1 ORGANI C COVPOUND CONVERSI ON PROCESS BACKGROUND OF THE | NVENTI ON [ 00011The
present invention relates to a process for conversion of feedstock

conpri si yoangadmssconpounds. One enbodi ment of the pre®emus2ove@Nt7zBHON

i ncl udes a nmechani sm for producing al kyl aromatics, for exanpl e ethyl benzene
and cunmene. Anot her enbodi ment of the present invention includes a process
for producing oligoners, for exanple dinmers, trinmers and tetraners of
olefins, e.g. ethylene, propylene, butylene or m xtures thereof. [00021The

al kyl aromatic corrpounq)i{%m é@%%ﬁyﬁmlqﬁﬁb@ggnpl e, are valuable
commodity chem cal s are used | y 1or € production of
styrene nononer and coproduction of phenol and acetone respectively. In

fact, a conmon route for Bﬁ%ﬁﬁé@ﬂ% @@r%{:}%ﬁbﬁ@ﬂ}n@ﬂm” ses a process which

i nvol ves al kyl ati on of be [0 produce cunene, followed
by oxi dati of0001] t heTteusreseat inventive wiatesespopicesy fhy dorpesiaxofifeedsiondk t hen
cl eavage of the. hydroperoxide to produce. equij ar _ampunt s.of, phenol and
acet one. Et FYPHERENEMNE FOIBROBIE 8%8m§9d1§1 Hh‘%ﬁt?p eq’g?ri‘VFEt?‘gh‘E“&t‘}ﬁ%srﬁ cal

processes. Qhe RLACESS I%&&%?ﬁﬁyl%ﬁia%ﬁ ForPexahiPlt dthfBdzesteiEQnRhe. '

commerci al success Is the vapor phase alkylation of” benzene with ethyl ene
in the presdnctienfmhodivient of dlud dieser Sivkehtior dhéludescapadopsst for Bradysings of such

et hyl benzene,.producti on processes are described in.U Pat ent,s. Nos.
3, 751, 504 (R’é&%ﬁ)‘% ﬁ?fﬁ?&@%ﬁ‘(’fﬁ%s‘ﬂ&ema SEUEETS, pE 03%5‘5’95"8' [eg’é( > Anot her
process whi gﬁp?@ﬁe,%{y@gégﬁlnﬁkmsftﬁ&@ﬂ commercial success is the liquid

or

phase process produci ng et hyl benzene from benzene and ethyl ene since it
oper at es at [02bwerThecatindrgmatie comapunds ethyhsszensrndccussnpt ©F g3#0Plend hence

tends to resyl g1l i . . I : t ent
o3, 891, a8 iR Biodt HhdRicdls i8R BauduRlin AR pfoqutigh oP R DY
wi th zeol it styl3at aonohet aad céprodudian @fiphdiel abd 3ctontdBsieCtivily.dds fack,es t he

use of MCM 22 in the |jquid phase synthesis of, ethyl benzeg{e? h0004 Cunene

has for man§oR@ARIOBEdRT Preaatudion sHRbFRGIAmPrisgs & RECqeyWithiRgEe

al kyl ation ' [

particul arl glﬁ(‘s/%ﬁ%%gﬁgfg;hg rv‘lFl EIP@%FSI’%%? %ﬁ%%ﬁ%i%ﬁ%ﬂﬁbﬁﬁﬁaﬁgﬁ%%m ly,
however, zeof itheeclrasmdta dicakysespeyding ydivgpemxives mnf dbend cleavige abile acti ve

and selectiye, for 2 propylation of. benzene to c e. fFor exanple, U S.
Pat ent No. Y‘g@@ef% ( I@lsﬁ _‘Ekf’q’%}@iarri lﬁ‘é‘éoup%e ‘Eggpq’&fmllvdﬁdzzaci%ﬁntahe li qui d
phase al kyl &itiyRnadheRERZENBroMEdd BF 2 RMNBASS different chemical processes. One

process which has achieved a significant degree of commercial success is the vapor

phase alkylation of benzene with ethylene in the presence of a solid, acidic ZSM-5
zeolite catalyst. Examples of such ethylbenzene production processes are described
in U.S. Patents Nos. 3,751,504 (Keown), 4,547,605 (Kresge) and 4,016,218 (Haag).
[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



[ 0005] Exi sting al kyl ati on processes for producing al kyl aromati c conpounds,
for exanpl e et hyl benzene and cunene, inherently produce polyal kyl at ed
speci es asowedl13e55t he desired nonoal kyat ed product. |t pc3/ush@ceise nor mal
to transal kyl ate the pol yal kyl ated species with additional aromatic feed,
for exanple benzene, to produce additi @nal nonoal kyl ated product, for
exanpl e et hyl benzene or cunene, either by recycling the polyal kyl at ed
species to the allcylation reactor or, nore frequently, by feeding the

pol yal kyl at 1 t rans triq0 r | es of
catal ysts mﬁ?%ﬁﬁﬁgégﬁb%%%aﬁiggéﬁﬁkﬁ%e:gﬁkgkg?%%gj§fq?&%ﬁ%%?dﬁggégggs, such
as al kyl at i (Kushhertiekn) zdeseribes tthe atshydfeNECMr22pimotlyd Eneld plrede i atkyildteon of
transal kyl ati on of , pol yal kyl at ed speci es, such as pol yet hyl benzenes and
pol yi sopr opyPHFER P“éw n'Fisted in US Patent No. 5,557,024 (Cheng) and

i ncl ude MCMi@Rs) PSHEdsting Sk ARtiorZ bbdsss Tor pp&RIcideeali¥ylaanlit 8niBehids, aci d
deal um ni zed nordenite and TEA-nordenite. TransalkYYatlon over a small
crystal (<0f® examplerethyloanaenst arifcamene.dehdremslyi prodics pobiiaieilasedesperias es S.

Pat ent 6, 984, 764, 006] Where t al i Q IS r.for i he
rquid phasdeliis tedesralaiBpalf o, dhin Bt REne Pl B b ME T e
under |iqui @oRBRSR1AORSHclcs OREh ddaRyier arddatioPRed! fordeRinple bahiene) Yo | ow
tenperatures, |iquid phase processes inpose increased requirenents on the

catal yst, paradues pédifignal maonealkylatadspipfyatafor sxampleethifsacnmer Gingg,

pol yal kyl at I b . ddj.t . I pr oduct
W t hout progg%%ﬂgfb%&g%#%gwbéﬁgﬁggﬁ%égga#%%g)ﬁ%%ﬂgggggﬂgggﬁtg%hﬁgggnificant
probl emin filequalye bof feeding nteppaighlkylated specee texd stpage cladmblicglaomave

ei ther | acked the _desired activi%%gﬁghha e resyl.ted in the oducLi on of

si gni fi cant T&GioRt FrpmRlespf gRfalypty ayG bRerused iR iy ation giggomatic

N- propyl benzeng., ggcqaoz; %ﬁﬁ%@hr&“ bQzERE wRheSBNEnd BY $RgyRihe, bhd hAShEOW
unexpect edl een found that an organi c conpound conversi on process

conduct ed i transatkybatioserde polyatkydgseti peciesat aich s tas mpnlyethythenzates oaedkhi bit a

Proton Density.lndex.("PD "), as herej ef i.nhe at t.ha .0, for
exanple, frd B@P@WQWQ?F’ ffeOhS?%l 1&&2‘53’ a%%meg,asﬂégzgmg{]@dlmg%&? o about
1.85, yiel dsj@vur, qus-80RBRZD3L 261it@TX, asebiitéi Yy zalith Befal @bidi deaRintiaRed Y,
selectivity. This is especial(y the case when the process involves_liquid
3 phase al kynaadénite ahd TEdermotdesiter Srappallodaidnn aver aseall prystal 6705 paigtont ul ar | y
for the liquid al kyl.at.i gn of .benz t ene, cunene or
sec-butylbeﬁ%gH@?ﬁiﬁi(né%%?éﬁ@%’%?dggﬁégggsgﬁgggéﬁ%ﬁzafn many i nstances for
the difficuljeose] answihkel ébiaiyldtaciteis paforaediensd tquidfphassydniseasdul Ky
polyalkylated_sgecies in such a process. SUWARY OF THE | NVENTI ON

[ 00081Accor dpsitgbleo te Hondectsthet trppsaliylatign, stemamdes digyidyphatey candifietess f or
conver si on : rLSH apj g t '

COnVEr St on BonybE >RSP TP sy Ob R RATRO A halesiialle
presence of impdsel insteased mpquisimegtsaon dei chitalystppartcidarty yrs thel transelkpiatien i al and

having a PDI of greater,than 1.0, for exanple, fromgreater t 1.0 to
about 2.0, ét_ea_wg?rgngthab@gjgy 11_?%‘1"“%96”8‘%019?01%8@?“ e 6P !eﬁtﬁéttB ﬁ‘ﬂcgg ¥pect of
the inventi afnohiRofhRdipRodicOWitded ﬁoﬁcﬂ%ﬂiggvﬁq% 5h8&idty eTNis RhPPRsERNg a

desired nonoal kyl ated "aromati ¢ conpoun nmprising the step of contacting
an al kyl at atd déeaz sigificant probbammdn vihe rasg of| duyiene ipredustemtwhate telstipg esence

of catalyst under.at |l.eas rtial .li.quid phase condi.t.i gns .0 tal yst
Corpr 1 oi g SHASSE ibte SERF ek chs Bosiie A ANR B e RO h B g TR En " o
greater thagighifRantMEnt@ied GPbE-prédue® itiead @hylbéizbnelard d-prophibeizede.0, €. g.
fromabout 1.01 to about 1.85. Another aspect of the present invention: s

an i mproved [B0TY| at Henerding ks presenttineeniiendt hasovprrsrgedtedy begn foapdal ky|
benzene co Sin [ i i 1h: an. a i agent
under alkylag#éﬁ'g%% ?t?%ﬁgmﬁé(?ﬁg&%Pg gﬁ%§§§?&%$%§1g%?ghb%%%gﬁfg?amhich
conpri ses agpeificidatalydd ianudictradsioadxhibitea Pmter DedsitameidyraVPDY’) casPiokeimf
greater than 1.0, for exanple %£0n1grea er than.é.o t 0. ahout ifo’ e.Jg.
from about fe@neds gf grsaisr thangh, of iexpmpls ot ARy sraaipelden 40 tonabayt 2 Je St

| nventi on | ofNaddiRh G BLOPRE!iERL bRl ABIRE WhiNe GRNTLAEHT N
feedst ock conprising ol efins, tor exanpl e ethylene, propyléne and/or the
but enes, wi thpatndlyysetectitityol Tijoisespzalydhe casashewtheqoomtss involves oquad oduce
desirable distributions of oligoners, said catal yst conprising an acidic,
porous crystalline material and having a PDI of greater than 1.0, for
exanple, fromgreater than 1.0 to about 2.0, e.g. fromabout 1.01 to about
1.85. The catalyst for use in the present process nmay conprise, for
exanpl e, an acidic, porous crystalline material or nol ecul ar sieve having
the structure of zeolite Beta, or one having an X-ray diffraction pattern

o o, A~ A N N ~ ~ A - P T = — o PN LN N~




Angstrons, said catalyst having a PDI of greater than 1.0, for exanple,
fromgreater than 1.0 to about 2.0, e.g. fromabout 1.01 to about 1.85.
Mor e par twoubewi3ygsst he catal yst for use herein may conpPCIASaW6ACTI7d4 C,
porous crystalline material or nolecul ar sieve having the structure of
zeolite Beta, an MW structure type maBerial, e.g. MCM22, or a mxture
t hereof [0009] The catalyst for use in the present invention preferably
conprises an MWV structure type material, such as for exanple an acidic,

Orous crys i i Li i D SSZ- 25,
ERB.1. | T)(/} éﬂs‘a %8&&%*,05 9@@%%%@%%@%%%’9{#&Eu%%ﬁla{lggﬁg%? BRI EF
DESCRI PTI ONliqiid FHEseDRRVIBINGSof p@0SN] K ethylbestronscuitene i akt-butyheuze@AVERN

devi ce used_jn experinments,invg] vi t he.present. i nvention | LED
DESCR! PTI mTEi& ?ﬁé#ﬂ\fﬁl\lﬁ%‘iﬁs %?) 1‘%}9‘1‘%‘8 Hf SuEN: TRRSRT i '6h e PE{E@%“H& 0 a
process for y6Ransl-sibR Pedefiod f2EeARES o eﬁmwaﬁﬁagb@wﬁaygkmfa&?eﬁés ifohe such
process nmechani sminvol ves producti on of nonoal kyl at éd aromati ¢ conpounds,
parti cul ar | sudktapyrbéespzene, cunene and secbutyl benzene, by the liquid or
partial liquid phase al kyl @%M& AV © romati c conmpound,
particularly benzene. An e 3 mechani sm of the
present i nvVEOBPN | AxRkAULS @ iRl pedsb@NindEntfing fthéte Q8 ipgPriBsd a RaEdss Gt ar |y

| ower ol ecul ar wei ght oligonmers. Mre particularly, the present process
uses a cat aFgnversiahpbs faclgnckenmprisingereanic senpounds g dssisabde eRvarsighe

material ang_| n r 1. . Of . for
exanpl e, frgrr%dg?tgﬁt %ﬂ;&.@%gﬁ&%o@?q g&g‘?g%én 2915&1%1%9@%?%9%8%%? P féh'é‘%“t o0 about
1. 85. [ 0012¢daptisieg atecidicnporohecrystattinebhatudied and heving o Rivlofegredtarthad t h a
particul ar catal yst conposition |s fined gs the proton density of the
new, treated0 Eoiteéﬂ‘?gleyge‘i’i‘p%?t?ﬁ Bn Erz)atgd‘g%‘éfazaq’ &2 diopLAbqut rté?t%’PEt, ~di vi ded
by the prot pmsdensicrdinglio bRE 190N invHiioh2 iRtk iCibRILals GRBRATH | ON
measured at the sane gfven tenperature. [0013] As used herei n, the term
"prot on denssleotivelygandudinga desired myinesikylatadl drombticedngpasng comprising ity or

non-aci di ¢ protans per gram of tal yst. conposifign. T roton density of
The now. ¢ r a6 o Conbenti MR Rpititis SABRE, MR an BENERE BBl B, 1Y
original, upefadeace 6A8Ad1YHUun8a M st pRAaIAIRIPPhARe BBREHRY s@lll chiaBssame
tenperature, for exanple roomtenperature, e.g. fromabout 20C to about

25C. 100141%repraging e aciflicpperpunerysiallinegnaterial ond bavips @ B ofesieaterdbapy a
sol i d-

1.0, for example, from greater than 1.0 to about 2.0, e.g. from about 1.01 to about
1.85. Another aspect of the present invention is an improved alkylation process
for the selective production of monoalkyl benzene comprising the step of reacting
benzene with an alkylating agent under alkylation conditions in the presence of
alkylation catalyst which comprises 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. Still another aspect of the present invention is
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



state nucl ear magnetic resonance nethod for characterizing the anmount of
aci dic protons and non-acidic protons on such catal yst sanple as discl osed
her ei n. TWe=eo7ash@sc and non-aci di c protons nay be present/Us00&a/0y7734

hydr ogen- cont ai ni ng noi ety, or proton-containing noiety, including, but not
limted to Il, le, OH Ot, and other $pecies. The nucl ear magnetic
resonance method includes, but is not limted to, magi c angl e spinning
(MAS) NVR. Sanpl e preparation is the key in NVR neasurenent of the anount
of such pro I Ci€0. 3H0MA il
strongly di %?g%&[{kh%ﬁ%ﬁ%z% %ﬁ%gﬁgmy&%%&r%ﬁ%a@’ to t%lggf’ glséfﬁlt %rhat%yhem cal
exchange i ntheh\i.htp Bromnt0ed.gadiioth stioned.0dnd showat.89. Modrequaiteculdrio el The

nmet hod for producing the catal yst far use in the presenf. i nvent.i.on
Tommerseo. « BRAEHCEE Yk erdin R Smifive, 55 oeidf PO FSRLEe CHERNEE: | o,
one not _havingeRe idveORkatk ARCARANRY drocsiRPBeth din MW WCInRfurt Riyse met hod,

conprising an acidic, porous crystalline material, said first, untreated
cat al yst hawategial efg. MEMa3d oa eingntuse tereofieasured in nmol of protons per

gram of cat ; b ntacting.the firs unt reat ed ,catal yst _of step (a)
o h et or TUPOBF G APRhs R B i MR nrbeBt i P Bpad Bt 1o
about 500C, NsWWW safictliferfpa iRatbrial Gilch 23 ok bx D€ an PR ipakdug drystdltigbout 1C
to about 99C, for a contact tine of at |east about 1 second, preferably

from about Siligatedewng dheypimisture Of MGV, PYHr3g 886248t BRB-Leldbh HQ-2) yst

havi ng a seggn( ol é ST I protons per gram of
catal yst, sai %gg%tr(;nl\g 39%62\%1?4?‘;%% aggf%gtuggrggﬁaetréegrﬁ than said first
hydration state, i.e. the product of step (b) has a higher proton density
than the step (a) catal yst: and (h“?l" dryin hﬁ Egﬁogg catal yst resulting
fromstep (b) at a dryi L LIONOE LHE 0C, preferably from
about 20C t ut 0¢, IARGIR : ﬁé}ﬁh@ 00C, for
6 a drying P)I ngpof fgg Fesgg?g g%%a%ﬁlg&g%&hgﬁ prg‘egfrcgé{lgggfu?%% abodlttgo. lto
about 24 hoinvelvimgthe ppseftanabtign.f r om about 1 to about 6 hours, to generate
the catal yst conposition having a third hydration state nmeasured in mmol of
protons per gram of catalyst between said first and second hydration
states. The step (c) PEROAREDDESCRAYEION Brotiom nPeRNTIgNI ndex of greater
than 1.0, for exanple, Tromgreater than 1.0 to about 2.0, e.g. from about
1. 01 to abolfi011] 85 THeowesmbinviendordrejdtesgtosa prpcess)for genvrsoppbiasAsiodhd/ or
non- aci di c ot ons are .renpved fr t cat al yst, cont act i ter in
liquid or ggérf Iﬁsén% o) ﬁoagg%l}da‘aﬁgées% tHh° setsse%le%%a)n?%v%’é)\?/‘% P \,ﬁnr(%:(%rcéé@lnust be
taken duri ngf shoiodigylatt Broptic icompy@idd, petiaaly ahylbasend, icamkye ald seaci di ¢
and/ or non-acidic protons of the catalyst resulting from steﬁ(wgilg . The
hydrati on sbevibensenenby dhe diqpid) orpp%alcillqwimha%aﬂﬁy r afhgih alikyylatably t ne
starting st t t hat e.st uct. It
i s recogni z%@rﬁ?ﬂgt &?ﬁnlzdrlﬁeﬁg’sggﬁ gﬂ%&ﬁ?%ﬁ%ns@y eg%m lgo?ﬁsaﬁ%%)ptr%gsd

conver si on ofechanising ofcihd ietens ihvenBownavddesapradustidre of dilefin wiligbmag, t 0 be

bound by any t.heory of operatjon, .it is believed that contacting a catalyst
conpri si ng éﬂ“‘é‘@?‘r&—e{/ é?wf)rog’(?:if_sc“ y’%etl_%htl lgomeLs: o rYigie %HCLﬁé@B{: %‘e é’rgiepfst
hydration shab&sWided yaaBillyst tohlpdkitifn WonSRRERQU SN fLIdR, UPSBLs Gyt cont act
time and tenperature conditions creates a catalyst having a second

hydr ati on smatesiahinglie manhfacturddgo exhibit a i rodigreater thaatled, fahdxemplep floowed by
drying under_certain . conirqlled drying ti ng. t rature conditions nmay
change the ﬁ&?’iﬁ’f%‘?ntlfﬁ ,a%%'ﬁ&/(gle‘gt ﬁémaaﬁ%tnf&]o% ag’_c‘?f'lﬁfggand/ or non-aci dic
protons on glegh| catsd vl hekig ihetefin PPIHeatugel W dolinédtioneliana gaticuleact i on,
to generate a catal yst conposition having a third hydration state between

that of thecdtlygitconing@sisiondndofinedrastthe profem density wih dhengv tratesa carlyst
iti il : ' . of : 1. 0.
Cormost U1 Or il feRyi) 43RG AL Bivigla 6 6205tk BB e

ant aci maﬁ eri al

and treat edotiyiniihentdatade catelyBiodnipasition glicasired aithetane gives tdnyper&od, or a
greater nunper of acidic and/or non-acidic protons as conpared to the same
cat al yst whl0OA3} s st used Bgxeay thy tery CAIOfRN: droaity| meass Heg milBmgles (mpjol) s

defi ned as : | akidihsrotdis e J : I

conposi ti on&lﬁ:\lﬁgg%&@;/ tazdré*}l%‘% olr(1itl d@r?s‘?ftsf %gr%ﬁ]fgftdagag}(sz%% Osﬁﬁ&?hgﬁéfi rst
hydr ati on spmata ddmsity of thepswe dreated caeést cadpositidn) and dreprommndensity of



[0017] The term "aromatic" in reference to the al kylatable aromatic 7
conpounds which may be useful as feedstock herein is to be understood in
accor dancwownati3niss art-recogni zed scope. This incl udesPpariyskoosobssts t ut ed
and unsubstituted nono- and pol ynucl ear conmpounds. Conpounds of an aromatic
character that possess a heteroatom may al so be useful. [00181Substituted
aromati ¢ conpounds that can be allcylated herein nust possess at |east pne
hydrogen atom directly bonded to the aromati c nucl eus. The aromatic rings
can be subsi.t ut: Wi , r a | k@Xx ryl oxy,
cycl oal | cyl ?Hehgﬂt@g%l,’ J&ﬂﬁ?‘%? %{t'ﬁggr% g?@:%?kotnhg{ylggthngﬁl&%%r etlrﬁg %I%In%eﬁ %/he Y
al kyl ati on teggetdtam, for @RANIISwodm terepeaatarent gcfrommpourRSCitoabad@50@nzene,
napht hal ene, ant hracene, napht hacene, peryl ene, coronene, a‘gbg phenant hr ene,

with benzeni00id] ng PreeTeet oL Froiond PEenealyiysamRe 1 153 & sehdt can be
present as sRSHlciiP Maanll {RGALOMRIA 6P ERANIGIARDUR Mnbiih Brhefafy about 22
me - an v TT to 8 car Ons

carbon ato usua om about on a , and nost usual ly
from about frotanséind awhanidit posons [of 82dhl Gitkly s lshreplelak disckabdhéremt dihese omat i ¢

conpounds i ncl.ude tol uenge, xyl ene, isopropyl benzene, n-praopyl benzene,
al pha- met hy FHEiSHRARoBr eI dicP n&éﬂ%}’e‘ﬁeﬁ"%ﬁé’g b GREIRo e CoRiATTS RGN,
butyl benzeng, g%&HQ&ﬁMHﬁl Emofetyd 'iﬁélﬁﬁih@,leﬁﬁ &3¢ limffted to H, H', OH, OH, and

di et hyl benzene, p-di et hyl benzerie, | soanyl benzene, i sohexyl benzene,

pent aet hyl betheesperiepe Thametlbarirhegneeneesonangs Bicthodtineindest bytlibaeidenied 1, 2, 3, 5-
tetranethyl penzene, 12 4o Lt XS SRR Ssahoe FidihlaT5h BY WSS SRt

measurement of the amount of such protons on the catalyst samples. A trace

amount of water will strongly distort the "H NMR intensity due in part to the fast 'H

chemical exchange involving Bronsted acid sites and a water molecule.

[0015] The method for producing the catalyst for use in the present invention

comprises. the steps of:
(@ providing a first, untreated catalyst, i.e. one not having been
treated according to steps (b) and (c) of this method, comprising an
acidic, porous crystalline material, said first, untreated catalyst having
a first hydration state measured in mmol of protons per gram of
catalyst;
(b) contacting t'he first, untreated catalyst of step (a) with water in
liquid or gaseous form, at a contact temperature of up to about 500°C,
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



butyl t ol uene, p-butyltoluene, 3,5-diethyltoluene, o-ethyltoluene,

p- et hyl t ol uene, m propyltoluene, 4-ethyl-mxylene, dinethyl naphthal enes,

et hyl naphwbabemespos®, 3- di net hyl ant hracene, 9-et hyl ant hr Cenis2006/017734

2- met hyl ant hr acene, o-net hyl ant hracene, 9, 10-di net hyl phenant hr ene, and

3- et hyl - phenant hr ene. Hi gher nDIecuIarﬁmelght al kyl aromati ¢ conpounds can
al so be used as starting materials and include aromati c hydrocarbons such
as are produced by the al kylation of aromatic hydrocarbons with olefin

ol i gomers. Such producls @he of hHEREERboY J.6f REwre e&"&ampﬁd;ﬁa%dtoaﬁtoa' kylate
and include hexyl benzén€, nonyl benzene, dodecyl benzene, pentadecylb
enzene,hexyltoluenewnwm94ﬂvuuem@Hdqm@%ymboﬁueméxmpénﬂad@myﬂbhumﬁek>etc.

Very often alkylate is ai ne ahl boj |l i.n r i.n_ whjch the
al kyl group attachéﬁm?ﬁgth% %#ﬁl ?%ﬁshvgﬁg qﬁﬁ Q% F?bﬁ‘g%out 8
C6 to about Ct2. V\Viﬁéhsﬁﬂéaﬁﬂem%l&M&@w@m%fkaﬁlﬁegbmen@aﬁcﬂm the

present process produces acceptably little by-products such as_xyl enes. The
xyl enes made in suchdiseeandnasisatinnystifes.| Ehe stehde) pugduet Witlohaysra Proton

[ 0022] Ref ormat e co f %Q%l r Iene
constitutes a partﬁ%%Pﬂ¥$gi gl aﬁ??@%]f ﬁﬂ{ gﬂiq*ﬁﬁ oﬁagﬁgﬁﬁgéyof this
invention. 100231 Tdveuid.6yd.@tfiong ag@eniog tbtaa@utm be useful in the process
of this |nvent|on eneral ly include an al i phat or arqQmatic organic

conpound halQ®d @?n%?Y@l%ﬁtéPl(%laél i RIATRRS #Y/ ol Rgihagidie RIPlSBHS T apabl e
of reaction éi‘ﬁ&xfédt@c‘?‘m%éyéa?aﬁ 'c%m%a% e v&% fﬁuﬂgu dpér‘ééé‘s'é Yormf§ A the
al kyl ati ng group possessi ng to carbon at anpl es sui tabl e

al kyl ati ng agerdmcamho;ltqﬂbms}Bmﬂvelasaletthydtéﬂeakancbmmlgehmgtstw (outenes
(i ncluding 1-hytene, 2- butene an tur there H&qg peni enes;
al cohol s (i Atgdrmavaof sssputally @ I"é?l 16 A5 8’6%‘?%"1 ’crli’rél e C@lySy such as

met hanol ,  ef3aRml frdnh Step (ge)oamé 1§ydr£tﬁﬁ1 @aﬂe B AeSsterP Ry p}cnﬁlcp%m B@Higﬁer

aldehydes such as forma hyde, "acet al dehyde, propi onal dehyde

but yr al dehyd@n tiaaUOﬁihﬁaBtertmgdsihlyde) caaﬂdsfam@ loweal ﬂld@ﬁhatu@ﬁﬂEsstnlet(hyl
chloride, eth chloride chl orld he, but e and

t he pentyl dB?‘i dés 18 ]é?ﬁ%lgrg%%f @’raf Xcrfﬁﬁszlﬁ of f“?.l ‘%ESII% afeyﬂﬁ B[}pi.)f (ﬁhs are
useful as al:dﬁWe?sﬁd)M BaaEpb&idisited foeBdhityd adill eited NUGEHShiAL té B Bowdignt i on.

Al so, such m xtures of light olefins are useful as reactants in the

ol i goneri zatotheero et eperstion, it fis beliaved fhatgentantieg pdtatalyst, compasingean of
ethylene, p I i tuents
of 3 vari et SO Bur BULENGR ARt A RERLEN IV G SR pEROR]

cont ai ni ng #lidl @ngaseusofyrine tder edettain @it tBme raad kempefaturg asndiciohsai ni ng

| i ght ol efins, reflnen% FCC propang/ propyl ene streaps, %é$fbare usef ul

al kyl ati ng Sigaist @ adydhryser sesand Bydraton staterughes than the YURM®, a
typi cal FCCybi.ghtTigl efdifowil’ BRNAMARS GREES cdrbin f&hh@ﬂé&‘%ﬁ%pﬁﬁﬂeth&f‘ 9

temperature conditions may change the nature, type, and/or the amount of acidic

and/or non-acidic protons on such catalyst which are 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



W.% Mle %Ethane 3.3 5.1 Ethylene 0.7 1.2 Propane 4.5 15.3 Propyl ene 42.5
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compounds which may be useful as feedstock herein is to be understood in
accordance with its art-recognized scope. This includes alkyl substituted and
unsubstituted mono- and polynuclear compounds. Compounds of an aromatic
character that possess a heteroatom may also be useful.

[0018] Substituted aromatic compounds that can be alkylated herein must
possess at least one hydrogen atom directly bonded to the aromatic nucleus. The
aromatic rings can be substituted with one or more alkyl, aryl, alkaryl, alkoxy,
aryloxy, cycloalkyl, halide, and/or other groups that do not interfere with the
alkylation reaction.

[0019] Suitable aromatic compounds include benzene, naphthalene,
anthracene, naphthacene, perylene, coronene, and phenanthrene, with benzene
being preferred. '

[0020] Generally the alkyl groups that can be present as substituents on the
aromatic compound contain from 1 to about 22 carbon atoms and usually from
about 1 to 8 carbon atoms, and most usually from about 1 to 4 carbon atoms.
[0021] Suitable alkyl substituted aromatic compounds include toluene, xylene,
isopropylbenzene, n-propylbenzene, alpha-methylnaphthalene, ethylbenzene,
mesitylene, durene, cymenes, butylbenzene, pseudocumene, o-diethylbenzene, m-
diethylbenzene, p-diethylbenzene, isoamylbenzene, isohexylbenzene,
pentacthylbenzene, pentamethylbenzene, 1,2,3,4- tetraethylbenzene, 1,2,3,5-
tetramethylbenzene, 1,2,4-triethylbenzene, 1,2,3-trimethylbenzene, m-
butyltoluene, p-butyltoluene, 3,5-diethyltoluene, o-ethyltoluene, p-ethyltoluene,
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
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Cs to about Cy;. When cumene or ethylbenzene is the desired product, the present
process produces acceptably little by-products such as xylenes. The xylenes made
in such instances may be less than about 500 ppm.

[0022] Reformate containing a mixture of benzene, toluene and/or xylene
constitutes a particularly useful feed for the alkylation process of this invention.
[0023] The alkylating agents that may be useful in the process of this
invention generally include any aliphatic or aromatic organic compound having
one or more available alkylating aliphatic groups capable of reaction with the
alkylatable aromatic compound, preferably with the alkylating group possessing
from 1 to 5 carbon atoms. Examples of suitable alkylating agents are olefins such
as ethylene, propylene, the butenes (including 1-butene, 2-butene and mixtures
thereof), and the pentenes; alcohols (inclusive of monoalcohols, dialcohols,
trialcohols, etc.) such as methanol, ethanol, the propanols, the butanols, and the
pentanols; aldehydes such as formaldehyde, acetaldehyde, propionaldehyde,
butyraldehyde, and n-valeraldehyde; and alkyl halides such as methyl chloride,
-ethyl chloride, the propyl chlorides, the butyl chlorides, and the pentyl chlorides,
and so forth.

[0024] Mixtures of light olefins are useful as alkylating agents in the
alkylation process of this invention. Also, such mixtures of light olefins are useful
as reactants in the oligomerization processes of this invention. Accordingly,
mixtures of ethylene, propylene, butenes, and/or pentenes which are major
constituents of a variety of refinery streams, e.g., fuel gas, gas plant off-gas
containing ethylene, propylene, etc., naphtha cracker off-gas containing light
olefins, refinery FCC propane/propylene streams, etc., are useful alkylating agents
and oligomerization reactants herein. For example, a typical FCC light olefin

stream possesses the following composition:



[ 0025] Reacti on products that may be obtained fromthe process of the
present invention include ethyl benzene fromthe reaction of benzene with

et hyl ene,wounemeodssom t he reaction of benzene wi th propycensooeinyBs ol uene
fromthe reaction of toluene with ethylene, cynenes fromthe reaction of
toluene with propyl ene, and sec-butyl b8nzene fromthe reacti on of benzene
and n-butenes, a m xture of heavier olefins fromthe oligonerization of
light olefins. Particularly preferred process nechani snms of the invention
relate to the production of cunene by the al kylation of benzene with

propyl ene, production of ethyl benzene by the al kyl ati on of benzene with

et hyl ene, production of sec-butyl ben®sé by the al |l Mdla¥% on of benzene with
but enes, and oligonerjzati on of ethylene, propyl ene,g) tyl ene, or mxtures
t hereof . [0026] The orgéﬁf‘% conver si orzi%pr ocesses cont ni;I ated by this
invention include, bufggigenot limtedg to, alkylationpf aromatic conpounds
and oligonerization of 0Olefins and may be conducted such that the reactants
are brought into contBowpamdth the reddired catal yst 1h3a suitable reaction
zone such as, for exaﬁg)l e _in a flow%igact or containi gg a fixed bed of the
catal yst conposition, RSP ef f ecti v&Tonversi on condifions. Such

condi tions include a ighmghrat ure of from about OC toj@hout 1000C,
preferably from about OC to about 800C, a pressure of fromabout 0.1 to
about 1000 at mospher eB-Butansf er abl y f Bém about 0. 125 206 about 500

at nospheres, and a feﬁﬂteﬁ% ght hourlé/ gpace vel oci tyllg( V) of from about
0.01 to 500 hfl, preferably fromaboth' 0.1 to about 100 hfl. If a 10 batch
reactor is used, the Peaaddson tinme wold be from about0.4 m nute to about 100
hours, preferably from about 1 hour to about 10 hours. [00271The reactants
can be in either the vapor phase or partially or conpletely in the liquid
phase and c n ¥ L qﬁgil]l{%ﬂgtyb Ut 1 ON

wi th ot her ﬁjabtzgfi al, gtrldr;[ egaﬁgﬁlagggﬁgggﬁgﬁepnto g:o a%‘:étSE\E/)\nFtthﬁp{%gﬁﬂéat al yst
conposi t i oninwentiont hrehaded etbflbenzaneefromathesraactiali lofiehdangersu ehithasthyfene, exanpl e,

hydrogen or nitrogen. .100281An al kyl ati on, process of  thi.s inyenti,on may be
conduct od SEERTENION e BRGHR O rtebeqianpan’ Pogyiear.nghRLGIe HBe U ommt i

compound angbabdish 8f kothéld RenagRMkne, AythREO DR thd tcEONORGbIudAS Rvifh Sui table
al kylation catalyst in a suitable reaction zone such as, for exanple, in a

f 1 ow r eact oproppienai andnggcdutyiRendene onf the uetrtivat ofl Bepreneyaden-butepess ta ve

al kyl ation conditiqgns.. Theal kyl at.i on. cat al yst o] i S ne.of. a

m xture of AN Aci Ui e,”‘ﬁ%?%& s@f)%ﬁgl%gﬁgw% Hon %’gro Se &ﬁg:rulasr{yeves

havi ng the piefdtfddprécess meednisngs &ethéinvefedn fefatd to fHRIpEEdiction of cafedd/ WV
structure L&)e materi,al having an X-ray diffraction pattern including

d- spaci ng theaallkylation of Genmene gvithy propylene produstion of sghydberzans by thengst r ons.

Such suitab ey 't']gji? [ q_%@ about 0C
t o about 50%1@1@%{)%&52%}9% f??@ﬂn{ aeE u ei%@‘tﬁgﬁ%%o(ﬁfg@G ,Mélr‘[:\z|c()afr?éesg‘u?{eEi of from
about 0.2 takgltoi of benamhawdaihbuteses, pidbBgahényzativn rof altioiiene] ptopykheut 55

at nospheres nol ar ratio of alkylatable aromatic conpound to al kyl ating
agent of fr%Wa]QB%l?FI@?‘ti‘.mf t??i‘e‘égout 50:1, preferably fromabout 0.5:1 to

about 10: 1, 1gang) @ f188AoMBhENEoRRHIdY pRRRERs V&InBGhitel isbAsestion the
al kyl ating agent of fromabout 0.1 to 500 hri, preferably fromabout 0.5 to
about 100 [oRdEWhah frenazehelimged| toy| ak@dtion t of etrbmhianecangpqundsl el

et hyl benzen t he. al.kyl ation reagtion is eferably..caryied out in the

Tl aui 0 phacolenmiEzaten at s fi g e Saldueh fas et ghe st 150C 1o
about 300C, brioRgIg iﬁtroﬁfoﬁfa@bbv)'{thfth@feqaﬁéw&atél?&@ntacbuﬁbﬁwtrea%@@ﬁ?;zoﬁe flcBIsUre up to
about 200 atnospheres, nore preferably from about 20 at nmospheres to about

55 at nosphefossxampigeinghflowcaadtyr eopisiring el foeiltbpd OB attlasicpmpasiting, et hyl ene
al kyl ati ng n fr t. 0.1 u . .4 [ ably from
about 0. 5t BERsaFy TSR ogRodioh§ SRbloriliclh elRs FaRbShER,
al kyl ati on fremcibout 0fC fié abo@bimo0°0, Mreferitdy &ooubAR: PO out BOOE, pr ef er abl y
fromabout 1:1 to about 10:1 nol ar.

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



11 [0030] When benzene is alkylated with propyl ene to produce cunene, the
reaction nmay al so take place under |iquid phase conditions including a

t enper at Wwe 2067/Bmsso about 250C, preferably up to about pt5AS2008/0¢7734 f r om
about 10C to about 125C;, a pressure of about 250 atnospheres or less, e.g.,
from about 1 to about 30 at nospheres; H wei ght hourly space velocity (WHSV)
based on propyl ene al kyl ating agent of from about 0.1 hfl to about 250 hr4,
preferably fromabout 1 hr4 to about 50 hfl; and a ratio of benzene to
propyl ene i o

nol ar, nor eg%ﬁzg eé‘?égg?{%/e%epo%earg%ﬁlﬁ)ﬂ fmié ng{ 8 00 u? lqn%ﬂ%u{eqoaagggttl

benzene is by atfechbly frbmaboat Kyduatto nlg)\mgehbutsel ect ed fromthe group

consi sting but ene, 2-butene and m s t hereqf, to prod
secbut yl ben%@é] o Eeqctantsn cﬁ‘éﬁ’eall%oelﬁ’& | VAPer ¢ 9 §Eta ﬁ%h%?se

condi tions pag Féfé%}nﬂl the h Qste%@ o8 bt hedn B ML frofh h@erﬁilaﬁélt adfRDfre

preferably fro out about 200C; '@ pressure of about 3.5 to about
35 at nosphepesi;llumref\xemabﬂhyr frateriahboithey ¢an bb bueugdV intonosydee rvesh the WHSV

based on the butene alklat of froma 1.to bout 0 bfl,
et er abl y FHENFEBwROR it AR catter g 5 AReHD e BeR EXEIE: ¢ he
but ene al kyh%ﬂo AGfMbgenl om about 1:1 to about 10:1, preferably from about
1:1 to about nol ar . {0032] The catal yst for use in the present invention

may conpris H)(Bﬁb orAmelikalation giasesspfithis sn@inglgm wlayibgecondnaed sich that thep| ec ul ar

at ent No. bl gyl B Ak ANERs fRat FofPbd, B8 e e

those havi ngge, afe yughit fihtoacnta20 wit heunablnou@ahtim shtapaonmgsmlma at
12.410. 25, 6.910.15, 3.5710.07 and_ 3..4210. 07 Angstrons. [0033]As used
herein, an Yeaetien éonep%&ca@ Eqrﬁe@mq,%an%ﬂw?a&rw Gepiaiaing apf¥ed edcel st al | i ne

mat er i aI or I r taik p f

catal yze hyd‘%gtl}c%r osﬁ ué?ﬁﬁéﬁ%ﬁ%ﬁ r aégg}?loﬁoglhg &sj %%%mné?dlmépructure
type mat eri edmprisecdngche aMohit@2 o(fdaesmrdﬁaqnbrous deysiallifta tretrrialdoor Mole&ida325) ,
PSH- 3 descrl bed in U, 4 SZ- descri n U S
Pat ent ( No. dh%’b“i% theE%@“%“f% cPés%?P 1 e‘ian %3&%65 %’f‘%hf’f 8. 3032),

1TQ 1 (deSCEt'nEE%&} 'tg;iéJnﬁterP@th%{?ﬁ Ney &.1Q difiPRion ! higern iﬁa@ﬁﬁﬁ{ i i c'ix{%ws
Pat ent No. 6,231,751), 1TQ 30 (§escr| bed in f f 36
(descri bed maximasat RAMAEA25NG.95). P15 03.3750.07 W%M%M%o%ngmdrnsn SJJ@ Pat ent

cai alyat caRE b St e odempents of Momhatasl 2 %Rl ccul o

si eve i n unboonty pRiferaBlyf frdi WBButf CPQ t8rabodd 16BPCAA Fv bite of FOmBBst 0@ or
nol ecul ar si eve can be conbined in a conventional manner with an oxi de

bi nder as héx ebw:hflé@ratlneudﬂﬁreédprelfmblzzefrqra|ah0@¢pb|to @howiors aposphaes & al yst ,
t he average t i t t | or
nmol ecul ar s}ng%[er Ijgtgé S §ﬁ<ﬂ%t:ﬁ> E%%l r oc% ‘?Ecgg@(gﬁtlil%g a%(%lluljt &ez%(glﬁn%%cpﬁns or
exanpl e, frompPw atbouﬁﬁmm,t prEﬂ:@aBly difodnabout O 5:1 to about 10:1, and a feed weight

hourly space velocity (WHSV) based on the alkylating agent of from about 0.1 to

500 hr, preferably from 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.



[ 0035] When the reaction mechani smof the present invention is alkylation,
the al kyl ation reactor effluent contains excess aromatic feed,

nonoal kylwoedompisedbact , pol yal kyl at ed products, and vari ®g3/usegénitBes. The
aromatic feed is recovered by distillation and recycled to the al kyl ation
reactor. Usually a small bleed is takehl fromthe recycle streamto
elimnate unreactive inpurities fromthe |oop. The bottons fromthe
distillation may be further distilled to separate rnonoal kyl ated product

from pol yal ed Pé,lihq Vi e akkyl at ed
products se a?gt ed \??%{rinﬂt%zgngﬁgf ti %dn%glahlﬁgyleg% ??332%%&?}&%&%3)% (Itaﬂ;’)ét ed with
addi ti onal sctmat imayf edeh itake placensakléry |lafuid phasactonditione packitmg raom t he

al kyl ati on reactor, aqver sui t e transal kyl ati o al yst. The

transal kyl aﬁerf@ﬁfaé‘gw?ygﬁo %ﬁ?‘l%@éﬁgdza@ © i‘VBP)(%gl?ﬂ‘&Bé&g‘t’&g’a%‘i’rﬂiag?mpor ous
crystallinejol ¢f behit MBYENG fr&Qut SH9JH ©50atmBYPHel R Feledd, ZLObAE Y,

nmordenite or an MAMWstructure type nmaterial having an X-ray diffraction
patt ern i nchhait Agockbeywta} attnosplxdresa aaveight, oniySpace ododty, (VWHEV) basedand

3.420. 07 Angstrons. 037] The X-r diffr Laon, dat a 40 aracterize
sai d above ’%\Pléﬂp&g € y%é‘lt‘ﬁraggéa@%ta_ ?‘F‘f;déi% EQ%?Hégg(?gﬁcWﬁ&qaﬁég usi ng
the 1 C al phgofiostthet] B! ORIk 585hrt'N@nd ACIE6Yf Bentdmt toOfropyienéin the
di ffractonmeter equipped with a scintillation counter and associ at ed

conput er asalkilatien r¢astor jod frozy shaiin0. N te pbeut SOHawPls mens rpistEdlxipmy
diffraction_ji i . exanple, MCM 22 (described in U S. Patent
No. 4, 954, 32%'%‘%“%@40%8{"%3?&1r‘}“§£a&in U S. Patent No. 4,439,409), SSZ-25
(described [0o3W) S. Waehénzdioe ivdalBAGtedvi)h acBRylhticgagattisblected fronu tiepean
Pat ent No. 0293032), .1 TQ.1 (described in U. S, Patent No 6,077,498), 1TQ 2
(descri bed Eipup eonsisingRf Ixbutens, Zshutone pnd npestuyes (hesecds fh@Epquee \igF-
2005-118476 %@%& 3rdadEsit hiavedsd . S : MCM 49
(descri bed ?)url]ty . .e%g’a%héenl{e(aNo. %{ 3&61565%%4 Qﬁg@%&é%ﬂ?ge@g%%g%ﬁﬁﬁnsu S.

Pat ent No. mmcBEIgHS omperitute ko 2bbwti Fytopatrout 260°4, Ipyefprablyefrorachbout

[ 0038] Zeol i Bet.a | jsclosed in. U S  Ratent 3,308,069. Zeplite Y and
ror doni te obGUF b 2aNG S SLTieat B3 a5 BRSBRATHEFHEEIN hot o
forms, suchggm Mdut a%aabb@tiﬁéwﬁ%e%mlamw%%l&ﬁ% Bu"t’eng-aﬁ(ylﬂﬁ{ nt No.

3,449,070, Rare earth exchanged which is disclosed in U S. Patent

No. 4,415, 4a8nt ahfomehorod.démiabent 20 1a” , prefemtie fiom shoutid Ao eowsrlépured from a

reaction m xture comprisin t.et raethyl.anmoni um di r ect. ent), which is
di scl osed i ?imff gtloﬁﬁgmenﬁg%a’efu%%'g,aggéatg]ﬁaagg?%@f?féﬂﬁ H—g\i&\@e &Y PE%F‘I’ t he case
of TEA- nor dgrifdrebly SrontiSout N 1tth@béutasmblay ati on catal yst, the particul ar

synthesis reqgi nes described in the patents noted | ead to the production of
a nor deni t e[B8HuctThessisbst tprase pr be prespRidRYRtoR Y COPPSISAPEe Of MRS, si ze

greater thap.:1. .m AV o] . o] . ] I een
Pound 1t hat - Sisier SP4HR P alith sfbits YohBoeial RickSs Tarime bUBRRERT,
has an aver stgetaey séadite Berae (deberibedsint Uath Hatént Nar3)B08,8e60)] bs anMavw

transal kyl ation catalyst with materjally enhanced_actiyi for liquid phase
aromatics t FEHFSHP KYPLEREnas, | b%f“??r]l@’ these ﬁ'laKWSQITan A AEEICHER Ra e s r ed

for transal ﬁ%ilﬁﬁﬂgoﬂ-sg%é)?ne%lﬂg%e@._ : ,yéézai.if&,ﬁels*zmofraﬁ@ﬁm%esis

m xture having a nolar conposition wthin the follow ng ranges:
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-
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118476), MCM-36 (described in U.S. Patent No. 5,250,277), MCM-49 (described
in U.S. Patent No. 5,236,575) and MCM-56 (described in U.S. Patent No.
5,362,697). The catalyst can include the acidic, porous crystalline material or
molecular sieve in unbound or self-bound form or, alternatively, the material or
molecular sieve can be combined in a conventional manner with an oxide binder
as hereinafter detailed. For certain applications of the catalyst, the average
particle size of the acidic, porous crystalline material or molecular sieve
component may be from about 0.05 to about 200 microns, for example, from 20 to
about 200 micron. ’

[0035] When the reaction mechanism of the present invention is alkylation,
the alkylation reactor effluent contains excess aromatic feed, monoalkylated
product, polyalkylated products, and various impurities. The aromatic feed is
recovered by distillation and recycled to the alkylation reactor. Usually a small
bleed is taken from the recycle stream to eliminate unreactive impurities from the
loop. The bottoms from the distillation may be further distilled to separate
monoalkylated product from polyalkylated products and other heavies.

[0036] The polyalkylated products separated from the alkylation reactor
effluent may be reacted with additional aromatic feed in a transalkylation reactor,
separate from the alkylation reactor, over a suitable transalkylation catalyst. The
transalkylation catalyst may comprise one or a mixture of acidic, porous crystalline
materials having the structure of zeolite Beta, zeolite Y, mordenite or an MWW
structure type material ha{/ing an X-ray diffraction pattern including d-spacing
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



1120/0H , 50 - 70 50-60 [0040] The crystallization is conducted at a
tenperature of 90 to 200C, for a tine of 6 to 180 hours. [0041] The catal yst
for use iwobth@/po@sent i nvention may include an inorganiPcTaseas/onEBer i al
matrix or binder. Such matrix materials include synthetic or naturally
occurring substances as well as inorgald c materials such as clay, alumna,
silica and/or netal oxides. The latter may be either naturally occurring or
in the 14 formof gelatinous precipitates or gels including m xtures of

silica and ' : I Ik I e a nposi t ed
with the i n{%‘%ﬁ,‘%‘?@)ﬁ%gﬁ %’ePﬁé?ﬁ?g’y%O%ﬁx%b?ﬁggé@%ﬁ n?tﬂ%?eﬁ%'ﬁf rpr%tjraﬁ ]ﬁg'ni te and
kaol i n fam b1286,575indMCMHASH i(dsctibel ind & St Paterg b Sriie@rad7g svinMEMe 2%k aol i ns

comonly knpwn as Di xi_e, Ne}[nse, Georgia and Florida clays or others in
whi ch t he ‘?lﬂgﬁ?rﬁ‘@\lglyé’fflr\{g‘?? ‘uent is halloysite, kaolinite, dickite,

nac reijt e of n?{mﬂi‘i t &ZeoRHCBeta @RS AU 85 PaehiIND NR30SW6S 2Edtit@y &Hd gi nal |y
lally subjected to calcination, acid treatnent or chem cal
nmodi fi cat i omordenite occur naturally but may also be used in one of their synthetic forms,
such as Ultrastable Y (USY), which is disclosed in U.S. Patent No. 3,449,070,
Rare earth exchanged Y (REY), which is disclosed in U.S. Patent No. 4,415,438,
and TEA-mordenite (i.e., synthetic mordenite prepared from a reaction mixture
comprising a tetraethylammonium directing agent), which is disclosed in U.S.
Patent Nos. 3,766,093 and 3,894,104. However, in the case of TEA-mordenite for
use in the transalkylation catalyst, the particular synthesis regimes described in the
patents noted lead to the production of a mordenite product composed of
predominantly large crystals with a size greater than 1 micron and typically around
5 to 10 micron. It has been found that controlling the synthesis so that the resultant
TEA-mordenite has an average crystal size of less than 0.5 micron results in a
transalkylation catalyst with materially enhanced activity for liquid phase aromatics
transalkylation.

[0039] The small crystal TEA-mordenite desired for transalkylation can be

produced by crystallization from a synthesis mixture having a molar composition

within the following ranges:
Useful Preferred
RR+Na" = >0.4 0.45-0.7
OH/SiO, = <0.22 0.05-0.2
Si/Al, = >30-90 35-50
H,0/0H = 50-170 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



[ 0042] Specific useful catalyst matrix or binder materials enpl oyed herein

I nclude silica, alumna, zirconia, titania, silica-alumna,

si | i ca- meyoesd7a306ss51 i cazirconia, silica-thoria, silica-peryiskooa 017734
silica-titania as well as ternary conpositions such as
silica-alumina-thoria, silica-alumna-¥rconia, silica-alum na-magnesia and
silica-magnesia-zirconia. The matrix can be in the formof a cogel. A

m xture of these conmponents could al so be used. [0043] The rel ative

proportions Mol NoSPY i LBk I I ar sieve
and bi nder gdr}ﬁrr%t }aff(},ﬁ b]%fﬁ}%crlgg%%ﬁ g‘rérrasgﬁ(%gdrd;é {\?M&XJ[E@ y wilﬁjf\ast em%f?ly(g{f%glsl I ne
mat eri al or Nabhralbu becursng \céays owhieln t can abwg icompbsieh witlo uhe lindrgamb oexided9

ber cont by HEVBHL Inshu B i dipyioniemn gap Lt FORgs o JReeny

conprise a $RifdchiRsBehueRbEHésPAndOhe TROIBEU AMSHIP KBoRh BMDiKRDEMNAERL eri al  or
nol ecul ar sieve, thereby being about 100% aci dic, porous crystalline

mat eri al or Geotgiec ahd Flemday elay§ 00 olicThan ohiichh e nfask nuiveral gondtiduept désent

i nvention, or,.il cidi.c, .pprous crystalline terial or ecyl ar sieve
conponent , ﬁ'ﬁ@f’yﬁe’ %ﬁ?/mﬂ'& dlggiﬁ‘?’ gfi?flctgﬁﬂglbaum%c?@nciﬂszcﬁ?i SH?%slﬂgﬁe 2 for
exanpl e, a ®RicAds OfigifIB hiddd Of iditially s@jéttddlo caltibonyldeid gegimetoand Re)
or Goup VIIl (e.g. Co, N, Pd and ), or phosphorus. Experinmental Methods

[ 0045] The f ehinpigplmepdiieationent and feed pretreatment nethods were used in

t he experi ' de ' | .1t = |t [ tion.
Equi pnent Fg(gjﬁ%i A %%hﬁﬁg%gre?ﬂb%%ﬂﬁgggaﬁgg %Ijngl%ggl)s(e eggsi %%%%9%?1 g{]sti r rod
and static gaflaleyslicd)adkeinanwaicomsgditbia, siiea-altinina,t yilicawlagmdsac tsilicat y
nmeasurenents, The .15 reactjon _vessel was. fitted with two renovabl e vessels
for the intZBeRMa isisadhonze sicabenilie, silicaitae a wel @8 feray pompositions

such as silica-alumina-thoria, silica-alumina-zirconia, silica-alumina-magnesia
and silica-magnesia-zirconia. The matrix can be in the form of a cogel. A
mixture of these components could also be used.

[0043]  The relative proportions of the acidic, porous crystalline materials or
molecular sieve and binder or matrix, if present, may vary widely with the
crystalline material or molecular sieve content ranging from about 1 to about 99
percent by weight, and more usually in the range of about 30 to about 80 percent
by weight of the total 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



Feed Pretreatnent [0047] Commerci al grade benzene was pretreated with

nol ecul ar sieve 13X, nol ecul ar sieve 4A, Engel hard F-24 d ay, and Sel exsorb
CD. Pol yreo 2go7ai3e05pr opyl ene obtained froma comerci al epEdiSaddbpiTases
source was pretreated with nol ecul ar sieve 5A and Sel exsorb CD. U tra high
purity grade nitrogen obtained froma Eonmercial specialty gases source was
pretreated with nol ecul ar sieve 5A and Sel exsorb CD. Al feed pretreatnent
materials were dried in a 260C oven for 12 hours before using. Al
references fQ.REN76A8, whE FRIEHSHE 304 f%h{o"vg&@”ve §e?{1?5r fh% TS aEAHIESE! al
grade benzene, the pol yner grade propylene, angl the ultra high purity grade
ni trogen, tbaizeheand fremyicmrrespestivady. as descri bed herein. [0048] The

fol |l ow ng re for determ ning proton density was used in the
experi ments 3, the non-1imiting exanpl es of the invention. NVR

Procedure fgisfet erdBnhagiad Rl heReaR! Wik ]{n@ﬁ’éa‘?éd RithhBoREaSEaEvd Mysgnt i on,
the NVR procedure for determning the proton density of a catal yst sanple

is as fol | omolectiae sipvotidn Engelliard Fel4 Llayatantl\SslexsarppCP. nBlybwst dmwadser mi ned
usi ng a shal ] ow bed CAVERN device, shown.in Fig. 1. In Fi a .CAVERN
ovi ge i o <PSRALeRh PRAAT Homh - EBier S Rty b3 adteet G o5 bbradEa Jal hovsi ng
6 connect edmblechii Bieve 2A dnd\Seldksérb"ED haltrs Mighlpurdy ghddb tnithebed oblaagsl t r apdoor
16 over a catalyst bed 14, neans for a vacuumline 20, and neans for

heati ng vi affPHet saseBersiad spegially gsemiograg. wagl naetscatqdowith modeculps sicye8A a 3 nm
stainless s I & SS
trapdoor 16. eéé)éétg Eihe ég‘gpgete géﬁ?@%@@%&%&t‘%}gtﬁg d%ga ?ﬁ@%%’“? 12

mechani sm 112 hedre befoye iidige. gAHsfetandes tb benhadreeprophlenghiabsittopandefer tol6 above

the catal yst bed 14. By gently turning or shakin he VERN deyi ce, the
catal yst saWﬁICé’n{rﬂ‘HﬁlaE _ ;E)ep%gnpstherﬁogwpﬂegrmpyogxyiﬁne,lgcﬁ '%ﬁi‘_gt%xl&’g’ess wor ks
for zeoli te?urtﬁg%ra{@trﬁtko | fgt RRVERES reﬁa'a{t&i‘gs' a&ielksid rdiggar ding the

operation o CAVERN device are disclosed in Xu, T.; Haw, J. F. Top.
Catal . 1997[0048] 109he1®]lowit NMR apreceduey édmddgrmisingr protom. daBO$0%an or der

to determ ne the proton density.of.a,catalyst sanpl hin | ayer of the
catal yst salsidl Heexngin S§E%C¥‘Pﬁ Fﬁ&e 83?'&?‘9@% 'ﬂ%"pﬁ% cﬂ}tﬁq FECERIERN devi ce,
and the tenRMRPHIRIGE b BetembialntStro®aTNgityi @ t hermocoupl e 13 was rai sed
to the 16 desired tenperature for evaluating the catal yst sanple

(" Speci fi ed0W# Pr de thesprasent invertinay thedYMR) proerfere Hufietemniame thepivton by

vacuum | i ne L o.remy ny.mistyure a rbed on t.he ca t.s | e. The
cat al yst sa(rir%ﬂ%%}g \(K/gg °5?§1;¥|§tc% >1/e ﬁeﬁsdtgg(fwsf E@%d%rs? I orne(ia]en%lgyn%fe:? éf%q%l&% SF%]% hour s
under such agbedeRihiaed tsndyBhaTRASHCORVERN 864ck] dievit g . epefigd

catal yst sanple was | oaded into a 5 nm NWR rotor, .
1, a CAVERN device 1s shown which is comprised of an upper housing 5 and lower

housing 6 connected by joint 12, having a mechanism 11 for lifting a glass trapdoor
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



such as MAS rotor 19, and the rotor was sealed with a Kel-F end cap by

mani pul ati ng the CAVERN device. Al the operations were perfornmed while the
cat al yst worgpd7ei3m#Es still under vacuum ensuring the samprascoseyrBdy for
NVR study. After the desired NNIR spectra were acquired, the weight of MAS
rotor 19, the catalyst sanple and the Bhdcap 18 was determi ned foll owed by
wei ght determi nation of the rotor and the endcap 18 upon unpacking the
catal yst sanple. The difference in the two weights was the anount of the

catal yst sagpl@di & +MAS &0t Qb1 fns [ H@5 t'é'lgg"t | - ey r f or med
on a 400 MHz so i(lE: g%e NVR speé%r%%e‘?lgr %lép rati ngiéar@gg%.l%&M 'z Tor 1H.
Quant i t at i vBretieitnepeTemperaipred) uivteaiswifidichy vicnemuseyaiumdiner20sy methowni zed

spi n-echo sequenc r{2 - tm- 7 -t - EcC using 8 to 12 kHz i nni ng
speeds. Typf“%'amoif?‘fr% .agﬁ%ée@?ﬁ?ep%f‘%@g,%@ﬂﬁ- B&el‘"’?gah}ﬁg S%Bletvbaf_%?w 1?98. 1 us
vere used fRggldentSRé RN RRPRANRE f8r KHEourSRAG: icR GRS $riés tOANIMRE sol i d
echo sequence showed sone background signal, presumably fromthe spinning

nodul e and tieesusededp 18 of the MAS rotor 19. A solid echo sequence wth

DEPTH 1 errov fibgifie. PAEGLoMITL) ko! LML DE RRFSH LA TE Rt Rgavence

descri ptiong@h & IRERDIbS eYUERE ehed BREA s dtalelr with DKGIF Bid @agyby WM
Magn. Reson. 1988, 80, 128, incorporated herein by reference. A pulse del ay
of 10 seconB¥nipgkiingfhq CAMERY devigeiadli thyiopgraties warederiormed wile e cat al yst

sanpl es tes (o r . SIE‘E-I‘;Rt (2.1
ppm. All t&aggysétg%? ﬁe)é(;%,g eﬁ‘lllt:{glﬁgrsﬁ%@@’ \%géri%ﬁl etﬁée?élﬂ eeﬁn{e%ﬁp)eﬁrane yl sil ane
(TMS) at O mpdy. AGESGE HesirgdrMMRnspdetns werees qhiped, e weight ofadASyotondgj zed”
acidic, porqus crystalline terials not yet .treated in accordance with the
above net hot!® ‘éﬂﬁgithé“l"éﬁlﬁraélgﬁﬂlet ﬁ‘éACF‘Prls,gt %d?ﬁ?%ﬂe%tfoalf‘&‘,’edagﬁ ‘é‘{glgﬁbl | ows:
17 Acidic Pagaminddonsdaht rii6r M &6 iAlEROf dae.a%t; ld fpis: 10 nrnol
pr ot ons/ gram zeo?i te Beta MCM 22 % 22 a;}m)sf)ﬁbprot n{hél%{%%g% ﬁ&ﬁ?{%%&f%l%} 36 2.14
- 2. 24 mmol The difémericgrinrthevioke 3@ights was the amount of the catalyst sample in the

MAS rotor 19.

[0052] 'H NMR experiments were performed on a 400 MHz solid state NMR

spectrometer operating at 399.8 MHz for "H. Quantitative 'H spectra were obtained

by the use of rotor-synchronized spin-echo sequence (w2 — tp; — T — tp; — Echo)
using 8 to 12 kHz spinning speeds. Typically, 3.5-us /2 pulses, tp; of 125-us and
tpz 0of 113.1 ps were used for a spinning speed of 9 kHz. Spectra acquired using the
solid echo sequence showed some background signal, presumably from the
spinning module and the endcap 18 of the MAS rotor 19. A solid echo sequence
with DEPTH removes the background signal from the spectra. 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:



MCM 49 2.14 mmol protons/gram MCM 49 MCM 56 2.14 - 2 24 mmol protons/gram
MCM 56 [0054] OF course, these acidic, porous crystalline materials in the
third hydwetzoemi3sdisat e of havi ng under gone treat ment accecwiusgookoit’d€ above
met hod woul d have proton densities greater than those |listed above for the

sane nmateri al

in the first hydration state.

determ nation of the Proton Density Index was used in the experinents

described in the non- Iim'ting exanpl es of this invention.
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would have proton densities greater than those listed above for the same material
in the first hydration state.
[0055]

was used in the experiments described in the non-limiting examples of this

The following method for determination of the Proton Density Index

invention.
Determination of Proton Density Index
[0056]

ratio of the proton density of the new, treated catalyst composition to the proton

The PDI of a particular catalyst composition is determined from the

density of the original, untreated catalyst composition. Such new, treated catalyst
compositjon may be treated in accordance with the proton adjustment techniques
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



a given tenperature, divided by the proton density of the original,
untreated, catalyst conposition neasured at the sanme given tenperature.

[ 0057] ThewbIR BIBeassr omet er used to determ ne proton den®CryuSees/o&77%ar i an
Infinity Plus 400MHz solid state NVMR with an Oxford AS400 magnet. [0058] The
followi ng catal yst reactivity testing pfocedure was used in the
non-limting exanples of the invention. Catalyst Reactivity Testing
Procedure [0059] To prepare a catal yst conposition for reactivity testing, a
specified a al J i : air in
an ovenat 3 40, RemBrgls oG BIRLE f0n ey of AGOIBIERHREARG, T

Dryi ng Tenpeatalysircehjpokition 2ndaswred at thb samna pivky stmpszatplee was renoved fromthe

oven and wei . ar chips were used to line the bottom of_ a.basket

fol | owed byl[%ggi n%ﬁms&%‘m@{ﬁ@{ “%ez‘rfﬁldéte 105 PERIRR SR VR VBPYhE t he
first layer hﬁ{njtglﬁﬁéloon@_l%!’sém&b)ﬂemwﬁ%M@@fd@h@@ﬂdomghé}p of the catalyst
sanpl e. The basket containing the catal yst sanple and quartz chips were

pl aced in af0038kn &Ffhet fdloSpeg ichiabydt Eackvity teXing myockdnrsewas wsed iim thdre
presence of air. f.or ﬂour S.,.[0060] The reactor and all lines were

. b 1 .
cl eaned wit Hgl'ilgﬂﬁnt‘ga%fagypé%ﬁﬁé ¢ OVEHE as tol uene) before each experinent.

The react or GapdystRbadtivit@ TewiEPidteRge i N air after cleaning to renove all
traces of cleaning solvent. The basket containing the catal yst sanple and

quartz chi pf00A8l e rEqovenars povialysé covpasitipinferirerctyyy prstBsda isneqified r eact or,
and the rea uggnt"‘@fga 'c’!g'rf;gs'ér%g@ %ée@?f gﬁ?& ?I? the Bfes r?c%%toﬁg b 'EBeqszetnua{tea was set

to an in-si rying t pecified'In-situ yI ng nper at ure")

and purged wpdcificHOR-aiGviyink tampérogen("Speci@edBxHsu Dir(ig Temiperaterattfor
tenperature _was then reduced t(i)el13OC, th rogen purge was, discontinued

it
and the r eadthoprsy ehe eatelydipamplel s ienﬁ‘?véﬁyfgflﬁ’&ﬁlﬁ Pyenndpesighste QHAE oaded
Into a 300 efipt %Fbgﬁs%g t%! ;ﬁﬁ? S‘%’ bRl O MBAskENfoore@BdoRMNS 6Mhe ERGIRENZENE

vessel was prgssurl ze psig wth a nitrogen”source and the benzene
was transf esampleiimbdh¢ hasketar taprof thé dirsidayteavd quartre eQuanteschipt wes tBe0 r pm and

th t | | t ilibrate f hour .. [ 00621 A 75 k
{ranst or veBUER! fBLSH REMe SoFHIER) HRPH- SBIOSREDIATPE Q0 (B SHFIRE and
connect ed t gnd hfafte 2GRy Weds Sfthoedaftfl ahNEvEnC @N RS tRcMietl NERRAU PBHENg

Temperature in the presence of air for about 16 hours.

[0060) The reactor and all lines were cleaned with a suitable solvent (such as
toluene) before each experiment. The reactor and all lines were dried in air after
cleaning to remove all traces of cleaning solvent. The basket containing the
catalyst sample and quartz chips were removed from the oven, immediately placed
in the reactor, and the reactor was immediately assembled. The reactor
temperature was set to an in-situ drying temperature ("Specified In-situ Drying
Temperature") and purged with 100 SCCM of nitrogen for 2 hours.

[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



ni trogen source. After the one-hour benzene stir tine had el apsed, the
propyl ene 19 was transferred fromthe Hoke vessel to the reactor. The 300
psi g nit rwgenoEBuwsse was nmai nt ai ned connected to the prepylse@owessel and
open to the reactor during the duration of the test to mai ntain constant
reaction pressure of 300 psig. Liquid B oduct sanples were taken at 30, 60,
120, 150, 180 and 240 mnutes after addition of the propylene. These

sanpl es were then analyzed by Gas Chronatography with a Flame |onization
Det ect or an RRVE, t hese
exanpl es, e s%ﬁﬁg |d\e/i§Orh of ﬂ%ev%gast ;;llgei(ﬂeé%&d ot 3}(@% gﬁlgtokgp%tl vity")
to the deS| Wesimamlamexbydltblentzémeﬂ(ecpmpyieﬂe pesssdlmﬂ opast@ﬂiecmhabedlurag t he

ratio of isgpr | be neto di.i sopropyl benzene IPB/D afte ropyl ene
conver si on &‘ééﬁ‘% nﬂ%@% tel Qi TRia esms éf‘?’ga? UG )Y ??B‘é?n%fgg d?sé%ttltquo _
sel ecti vi tyP&fdu&th SansRtAeRd tARAPIEI0, %60, SIORY ABY) D8N ZEAS24C HITBREY afid) SO, 1N
these exanples the catalytic activity of the catal yst sanples was

det er mi ned dddigen cefl alne nfgopyienaznd Theste satapleet erer dhen conbredt byusGay

mat hemat i cal, t ec n| e skilled in t Cat al yst
Aot Ty CRsgeaerAe Stk g e RitaBan EEHER Ehd afttsten KB I bgtRos ver o
used in thesmn@ﬁfmﬁeaﬁs described in the non-limting exanples of the

i nvention. Proton Content Adjustnment Techniques Proton Content Adjustnent

Techni que #10068b65)In rheisecxanmien thnseleetiviieof Hieemtplysl, samplariCatabst cat al yst
ryarat on st aeaRiffre BRI LD TRRhS ol R Albuued kST

peci 11 Cal 'y ot o 7o e B o AL 0 Lhe cont o ey o] owy 50
ag to di spl SRIYELHqN Kep 19@‘%&&%“@}8}1@{ IPE{IRR rafip meqns arggeateraipleciuaitngk ¢ omyup
Vat er was aﬁﬁ%d{ﬁ ng%eto b¥sibe ng&m’(éﬁé cangy &t flae %Qxlﬁgﬁg i th water

and the | evel s appr oxi above the catal yst
sanpl e. Thecatayti¢ yasmwaauﬁ)tm @tﬂﬂysnaamplemmaa @Itdmmmd o calemiaimg thed2rst ur bed

under these on ons for eC|f| ct t.inme act Tinme") of at
oast about oL BisHE TheREnt PR SOEG G Yol IB6R0 ottt os o
greater,  togdRaPHahEad (ALK Acti®AYD! € having a second hydration state
(rreasured in mol of protons per gram of catalyst sanple), in which the

sai d secondl099dl} at ilhe fetlavmeriotg epnieat edJusmt teghuighies wpremsad anilen st ate.
After the CQ)H) %ﬁ{ents' 4% Crlbeﬁ n etn%gl-llmf?mg examples of the invention.

Proton Content Adjustment Techniques

Proton Content Adjustment Technique #1

[0065] In one embodiment of the invention, a sample of catalyst comprising
an acidic, porous crystalline material and having a first hydration state measured
in millimoles (mmol) of protons per gram of catalyst, was placed into a suitable
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



decanted and the catal yst sanple was allowed to dry in air at anbient
conditions for at least 8 hours, to generate a catal yst sanple having a

t hird hydwetznem3sdisat e (neasured in mml of protons per @rcamsedocoat’ad yst
sanple). Proton Content Adjustnment Technique #2 [0066] I n anot her enbodi nent
of the invention, a sanple of catal yst20 s exposed to water in the vapor
form(with or without a suitable carrier, such as nitrogen) at a specified
contact tenperature ( Cont act Terrperature ) and at a specified contact
pressure (" Gonkagty BESSHER)carkAPREL bitowld Id o3RSk EFRGHICBRALio®! t he

i nvention, rst een treated in accordance

wi t h Pr ot onfecantledst 8Aﬂjun§tmgamerél’tecmmtﬂyﬁ ﬁﬁpleshmm\att}ue@hgdlrahm awbor dance
wi th Proton Content, Adjustnent Techniq é 006{3}: n still yet another
enbodi ment  Gpeashesd |lﬂm?|‘éﬁr°t?1?§epet§§’faé’il9§?at H5PEP%at has first been
treated in atgent Adj ust ment Techni que #2 is then
treated in ggg%ﬁggﬂ%gtm Eutnlgr ot on fglnt#gnt Adj ust mnent Techni que #1.

[ 0069] Non- | {06i66] ng Iax amphes embodinient wétthe anmmmnmdeampiea@l%oa’@h/ﬁtes with the

above descri bed the u uch | es_ in.al kyl ation

experi ment sex%ﬂsﬁgg%é’@?‘?rb‘ﬁgﬂw’?ﬂ’?r éﬁ@r fiPeor I ﬁ‘h‘ﬁ %/51}1}%%"%6[1&6% er"r%%t s.

Exanpl e 1 - LQR6Eh) Tﬂteacs@teahyé Tcoﬁt@@ﬂf’{eﬁqﬁéfatﬁ@' @CEXasPTenPera R |a$1&dat8e0Wt %

MCM 49 and 20vvt%a| um na G) andits proton density was determ ned in
P

accor dance W@iﬁqdmnmﬂmaiﬁs@t%ﬁ gtaf:td?re@@fee) m ni ng Proton Density, described

above, at t eci Pre u rot on
density was ?@6?? I L e?‘no eér?{nof) aeglgl %&8 tn Eﬁed?%%& Osgmtp 5{1275 ab [0071] A
0.5 gram pohkd @Rt Bdentthateddh abdbidanaamﬂh@roﬁontdvn&nEMmh&eﬂ Twelsnitpes#led

is then treated in accordance with Proton Content Adjustment Technique #2.

[0068] In still yet another embodiment of the invention, the catalyst sample
that has first been treated in accordance with Proton Content Adjustment
Technique #2 is then treated in accordance with Proton Content Adjustment
Technique #1.

[0069] Non-limiting examples of catalyst samples made in accordance with
the above described method, and the use of such catalyst samples in alkylation
experiments, are described with reference to the following experiments.

Example 1

[0070] The catalyst sample of this Example 1 comprised 80wt% MCM-49 and
20wt% alumina (AL,O3) 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 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.



in accordance with the Catal yst Reactivity Testing Procedure at the
Specified Ex-situ Drying Tenperature of 250C and the Specified In-situ

Dryi ng Tewpenetwoessof 170C. The Catal yst Sel ectivity of pChits2@aai7gst
sanple was 5.92, determ ned as the weight ratio of isopropyl benzene to

di i sopropyl benzene (1PB/DIPB). The Catdl yst Activity of this catalyst

sanpl e was 363. 21 Exanple 2 [0072] Anot her portion of the catal yst sanple
of Exanple 1 was treated in accordance with Proton Content Adjustnent
Techni que # ntact Time of approximately 1 hour, to produce the
treated cat%ﬁa'sh?gsza??rple of this Exanple 2 having a third hydration state.
The proton {0072] t y Afiothérepdriion df tiyed catbliystinsastpde of dixatipte 1 rvesst echtahiml yst

| 1. 85 mmol | f catalyst (third hydrati tate),
et er m ned FisoRADER adficlrofb, o F AReRBL SetPiieal Hok EPRER RGHHG1 on
Densi ty, de@rbﬁ%tayqvmr,aio blagucaP@eitfdafd MR IIsBinbRAGIRIN Fgﬁgi%rzat ure of

250C. [0073]'A 0.5 gram portion of the treated catal yst sanp f this
Exanpl e 2 whavingsithidd hydration staten CEhenprotont demsitia ph thesthirRdvydration tsiateTeSt i ng

Procedure af, the eci.fied -Sit i ng_Tenper at ur f .25 nd the

Spect 11ed 1 ResPRUbRaMY StmmiPat fe ot poceame Cieufy iy gl Ty o

t hi s cat al ystate}arepdr@inedSn Gc@fdande eih the BUVR Prédedumelof Detei@inify Plotdnl 13/ D1PB.
The Catalyst Activity of this catal yst sanple was 383. [0074] The [W of the
cat al yst saksnrutypfdestiibed Bbanpl & the\wpscified N Sactregtrpent 1Teggperaiuee pepresent s
an 8% ncregf@,d' n the proton content (determ ned as mmol of protons per
gram of catalyst) as conpared to the catal yst sanple of Exanple 1. The

Cat al yst Sel[0078] vi tA 0.3 2o PbRBh of the heatedt @katgst ssmplel ef this Ekamplexdanpl e 2
di spl ayed an increase of 17% and the Catalyst Actjvity_ di g{ﬁ%gyed an

i ncrease of W8S doyfedhi pesppieped Wil the Latalyst ReactivhypJieging Prog &t the Exanpl e
3 [0075] Th . i 1 : o to B
[ ] ?B&f?ﬁéd ¥kits B Oﬁnf#e%ltﬁre%@ @ agg g%éﬁgﬂ B pAsY | te Beta

and 20wt % alumna and 1ts”p ensity was n acco ce with

the NMR Pr oTegipeatire bf DEICE). MTHY Ogalyst8 sdettivey oif this catelet dabite #ao694, at t he
Speci fied NVR Pretreatnent Tenperature of 250C. The proton density was 2.48

nmmol per * gr etewringd asiby seeight ratin of Y BIARE nThe Qetalyst Aciviey) of this gatghyat n
portion of Eﬂﬁplg@‘}a"é‘bﬁﬁ sanple of this Exanple 3 was tested

[0074] The PDI of the catalyst sample of this Example 2 was determined to be

1.08, and represents an 8% increase in the proton content (determined as mmol of
protons per gram of catalyst) as compared to the catalyst sample of Example 1.
The Catalyst Selectivity (IPB/DIPB) of the catalyst sample of this Example 2
displayed an increase of 17%, and the Catalyst Activity displayed an 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



in accordance with the Catal yst Reactivity Testing Procedure at the
Specified Ex- situ Drying Tenperature of 250C and the Specified In-situ
Dryi ng Tewpenetwoessof 170C. The Catal yst Sel ectivity of pChits2@aai7gst
sanple was 5.62, determned as 22 the weight ratio of |IPB/ D PB. The

Catal yst Activity of this catalyst sanf e was 23. Exanple 4 [0077] Anot her
portion of the catal yst sanple of Exanple 3 was treated in accordance with
Proton Content Adjustnent Techni que #1 at a Contact Ti me of approxi rratel y 1

hour, to prgduc t @1 thid d
hydr ati on sgh glg%hr@&g%tcﬁg%ﬁ%gnm?ﬁ E%ta eg%t?g ted %:Sa(t; a%lgégtré%\}\l/gle‘g 77 mol
per gram of 28atal yst (third hydration state), determ ned in accordance with

the NMR Procedure for Determning Proton Density, described above, at the
Speci fi ed N@&%ﬁ&‘_‘r eatment Tenperature of 250C. [0078] A 1.0 gram portion of

thetreated h the
Cat al yst Red! Ctl lty fsl?lf‘izurﬁ%r ocggiregélg%\@%hn{eﬁ ‘gstgggﬂaﬁl %x%%?ft}ﬁﬁ%rﬂ\% ng

Tenper at ur eacxfor(ﬂﬁﬁé:vxaﬁdPltom Cpmtentf Aéﬁistmms Technbuei #ﬂgatT 2 fontagt Uinee of 170C.
The Catal yst Sel ectivity of thi cat S |l e 35 erm ned as
the wei ght PBQrPBIWeVIﬂB%‘B}rP@ pPPﬁBce(ﬁt ?%Vgt §t \5’|f\,\€i ﬁx F%gﬁjﬁ’ WAt sanpl e
vwas 4. [00%9)4 %ati%ﬁ' st&k. Tﬂépﬁ@érﬁdeﬁ&’&y SO trBated chthlyst WP ehndol Wes

determ ned to be 2, and represents ‘a 12%increase in proton content

(det er mi ned gean nfrgatakyﬁt (thiot bydratien stgichrdebfrminaddnpseqrdancecitp thediMBo t he
t al yst | f Ca t t f th
catalyet sanpealy o IRebifinec Py Ttk SRR oyt o AR ShEded | L 0°

Cat al yst ACNMRtPfet‘!‘@&néﬁtl'ﬂeh-l Zauﬁ%o@fzsof’hﬁt of Exanple 3. Exanple 5
[ 0080] The cat alsxzt sa\r}gl e o ngl e 1 was treated.in nitrogen t %(i
sat ur at ed wil@®Shat ep lvhigism portior ebthedrratedgatalyspebinExample A wasdpd rrent

Techni que #g, Qﬁt ?dagggﬂl?tglrt};% t@%ﬁ(ﬁ:ﬂ{c@iv‘ﬂ&eaﬁ% ﬁ%@e&r%@ﬁeg JHeggyre of 50

psig. The réesulting ca i'n accordance with Proton

Cont ent Adj gtk Mg TRekErANe L5000 apd dauSeecified k- gt BryingTahpattusanpl e of
this Exanple 5 having a third hydration state. The proton densjty of the
treated cat @N%WGNaElelC&@lymﬁﬂlecb\Eﬁy of thin estalysisampletwastdd S deteyaingd pon

Pr ot on Dens 9 voatiehp BEABACE" The CARbAEAR I BORRGHBrl Bimalf bR ™

Tenper at ur e [0679950Crhe PDI of the catalyst sample of this Example 4 was determined to be

1.12, and represents a 12% increase in proton content (determined as mmol of
protons per gram of catalyst) as compared to the catalyst sample of Example 3.
The Catalyst Selectivity (IPB/DIPB) of the catalyst sample of this Example 4
displayed an increase of 66%, and the Catalyst Activity was still 17.4% 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



[ 0081] A 0.5 gram portion of the treated catalyst of this Exanple 5 was
tested 23 in accordance wth Catal yst Reactivity Testing Procedure at the
Speci f i edwBxeeV130058r yi ng Tenperature of 250C and t he Specirfuse@elon?734t u
Drying Tenperature of 170C. The Catal yst Selectivity of the catal yst sanple
was 6.80, determned as the weight rat?d of | PB/ DI PB. The Catal yst Activity
of this catalyst sanple was 377. [0082] The PDI of the catal yst sanple of
this Exanple 5 was determ ned to be 1.03, and represents a 3% increase in

proton cont gnt.LABh&s Wmed: : g@g#ti@a%ﬁféé)?focgﬁ[ere%g?{a% @Jsefﬁgh%xya{&z as

conpared to the catal yst sa el ectivity

(1 PB/ DI PB) Diyihp eTenmlesrtiys tof SIHOPC eandfthé [Spscifixdfpsitn Dreingpl ayedatare ofcr ease
of 15% and the Cat alpéSt Act i vi tér di spl ayed an i ncrease of 4% as conpared

to the catalY&C. shpCatabyst Belgaipity of thexcatabyse sempleon®st Fhedateriunsdsas sanpl e
f this Ex le. i 0 . 20w 94 al um i t
Gensity oo ey e AR oF TPRTARA et A AR R hOR 2R8I ¥ Br i o

Prot on DensBty, described above, at the Specified NVR Pretreatnent

Tenperature_ of 150C. The proton density was found to be 2.59 nmol per gram
of catal yst [Q082} st Fhedakqfdhe %tﬁﬁ@)s?lmp&ézﬂuﬁ\E@?@P&r%ﬂﬁ%éﬁﬁmﬁe‘bw hae

t al t i I i | t
Reaot ] vi ty. Teot Py pnls 2308 Fachedtdn pob bofloP (SQEARREL ab o6 21 2re o
150C and t hproBpmgiet igeain loffi catiatyst)Disy congpatedrrethatdatadyst kariple @f EtaenpEat al yst
Sel ectivit f thi l.yst 5.92, det i ned th i ght
Cati o of | S58F Sperumevin GDISRORY o ree iy Bl skp, ENHOIER ol yot
Activity of gispiaged @t flcveabe SRTPYE alBhellataly ¥ ROM)i6; displhiiaSal MBRhREs PO Li on

of the catal yst sanple of Exanpie 6 was tfeated I'n accordance with Proton
Cont ent Adj 4%t avenmpraedhioi theieatalystaample@ditixaoiplerl.ne of approxi mately 1 hour,

to produce Ehe tlregt ed catal yst sanple of this Exanple 7 having a third
hydration s - e proton density of the treated catal yst was 3. 16 mmol

per gram of [gB8BRI Y Stthe cdl Rt BinisI6 of thifBLAhsla BCRnrised StV ML acadur e for
Determ ning Proton Density, described above, at the Specified NWVR

Pr et r eat men20WEnpdiping aadgis pwden density 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
found to be 2.59 mmol per gram of catalyst (first hydration state).

[0084] A 0.5 gram portion of the catalyst sample of this Example 6 was tested
in accordance with Catalyst Reactivity Testing Procedure at the Specified Ex-situ
Drying Temperature of 150°C and the Specified In-situ Drying 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



[ 0086] A 0.5 gram portion of the treated catalyst of this Exanple 7 was
tested 24 in accordance wth Catal yst Reactivity Testing Procedure at the
Speci f i edwBxeeV130058r yi ng Tenperature of 150C and t he Specirfuseeebn?734t u
Dryi ng Tenperature of 150C. The Catal yst Selectivity of this catal yst
sanple was 7.81, determined as the weiZfht ratio of 1PB/ DI PB. The Catal yst
Activity of this catalyst was 251. [0087] The PDT of the catal yst sanpl e of
this Exanple 7 was determ ned to be 1.22, and represents a 22% i ncrease in

prot on cont & I I as
conpar ed to ch%@%‘ Mt?ﬂta‘;f’% ?tgjgpfeg{ngé]gr&%mg égjéﬂ gpé(i%‘. vity
(1 PB/ DI PB) Diyih$ q etiplepnyts tof SIBORT Qmﬂfth@S@H&iﬁ@d Tn-dits mr?xy@ @fperatarecsse of
32% and the Catal yst Activity decreased only sli to 91% of that of

t he cat al ysiSQ"ﬁl EXberphialyst Sﬁﬁ%tﬁpﬂYeOfghIS[mFMPbawaﬂ ¥/§1 dederpliredods t hi s

| 65w % d d t
ot or m nod T RaEH raer oo TR nEi bt Autib Ot R b Bl ey Procon "
Density, deﬁmvped BRPIN, of dhe &dﬂﬁgs%@%pfdcﬁdhl%maﬁpwma& aEbimineIResAat ur e of

250C. The proton density was per gram of catalyst (first
hydr ati on sié@e)md ravesnis a %Vgﬂm%@rmimfhm@fcoﬂlﬁ@t ééqtamyg@d gamleolof this

Exanple 8 e I LY, é?( !g g
Procedure a t n% %rdn?logg:&%yg@ %S cci%é” ng rrﬁ%{r ure }[5)1}4 t2F ?%édgt he
Speci fi ed lm’hﬁl@atals)stylSB@ctF&WpQH’EB/Dmpfoflth@Ccatalklﬁ Eaﬁﬁbysf Eehptd ivity of
the catal yst. sanpl e was 5.46, determned as the weig ratio_of

i sopr opy| befiselagcd an Mereasspioldyh i thn eatel xstsﬁeim}y deFﬁ@S@a%lwgghthm vity of
this catal ygfcy WJ %fﬁﬁ%aﬁgét @g@aﬁéghg 69 [0090] A portion of the catalyst
é at eco

sanpl e of Exa | east partially deactivated, such as
if used conﬁwgp;__l y, was regenerated according to the follow ng two-step

d t | yst ted.t f 385C
n an at mos|OBRL” nolIR G ERRR PTG SaRe e Lo e A dibons. The

oxygen COHC?W/@ta'hﬁﬂm‘éVa&%d'l&' profdn Medsity W05 Eteinfindll fn W&orddfice fith tHeen
increased again to 0.7 vol. % while the maxi mum catal yst tenperature was

mai nt ai ned NMR 6Pcedee ofed, DcﬂqenmmalR]gtpnm@gnm@at dagcnieds BDOYE, natathe
Specified NMR Pretreatment Temperature of 250°C. The proton density was 1.46

mmol per gram of catalyst (first hydration state).

[0089] A 1.0 gram portion of the catalyst sample of this Example 8 was tested
in accordance with 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 the catalyst sample was 5.46, determined as
the weight ratio of isopropylbenzene to diisopropylbenzene (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



25 atnosphere havi ng an oxygen concentration of 0.7 vol. % which was
increased to 7.0 vol. % while the nmaxi mum catal yst tenperature was

mai nt ai newloapoBBOBs [ 0091] This catal yst sanpl e was t henpPCrast@d/oareor di ng
to Proton Content Adjustnent Technique #1 at a Contact Tine of
approximately 1 hour, to produce the t?®ated catalyst of this Exanple 9
having a third hydration state. The proton density of the treated catal yst
was 1.97 mmol per gram of catalyst (third hydration state), determned in

accordance N\@ r FRLDY, R A descri bed
above, at t%“éﬁogﬁlréég?P e gtcrggéat%&rrgﬁ?ﬁ %%ergt/&réﬁggwfgg%? a%%doté)Z] A1l10
gram por t i on.0ofl.t?hevHilk s Bdxianinatatslysizanpératued whihmainkiaeipdts10°Qas tested in
accordance with Catalyst Reactivity Testing Procedure at_the Specified

Ex-situ Dryl00§1lrenpiiscatelshsampe ovam thopngcatse arqording 1ta-Bpton Bpyienly

T t 1 Vi 1 hi |

5 50 det er Al TeghigAt L PbomBbe BielotaipRhu ey, ERR WoproBaRp © fas
this catal ygie tsargd @tabps of Tds FxQOPR] T haviRph third hisgdration afajest Tieaptan of

Exanple 9 was determned to be 1.35, and yepresents 35%.i ncrease in the
proton cont GFRSIyY ng@rtFﬁaFFécFaE?iysﬁWﬁF 18 nﬁ‘inﬁ{ B‘gsgr e Pfﬁ?tg%tcﬁtﬁ%g@ﬂ?%ﬁn) , as
conpar ed tostgday, defdrRingdtin %@68?&%09%@ ProckifrefBt BE¥Hhimied Botdn/i 1Y
(IPB/DPB) o he catal yst sanple of this Exanple 9 displayed a 15%

i ncrease, abPdngitye desriey stboret atvthe \Speeified tINMR G4dtheafmenty afemyferatime ofat al yst
of Exanpl e § oExarrpI e 10 [0094] The catal yst sanple described in Exanple 6
was treated ?91 accordance with Proton Content Adjustnent Techni que #2 at a

Contact Te a} ur ea afo 2BCpaRdna 8B tRGted RIaBFvst lsBmple GOthRSEgarhple™ t rogen
that was saturated with water vapor. The resulting catal yst sanple was then

treated i n wesdedethde ascendancs it GatabyshtRasetiviey Josting Prausdnisi auéher1, to
d t he,t t { t of thi 10 .hayi : hi. hydr at i
D ate. The SPTBH hAlh e sttt antcaalt v iR D i hed 1

accor dance Wi oralifs BMEYTOCRT Aalh @ SO 0B REBUAAnBRNRA Yoodescr | bed
above, at the Specified NVR Pretreatnent Tenperature of 150C. The proton

density wasd@er®inedras theeweightaratio IPBAYEBYy sTh¢ Catatydt ietividy iobthis catalypt 26
sample was 174. ‘
[0093] The PDI of the catalyst sample of Example 9 was determined to be

1.35, and represents a 35% increase in the proton content (determined as mmol of
protons per gram of catalyst), as compared to the catalyst sample of Example 8.
The Catalyst Selectivity (IPB/DIPB) of the catalyst sample of this Example 9
displayed a 15% increase, and the Catalyst Activity 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).



[ 0095] A 0.5 gram portion of the treated catal yst sanple of this Exanple 10
was tested in accordance with Catal yst Reactivity Testing Procedure at the
Speci f i edwBxesi 130058 yi ng Tenperature of 150C and t he Specirfuseaslom?734t u
Dryi ng Tenperature of 150C. The Catal yst Selectivity of this catal yst
sanple was 7.09, determined as the weiZfht ratio MB/ DI PB. The Catal yst
Activity of this catalyst sanple was 244. [0096] The PIN of the catal yst
sanple of this Exanple 10 was determ ned to be 1.03, and represents a 3%

i ncrease in ro . ] rie@r am of

catalyst) al08SHDLOARY, G Gtioh dRAEL HLAE A E DL oPRt BAmPRI0N 5T

_Sel ecti vi t%/w(;% F/{Bgt&[ (ijB) gﬁ;@t)rdhml Q\athaDyisﬂlyss amafabd‘e‘viQf IEx‘mg)d leO@lln.@i atp{tlaayed gg y
i ncrease o % and the catal yst activit ecr eas 0 sl.i ght to %
of that of Sn@i%@d Bryifn Dwingxiéﬁ%eéatsr.e qixléﬁp(F &nd the sﬁdiallﬁlr%)%yﬁéogn The

tal yst | t hj le~11 i : - ¢ '
ungst on- 7 HEGRPEEoF B AT cRtROTBI AR P RO URY Carfblo RhEh 001
accordance Withninbe 2R WeieaesHioarBanIPBet eherCatatgst Alctiviiy obeliis ichtdlystlescr i bed

above, at the Specified NWR Pretreatnent Tenperature of 250C. The proton
density wassOnplg was@d#. per gram of catalyst (first hydration state).

[ 0098] A 0.5 poft i of .t h I : was
tested.in aé@f@%ﬂ‘ﬂ?@hﬁ%o@e(ﬁ@aﬁf& géé@%i"??@ﬁ%@ﬁen@ %ra %g@g@l}lge%go t he
Speci fied Ege3i03yakd ypheilie A% dhdtese ¢ tHi2hfitioandntdne (dBpemiddded Mmoki t u
Drying Tenperature of 170C, The Catal yst Se'&SCti vi'rt vvaz 1370, ldét erm ned
as the wei gif profauspep Bra aheatpysth ahsararedtodhe £38 YB%WB’ $9 R'$8/ DTPB) .

The Cat al ystr)héC%%fé{g%’ §%fgcﬁ$il3§ (F/BIYS] 0?alP! Gt Qamfi@(mﬁarﬁﬁe 10

(Conparative cat'al’'yst sanpl e of Exanhple was treated in
accor dance disbluytden BRicotaa o€20Ygand Ao easalys mptivite tenrepsed salyalightlCimt act

Ti me of appr.oxi ely 1 houyr, rodyce a treated catal yst sanple of this
Exanpl e 12 ﬁg%‘;%ﬁ%tot%mer@t#WPgﬁ?‘%ﬁp@gte. The proton density of the
treated cat gyyshiesSAnelctpiesive) 41 nmol per gram of catalyst (third hydration
state), detérmned inh accordance with the NVR Procedure for Determ ning

Prot on Densi[0097] desThd wetdlysbpampleatoft this Epewple dd sevEPINCdt PEAVTEND-

Tenperature c?}fsta%l?ri)ecmngsztzn-zirconia (WZr0O,) 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 0.37 mmol per gram of catalyst (first hydration state).

[0098] A 0.5 gram portion of the catalyst sample of this Example 11 was
tested in accordance with 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 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.



[0100] A 0.5 gam portion of the treated catal yst of this Exanple 12 was
tested in accordance with Catal yst Reactivity Testing Procedure at the
Speci f i edwBxesi 130058 yi ng Tenperature of 250C and t he Specirfuseaslom?734t u
Dryi ng Tenperature of 170C. The Catal yst Selectivity of this catal yst

sanple was 9.62, determned as the weiZjht ratio | PB/ Dl PB. The Catal yst
Activity of this catalyst sanple was 1. [0101] The PDI of the catal yst

sanpl e of Exanple 12 was determined to be 1.11, and represents an 11%

; . ¢
catatyst) K000 oh 3 O ROk §F S EREY SRt of 3his BEORANS 108 STEL
Sel ecti vi tﬁdg{-gﬁ%%&ﬁ&lar&% wikte Caadyt R&actﬁ@ﬂyp]‘@tmg PtduedurEmnimd Spéciﬁ@li spl ayed

a 29. 8% decrease, as conpared to the catal yst sanpl e of nple 11. The
Cat al yst AcEPiwﬂlt!ly Diging 1 Gemperaturhe of a2 W G's end athsi §P8‘F1ﬁE9<a¥Pp$1E‘ Hrying

10102] Non-| im ti ng { ti
react} onnme %’ﬁlﬂg ’f%f’gwgdr g:zeﬁf éqﬁ‘é@@%’ encﬁljé/ ¥8Ifﬂng kit HTP% {_‘L’ggg%iég] :Ao(r)]. 5
gram porti oReRfmibE 2 MeAh¥isht SABNIPS/OIPHX AP (Rtalyst fAdhsIty loy i lchatysst at )

was placed in the batch reactor as described in the Catal yst Reactivity
Testing Prosaupleayasdescri bed above, with the exception that no benzene was

Tomper at ur o WY 25ctoacpial P blis B RroCharlE PR an i LG, 1708

The catal yst 1926 fepyéents ant1a94 ﬁd:réﬁfsé i) ﬁﬁ p?o@nwatepr (lmérmmdais mAmol
tenperature of 25C and pressure of 300 psig. After a hour ctl on tine,
t he ol i goneef pxetpemPEr saut of waghsb) e@@p@aarﬁﬁd%ﬁhemw @EM@%I -t o have

an aver age gh 0 S 01 wt.%

o, 34, 24 wieotee Yo Yl Syepiins IR 6r Bicl highaC QR T hid-

by- pr oduct s Exkhepl 2 dikglafy €l @ 20/8% décxgawnnpoompamdcbé theheatolystatasple af al yst

sanple of Exanple 2 (third hydration st dint h reactor

as descri bedXpmplen- élékﬁea@% %&EY%W?@%%%P% ‘%F%X%&WBIG%%@F 2d above,

with the ex%i gption that no benzene was used and the propyl ene content was
he

i ncreased. Specified Ex-situ Drying
[0102] Non-limiting examples of the invention involving an oligomerization

C

reaction mechanism are presented herein as follows:

Example 13

[0103] A 0.5 gram portion of the catalyst sample of Example 1 (first 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
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



28 Tenperature was 250C and the Specified 1n-situ Drying Tenperature was
170C. The catal yst sanple was contacted with 56.2 grans propylene at a

t enper at Wwe 2067/B38B35and pressure of 300 psig. After a 4 rouruse@aoti’en ti ne,
the oligonerization product was collected and showmn by GC anal ysis to have
an average nol ecul ar wei ght of 152.2, ¥ th the product conprising 11.02
w. % C6, 34.99 wt.% C9, 26.74 wt.% C1l2 oligoners, plus other reaction

by- products. [0105]All patents, patent applications, test procedures,

priority dogunent artigcls bLications. I t.her unment s
cited hereirt e@f’ga‘ﬁ’ﬁ? Py ?%dc gfdéigrgg? ggecg‘@e@g‘f%wg n\ﬂ eﬂh%ff)ermfg#%u%u‘?%slﬁ cfions in
whi ch such itRe eftRRERdaRle tvas Beitated Reth Sb1Babheshylenzes aGahpdrates of | m ts
and nunerical uppér limts are listed herein, ranges fromany |ower limt

to any uppel51G mid prssure oh3@hpsigt ddter polvr wdction times, ithe eligomerizegiion

enbodi nents of, the inventi.on have bee escri.bed, wth partic rlty, it

will be und.BFoélP‘c‘)toWaﬁ ﬁ?ifecif r 8t .&I(r‘g?ﬁaﬁsésaﬁ l&nvse K {? erzi%e Iﬁ%%%‘?l%t to and
may be readigeyphiRete sy, thaSteSkblhd Gohdpricihg BIL02 With@s, 3dePawt.v1g9f rom t he
spirit and scope of the invention. Accordingly, it is not intended that the

scope of thd6Jkaitite C4Bpbigamershpluepthepeeattion hyeprodactshe exanpl es and
descri ption fofh ei £ t aj -be ued as
enconpassi ngo@sﬁ tﬁéﬁfpgge%sl’ é’%"egrtaﬁéﬁfc ea{r;l?lliasr’)ltt!éEEE 5@@[”%\/\%%&%@?@%}1{% t he
present i nvenidedn publicdtisds,Nehadlidls,f and ustker dbtwatient® Whtdd biertine atee dulbys
equi val ents thereof by those skilled in the art to which the invention
pertains. somomisb by eelarngenforialh yisdictions g whigh R 'RCUBHIEML iHn of
f eedst ock C(B%ihg&ng organi ¢ compounds to
[0106] When numerical lower limits and numerical upper limits are listed
herein, ranges from any lower limit to any upper limit are contemplated.
[0107] While the illustrative embodiments of the invention have been
described with particularity, it will be understood that various other modifications
will be apparent to and may be readily made by those skilled in the art without
departing from the spirit and scope of the invention. Accordingly, it is not
intended that the scope of the claims appended hereto be limited to the examples
and descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present

invention, including all features which would be treated as equivalents thereof by

those skilled in the art to which the invention pertains.



conver si on product which conprises contacting said feedstock under
catal ytic conversion conditions with a catal yst conposition
conprising an acidic, porous crystalli 2& material, wherein said
catal yst conposition is produced by th& steps of: (a) providing a
first catalyst conprising an acidic, porous crystalline silicate
material, said first catalyst having a first proton density, and
measuri ngsgingsfirst proton density using a solid state nucl ear
magneti c resonance nmethod; (b) contacting said first catal yst of
step (a) W@tﬁﬁmater in liquid or gaseous format a contact
t enperature from about 1C to about 99C, to add protons and generate a
second catal ys | : It and .measuri ng said
second p?l()t on %gﬂ%ﬁ 31% 5??%5'%2%% apéé%if’?gf ge?egﬁgcynﬁ%m%%srm%@na% i mpoutids to
I esonanc &ofidrkiod produet @hithtdaepridbdicontictifgbald Feietnodk pho&ératali@tsdohYerkidn
greater than said value of said first proton density; and (c) dryin
sai d secsRpdiiganwithia eatalystaommesitign camgrising gniasidie moreuserftallipe mgterial,
about 55 0 L ' ' rotons from said
%eréylgtsglg Egt\ég/s%orlé]t?c?sﬁ;onQa Bﬁfdhbﬁ/‘oﬁg SRbOoP

second cata enerate said cata oSi'tion having a third

proton densit and ri sai hird.proton density usi .sal 4.

Dol 0 st are nith caPfaanEd B 38afsl, ShhRafi b D dlohohs BHIRREE spete
said third preiagidessd fysticataat Weang adiet potonedepbitaind thédstling 504 Gitst
density and said val ue of said _second proton density, wherein said

f eedst ock conmpFteRdensity|usingta 9hd statkguciranBlagneticogiarprcedapedind and an
al kyl ati ng agent, said conversion product conprises an al kyl aromatic
conpound, and (8ai d conlaviénssaithficsd aatklystor steprie) widle water énliquid oo geseotis form

f bout OC b 500C o 2t bout
250 at mosphor 8b3 I APPEEEe SFC KON 1 & PSS dS g AT end
al kyl ating agegferdfe d E%@Qﬁ%ﬂlya@-hlii/ﬂagté)sé};éﬁl&'tpr&gh;'denﬁﬁq a%dfrﬁ@ﬁ}n\%ﬁé gl

hourly space velocity (WHSV) based on the al Kyl ating agent of from
about 0.1 to BSe@vrmroton3Bngitx using saidivelid state nd:lear maagnete eesonaice ghethod,

2 et 5 g 5L Bl MR Byl AR BB of s
| TQ- 30, MCM 36GirstMeddod Aendifpdbld and m xtures thereof. 4. The process
of claim1, wherein said feedstock conprises reformate or aromatic
conpounds, saig) ar Rhp GakosRedarael 6£5RF (b) QM lddPing MOMPeraRAS b8 Lpne
of benzene, naphthal’ené, anthracene, naphthacene, peryl ene, coronene,
phenant hr ene aholutrfisSRtQy togemmhee atdeast aHortibhef|said pestonofronl midsetond catalyst
wherein said argmati c co und . is benzene and  said &yl ati n% agent
s sel ectod T ABth EHSTAT GUNH GBI HEPOSHIOB; R§¥iEhe: b pine s rad
butenes. 6. TQBGHRCRRR Hird pAdthh Len¥RENSING S Solifedale0fkcl & OfBLcfC
conpound i s benzene and said al kylating agent 1s ethylene, sald
conver si on pr gedgvanceangthpd,eshereinyth walne o said tbird ardor denséty s between said
conditions include._.a. erature of from.,abput .150C to .about .300C, a
ressure of 1 Yol 2ot R dBntl aR VAR aRdeCRa RN AR |
space vel qQci t. VH based on the ethylen | kyl ati ng .agent of_ from
about 0. ¥ 56 ooty SOmAESes HLEEd oBF AEVZeNe TOTBYRyPEREUHh R an
al kyl ati QIR BENtOSaidl COM AR brdduet: chipRisePAd kA RroldiR| Rfnpourdd, afdd€aid
process of "‘clarm™l, "wherein said feedstock aromatic corrpourlljd I'S
benzene anuvession caridiydretinelgdeag mperaurgrod fyonestmut §2C tb awwy §0@7CH @ pressure

roduct c¢ ri e, .an id conversion condj.ti i de a ..

P emmor at F dop “fRuf Y208 1006 538 AmERielhs 2 Befenalip| SopBRbE frofhage
I : ' th béty0.(: ed i

ko oo skt apacerfoyaceion (YePYbolSsed aan e gy

of benzerBacegeledpyWerREY) baseden Hiaalkdatingpeertaitfnm apout rOdnﬁog’iQQ 0.5 1

to about 30:1 nol ar.

2. The process of claim 1, wherein the acidic, porous crystalline silicate material is

selected from the group consisting of a MWW structure type material, zeolite Beta and



31 8. The process of claim1, wherein said feedstock aromatic
conpound i s benzene and said al kyl ating agent is selected fromthe
group consisting of 1-butene, 2-butene and m xtures thereof; said
conversi on product conprises sec-butyl Bénzene, said conversion
conditions include a tenperature of about 50 to about 250 C, a
pressure of about 3.5 to about 35 atnospheres, a weight hourly space
vel oci t y niiwpesdthemsBd on al kyl ati ng agent of fromabout 0.1 hici to
about 20 1, and a ratio of benzene to said al kylating agent in the
al kyl ation reactor of fromabout 1:1 to about 10:1 nolar. 9. The
process of 6, 7 or 8, wherein the conversion product further

conpri seg, pol ylaiekpiloaésgd)fadmﬁml WhERIHD 94 AFW W atih ik ® B SmhtdfihINRI selected
conprising contacting the p al kyl at ed aronmati c conmpounds with

benzene e the gwkp LoRSibtNRG @ﬂ cﬂ% iPORIs3, and-2h BRR-1plEQelndéQo?, 13°Q-30,

transalk nal ethyl benzene, cunene,
sec- bé{IéMgér}zl\ggéf%al %gg%ggﬂﬂgﬁa%ﬁgéﬁyggt al yst selected fromthe

group consisting of zeolite Beta, zeoI ite Y, nordenite,

TEA-nordenite, MCM 22, PSH 3, SSZ-25, ERB-1, ITQ1, ITQ 2, |ITQ 30,

AR S AL LA R
aromati c ¢ ngBﬁﬁH}d%mSﬁbﬂlaﬁé% uhdd {dMGkeds RORY i d%%uﬁ%hﬁ&?dlg‘% b8E-ene,

polyalkylat d aromati c conpounds W th benzene un ransal tion
condi t i omsplithaensy anleagines eaplehadfeng parglane dearezensabksdanthreone amt aliywtes
to produgg aqfitional et hyl benzene, cunene, or sec-butyl benzene, and
wherein said treated transal kyl ation catal yst is produced by the
steps of: (i)providing an first transal kyl ati on catal yst which
conprises an acidic, porous crystalline material selected fromthe
group conS| sting of zeoI ite Beta, zeolite Y, nordenite

TEA- nor déni t e Tlmwp s oblpim 1sgheresn seikEromatiqepmpoynpQisbenzes aud said

MCM 36,
transal k% ﬁ %@(k ?Sssflgﬁg%qﬁr%ﬁl;tﬁ iglﬁdsill r(go(r?lfcs)ltsnﬁgger?@){l%{eaﬁdo pr?"e%lguarnldn%le

said fi rsbmqnemton density using a solid state nucl ear nmagnetic
resonance nmethod; 32 to add protons and generate a second
transal kyl ati on catal yst having a second proton density and measuring
sai d second proton density using said solid state nucl ear magnetic

resonance, met hogd, grﬂ@%@é’ &f é]aﬁﬂ" €, \Vﬁérb'iﬁ s8fd fo@lsthcR AFM doRipRindl Bnkdhel a8d
greater than said value of said first proton density when said val ues

are measusniddilkylating et Saethybamedsaid ansyersion produc) demprigessahdbenzensn dind

transal k%Lﬁtéoﬁ{}er‘sﬂ%k%ox&hoﬁsf 1nsc ude a tern)pera{'ure 09 %1*\6111 shout 150°C to about 300°C; a

pressure of from about 0.2 to about 200 atmospheres; a weight hourly space velocity
(WHSV) based on the ethylene alkylating agent of from about 0.1 to about 20 hr'’; and a
ratio of benzene to ethylene in the alkylation reactor of from about 0.5:1 to about 30:1

molar,

7. The process of claim 1, wherein said feedstock aromatic compound is benzene and
said alkylating agent is propylene, 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.



tenperature of up to about 550C, to renpve at |east a portion of said
protons from said second transal kyl ati on catal yst and generate said
treated transal kyl ati on catal yst havi ng a third proton density and
measuring said third proton density us hg said solid state nuclear
magneti c resonance nethod, wherein the values of said third proton
density is between said value of said first proton density and said
val ue of %ai d Bequoeespedelaim dewbéreip saldeiedsticl avahatscompeung éshaneche and
under the_sane conditigns. 11 Th rocess for produci f

et hy| benSBHeRRyiHnCEaR Sl B o oun Cepe i) S2utnRe2bpispg and
of: (a) Iﬁiaa&eg:fﬂemwai@chw@éibm%r@@ﬂﬂbomqaﬁ&sQ@%ﬁﬁ%dﬂa@tﬁa{ s@idkytn@érsioR
conditions and in the presence of an al kylation catal yst, to produce
nonoal kylcandigiony twlde @ teowprating 91 abent o) to abryll 230, a4 pressureof about 3.5 to

conpound i i I f |.sti

of et hy! aheR o lclts B AR g <R Rlclf THER PEALE of A1t Men
sel gct ed off fimn am;tgx php' woatwiug L0 g’ aidzeatib tof bBelene t@ esilliallelding agent in
nordenite, TEA-nordenite, MOM 22  PSH 3, SSZ-25, ERB-1, 1TQ 1, |ITQ 2,
| TQ 30, mﬁgﬁaﬂwe%tor RERPBELIH! it Erpue S0 mesldof | sai d al kyl at ed
aromati ¢ conpound sel ected from et hyl benzene, cunene and sec- butyl
benzene; (b) contacting the pol yal kyl ated aromati ¢ conpounds w th
benzene under transal kyl ati on conditions and in the presence of a
treated t ansdalbeypracessnofc &t dl 9st8, whergin otie ceonuetdioni pnodictsirtier comprises
nonoal kyl _at e romati c conmpounds, and,wherein.said treat.ed .
transal k;PPL??ﬂ% at%%?%?‘%}%?c | SRS et PSS ﬁ%f SPIPTIYEE ; egfige ythe
nor deni t%\% 4red gemidie, coMpvhids witbledzenS2bd@SransiBylhtioh E&iditionsTdadZn
| TQ 30, 36, MCM 49, MCM 56 and mi xtures thereof, said first

t ransal kyrapicsance af altiapsalkgeiion catalysty to prpdencaddiions] ethylhenrene symenapr

said firsh. NSty . S0J t u a tLC oo
 esonancats R RLaRAtE St sURaGdon Sl A B BARG, bohsising of
cat al yst zedlite tBqta,(zeplid Y nvatiatite, THA-Hordbndte, NECMAQ2S PSEI-Bn $$Z-25, ERB-1,
contact tenperature from aho 1C to about 99C _to add protons and
gener ate IEQs]eéBde:tITQn%%MeMgé@s@%c%ﬂQIMQM'ﬁ§9F$@1W?éM@fpr ot on
density and neasuring said second proton density using said solid
state nucl ear nagnetic resonance nethod, wherein the value of said

second proton density is greater than said value of said first proton
density Jfen Shiedproatssest &y  nedswhedeinrilierconhersivangodat diurthen somansks

(111 9" SRk SSSom: 'ARaEY aHd oS!kl YndlisRe bdrkacths e
polyalkylated aromatic compounds with benzene under transalkylation conditions and in
the presence of a treated transalkylation catalyst, to produce additional ethylbenzene,

cumene, or sec-butylbenzene, and
wherein said treated transalkylation catalyst is produced by the steps of:

() providing an first transalkylation catalyst which comprises an acidic,
porous crystalline material selected from the group consisting of zeolite Beta,
zeolite Y, mordenite, TEA-mordenite, MCM-22, PSH-3, S8Z-25, ERB-1,
ITQ-1, ITQ-2, ITQ-30, MCM-36, MCM-49, MCM-56 and mixtures thereof,
said first transalkylation catalyst having a first proton density and measuring

said first proton density using a solid state nuclear magnetic resonance method;

(ii}  contacting said first transalkylation catalyst of step (i) with water in

liquid or gaseous form at a contact temperature from about 1°C to about 99°C,



tenperature of up to about 550C, to renpve at |east a portion of said
protons from said second transal kyl ati on catal yst and generate said
treated transal kyl ati on catal yst havi ng a third proton density and
nmeasuring said third proton density usPég said solid state nucl ear
magneti c resonance nethod, wherein the values of said third proton
density is between said value of said first proton density and said
val ue of said setoxti protsns rand gasdérate aveeondstanbalikylatios catalystrb@sug edecond

under the same conditions. 12. A process, for producing, an.olefin ..
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under catal ytic conversion conditions, said treated catal yst

conpri si ng an acfeistty ipaicatss thapyseidayalusmel said Brst arotoAensity vheaisdid values
treated cat al yStar%‘?xF@%‘&?lje&iuﬁ@eritﬁ Paﬁfed%n%ﬁﬂ'o% aEnHe steps of:
alys corrposff Fch

(a)providing a cat I on cofrpri ses an acidic, porous
crystalline mte{ilirirﬁl e!.ecte$ fro he roup co i sti q of .. eolit({a .

Beta, zeolite Y, Hbrd&nfie @ é&%@q g@ﬁf’a?l@fa%ﬂ\/ffg ,yStngkff, géze-‘tZ%, ying
ERB-1, 1TQ 1, | Tenberdtdi@otQp tdebbd650MMo48motd refst ANbrifdn s ta&B protons

thereof, said first 34 catalyst conposition having afirst proton
density, and neafomi rnggikasatond r sangstlotasiondeatlysy asd ngeneratol saldsttmated

nucl ear magnetic_respnance hod; . (b),.contacting.said first C g
Catalyst conpos: EFERREGR ALY Bayiph 2 foiFEPoRE atsF Bhd mogisbing.seid ind,
at a contact tenpetsH demify’ h@keidt sdifd kRt hBtlbar9fHapgndtie AMEnARLO R Bod,
and generate a second catal yst conposition having a second_ proton

density, and nea¥bereigtheavaines of said thitdtnsetod clsasityis bstwepnswidi valge of said
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rying

11, The process for producing of ethylbenzene, cumene or sec-butylbenzene which

comprises the steps of:

(a) 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
wherein said treated transalkylation catalyst is produced by the steps of:

(1) providing an first transalkylation catalyst which comprises an acidic,

porous crystalline material selected from the group consisting of zeolite Beta,



tenperature from about 100C to about 200C for a drying tinme from
about 1 to about 6 hours, to renove at |east a portion of said
protons fromsaid second catal yst and generate said treated catal yst
conposition having a third proton densfly, and measuring said third
proton density using said solid state nuclear nmagnetic resonance

met hod, wherein the value of said third proton density is between

sai d val ue of sazablité NSt mpraende, dEAsmbydeaite] MHIM-22a| REH-Gf SS&-25, SERBrld

Porous crystal | i Wt KT8hdThR GrYEM B MGH S: MEVESE Sef it thereot
MCM 36, or MCM S5&i@ifistarddkAkPRtise Bthlyy 0fvil £#r& préfaiedsidfatiBleasuring
protons per gram or the structure of MCM 49 and a proton ‘density of

greater than 2. 1shigirst pprton densitpasingasolid state nuclear magnetic resonance method,;

(ii) contacting said first transalkylation catalyst of step (i) with water in
liquid or gaseous form at a contact temperature from about 1°C to about 99°C,
to add protons and generate a second transalkylation catalyst having a second
proton density and measuring said second proton density using said solid state
nuclear magnetic resonance method, wherein the value of said second proton
density is greater than said value of said first proton density when said values

are measured under the same conditions; and

(iii)  drying said second transalkylation catalyst of step (ii) at a drying
temperature of up to about 550°C, to remove at least a portion of said protons
from said second transalkylation catalyst and generate said treated
transalkylation catalyst having a third proton density and measuring said third
proton density using said solid state nuclear magnetic resonance method,
wherein the values of said third proton density is between said value of said
first proton density and said value of said second proton density when said

values are measured under the same conditions.

12. 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;
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
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catalyst composition having a first proton density, and measuring said first

proton density using a solid state nuclear magnetic resonance method;

) contacting said first catalyst composition of step (a) with water in liquid
or gaseous form at a contact temperature from about 1°C to about 99°C, to add
protons and generate a second catalyst composition having a second proton
density, and measuring said second proton density using said solid state
nuclear magnetic resonance method, wherein the value of said second proton

density is greater than sad value of said first proton; and

(©) drying said second catalyst composition of step (b) at a drying
temperature from about 100°C to about 200°C for a drying time from about 1
to about 6 hours, to remove at least a portion of said protons from said second
catalyst and generate said treated catalyst composition having a third proton
density, and measuring said third proton density using said solid state nuclear
magnetic resonance method, wherein the value of said third proton density is
between said value of said first proton density and said value of said second

proton density.

13.  The process of claim 1, wherein said acidic, porous crystalline silicate material has
the structure of MCM-22, MCM-36, or MCM-56 and a proton density of greater than 2.24
mmol protons per gram, or the structure of MCM-49 and a proton density of greater than

2.14 mmol protons per gram.





