprising organic conpounds

t @ Peatan Bessipnindexnaigreatatihen abanipil. ses contacting said

f eedst ock under catalytic conversion conditions
including a tenperature of from about O0C to about
16000Crha ppscessSof €laigd 1fwinsieia keid! cabalist @bipogitien és produced by
about 1008 at nospheres, and a feed wei ght hourly space
v&ecﬁéfPP@)ﬁfi(V\HS\/) of fromabout 0.01 to 500 hr 1 or a

ti ti . . ‘
nour s (Dt h Breviying oL BayecodyRtithl b aBR bothl crystaline
aci di cmapgial)ysiddiryisdadlyst hevingh dirstalydeatidn kg, ng a

Pr ot on nsity | ndex . of_ greater than out 1.0. 2. The
proces @[ggf E‘Plﬁ?‘fﬁnﬁ %ﬁ‘glﬁé?%ncaéﬂb’ﬁ aftep 35)[ W&%n’ﬁ%@ {3 diquid or
'S pr Og{xk%glgs Byt B€a Sh&AS t‘ég’lipel(aﬁ)re ngo%' o0 5@?"@, S lgenerate a
cataly conprising an acidrc, porous crystalline

mat er i 8dcond aathlyst ravingai akywid hydratign atafe peehtehytharasaidnfirst

state; )
hydration state; and

(c)  drying said second catalyst of step (b) at a drying temperature of up
to about 550°C, to generate said catalyst composition having a third
hydration state between said first and second hydration states and having a

Proton Density Index of greater than about 1.0.

3. The process of claim 1 wherein said conversion conditions include a
temperature of from about 0°C to about 800°C, a pressure of from about 0.125
atmosphere to about 500 atmospheres, and a feed weight hourly space velocity
(WHSV) of from about 0.1 to about 100 hr'! or a reaction time of from about 1

hour to about 10 hours.

4, The process of claim 2 wherein said conversion conditions include a



(b) contacting said first catalyst of step (a) with
water in liquid or gaseous format a contact

wWao eqopes@sur e up to about 5000C, to generate a BEDUSI06/017734
catal yst having a second hydration state greater than
said first hydration state; 38nd (c) drying said second
catal yst of step (b) at a drying tenperature of up to
about 550C, to generate said catal yst conposition

S

BB bl ot AT L0 B0 SoPE WIS foSleoBd 125

| anlegphefe @ staiue 500 hamospheres, dndla f&d Whighphowds spast velocity

Rl olvtioce ebewhd 4 PO P ShorABEBAEne 8 o about
pfﬁoﬁﬁtﬂélgb&{t 1bhemsabout 0. 125 at nosphere to about 500

at nospheres, and a feed wei ght hourly space velocity
(WHSV) of fromabout 0.1 to about 100 hr 1 or a

reacti.gn tine of. fr.om ahout ur tno aho 10 urs,
el eBes el Atarin Diechitoet PG fpare b Saalvt
CRRIok#iBRSs fbfl gteiReth@PO@hbbe20f from about QOC to
about 8000C, a pressure of from about 0.125 atnosphere

to about 500 atnospheres, and a feed weight hourly

space el oci t > f, fro t A 1. 0
81 Bkl TR 2 st P Becy PG BE K e
1ddnipeition iSfrorh@efE0B&s 5.006 akdudm 1 wherein the Proton

Density Index of the catalyst conmposition is from
greater than 1.0 to about 2. 6. The process of claim?2

er‘ e| - . . . -
Shmpos i e rs YRR S eih TRE Hoifie, bPSE ShBaMGle myaterial i
 Tdre aummesiticaié edaditen dnd whwe rRrbtont M¥enaity dindex peff dhs catalyst
crystalline material is_ an alunm.nosilicate zeolite and
t $PENESIGOB AS %Wsﬂr?%}erltﬁﬁ‘é;ﬁé? gl?‘H\§zcat al yst conposition
is fromgreater than 1.0 to about 2. 8. The process of
claim2, wherein the acidic, porous crystalline
nfat er i Bie process ofl olaiinnbsxiflheirciattge 2€idici perogs grystadliney wefgrial is

Density. | ndex of the cat 0 Siti is fi

oo dbinpriieats "teql€ ot dnd Profohriisisiny Clhak of A, gptalyst
loonesiiRh s fbm %@ét&'tﬁan PoreusSoueRystal line material is
selected fromthe group consisting of an MAW structure

type material, zeolite
9. The process of claim 1, wherein the acidic, porous crystalline material is

selected from the group consisting of an MWW structure type material, zeolite

Beta and mixtures thereof.

10.  The process of claim 2, wherein the acidic, porous crystalline material is
selected from the group consisting of an MWW structure type material, zeolite

Beta and mixtures thereof.

11.  The process of claim 9, wherein the acidic, porous crystalline material

comprises an MWW structure type.



Beta and m xtures thereof. 10. The process of claim 2,

wherein the acidic, porous crystalline material is
w@edoeasmwss from t he group consisting of an MAWBCT/USI006/€¢17734

type material, zeolite Beta and m xtures thereof. 11.

The process of claim9, wheBéin the acidic, porous

crystalline material conprises an MWV structure

type. 12. The process of claim 10, wherein the acidic,

ous.crystalline.. ri Conpr.i . .
POhe. ot BRhak o\ TalE | G RlraRORE PGS P MU ARHE bl
asnfrises AOVWW @ructiratypene material is sel ected from
t he group consisting of MCM 22, PSH 3, SSZ-25, ERB-1,

ITQI, ITQ2, 1TQ30, MM 36, MM 49, MOM56 and
Mt Urfs Oéxlg&fsg 8F clatrd 11, \)fer p%&ﬁ%%id?é, ngcﬁisws?aqiﬁ@%%ﬁm is

said aci porous criystalline mate is” selecte
f setwotet] Heor e gromp neoinsitiingy o DM OWTKA22 PSHPEHE ST -2 53R B, ITQ-1,

- TRIENETBHMP. Npahp e ougres e 15

wherein said acidic, porous crystalline material has
the structure of MCM 22, MCM 36, MCM 49 or MCM 56. 16.
THe prBegsscest of tlainml 2Awhesbinseidracidi¢, pozisdirystalbins waterial is

NEllsE cipg et Dnlie SATICNEA SREEL SsRph ey, rQ -,
ViTE)- 2] ITCE 20, MCHM-36 YW M- A0 IIEM-56 Ané @ilRfuksaBerasy.

i norgani ¢ binder selected fromthe group consisting of
clay, alumna, silica, netal oxide and m xtures

t{Be_r eoﬁ}e }%r%(:es-ls—n;? SLERCED S\VI?efreiﬁlsgfdrﬁcgdi Jr%@c Qt'a ine material
catal ys onposition ¢anprisés an | nargani c bi nder

siels &led @ahcture 6T MM MCMBES MM @fMEMy6. al unmi na,
silica, netal oxide and m xtures thereof. 19. The
process of claim1 wherein said feedstock conprises at

ﬁﬁSt L&Y At @hhe1 A B GafCIRAENGbr8Rd c§Salline material

al kyl at1 ng agent, said conversion product conprises an
athde yheastowwhtre of MEMeR2n V] C b, MHIM-4%0omMEM-00. condi ti ons
i nclude a tenperature of from about OOC to about 500C,
a pressure of fromabout 0.2 to about 250 atnospheres,

a1 10| arnd BlocOssOdf Ahihy 1afBGER @i BRbIySt s&ﬁg&m E@mprises
al kyl at i ngitdgggnt of fromabout 0.1:1 to about 50: 11,) =

aindrganic ddntlenselgeted ooy thy gemwoeensisting of clay, alumina, silica, metal

oxide and mixtures thereof.

18.  The process of claim 2 wherein said catalyst composition comprises an
inorganic binder selected from the group consisting of clay, alumina, silica, metal

oxide and mixtures thereof.

19.  The process of claim 1 wherein said feedstock comprises at least one
alkylatable aromatic compound and an alkylating agent, said conversion product
comprises an alkylaromatic compound, and said conversion conditions include a
temperature of from about 0°C to about 500°C, a pressure of from about 0.2 to
about 250 atmospheres, a molar ratio of alkylatable aromatic compound to
alkylating agent of from about 0.1:1 to about 50:1, and a feed weight hourly space
velocity (WHSYV) based on the alkylating agent of from about 0.1 to 500 hr



velocity (WHSV) based on the al kyl ati ng agent of from
about 0.1 to 500 hr 120. The process of claim?2
wob@reswssai d f eedst ock conprises at | east 0onePCT/US2006/017734
al kyl at abl e aromati c conpound and an al kyl ati ng agent,
sai d conversion product conmd2i ses an al kyl aromatic
conpound, and said conversion conditions include a
tenperature of from about OOC to about 500C, a
Ss 0 t 3 Ho _
s ar T Blockie*d RO 2 -l s oot BRSRASh Bost Tnc
adlkylh@ablengomgin torapodndomdadnoalkyltidg dgdnt, saibednveidn product
and a feed wei ght hourly space velocity ,(V\HS\% .bas.ed1
ofPrRRFises Pk plkyiarorgatity eorrpmds arghiaid GoRvepsien condensypclpde a
2k mpeffiurl 0P FRT abbut e 3 éoguﬁ"@@r@ 3 e%‘@ésﬁré‘ SeHSHOMbut 0.2 to
congrlses aromat i ¢ conpounds sel eét fromthe group
cabost 250 nginobplieeesz en anolaa pditoh af alleylatablieharematie, compound to

n t hacene ryl ene, ronene,_phenant.hr.ene d

R mas S o EB ot 9% ol P AR E S0l RO F i S ony gpace

S@I6LifyRAIE 0F Base@ BRAAS ARy 18 Behf o COSRAVOHED. BR) soui1gd

fromthe group consisting of benzene, naphthal ene,

ant hracene, napht hacene, peryl ene, coronene,

phenant.hr ene and .m.xt ur.es thereof., 23.. T [

CrE m T8 R 0o 18wk Seig febi e BpBASES afmaric

24ompduaddr RERER Qtore| SemgddipMdhsikting adfd bepams) arishthalene,

conprises reformate. 25. The process of clajm 19
renesraphtipeenss perylenar@rene nhsppunsac ard mesiytes thereof.

and said al kylating agent is selected fromthe group

consi sting of ethylene, propylene and the butenes. 26.

ThE prOiee psodehs @f aclain? QO0whéderim ssidi eefigtocts toondprises aromatic

aromati ¢ conpound, i s henzene, sai.d.al kyl ati ng agent ,i

SeATeRABES {3l he PR oty EHW HOPMgHYF tﬁw%ﬁ%& gﬂ‘épfﬂha@nea

Wb&ﬁﬁn@g@i}aké}g; p RIE Scordnene, PRERIRCES SnPhnighdl MedRf.
erein sai eedsto

k aromati c conpound i s benzene
and said al kylating agent is ethylene, said conversion

product, conpri ses, et hyl henzene, .and sai d conversi o
C5hat ¢ Friopyes o gl 18 YGRS P R0 oRT oot BN Foateer o
about 300C, a pressure up to about 200 atnospheres; a
wei ght _hour | yspace vel ocity (WHSV) based on the

ehy| eflee prorsss af clagn 26 evherain sgid dredaioely corpprises sefapaate.
20 hr 1; and a ratio of benzene to ethylene in the

al kyl ation reactor of fromabout 0.5:1 to about 30:1

nps.ar . TRSprotb& of el Sl oWhedehi 5aid Gesdsticki atomaliel compound is
feedst ock_aromati ¢ conpound is, benzene and said

absieng AR sagedtiylaing: aganbre, scleated HOMy dics BEPpFRRsiRing of
CaiPhs T)f'opylene and the butenes.

26.  The process of claim 20 wherein said feedstock aromatic compound is
benzene, said alkylating agent is selected from the group consisting of ethylene,

propylene and the butenes.

27.  The process of claim 25 wherein said feedstock aromatic compound is
benzene and said alkylating agent is ethylene, said conversion product comprises
ethylbenzene, and said conversion conditions include a temperature of from about

150°C to about 300°C; a pressure up to about 200 atmospheres; a weight hourly



et hyl benzene, and said conversion conditions include a

tenperature of from about 150C to about 3000C, a
wWEe@3asn08s up to about 200 at nobspheres; a wei gheCTios2006/017734

space velocity (WHSV) based on the ethyl ene al kyl ati ng

agent of fromabout 0.1 to &Bout 20 hr 1; and a ratio

of benzene to ethylene in the al kyl ati on reactor of

fromabout 0.5:1 to about 30:1 nolar. 29. The process

os&a%egﬁelzlgﬂés Vﬁgg{lg lbas ?(igldﬁhg%ﬁxd gen%caif rﬁ&tﬂgﬁéeﬁt gfﬂm%gut 0.1

S8l dhoGOPY BF S Ml PEALIUCE bERBRY tS eByleetn ehe alkszﬂaaam deactor of
conversi on conditions include a tenperature of up to
afisoratabog @] taahaubdQdmeolat. about 250 at nospheres or

| ess, a weight hourly space velocity (WHSV) based on
propyl ene al kyl ating agent of fromabout 0.1 hr 1 to _
amut PEDphicesk, ofaclding 26atvhereinf sdid eelsock aremaipy cempound is

SR s GO FAGE ARk s ehEnE Bl oS P fperises

a%ﬁg&?é&%he 38 Bl onF QLR léGIleﬁénsbiﬁBKla@ 8 téfpbra@tdof from about

atind agent is propylene, said conversion product
CHEHSE toebout 3AOTE; a pnetssaing tocivoat 200haimespltires; @nkeight hourly

|nclud t ure, of 500C res
b st oasGVERY e & e g A pdient 8 Rp§-itico.1
Steassduy b ATt ¥nd YVERHIO oPB&Ren®fo Bthglk‘ﬂb ghehé lalkylaﬁbn Rgactor of
agent of fromabout 0.1 hr 1 to about 250 hr 1 , and a

r fivincebofit bEd e akout30drwplar-ene in the al kyl ati on
reactor of fromabout 0.5:1 to about 30:1 nolar. 31.
The process of claim 25 wherein said feedstock

ap@nat The peRSUBE clatin (BSnwhaeirnsdd Sacditak kgtbmaﬁm gomgemtd is
IS selected fromthe group con3|st|n of 1-

obenzermandzsaif sikyleingagonhismEgylensssaid MNP B‘i‘?ﬁ}b?t&aﬁlé’f"ses
C@Lﬂﬁéﬂgz Gnd Ssgﬁlb HWeRESE @{ﬂﬁh% B ﬂcfhﬁ@vaefe%&%tﬁl‘%ngf ﬁﬂ) Q8 Sabout

nperature o 50 toabout 250 C,
PREGSEyre ptéssuabmﬂ atdub 2150 ahm)ephe3€s at dcssp laeweight éaourly space

wei ght hou space ve y

aV?JWlEM (%{Sgéé}?ﬁe%m Previen i igme aget SF 5O ghqut 8 ' to
ﬁbcﬁfﬂ 358 Al hfy QfrafRS0E %Qﬁ‘zeh@ t& %h‘di)y?énlé)ﬁhethé Aky&@iRAtreddlor of

e alkyl'ation reactor of fromabout 1:1 to about 10:1

rrfrbaraboBQO 5THe apowdslsmotar.cl ai m 26 wherein said

feedstock aromati ¢ conpound is benzene and said

al kyl ating agent is selected fromthe group consisting

080.1- byheReocess BACRNG, 262 Mhetink kaitl efsedsikembmatiaicdmpound is

ngnvzilrles Lli)dnsa(l:doerl]lglylta‘lm(l)g ggc!n? ::sl pl%gpeyleane said conversion product comprises
cumene, and said conversion conditions include a temperature of up to about
250°C, a pressure of about 250 atmospheres or'less, a weight hourly space
velocity (WHSV) based on propylene alkylating agent of from about 0.1 hr! to
about 250 hr'!, and a ratio of benzene to propylene in the alkylation reactor of

from about 0.5:1 to about 30:1 molar.

31.  The process of claim 25 wherein said feedstock aromatic compound is
benzene and said alkylating agent is selected from the group consisting of
1-butene, 2-butene and mixtures thereof, said conversion product comprises sec-

butylbenzene, said conversion conditions include a temperature of about 50 to



tenperature of about 50 to about 250 C, a pressure of
about 3.5 to about 35 atnospheres, a weight hourly
w@paca3onss ocity (WHSV) based on al kyl ati ng ageP€T/082006/017734
fromabout 0.1 hr 1 to about 20 hr 1, and a ratio of
benzene to said al kylating aent in the al kyl ation
reactor of fromabout 1:1 to about 10:1 nolar. 33. The
process of claim1l wherein said feedstock conprises at

iR PS8 Con st BafOS ShobPd B SRR E R Ao ER: fohuty
isgg%y J8l08it} ENPEVBIUAERL 6 alich i aRgst: @@ent BbctROUt hr to about

C, a pressure of fromabout 0.125 atnosphere to
aBobr ', 300 agetimepharzers toxi! alkyleteg agangin thedliplafionggecor of
vel ocity. { kr mabout 0.1 to about 100 hr"1 or
aﬁPlgja%’to?{tofri%%%)ugio'ﬁPgm about 1hour to about 10 hours.
34. The process of claim2 wherein said feedstock
conprises at |east one olefin, said conversion product, .

céfrpr i $B% prases ef clag) I uherein sHd fegdstpckongmpus sampound is
oL d g t at f C. g
POEhE3BY o0F e SERFE MR FORPRE R Cbidhs of

t o-babenef 2-H0Rnet awb plisues, tharedf, ssaide echvessigrh tobiuersyinclude a

piepegins Gheitet g t0190800e5 Tt AUBHeToh A o LbagRu 35
10mhREkes, 3 Weidt RoRPERRE velbcy AVEISY ) MASIdedalRAkShg agent of

acidic, porous crystalline material has the structure
ofroGioa0.Amd to grout 30 hdeped ayatyf ofjrenzensr totshidralioylating agent

e RISLER aElon Pk Pt 25 BRalf FPT ot ey ol

hast he structure of MCM 36 and a proton density of
greater than 2.24 mmol protons per e%ram 37. The
pPdcesIhopredess of Tlamet evheran; Widdsedptock soppuiges at least one

cr al r :
oD O B Bl RS rbffor Sl G b fathert oM i Bt cftion
geanditiciS.inclinde ptengessueiofdtom abdut WAE e abow&&00°@,cd pliessure of
parous crystalline materjal has the structurge of .

VRS OHHR 25 Bensahera do abquy 58P apespheres.and R iSedyeighphourly
P%Q YRlobfy (WEAID) Fromh MBoR QE&5 bt 1003 Mot 2WB&A B time of
S aci dic, porous crystalline material has the
sfioncabentl bfurdeeboutd OBeus. and a proton density of

greater than 3.10 nmol ‘

34.  The process of claim 2 wherein said feedstock comprises at least one
olefin, said conversion product comprises an olefin oligomer, and said conversion
conditions include a temperature of from about 0°C to about 800°C, a pressure of
from about 0.125 atmosphere to about 500 atmospheres, and a feed weight hourly
space velocity (WHSV) of from about 0.1 to about 100 hr! or a reaction time of

from about 1 hour to about 10 hours.
35.  The process of claim 1 wherein said acidic, porous crystalline material has
the structure of MCM-22 and a proton density of greater than 2.24 mmol protons

per gram.

36.  The process of claim 1 wherein said acidic, porous crystalline material has



protons per gram 40. A process for producing of

et hyl benzene, cunene or sec-butyl benzene which
waeompns®es the steps of: (a) contacting an al KpCEHUB29G6/017734

agent with benzene under al kylation conditions and in

the presence of a treated al3fylation catalyst, to

produce nonoal kyl at ed aromati ¢ conpounds and

polyalkylated aromati ¢ conmpounds, said al kyl ating

SN T 5o Dy AN s

pereeand sel ected fromthe group consisting of
ethylbenzene curmene and sec-butyl benzene; (b)
contacting the polyal kyl ated aromati ¢ conpounds w th
benpze t I C :
o Bsonput Bpekec of 8388 1 YAALABARIGL o PRF: el s
athdistruetnz ofSMOM-ﬁQ rmélalq;tbmheiénﬁtyomﬁagreamx:ﬂmp @uddsmos pradions
transal kyl ati on catal yst selected fromthe group
cBAFERi ng of zeolite Beta, zeolite Y, nordenite,
TEA- nordenite, MCM 22, PSH 3, SSZ-25, ERB-1, ITQI,
ITQ 2, ITQ 30, MCM 36, MCM 49, MCM 56 and m xtures
t B®r eoThe podesaindckim lswheteinrseit a@uﬂmlﬂoy@@tqrymalbm maymal has

otthu St QNS e R SES R Gk 24 M hrons

QeenCrystalline nmaterial selected fromthe gr oup
conS|st|ng of zeolite Beta, zeolite Y, nordenite,
TEA—err deni te MCM- 22, PSH 3, SSZ- 25 ERB I, 1TQI,

er eo?ﬂléré% folyg;{s\‘/]{i |‘1¥ﬁ/‘?@%¢§’r€‘ ca a’I TLQY/I r}ghgﬁﬁ%rn g% has

h&ﬂr@mcmre *if aestite( Béth ami.ni Peétbn gieamﬂ oflgredteraﬂhhlyl 310 ammol
catal yst of step (i) with water in liquid or gaseous

f BROFANS PCHS@BIt act t enperature up to about 500C, to
generate a second al kyl ation catal yst having a second
hydrati on state greater than said first hydration

Sﬂ-@lt e; Aapideéssi foy ploducing eficthyBenee, alinghator sec-butylbenzene

1ck1¥:g}np1glsess Ete;g c|>1) at a drying

(a) contacting an alkylating agent with benzene under alkylation
conditions and in the presence of a treated alkylation catalyst, to produce
monoalkylated aromatic compounds and polyalkylated aromatic
compounds, said alkylating agent selected from the group consisting of
ethylene, propylene and the butenes, said alkylated aromatic compound
selected from the group consisting of ethylbenzene, cumene and sec-butyl
benzene;

(b) contacting the polyalkylated aromatic compounds with benzene
under transalkylation conditions and in the presence of an transalkylation
catalyst, to produce additional said monoalkylated aromatic compounds,
said transalkylation catalyst selected from the group consisting of zeolite
Beta, zeolite Y, mordenite, TEA-mordenite, MCM-22, PSH-3, SSZ-25,
ERB-1, ITQ-1, ITQ-2, ITQ-30, MCM-36, MCM-49, MCM-56 and
mixtures thereof, and

wherein said treated alkylation catalyst of step (a) is produced by the steps



tenperature of up to about 550C, to generate said

treated al kyl ation catal yst having a third hydration
wgar@vastet ween said first and second hydrati onPCI/EBIE6/017734

and having a Proton Density Index of greater than

about 1.0. 41. A process for3producing of

et hyl benzene, cunene or sec-butyl benzene which

conprises the steps of: (a) contacting an al kyl ating

agent mgth benzene under al kyl ation conditions and in

the pr8&ence of an alkylation catalyst, to produce

nmonoal kyl@t ed pe@ERg] &ﬁﬁ@ﬂ&?ﬁﬁdﬁ caalyspehichldsytippikedan acidic,
aromatic corrpounds said al kyl ati ng agent sel ected

from t he ReFeisp cyskdlingt materiat sebﬁ*yﬁﬁeﬁr@n ﬁr%ﬁm@néowng of
the but engstieldl ALl 1 hBfleifh AWAImSELAR SHCU- oI PSHS,

t he group consi St’iNg of zeo Zeo |fe
nor deni t eSSﬁEA BRBdlemrQel IVQVR 2P1Q-BEHVE MSSH, MEM-49, MCM-

o i xt UReaid R, el i kIS e PSR At

sel ect ed ﬂé}r tm(é benzene cunene and sec- butyl

benzene; d? contacdting the polyal kyl ated aromatic
conpounds(ii t heonexcting eaid rﬁdﬂmlkyﬂamadaka}mmf einp (i) with water in
conditions and in the_presence of a treat

transal k)}FCBEE‘il 8heesspy fpem atﬁ&%%ﬂffe@e%etqpott%ﬁb%‘é? P°C, to
| kyl
ronoal Ky i%?%t Ihgar%lg}g AL ég/hnglyst%%?%q ?%c@n& #ylration state

treated t nsa
pr oduced gryatem(hmkaaqbﬁrabhydt(ahén paeyal ng an first

bor oue o1Goh al SiE s Sl LOIEERETH TS A oot drving
consi sti gy ?Eraﬁﬁ@ |o'ftu§ t@eaia@ut §ﬁpb' t¢ g%erﬁﬁ’ rsgiﬁrﬁéa%d alkylation

TEA- nor deni PSH- SSZ-
1TQ 2, | Te@Bpst Huog36 thn\alf]’vyddrgt;loﬂ\/élmeﬂﬁetwndl sdid tfirsteand second

t her eof d.first t | kyl at
it nydiaritsn Siise end (Royech FRBR g tey PL et than

transal kyliati pg catal yst of step (i) with water in
liquid or gaseous format a contact tenperature up to
about 500C, to generate a second transal kyl ati on

C% .al y%t ppo%\éissn Yor progucmg of ethylbenzene, cumene or sec-butylbenzene
which comprises the steps of:

(@ contacting an alkylating agent with benzene under alkylation
conditions and in the presence of an alkylation catalyst, to produce
monoalkylated aromatic compounds and polyalkylated aromatic
compounds, said alkylating agent selected from the group consisting of
ethylene, propylene and the butenes, said alkylation catalyst selected from
the group consisting of zeolite Beta, zeolite Y, mordenite, TEA-mordenite,
MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, ITQ-30, MCM-36,
MCM-49, MCM-56 and mixtures - thereof, said alkylated aromatic
compound selected from ethylbenzene, cumene and sec-butyl benzene;
(b) contacting the polyalkylated aromatic compounds with benzene
under transalkylation conditions and in the presence of a treated
transalkylation catalyst, to produce additional said monoalkylated aromatic

compounds, and



hydration state greater than said first hydration
state; and (iii) drying said second transal kyl ation

we aaliy®ss of step (ii) at a drying tenperat ur ePCF/USH06/®17734
about 550C, to generate said treated transal kyl ati on
catal yst having a third hyds@tion state between said
first and second hydration states and having a Proton
Density I ndex of greater than about 1.0. 42. A process

for praducing .of et.hyl bepzene :

sec- ot aeadtE R ERAR L cBHTRAT B fyoropuged by the
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transal k tions a in the presence of a
treat ed hadngalfikstlhativation stateal yst, to produce

addi ti onal, sai d nonoal kyl ated ar icc unds d_.
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treated ty.ansaligues g&ke&@st RISt OEorFick Rempeitudtp ¢ hbout
are produced by the steps Of:(l)aig-low ding a first

al kyl at i 6A0%3ttalgeneratera aechnd stansallylstidnk gatalystdving a second
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which comprises the steps of:

(@ contactiﬂg an alkylating agent with benzene under alkylation
conditions and in the presence of a treated alkylation catalyst, to produce
monoalkylated aromatic compounds and polyalkylated aromatic
compounds, said alkylating agent selected from the group consisting of
ethylene, propylene and the butenes, said alkylated aromatic compound
selected from ethylbenzene, cumene and sec-butyl benzene;

(b)  contacting the polyalkylated aromatic compounds with benzene
under transalkylation conditions and in the presence of a treated
transalkylation catalyst, to produce additional said monoalkylated aromatic
compounds, and

wherein said treated alkylation catalyst or said treated transalkylation

catalyst of steps (a) and (b) are produced by the steps of:



at a contact tenperature up to about 500C, to generate
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19 .
I ndex of cifplyal &rch RaPRPEBRSLE! 120 201, wng&%aﬂe%er material
o o . - .
produci ngejaf.p Eygn gg!t '(%ﬁfpgrcoﬂ@sﬂg GFTREdIRESBEYE RbAR Y,

of contacting a fee onprising at least one

ol ef i n wintdndemitey EBAedordenitd, MCMe22hed]-8j $SZ-B60ERB-1, ITQ-1,
catal yti n S| 0 Lt s aoSal at ed .cat al yst
conpri si ﬁrﬁé'g)n\iié‘%q’ Wgﬁfg%my@t g%lmg’eﬁﬁ(?@?q‘@ﬁresa greof,
havi ng agff Gir@MIBARGdd ¥r daid st HanSHIBAMRIN dhaDstaR having a
1.0; wherein said treated catal yst conposition is

pr oduced fipst hyydration stote; of : (a) providing a catal yst
conposi ti.on which conprise n di C, r,OUS .
crystall K e mEPEATIHE ssélll(gc?%% fal%g&ﬂﬁ% {He g"?%@%‘ or said first
consi st i Rgn@fikyiadini dataly3ebasted € withewafer HOliqied bf gaseous form
TEA-nordenite, MCM 22, PSH 3, SSZ-25, ERB-1, ITQ I,

| TQ 2, | TQa3gntagtNeBpsravepinoto Mot $8°Gntp BERar¥ees second

g Ihre ;te oLyaﬁcgia?ié}%icéfahsg ;%% %l) syegctérhf %ﬁsﬁﬁc@ia&iﬁﬁ Cf'&?&?ﬁ'(sgt%a& having a
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43. A process for producing an olefin oligomer which comprises the step of
contacting a feedstock comprising at least one olefin with a treated catalyst
composition under catalytic conversion conditions, said treated catalyst
comprising an acidic, porous crystalline material and having a Proton Density
Index of greater than about 1.0;
wherein said treated catalyst composition is produced by the steps of:
(a) providing a catalyst composition which comprises an acidic,
porous crystalline material selected from the group consisting of
zeolite Beta, zeolite Y, mordenite, TEA-mordenite, MCM-22, PSH-3,
SSZ-25, ERB-1, ITQ-1, ITQ-2, ITQ-30, MCM-36, MCM-49, MCM-
56 and mixtures thereof, said first catalyst composition havihg a first

hydration state;
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(b)  contacting said first catalyst composition of step (a) with water
in liquid or gaseous form at a contact temperature up to about 500°C,
to generate a second catalyst composition having a second hydration
state greater than said first hydration state; and

(c) drying said second catalyst composition of step (b) at a drying
temperature of up to about 550°C, to generate said treated catalyst
composition having a third hydration state between said first and
second hydration states and having a Proton Density Index of greater

than about 1.0.



