1 | MPROVED CATALYST COMPQCSI TI ON BACKGROUND OF THE | NVENTI ON [ 0001] The

present iWO260TVBA0Hel ates to an inproved catal yst conpodaIVERI06/MET33

catal yst may be used to effect various ghen‘i cal conversions, and is

particularly valuable for use in a process for producing

aI | cyl aromatics, particularly ethyl benzene and cunene, or for use in
a process for oI i gonerization of ol ef NS part i cuI arly for production

of dimers, trimers and tBVMPROYED GABARNSI.COMPOSERKON one,

propyl ene, butyl ene, or m xtures thereof [0002] Et hyl benzene and

cunmene are valuable comobdity chemicals that are used industrially

for the production of ster@KﬂR@ﬁﬂD@Ed‘Hﬂ)ﬂﬂﬂﬁ@Nn of phenol and

acet one res veI Et h benzene be produced by a nunber of

di fferent c é-PB FO%FFQB%Y‘S@@S@PF?Y sheqmRosiign, The

signi ficant dlﬁﬂ}‘s@?na%rf b&ﬁé@ﬁe{o% ot %Hﬁ&fssfthhﬁcaﬁ few&aeﬁ %&Siglpma'lculaﬂy

al kyl ation of benzene with ethylene in e presence o
aci di c ZSM Svapueblei tfer cesealiysta. pecassplfes pbdsungh dkﬂyiohxmﬁms;n@arhculaﬂy

productlon p es arge descri b din.US. 3 751 04

(keown) 4, BIRIERIEER e yienen AR or vt dn anbropda dg) ol olefins,
recently f oqjagldmlyqeﬁﬁmdumﬁt&qnﬁém | thihetsChnB @A s epas,ﬁﬁss e%oéth lene,
produci ng ethyl benzene from benzene ‘and et hyl ene since [i quid %ase

processes opuprilencabutzlenswemixtwrpsdicatadr e than their vapor phase

Count oot TG4 "PRRGHeERRe ol Gith o yhIES ol SRl RELRE
phase synt hefseﬁnﬂﬁstﬁﬂl}yfobﬁfegﬂ Buctibh bf h¢ hﬁn&ﬁéﬁand%gfoﬁa&ldd o$|phen01
Patent No. 5 334 795 (Chu scrl bes e use of MCM 22 in the uid

phase synt hé® $OPGPNIPRA "Blé‘ﬂle W‘Dﬁﬁ@dfhyra Wﬁiﬂl@ﬂ@@dlrf?f%en
roduced co Dy I jo h
Bropyl ene over a k’ g&gf g‘%{bgﬁsggﬁae%%r%ﬁear yp%,,d&g@%ﬁ@gegwo&r
phosphori c a:omﬂnmlaJaSmmsn dsrihehtapor please btkyintior of bbhzene Iwdthesthylene in the
zeol it e-based cat aI St e been found_.to re actjve and
sel ective fdFesHi y w&%& 15 cg @ﬁﬁh x@ﬂiﬁ%&%ﬁ‘ﬁ#‘ thy y\ergene
Pat ent No. %r&ﬁ%ﬁ&?%rb&@d%n%' Qo165 108 B UG, Of YRR B

| i qui d phasé al kyl ati on of benzene with propyl ene.

[ 0005] Al kyl #3453 %ng@ewﬁ%ﬂl@lwﬁbﬂgﬂg et hyI benzene and cunene in

t he presenc cur cat al yst s duce

pol yal kyl at 386633|Lem é@? g%ﬁ¥ s s ]%fggl ﬁef]maﬁc}éfﬁ“k@ pﬁftsgdprﬁfﬁaqﬁcfor
The pol yal kygredwethesibabasead ﬁohi/'ﬂérfz@hé ¥ind empRat kitlcatiRflid\bhdie RRORSR

to produce additional nonoal kyl at ed product, for exanple et hyl benzene

or cunene, EPERisatBJOVEIGRPeTAGITY han BsiryaPerahesR eunismsts aad herice fad to
al kyl ation Leagt or Qe HRES OF ﬁ;@;}#&gﬁc & FoPYexbi fé' Fwst Bsfe&%a Yook gkgd

species to a separate transa I oh reacto
transal | cyl &innes) detdbepsthe liguadphes qmt}mabadfyethylbwﬁnen@ m&ye{admemew@ed

o L 58, ST BT e T

pol yal kyl at ueqmaeessmmeefeﬁ iBei¢RE hyl benzenes and
pol yi sopropylbenzenes, are Yed in US Patent No. 5,557,024 (Cheng)

and i ncl ude [§64] 22, Cm@me@s J%Bﬂnaﬁﬁ years brért profycedawhitbaciilly by dhd hogmd
Bet a, aC|ddaIu rdenlteadTEA nor deni te. | ¢ tjion
over a snal Ip g'p%’:l %f)gong OGRS W WGD?ERV%radeﬁﬂefigl @?‘lﬂ étﬂla

di scl osed i l@;aﬁﬁcﬂarl?%bﬁd‘bh@spﬂgﬂe 46id-or alummum chloride. More recently, however,

zeolite-based catalyst systems have been found to be more active and selective for

et
-

propylation of benzene to cumene. For example, U.S. Patent No. 4,992,606
(Kushnerick) describes the use of MCM-22 in the liquid phase alkylation of

benzene with propylene.



[ 0006] Where the al kylation step is performed in the Iiquid phase, it

i s al so d¥Oi20eM1380¢0 conduct the transal kyl ati on step um{EVUI2DepA1E733
phase conditions. However, by operati ng, at relatively | ow
tenperatures, |liquid phase processes inpose increased requirenents on
the catalyst, particularly in the transallcylation step where the

bul ky polyall cyl ated spec¢i es nust he converted to additional )
monoal kyl at e@ﬂéﬂoduéﬂcﬂﬁ%a@cw% ER?i Produmng sthytbepsens sy eynaeneTin; the

has proved t (e TaTM % i -
product | on vigrmeSoF cfttrt A, IR MERnRroRBE oBlys IR species g
activity or WwelVas theslositedcnonvaildybateal mddwdtti The pblyalicglatelli spadiés e typldalliyes
of by-products ch as e | benzene d n-pr.opyl benzene. [0007

Accor di ng toﬁﬁnﬁéﬁﬂﬁ@geﬁ"c i SRPETRS Bh PHq C%zfgﬁﬂﬁgﬁu%%bai&l@ﬂﬂypr for
found t hat i & e j 1l -
Density | ndgaﬁﬁl?l ﬁgDélth?b&?seﬁéhglrsgl n dé%lﬁ%{g% qg?ﬁg?gg%ye&?ﬂgﬂ%%?&%e&m
exanpl e, fr dhe gikglatien reakton of, nfore dreghenily, By Beding dhe palpatkyibied spebicd to ho

about 1.85, has a unigue conbi nation.of activjty.and, Jjnportant]y,
sel ecti vi ty,seggﬁtgc?ﬂsgﬁf]y{ﬁﬁ% IeASEY Having F%&F%@ﬁ%‘%‘twa ' Btﬁpfeg of
cat al yst f orcapaiyiedf aidAr Bavef badRN@al kin! @b aficMiRAUSE arcBdfife! §idbiad | dch Q&
the liquid phase allcylation of benzene to ethyl benzene, "cunene or

sec- but y| berilefionTef benggys addsetbylene onpeepylane, gadimdhe tramsalkylation of
i nstances f Lffi | t ansal.k ion reagtion for nversi on
of unwant ed%ﬁa@&%ﬁ 5%3%%?1 %4031&85};0&%6@256&%“%@9@#@”&” FRRASRTTON
[ 0008] Accor disted ih GJ.8 Fateds Noc§,567,02h iy paid iactudé MRIM-125 PRHOY, IS 5N
i nproved cat al This_catal yst may be used to effect conversion in

St_. , ! S ; ,
chemical r eé@?ﬁ%ﬁg,ze%lﬁa Y, 2eqii¢ Belayadt deplumiaizgd mordexiits apé EA-meydenite.
ectivel . ! !
compr 1 51 ng. ( RaraiGdG buges AR SRAPRKY Wil h FRA'R TEATRIRALAIS sieg
with an al kydisldsad)inddSaPatent 6,984, fiiesence of the present catal yst

nder at le artial |iqui hase caqnditions,. sai d. ca t. .
gorrpri si ng iﬁb%ﬁl di Wheﬁ%h%éﬂgg?@{sétﬂ’ i‘%@l I |1§i5t%!aﬂﬂ“}‘lita3$%§ it ipglso of
greater thanjedirdble 18" cABPHR tfahQMPARAL Glept BafRr 11i(glfi& ?%l?agé’ WonditiBns.

e.g. fromabout 1.01 to about 1.85. 'Another” aspect 0f the present
i nventi on i Hawveverpby\opdraiing atanelativelyalost yemperanres,s dquid phase gresssekor

the selectiv oduction_ of. nonoal k b ne. conpri si he st of
reacting ber@gﬁée &ﬁ%{ An AT %i ﬂﬁ%eggﬁ%ﬁn%&‘c@gﬂ%’%{}ﬁ%#aﬁsﬁﬁ%ﬁ% ns
in the presempewdtresied balkyy bélyhiRylateat cpits MidtChe GOt alditional
acidic, porous crystalline material and having a PDl_of greater than
1.0, for exdnqnoelkylafesprgdecs rathoptpraducing wiyvatipstpy-progucts: ththaa Brayséut
1.01 to abo - 85 t: i 0 I "
aci di c, cryg{)a I ?%ég%%%gﬁﬂ)ﬁiﬂrl&gi lél\r:gl\éh‘gag% ‘ﬁ%‘eenét Tetre ‘g eriggeo slhfl%
Beta, or oneatabystsihgvasitbér lakedlthiefdesicddi sotivipadr lawa résnltediai thg prddsq@ivaiofg
maxi ma at 12,410.25, 6,910..15, 3.57th0, 07 and 3.420.07 Angstrons,

sai d catal ys“ig“#gf@fr@'a&“%l"f ~RPdugisFuch %Fﬁzlger}ze%ﬁn%wm enFengm
greater tharngdp t%@&ﬁ&ﬁlg% the rednt fbEiRoAPR Hbs ﬂov@fnaé:@;e@t@&?tbe&f Rind
More particularly, the cafalyst” may conprise an acidic, crystalline
mol ecul ar siteaie spasifingatalyst menufectured tokxlrbit hilretoBdeasitandedW{/PDI), as

t t t .nateri,al 0. 22, L Xt t f. [00091F
ise of the DPGELREN: of 55k BHEH 1o HRBRET B P OH A n Oy PR E.
aromati c COEpURSn dbbet R0k Ybadtone 1338 Bhs E&Mﬁbrﬁl&béiﬁﬁin 2ok b@fity 8nd,
aliphatic group having 1 to 5 carbon atons. The al kyl ati ng agent may

conpri se, f @npekathy) eclecsivity) especiallyr when vsed, asanliquid phiass dkiyletinsscataiysd

t he al kyl at i C.CQ in such an ins C onprise
benzone. | 00B0TREBPERES ol RRRPAR{eled PHHe’ AR ER, Rt il SRR e
conpri ses anlidyit¥ba tof behithe té ¥RGIHERIAE, dinens YUE Fecasirt§1BENLNE "Phie oBWates

acidic, crystalline_silicate having the structure of MCM 22, PSH 3,
or reduces the demand in many instances for the difficult transalkylation reaction

for conversion of unwanted bulky polyalkylated species.



i nvol ving the present invention. DETAI LED DESCRI PTI ON OF THE
| NVENTI ONWPQ0A7ZI3015é present invention relates to an i npPE&TE208W{0d7738
for use in processes benefiting fromhigh activity and/or
selectivity. One such process invol ves %roducti on of nonoal kyl at ed
aromati ¢ conpounds, particularly ethyl benzene, cunene, and

sec- butyl benzene, by the Iigﬁig or Eart;al Iiguig Ehase al kyl ati on of
al I cyl atabl e aromatic conmpo 0% #e. Anot her such
process “Vabﬁ?ﬂ Pr aduGiifn tcpfqn%l %@%9@%? hE Oy @ltfh! MereMY Srovided an
particul arly, e present —catal yst conposition conprises an acl dic,
por ous cr ystiaiproved cmdigsti dlhisoatalyst map beackd tedffec envebion a dBhicd

0 o o aetcns 57 SRS b e et e e
PDI when us 'dllllé*?eﬂ Chrh WM I : Caf.aladgt ¢0 k4.L0QL1 S
defined as ?f;g; prlnfe O‘EIHEdéerhlgligttu\f/v'I %#ﬁo #Ee‘langeviﬁgfag tg{g, Si%hi?y‘?ﬁﬁtiidin
conposi tion stable chromatic gdmpoundewyik rant ating egehd ptesenge e
density of the original, untreated, catal.ys onposi ti.on neasur t
hesane i VRETeeRb BN (8 Sf GbrelipsHET R0 EREF FoniiERs cr R - A En
density" neapspridRetnl dcidi®)pRousErRtallifd matekidl £ndaHd SPPIEL Bleater than
non-aci di ¢ protons per gram of catal yst conposition.” The proton

gens!ty o; tlﬁ% foregxample dtcay geeaten thpotl.@ tmphest 200n2. Gt abpet bPbtwabout
tonour v at Tis BaHEF petiis LA AR £ WHABVE MBlfiathyysy

from about Zofudetnalypodes? fir.the felédtive pidiRictismofiihondalipn besitse 0OmPrising
catal yst sanple is _neasured by a,solid-state nuclear ag}ggn_eti C

resonance meth8EP P6FeaCHRE Renzepe Fithem Hkylaig Agens Pnew alndatinnorasditionn d
non-aci di ¢ ppahe ??%fgﬂces Hf @aiﬁaélggé{ﬁ%n SHIR/SE viAserd S&ﬁéﬁé%ﬁ b §&i6icN porti§ S €
acidic and non-acidic protons nay be present as an

hydr ogen- contrystallimgmateriet and levingroPDheLgraster tham ¢ Opfor example,nfcdmi giraatey

magnet | ¢ v odbahCCtheb ifoe e, A Sl SRR E W, HRlgcimay

angl e spi nniggagptidéiFdr MYRplSARERId ESRRAIRE nfledufar 5iafe Kﬁﬁn% the MR ture of
measur ement of "the amount of such protons on the catalyst sanples. A
trace anountzeolite Rgtagor od havingranmirgy difftacion pattesn icludingRl-spacmganaymdue

in part to t f ' o i~avol vi ng Braonst ed. aci.d
sites and a a\?\g%él%&%%ﬁbé%iu(fgf@ﬂ%%%g??@%g&gﬁ@#%éﬁ/%ﬁﬁga\gnga
[0016] The meDlost dredterpthad 10| fg eidaplef ﬁ&mn%r_eﬁéﬁ thbiy $10 16 GBPRS2.0] OF from
conprises the steps of.: glr%) providing a first, untreated catalyst,
i .e. one not3bAEhA-phthehowt d SaatMere partindarlyy theratal b snaypompsise @p poigic,
this inventi > 1S |a9hS tROLAHSHS ¥ LAbLD 8 by
said first (?a gﬁlyst E%é(l&ﬂn%— gi%}(?(r}lg?in%yg%atsl on stéfezg!r)riéﬂgsgsgg ai%n

m | linoles (stoctuje type prateriah) . g MCHF2, pr ainizrathgsdbf. (b) contacting

et f ek o o f
bt Ca cont act0R9bper Bor i B ifhpittenl ek g ertecs kikiadn BB el
to about SO%mmcaa‘oﬁ{pamidf, the ﬂﬁyﬁﬁﬂglﬁ%elagn{a? iﬁ&@d&tar@a‘iﬁﬂtaﬁx% alpheROEREH

time of at |east about second, preferably from abou mnute to
about 60 m Meviag,!l tw5garkonaatems. sEroaliyletinglaget nhayy corgprises arosrdmple,
hydrati on stagte nmeasur.ed in | .0f prot r m of catal yst ,, .

sai d second Ryt POy e A0 BE e P, e e SRV LEPE FPetc Rmalindin

state, i.e. sthéifardinSelteim®f codliiRe bBdzeR@s a hi gher proton density than
the step (a) catal yst; and c). drying the second catal yst resulting
fromstep (H§0M a A pichgredepsialyst of eheopragentt igveriont cOBOGEES e MWD v

f rom about r i fro Ut t o
about 200C, %&g?thlget é;%ﬁtﬁ)be%tglf’) %%th% at 8{3? 2{ gg%%dd{:’ cé%%ﬁﬁeo%ﬂﬁgag‘%g%’% tSIBI y
from about Gtrictive EfAIM-22, PSH3S SSAX% BREA TRy TFQnTEQ@0; MCRI36,

about 6 hours, to generate the catal yst conposition having a third
MCM-49, MCM-56 and mixtures thereof.




[0017]During drying step (c), acidic protons and/or non-acidic
protons aWe20&WF0d from t he catal yst contacted with watP&X/YSA06{04TiA33
or gaseous formin accordance with step, (b). However, care nust be
taken during drying step (c) to avoid renoval of essentially all
acidic and/or non-acidic protons of the catalyst resulting fromstep
(b). The hydration state of the step (c) product will_ be higher than
that of the starting st GRIEHDESERIRI{ONO] aWI® hat of the
step (b) 6 [Bému_ﬂm}%ﬁ {iidolsSHOURLITR nb HAVERICESAS 1ibdRh EBfiments
density are "ot si npl¥y 'the conversion of Lews acid sites to Bronsted
acid sites. ihaslving $itipresehioinbentionund by any theory of operation, it is
believed that contacting a catalyst comprising an acidi por ous
crystal line material BB ARERLD VSN th water in

iquid or 0360HS T PhaNHAIE! ifRhfGH RelGRE B hn oA ARIRCEA! HES in
conditions creates a catalyst having a second hydration State higher
t han the fi rpebdcessedriznifiing thate high aetjvifyokndiow delbgtivifyy i Gpe usudl rprocess

certain controlled drying ti and tenperature,.conditions nmay,change
Che aatur o iy Satudnl JT° BOChSIRET HchBut OROmra bR, CpEART
protons on %ﬁ%ﬂbéﬁﬁ&ﬁ:‘, ¥&thet) bl s&tﬁlt?lﬁér%ﬁé}tlﬁzdthéﬁﬁqhidt &ﬁg&ﬁ%ﬁ"ﬁ phase

reaction, to generate a cafal yst conposition having a third tﬁgratl on
]

stat e bet weadkyldtion offalkigable poumaticccoswonnd Haytinudariyoyengenst eAnothgresuchy

the catal yst _conpesition w.ll. hay Pro Densd ty \l.ndex r
than about - ProresurionS ool s p B e sl M prBbu e She
crystal | i ne pigdestl daddlys 06mposRidresbnititistdsh #6dibasbreds driptallihaertiblandias -
a greater proton density, and/or a greater nunber of acidic and/or

non- aci di c prEwGsired toodthibit 2 SN L igheate dhan L8y fgryexample; fany gregfey than
treated by s]hqﬂb %?Iﬁ?ﬁyedé'%om R4t 1B S5 abdobPl giss defined as the proton

density of the't atron state catalyst conposition divided by
t he proton deerd|ty Af ukdihereiastht yestn PIDI when fsed st cdnypetetadn with a pattienlar

bot h d d red,in_ th . 18] The t
ar ot o (ot ePBRCRTis RENGY ry REIDIE epsiinet e bt JERED A
may. be usef %ﬁt%siiiﬁﬁ drharkd b Sved ReRRBnRENEVIgel BY itk %i%{dinic?sehﬂ@ 58

present catalyst is to be understood in accordanceé with it
art - r ecogni zeggiretopireatihi catalyst bordpesitidnapeasyradsat theusan giveg temperature,

aromati o chd0ier ARERed BtBnGe o BETBR T PR e Bt figfmmod
[ 0019] Subst idfutack ﬁl‘bﬁbﬁﬁ%ﬁ&oﬁﬁdﬁié}ﬂdﬁd%rétbﬁddpdf@?mﬁﬁfa&tw&%oﬂ@obi@ibﬁj The
|

nmust possess at | east one hydrogen atomdirect]y bonded to the |
aromati ¢ nudrelgs demly efrtberaewcireatetheatalyyt coBPoBiber. ang: the pygtem densty of

nore al kyl, vl - ahk I G I alj

and/ or ot hertﬁ% r(%ft%ga Il’t ﬁ%%‘é%%(ﬁr?o i %tcgﬁég%e%l\}vi %% }%(ﬁ'g Iglﬁsﬁégt |Lréo(rélt?e same
reaction. [ Qazpdratukd, d exafhia@bincte®sfane)@se. iffoe dstat DOTC R ubout 25°C.
napht hal ene, ant hracene, napht hacene, pery| ene, coronene, and

phenant hr end0044lt h Bhnzewenbed preionsemer cafglyst samplos pusapsedoyya solig-
al kyl groupsgfih ﬂﬁclgﬁ'r}ng’&eﬂﬁ CEBRincRSn oS fdrtdﬁﬁﬂtcﬁen‘%ﬂlgttﬂg amount of acidic

protons and non-acidic protons on such catalyst sample as described herein.

These acidic and non-acidic protons may be present as any hydrogen-containing
moiety, or proton-containing moiety, including, but not limited to H, H', OH,
OH, and other species. The nuclear magnetic resonance method includes, but is
not limited to, magic angle spinning (MAS) NMR. Sample. preparation is the key
in NMR. 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.



aromatic corrpounddcont ain from1l to about 22 carbon atons and usually )
from abolWWOR0§W1380dar bon at ons, and nost usual |y from aB6E{US20068§17/33
carbon atons. [0022] Suitabl e al kyl subsgi tuted aromati c conpounds

i ncl ude tol uene, xylene, isopropyl benzene, n-propyl benzene,

al pha- net hyl napht hal ene, et hyl benzene, nesityl ene, durene, cynenes,
but yl benzene, eudo unmene, di et hyl benzene, m

di et hyl benzelﬂefé ﬁﬂ%@ﬂz&ﬁ@r‘? dpsing,the eresenteatalish sappeition praprises
pent aet hyl becﬂ@%ﬁs 0ﬁnent anet hyl benzene, 1,2, 3,4- tetraethyl benzene,

1, 2,3, 5- ’

t et ranet hyl benzene, {3)2, 4ptavidhg yl first) 2mireatd 2aBlst, i ine tony | roe haeing , been

but yl t ol uene, p-butyltoluene 5-di et hyl t ol ue o-et hyl tol uene,
p- et hyl t ol uene, m pFs ﬂlllaﬁqoﬁ@ﬁﬁ to gleps Ianﬂ}(ﬁl/?rgﬁ'és Bvention, comprising an

di met hyhi apht hal e”eﬁmdﬁ',t %&d&@%&%ﬁhﬁ@%m&w} sﬂﬂr!fﬁfshﬁé g&@hﬁﬁﬂg% first

9- et hyl ant hr acene, 2- | ant ht acene t hyl ant hrac

9, 10- di et hyl phenanhmmhm statednSrewmet hy ;i Jineolenérmel) @f prétopmeper gram of
nol ecul ar wei ght al k romati c conpounds can al so be used as starting
materials and incl ua%ta@ fomati c hydr ocar bons such as are produced by

the al kylation of aggnat eenthotabe FR@TBtalst Bf@ieﬁf(hﬁwﬁ%h'\ﬂﬁéieﬁﬁhqu‘ﬁﬂ'%?
products are frequently referred to in the art as alkyl ate and

i ncl ude hexyl benzeneasenwmaten@}ta@ddapgmbmzénp to about 500°C, such as
pent adecyl benzene, hexyl t.o toI ene

pent adecyt ol uene, 38}41 ng‘gt P’é‘i“kﬁouéep? el %&gﬁ‘ét ]aqﬂogﬂ:’o“t
boi I'ing fraction ingyd cig, tart%gga% ﬁ@g%ﬂm ?stttaﬁ%itefj %@nﬁh A i

nucl eus varies in size’froma to a out urrene or
et hyl benzene i s thealsesilr edoyte aolubbdyt ﬁmenmmsaertb genaatess sggond Wwatdyst

acceptably little by-products h .as x nes e nes made in
such instances may ﬁ%&%%ée‘i"ﬁgﬁy&”@fi% stg) ?f’ﬁﬁﬁed[lﬁg?@‘? I'-?gﬂ’ﬁ?tﬂ%ﬂber gtam
containing a m xturgref R@mssﬁesecam H?&i%n&‘i‘@{a?é bk Qat&oﬂx%' ta#lt fift d
particularly useful feed’fdét an al at1on process enefl cl al
utilizing the presehydretiormbiyist i.c. [tmmﬁwtteafedtdwﬂbahhmg h@enpmmm«lmmmr e

useful as feedstock,in ene cially utilizing the catal yst
of this invention gg’ﬁgﬁ%ﬁ faﬁff‘?t & al i phatic or aromatic organic

conpound having one(r NeryEnAuRi deablEcaklbyt Riilgs FHonPbRbi d)ﬂtrQ‘dPﬁng

capabl e of reaction with the al kyl atabl e aromati C conpoun
preferably with t hetealmt@nelorﬁgp@w ghait 5585 prifergblyrfoom Ebous 26°G 4o st

Gt byl en, propyl enes et BiESOna Ty AeL S0v 4P ebrEiie: Bt 7 idine
time of at least about 0.01 hour, preferably from about 0.1 to about 24
hours, more preferably from about 1 to about 6 hours, to generate the

" catalyst composition having a third hydration state measured in mmol
of protons per gram of catalyst between said first and second hydration
states. The step (c) product will have a Proton Density Index 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.

[0017]  During drying step (c), acidic protons and/or non-acidic protons are
removed from the catalyst contacted with water in liquid or gaseous form in
accordance with step (b). However, care must be taken during drying step (c) to
avoid removal of essentially all acidic and/or non-acidic protoné of the catalyst
resulting from step (b). The hydration state of the step (c) product will be higher
than that of the starting step (a) catalyst and lower than that of the step (b)



(i ncluding 1-butene, 2-butenes, and m xtures thereof), and the

pent enes;wal20eish&s4 (i ncl usi ve of nonoal cohol s, di al coholP€T/US2006/017733
trial cohols, etc.) such as nethanol, ethanol, the propanols, the

but anol s, and the pentanol s; aldehyde§55uch as formal dehyde,
acet al dehyde, propional dehyde, butyral dehyde, and nval eral dehyde; and
al kyl halides such as nmethyl chloride, ethyl chloride, the propyl

chl ori des, grbduchutlylis abdognizeé shataincreades ineproton dénsiy iate g0t sweply ghe

forth. [0025] M | i ' [
agents | n wreverkyeaten sideisdo Bromraag dhe Mot Eiplie i by
| nvent|i on. e@lytstﬁ%org%‘iho 2o §Sis Yelibb@Ntha Eéﬁtﬁ(ﬂ?ﬁad Batd58f tdm@dsing au

reactants i . | T gomeri zati on processes of IS invention.

Accor di ngl yacidie, porsussrydtaltind yratemie] apst lgyynen Srst biydaten statmwith water in
pent enes lch,are maj or.constjtuents of a varie refin "
streans, e lyud Pﬁeﬂasifgﬁé,foﬂ%smﬁ]fﬂé\ﬁ?ﬂ%lﬁ feogtagt ﬁlB’ﬁt %?&/nfe%;g}) TRV ‘gornn\é}hons
propyl ene, chéa&es; al '8a:51 26 kBdond ity fiaon Geié aighien thahi thd firg|hgliiation
refinery FCC propanefpropylene streams, etc., are usefuyl  alkylati Hg
agents and stdte.goffibis, Zallowed readrang sundep reedpiamppairolied: ing|

Ei hane 3. 3 BPEVEIRG FBRELG gy SHiBes i SRZpE RRR 48 Rmont! of b %0

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 Proton Density Index of greater then about 1.0. That is, such catalyst
comprising an acidic, porous crystalline material and treated by the method of this
invention 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.

[0018] The term "aromatic" in reference to the alkylatable aromatic
compounds which may be useful as feedstock in a process beneficially utilizing
the present catalyst is to be understood in accordance with its ari-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.

[0019] Substituted aromatic compounds that can be alkylated herein must
possess at least one hydrogen atom directly bonded fo the aromatic nucleus. The
aromatic rings can be substituted with one or more alkyl, axyl, alkaryl, alkoxy,
aryloxy, cycloalkyl, halide, and/or other groups that do not interfere with the
alkylation reaction.

[0020] Suitable aromatic compounds include benzene, naphthalene,
anthracene, naphthacene, perylene, coronene, and phenanthrene, with benzene

being preferred.
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[0021]  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.
[0022] - Snitable alkyl substituted aromatic compounds include toluene, xylene,
isopropylbenzene, n-propylbenzene, alpha-methynaphthalene, ethylbenzene,
mesitylene, durene, cymenes, butylbenzene, pseudocumene, o-diethylbenzene, m-
diethylbenzene, p-diethylbenzene, isoamylbenzene, isohexylbenzene,
pentaethylbenzene, pentamethylbenzene, 1,2,3,4- tetraethylbenzene, 1,2,3,5-
tetramethylbenzene, 1,2,4-triethylbenzene, - 1,2,3—himeihylbenzene, 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 gr.oup attached to the aromatic nucleus varies in size from about
Cs to about C;;. When cumene or ethylbenzene is the desired product, the present
procesé produces acceptably little by-products such as xylenes. The xylenes made
in such instances may be less than about 500 ppm. .

[0023] Reformate containing a mixture of benzene, toluene and/or xylene
constitutes a particularly useful feed for. an alkylation process beneficially
utilizing the present catalyst.

[0024]  The alkylating agents which are unseful as feedstock in a process
beneficially utilizing the catalyst 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



[ 0026] For these uses of the present catal yst, products may include
et hyl ben2&008v3MSkhe reacti on of benzene w th ethyl ene PCTIRHS/017738
the reaction of benzene with propylene,,ethyltoluene fromthe
reaction of toluene with ethylene, cyma%es fromthe reaction of
toluene with propyl ene, and sechbutyl benzene fromthe reaction of

benzene and n-butenes, a m xture of heavier olefins fromthe
ol i gomer i zat(msHdgng |-byteneol-bricaes, aphmixtyssshergofdr adethe pantaress alspholpe

9 REPLACEME Iy te. e ign

curene by ¢ NEL Of REMAR0R, XlclfIE" Sialubin KL B mtngpor
et hyl benzenestiizgol, hibe apophadls, otheobutsslz e agd Whé Mpeatdhylse nddehpdadyadh @y
of sec-butylibenﬁeqle by the %I kyl ati on of benzene w th butenes, and
ol i gorer i zatiPEReldghyde.ny esialdelfdsy | ppionaldeR)idene bubraldehudgy esand -

thereof. [0 i i S t - e
of Cthe cat al oragREDSY LG ARGR SPR0SEARASHONE I Slondl e
al kyl ati on giomy ohietides, trripiyirtioraied aol kdgoengd ickletides) and s®iozthl ns and
may be cond su t hat e.reactants are_prought,i,nto contact

wiih the _rem' o oSS of ngélt_s‘af e _r"é‘éﬁ:‘i)iaén leing rgrntes In 1tBe
exanpl e, i n aficAdR frE@ss QEilSAR YR SitfifstDrithiX §obveAGOn. 014 Su 35 of

conposi tion, under "effective Conversion conditions. Such conditions
i ncl ude a t dight okafins earef usefid nasa bepgtanBCnt theabligemardaie) moedssasadf yhis

from about QC to abqut 800 a _pressure, of from about 10. 1, kPa- 0.1

L s anor o) ishilal ol milid S Higs R, bR Bifencs nd T Sipfkpts

from about ¥@&iéh kfRamajof Qoﬁ@ﬁ;@t%@b%&?)oﬂr@ﬁﬁ?%&eﬁﬂs,%%Si\ﬁ/)ﬁﬁgfﬁs, 0
e (0] rom

at nospheres), and a feed weight hourly space vel oci té
about 0.01 PéNb0effigas  contamiag apthylens.opromplene, Gio, mepkibeeradeo offges

If a batch r %E@E? i: i i ) ) o, abaut
mnute to aggut h%gﬁgﬁ,jﬂsb%%gﬁ%‘ p?{r)‘%a?%e%gﬁénf str"':rgﬁgr:lg’tcgé 'a%gmse’%‘b
hours. [ 002&]kAdetimilagtat and ohigmnaiation tdabianisn Fok brarapiead typicaDFCCHIght

i nventi on ma e conduct ed sucgﬂtehat the organic reactants, i.e., the
al kyl at abl e © PR POSIFRRSS R follaWingcommesitigpi ng agent, are brought
into contact with the present catalyst in a suitable reaction zone
such as, for exanple, in a flow reactor containing a fixed bed of the
catal yst conposition, under effectivéNe¥kyl ati on Mot i ons. Such

conditions include a erature of fypm about OC to, about 500C,
preferably from about LE%‘%ﬁto about 26‘%% a pressuresc'){)f from about 20

kPa-a (0.2 at msphereﬂh&ﬂ&@bout 25, Of)91lcPa-a (250 ja nospheres),
preferably from about 101 kPa-a (1 atnospheres) to about 5,500 IcPa-a
(55 atnospheres), a nbremaneatio of al4ylatable aroedic conpound to

al kyl ati ng agent of f ;H%Q ut 0.1:1 about 50:1 referably from
about 0.5:1 to about Tg: ; %nd a fee%i's)\ei ght hourlip‘gpace vel ocity
(WHSV) based on the alldopumheng agent1n$ from about1gz 1 to 500 he',
preferably fromabout0.5 to about 100 he'. [0029] The reactants can be

in either the vapor pRaB¥aRs partiall33or conpleteldfin the Iiquid
phase and can be neat gyi.f8s free frogintentional gy xture

Pentanes 0.7 04

{0026]  For these uses of the present catalyst, products may include
ethylbenzene from the reaction of benzene with ethylene, cumene from the
reaction of benzene with propylene, ethyltoluene from the reaction of toluene with
- ethylene, cymenes from the reaction of toluene with propylene, and sec-
butylbenzene from the reaction of benzene and n-butenes, a mixture of heavier

olefins from the oligomerization of light olefins. Particularly preferred uses of the



- 29-0832@W07US2006017732 2006B05. 8 PCT 9A .. REPLACEMENT PAGE or Us2006017733
“dilution wi tR0GBOSBRGE eri al, or they can be brought into contact

with the al kylation catal yst conposition with the aid of carrier

gases or diluents such as, for exanple, ghydrogen or nitrogen. 1 10

" REPLACEMENT PAGE [ 0030] When benrsreACEMEKTIFA®E With ethylene to

produce ethyl benzene, the alkylation reaction is preferably carried

rom anour 1BGET SRRRRE peEah.uRe Bhertitos jeielHng o\ Uefizit
about 260C; withrepylese, tpoduetieh aftetifbéizend Pa-the @BGMatmhnafshdnzems ith
LR TG IR RN T e
based on t heygt il ﬁ/lfofliﬁoﬂéhgéﬂoﬁ%f @&?%e,%%ﬁﬂ&ig] @/F?l'éﬁe, g:r Hiktres BRMF20 -

hi*, nore preferab rom about 0.57to and a ratio of

benzene to e{#gVEne The drpmiabtnpesstiomoprocesaes emtapiplated formreaf the satalysto

about 30:1 nolar,. nore preferab fr bout 1.1 ..to about .10:1 nol ar.

[0031] When boFBbaviRdonaneiyfe Pataremp s HER Y alkiterioR oF Bidtaut dameRonds .
the react i onafYligdns@izaflie oPbREAs Uid Blay! Beldtndustb@ sechC@atlibe résttants are L
i ncluding a tenperature of up to about 250C, preferably up to about

| 50C, e.g., bioyghtdptogontgCwits thtrauirad satalyst ipecsyifable refction sone 95hea0

kPa-a (250 atnosphere Qs Lo t aPa- ‘s

at mspher o) 15 SABBEE: 3 o BEvicear fubiniphsdRed et or e b Bpipbiiion,
space vel oci tnydet \étiSdMivehamectsion dqondiviphenSuel kotlditionsgnelgdna tafipdratare of
about 0.1 hr | tq about 250 referahly from abo hout

hi ' 1 It t
50 hi': and fomahout GTC e Aberc 405G, Bisarahi from bt I fo-atouh 80840 o
of from abou : i r -
o hoot brefute & i WO 1 G kR HRD S atrmBHErcy FE R 200,006 RP8-go000
al kyl ati ng asfewsplsarédc preferably rfromheabgno d@.5clkPa Di12§ atmosphistasy e about

Feactton mmySSpEh KeR ‘S dlmeerel] Y & 2o Heh IRERY sedoHovslening
a tenper at ur gVBSVir i abéut 50101 Qo astatir* 2 pRferabliyafcen abdut 0.1 enabduout

100 to ahout 200G a pressure of about 350 kPa-a (3,5 atnospheres) to
about 3, 500 k%hrg (183 batchospsier is aed, thesteastin Yme mﬁ]batfm abays. liapinbie

(7 at mSpherﬁ%ﬁﬁf;{mﬁ&s,i e@bféﬁﬁ?@aﬁ&ﬁ 1HAPRPRRE D) horits, VWSV based

on the butene a at1ng (r;;ent om about 0.1 to about 20 hr,
pref erabl y -f [0§28khbowin alkyhltiabquocesd utilizing dhel catalyat oH thi$ inventiemayde

']E :] gmbg})g-ﬂ;? ?é%%%ég%ﬁa gt_n e]:?%é)agl\}c?r%g&gnt:s]}: i?é.,ttﬁe a ,%&ab}eo ér]dmaﬁcr: %&1%{391?1{3’/
- and the alkylating agent, are brought into contact with the present catalyst in a
suitable reaction zone such as, for example, in a flow reactor containing a fixed
bed of the catalyst compos.iltion, under effective alkylation conditions. Such
conditions include a temperature of from about 0°C to about 500°C; preferably
from about 10°C to about 260°('.;, a pressure of from about 20 kPa-a (0.2
atmospheres) to about 25,000 kPa-a (250 atmosﬁheres), preferably from about 101
kPa-a (1 zlitmos;aheres) to about 5,500 kPa-a (55 atmospheres), a molar ratio of
alkylatable aromatic compound to alkylating agent of ﬁ'om' about 0.1:1 to about
50:1, preferably from about.0.5:1 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 hrl,
[0029] The reactants can be in either the vapor phase or partially or

completely in the liquid phése and can be neat, i.e. free from intentional admixture
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@@dgéﬁfﬂi catalyst.gf t he present i nventi on may conprise one or nnnﬂ3§005017735
“acidic, poro£@0é59§ BCT ne material s or nolecul ar sieve having the .

. fol lowing structures: of zeolite Beta:(described in U'S. Patent No:
3,308,069); or an MW structure type WA2007/ 130054PCT/ US2006/ 017733
11 such as, for exanple, those hRABPRhACEMBNT®AGE ffraction pattern

i ncluding d-spacing maxi ma at 12.410.25, 6.90.15, 3.57th0.07 and
+3.4210. 07 Angst difitfon iR 3dhdsmugsiel, eI @iy caibe " BohghtCintd bMES with the
crystalline material" means a porous - crystalline material or

mol ecul ar si elieylatinn eatalysicompositien prith te<id of £awiee geses or daluenty such as,
hydr ocar bon 1OR.heact i 035] Exanpl es of MWV structure
type nateriaﬁ§p¥ﬁ@ﬁﬁggy 3 %Epﬁﬁggégibed in U S Patent No.

4,954, 325), 13511-3 (described in U-S. Patent No. 4,439, 409), SSzZ-25
(described in U:S: Patent No. 4,826,667), ERB-1 (described in o
Eur opean Patent -No. 0293032), I TQ 1 (described in-U S. Patent No
6,077,498), 1TQ 2 (described in U S. Patent No. '6,231,751), ITQ 30
(described in WD 2005- 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 catal yst can
include the nol ecul ar sieve in unbound oi self-bound formor;:
alternatively, the nolecular sieve can be conbined in a conventi onal
marmer with an oxi de binder as.hereinnafter detailed. For certain
applications of the catalyst, the average particle size of .the

catal yst or the acidic, porous crystalline materials or-no]ecul ar

si eve conponent nmay be from about 0.05 to about 200 m crons, for
exanple, from20 to 200 m crons. [0036] When used as catal yst "for

al kyl ati on, the al kylation reactor effluent contains the excess
aromatic feed, nonoal kyl ated product, . pol yal k3tl ated products, and
various inpurities. The aromatic feed is recovered by distillation
and recycled to the allcylation reactor. Usually a small bleed.is
taken fromthe recycle streamto elimnate unreactive inpurities from
the |l oop. The bottons fromthe distillation may be further distilded
to separate nonoal kyl at ed product from pol yal I'cyl ated products and

ot her heavi es. [0037] The pol yal kyl ated products separated fromthe --
al kyl ation reactor effluent nay be reacted with additional aromatic
feed in a transal kyl ation reactor, separate fromthe al kyl atioh .
reactor, over a suitable innsalkylation catalyst. The transalkylation
catal yst nmay conprise one or a mxturé of acidic, porous, crystalline
material s or nol ecul ar sieves having the structure of Zeolite Beta,
zeolite Y, nordenite or an MLATWstructure type materi al having an
X-ray diffraction pattern including d-spacing maxi ma at. 12.410. 25,
6.910. 15, 3.5710.07 and 3.4210. 07
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22-089607 ons é&%@g X-ray diffraction data used to characteri 2@32005617733
sai d above thP structures are obtained by standard techni gues

usi ng the K-al pha doubl et of copper as the incident radiation and a
.diffractoneter equipped wi.th a scintill¥ion counter and associ at ed
computer as the collection syst 8BPLACEMENTPAGE ng t he above X-ray
diffraction lines include, for exanple, MCM 22 (described in U S. -
gat ent E\Ig. 4, WgﬂgZ 5) Whelpberefielzsatkylined with éﬂlﬁend%t;ﬁﬂducbl?:jhﬂaeﬁ%b egﬁfé) :
SZ- 25 escr] in U.S ,Patent, No. 4,826,667), ERB-1 escribed in
Eur opean Pat alkylagign reafygeaszﬂe?qr fa(réfé's‘l‘}tilﬁé’&g g, phasepander conditions

Choscr i bod | o A358bbAER bl foupahSi SPCH-abBurStheCohiore plcedlly

5, 250, 277), [Kiom 480wt dF9RCi tbeaboitn260°C; & ptessire Np. to5at®ﬁ626,ﬂ6@ ld’geh (200
MCM 56 (d i bed, in. U.S. P . 5 362, ' 22 bei
partic ul( arei5 ;2 %Pk%?@u@f%b‘%f%@% FN'?’%M ?qug %P?%é?%‘”ﬁ’herf’f)ég ‘abdut
Patent No. 35308:Pa% ssgghbéﬁe%sﬁﬁ%agﬁ%&%pw%@a@ggb&&éﬁ aﬁay:

al so be used.,in one o hei r syntheti € forns, “such abl e

(USY), whi chthesethiylers dkplating agensof Bemeahoutid.] ® ahoot 27br, Rare peeferably

h d iGh i i .sal i . P .. 4,415 438
ond T wor aEam dbop 01538 a8 B SREE ridh ot t8hor 18 PhTeR ol e Wikt
m Xt ure conptdasion gf Aoineiboar.billta abmii3omn ﬂbla?,%éﬁgre&ﬁﬁﬂﬁr)ﬂom’eﬁﬁh 1kBto

disclosed in U S. Patent Nos. 3,766,093 and 3, 894, 104. However, in
the case of 3MABHJBMAT-e for use in the transal kyl ation catal yst,

t he "parti cul nt I, ' ; ' t | agd
to the produbBLh o Wab PLARRFEE SHERAER Wit biboh e RO Bk Wik, R
| ar ge cryst ateactidnt may silse tgkegilace tinder liquid rphasanebndifiohs aintlpdargouwnd
5to 10 mecron. It has been, fo oLhat .cqontrollin Synthesi s so
Chat -the r o BRRSFRIFER b ALRHOn G E TR 1B g2 4ty 1001C B oo 6%t
than 0.5 m CLOAT feRsbeut B25°C; @ phesatits of kvdha RI5D00GPEAl (150 attidsPhered) @ tak] ¥
enhanced activity for liquid phase aromatits transal kyl ati on.

[0040] The r e®i- fiom ahaut 10t kDase 41 atprspherelitorabout 3,000 kRaam 0 atpiosphienss); - -

o e o SO S S A SRR B B

t he fol | owi nffomaabges.1 hr' to about 250 hr, preferably from about 1 hr! to about 50 hrl;

'  anda ratio of benzene to propylene in the alkylation reactor of from about 0.5:1 to

about 30:1 mo]ar; more preferably from about 1:1 to about 10:1 molar.
[0032]  When benzene is alkylated with an alkylating agent selected from the
group consisting of 1-butene, 2-butene and mixtures thereof, to produce sec-
butylbenzene, fhe reaction may also take place under liquid phase conditions
including a temperature of ﬁom about 50 to about 250°C, j)r'eferably from e;bout
100 to about 200°C; a pressure of about 350 kPa-a (3.5 atmospheres) to about
3,500 kPa-a (35 atmospheres), preferably from about 700 kPa-a (7 atmospheres) .
to about42,700 kPa-a (27 atmospheres); a WHSV based on the butene alkylatiﬁg
agent of from about 0.1 to about 20 hr', preferably from about 1 to about 10 hr';
and a ratio of benzene to the butene alkylating agent from about 1:1 to about 10:1,
i)referably from about 1:1 to about 4:1 molar. _
[0033]  The catalyst of the present invention may comprisé one or more acidic,
porous crystalline materials or molecular sieve having the following structures: of

zeolite Beta (described in U.S. Patent No. 3,308,069); or an MWW structure type

AMENDED SHEET
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such as, for example, those 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 Angstroms.
[0034]  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.

[0035] Examples of MWW sfructure 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-
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 1.S. Patent No.
+5,362,697). The catalyst can include the molecular sieve in unbound or self-bound
form or, alternatively, the 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 catalyst or the acidic, porous
crystalline materials or molecular sieve component may be from about 0.05 to
about 200 microns, for example, from 20 to 200 microns.

[0036]  When used as catalyst for alkylation, the alkylation reactor effluent
contains the 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
polyalkylaied products and other heavies.

[0037] 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 or molecular sieves having the structure of zeolite Beta, zeolite Y,
mordenite or an MWW structure type material 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

}



Si/Al2 >30 - 90 35 - 50 H20/0Hr_ 50 - 70 50-60 [0042] The

crystal | iwet20emi3pesiconduct ed at a tenperature of 90 to POFAIS2006/01E33
time of 6 to 180 hours. [0043] The cat alﬁst of the present invention
may i nclude an inorganic oxide material™“matrix or binder. Such matrix
materials include synthetic or naturally occurring substances as wel |
as inorganic materials such as clay, alumna, silica and/or netal

oxi des. The Augstre@mSyay be either naturally occurring or in the form

of gelatino eci g X acl udi DR ARTIE | 4 C
met al oxi deg.ﬁe:ﬁ;t ura %;"Eg c(g;frﬁig%&lcpg}[gsﬂég\%ﬁgh ca%%ggéég%p%ﬂs%e%ta\?f%h
t he i nor ganistruotireteamabisthined bHynelandied t faciadquet s v Kvalphd | denblee ofind
kaolin famlies, whjch famlies, i nclLude_the subbenfonites and the

kaol i ns comf9RPYF asribasnciientyadiation paea AEractomsiyi cquprad Bty 3 srantlation
or others i B:iogiﬁ’ﬂlet? 211& B&obBled dOnfiRhid! as%@%&lgéc Eﬂésyét&nh%ﬂﬁiﬁfstﬁvgigl the

kaolinite, nacrite or "anauxite. Suc ays can be use
t he raw st atabowas Xoraygliffadctipn finee dhobudej fort éxatviple, MOMe22 ddestiibed in U.S.

cal el nat | on.p 88h 41,581 978 p85 S0em cal, o heati on. [ ARAALShee) Lo
silica, al Uftiiék%ribéd _irPPJ’.\S.aPatéﬂttﬁ&! tlil,szébds’})%lizﬁ-gféélés?,i@iiibe%i il E@oﬁ&ﬁrlﬁ‘a%én@

silicazirconia, silica-thoria, silica-beéery , lica-titania as

wel | as ter r¥e.P28333ITQ-b bdeserihed ind). 8 Ratard Nol 007 7408),1d1Q-2 (described in

i1 ca. magnageat ¥eEShr g3 hrs Oty QERRET R, FRE2PrHagron MRS

m xture of thesabedHPUIRE PaentMal §,280,397)b IO (described in U.S. Patent No.
5,236,575) and MCM-56 (described in U.S. Patent No. 5,362,697), with MCM-22
being particularly preferred.
[0039] Zeolite Beta is disclosed in U.S, Patent No. 3,308,069, Zeolite Y and
mordenite 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 réaction mixture
comprising a tetracthylammonivm 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 materiaily enhanced activity for liquid phase aromatics
transalkylation.
[0040]  The required small crystal TEA-mordenite for transalkylation can be

produced by crystallization from a synthesis mixture having a molar composition



[ 0045] The rel ative proportions of the acidic, porous, crystalline

mat eri al WO 200V88Har si eve and binder or matrix, if pr@CEFAIS20060¥7733
vary wiwdely with the crystalline materl ?I or nol ecul ar sieve content
rangi ng fromabout 1 to about 99 percenf by weight, and nore usually
in the range of about 30 to about 80 percent 14 by weight of the
total catalyst. O course, the catalyst may conprise a self-bound
material or [PM¥cul Hithiy the Oliowingrangtfound material or nol ecul ar

si eve, thereby being about 100% aci dic, porous crystalline materi al
or nol ecul ar sieve. [0046] The catal yst of the present invention, or
its acidic, porous crystalline materi allsggul nol ecuPgfersddeve conponent,
may or may not contain_ added functionaljzation, s uch as, for exanpl e,
a netal of Goup VI (el.{/a\."'l‘@?j and” M), té%up VI | § and Re) or
Goup VIIl (e.g.. Co, N and Pt), ok osphoru E)@)fl‘l ment al

Met hods [0047] The fo:\!?fg\{mﬁg)gz equi pnent ag% feed prégtsreat ment net hods
were used in the experSidnt s deseri bed>3-9%he non3sifdti ng exanpl es

of the invention. Equi [ 0048] A 30 ar r h_reaction vessel
equi pped with a stir rﬁ@é&ﬂd staiic cag(g% E baské§ s used for the
activity and selectivity neasurenents. The reaction vessel was fitted

with two renovabl e vessels for the introduction of benzene and
propyl ene r d6f42]t i v&hy cribdtatoreisr@atudet at a temperature of 90 to 200°C, for a

time of 6 to 180 hours,
[0043] - The catalyst of 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 form of
. gelatinous precipitates or gels including mixtures of silica and metal oxides.
Naturally occurring clays which can be composited with the inorganic oxide
. material include those of the montmorillonite and kaolin families, which families
include the subbentonites and the kaolins commonly known as Dixie, McNamee,
Georgia and Florida clays or others in which the main mineral constituent is
halloysite, kaolinite, dickite, nacrite or anauxite. Such clays can be used in the raw
state as originally mined or initially subjected to calcination, acid treatment or
chemical modification.
[0044] Specific useful catalyst matrix or binder materials employed herein
include silica, alumina, zirconia, titania, silica-alumina, silica-magnesia, silica-
zirconia, silica-thoria, silica-beryllia, silica-titania as well as ternary compositions
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.
[0045] The relative proportions of the acidic, porous, crystalline material 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



[ 0049] Commerci al grade benzene was pretreated with nol ecul ar sieve
13X, nol &¥Q12807180¢e 4A, Engel hard F-24 C ay, and Sel ex®6TBISQN6/017733
Pol ymer grade propyl ene obtained froma,conmercial specialty gases
source was pretreated with nol ecul ar si'feve 5A and Sel exsorb CD. Utra
hi gh purity grade nitrogen obtained froma commercial specialty gases
source was etreat ed with nol ecué?r si eve 5A and Sel exsporb

feed pretre yrf‘ﬁ‘ﬁg bt pfiths fofal catpbst OF pegss, the oy Bt pysomRsise pse thﬁ’iugd
bef ore usi ngn,dhidi 4r&h %&g%g%e egmb%'i' d ?ihe&emal%é 'ﬂf%fe@@f/’cflereby

refer to the comercia enzene, yner gra propyl ene
and the ul t ieiry apouipl 0074 geidic apterons mﬂgmne niateaﬂal biaweleb@lensipveet r eat ed

as descri be ein 0050] The .f ol | rocedure for \
ot er mi ni ng BMHIon Bl SHEGMBE G FuEsoh B B 1 REIG HpRas rpuelling
the non-li mrﬁét&%leﬁﬁnfﬁbfee?ulﬂlf §ié\«% 'cﬂlﬁ?ﬂﬁéﬂ?” madyM3r PRAGEHYT Q:oﬁf&'in added
Det erm ning Proton Density [005 he presént |nvent|on t he

procedur e f dinctionslizsiian,nepch hie, ﬁn'@{ampthe pgitety] of GmupaVél(?gt Csan@lMO), S

as foll ows t Si ta anp det erm ned
ising a snal 0P LR GveRy ae 16, Suakie [P Lo, R B d BOF
2007/130054@@3@%@ﬁ%006/017733 15 Fig. 1, a CAVERN device is shown

whi ch is conprised of an upper housi ng 5 and | ower housing 6

connect ed b&gwﬁﬂﬁEEEQMEﬂEﬂﬁng a mechanism 11 for lifting a gl ass
trapdoor 16 a I

means for hégqfﬂg v?g%?* nﬁ%gﬂﬁﬁﬁngEﬁgégfﬁ%?gm%@ﬁ g%gh ubeC)]E[s"?EiI@HI
sl i des over the ékpaﬁmeatsaiesﬂrﬁ;sa isthealons1onitihD exasles eths iehti@en t he

endcap 18 and the gl ass trapdoor 16. The stainless steel rod 15 is
retracted b g the nechanism 11, whereby the glass tube 17

raises the gheag trAaPsRRN phé @?&V&aﬁtﬂﬁl ﬁ%@%gt gﬁ)gé@%ﬁ'ﬁh tﬁﬁ?@%&'s tic

turning or shaking the CAVERN devi ce, st sarrp e (not shown)
falls into tchalyhBaskst ovaslgsed Thr shprootieldy andriekectivity mablilmmn‘andThe

nmet al oxi de onders. urth e regardin e ation

CAVERN devi CERPE vipsel sotitod S5 Mo refBable YecselS 5P Hhipriitn o 3¢

4, 109- 118, vehfRk BRd BTl F@hectiily. ef erence. [0052] I n order to
determ ne the proton density of a catalyst sanple, a thin | ayer of

t he cat al ysrlﬁ‘sgmm spread out in the catal yst bed 14 of the
CAVERN devi nd e

t her nocoupl Zﬁuﬂﬁ &%F%gcgﬂt%’géﬁé&&gé? %Jeagpfeglﬁ?gﬂg%ﬁ%mfgn@ %v%v &??(hg
t he cat al ystmcﬂedﬁnﬂremévesm,cEﬁgﬁﬂmﬂl\szr(elhy,emmSﬂtastm atBﬂly}nér piader
sufficient vacuij vacuum line 20 to repmpve any noi sture absor bed

on the cat a[PRHY Faéne‘i'lfﬁ@n@m%ﬁﬂ% éﬁ’FﬁF’é"Y\@?StS?BF“ééZY QSPIPE?‘J‘@Fda‘F@ he
desired te NMEY,
measur enent . | lIg'&/g %ﬁgpﬁélg’é%?g Uﬁ{h ?Eg&ﬁ%%h mﬁg%ade(}allnreﬁlo
a 5 mm NWR rﬁtmoa pomumtcldsspmiﬂty gasnas sd].&g;e wasjprteh’eate@mﬂl melscidendiedt 34 t h
a Kel-F end ¢ CAVERN eV| ce

oper ati ons \%&S lﬁé%mdm ﬁ’?téP%fE’? §§'ﬁiﬂ@e\%&§ é’{%ﬁﬁ%%fé?
vacuum ensypindgrstiieors ashLe m&%&éﬁ&x td Bénzu&é?p fpgv%e afll bfFodel Berefeﬁ to

desired NVR spectra were acquired, the weig MAS r ot or
catal yst saths eorameircia gradsbrnapne] shepelytet gradﬁnmpyﬂ@id e dheryltuachigint

determ natign.of ¢ ot or e end unpacki ng the

cat al yst samﬂ-@ em&o #@ﬁgqu Pt RE® %ﬁxﬂéﬁgﬁ%@ e amount  of

the catal ys{oesanp! eThe faiRAvib NNV @fock@ure for determining proton density was
used in the experiments described in the non-limiting examples of the invention.

NMR. Procedure for Determining Proton Densi

[0051] In the present invention, the NMR procedure for determining the proton
density of a catalyst sample is as follows. The proton density of a catalyst sample

may be determined using a shallow bed CAVERN device, shown in Fig. 1. In



[ 0054] 1H NMR experinments were perfornmed on a 400 MHz solid state NWR
spect r omeVer20epBpEi ng at 399.8 MHz for 111. Quantit ati PETAIN2806821783
wer e obtai ned by the use of rotor-syncqgonized spi n-echo sequence
(T12 - tDp - r - tD2 - Echo) using 8 t6"12 kHz spinning speeds.
Typically, 3.5-ps irl2 pulses, tmof 125-ps and 16 tD2 of 113.1 gs

were used fqr a spinning speed of 9 kHz. Spectra_acquired using_the
solid echo J8guke M@B&Hﬁ%%s%ﬁ%b avicampyissd of ap vRRERdBISng § gRd

oh S _ o i
beho’ SequenceVe BB e bl B0 Rine P2 Faykds MESAEBEOH A it @t
spectra. TherdpEbdrH 6 evhrencatalgstriedside aneahs $0190 vnugelifd 26,- &%) meals! foved

by two 180 pul ses., A descriptiqn of _the PTH sequence, appears .in
Corey, D.G ﬁlemgcﬁ@yﬂwwu e I%tig 5 pRond. glompiibggl/ sides over a 3 mm

i ncor por at edy RALET RodbYod £ SLENESs bﬁgﬁ%&l{ tﬁr;e %@Lﬁé@%ﬂtﬁeﬁ%@g@éﬁ%ﬁ!@a

sufficient for quantifying proton
t est ed. Acetliwestaialsssusend rad 1§ éx ostickatey byt tarmdiay thefroechidisth Khivfliterdb®. the

. Al th d.chemcal shift f
pem AL SR Ledochem col s Le e (oL eced b oy gy
various "as tﬁﬁx‘]ﬂ{ghﬁ%hﬁ@ﬂg HHROCAVERND QLIS tHe! déﬁily"s't Edrﬁﬁg.e t%hb@ﬁ)’sfaﬂé’intd( et

treated in accordance with the present invention, and therefore in
the first hyhe MABrotor dde, Thiseprasess ovdrbwdor zesllittis canBometal ofidg spoatdersne

Mat eri al Prot Densi: Zeol i t.e Beta 3. ons/.gr am,zeql.i

Bet o MOM 22 TVOF S et R ool B GREBSISRE A SR h 6,
T.; Haw, I. F. Top. Catal. 1997, 4, 109-118, incorporated herein by reference.
[0052] 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
desired temperature for evaluating the catalyst sample ("Specified NMR
Pretreatment Temperature") under sufficient vacuum by vacuum line 20 to remove
any moisture absorbed on the catalyst sample. The catalyst sample was typically
held at the desired temperature for 2 hours under such vacuum prior to NMR
measurement.

[0053] The thus prepared catalyst sample was loaded into a 5 mm NMR rotor,
such as MAS rotor 19, and the rotor was sealed with a Kel-F end cap by
manipulating the CAVERN device. All the operations were performed while the
catalyst sample was still under vacuum, ensuring the sample integrity for NMR
study. After the desired NMR spectra were acquired, the weight of MAS rotor 19,
the catalyst sample and the endcap 18 was determined followed by weight
determination of the rotor and the endcap 18 upon unpacking the catalyst sample.
The difference in the two weights was the amount of the catalyst sample in the
MAS rotor 19. _

[0054] 'H NMR experiments were performed on a 400 MHz solid state NMR
spectrometer operating at 399.8 MHz for 'H. Quantitative bz | spectra were obtained
by the use of rotor-synchronized spin-echo sequence (w2 — tp; — T — tpp — Echo)

using 8 to 12 kHz spinning speeds. Typically, 3.5-ps #/2 pulses, tp; of 125-us and



2.14 - 2.24 mol protons/gram MCM 36 MCM 49 2. 14 mmol protons/ gram
MCM 49 MONDZB072130054- 2. 24 nmol protons/ gram MCM 56 [ O0BETTAIS2¢0600 583
these acidic, porous crystalline materials in the third hydration
state of havi ng undergone treatnment according to the nmethod of the
present invention would have proton densities greater than those

| i sted above for the sane material, in the first hydration state.

[ 0057] The fdbt ldg Wevers ysedsior aspiariag apacrh of O &z r%emamcaquﬂewmatpe

| ndex (PDI) d e r t Lmting
examl co of Thrs B, shioded SRS WIRE RoRESHL el el ieal b

[ 0058] The PRpimingampdule naditiarendsdpal § 6f theWMASSbtard, i 4 sei@d @dﬁ@sléq&lenﬁéom
the ratio of the proton density of the_new, treated catal yst

conposi tion Wigh ¢ mdﬁ@ﬁvﬂeﬁﬁl bagkground, sigpal Gornithe sppckaat Boe QEBIH st
conposi tion. seé&b‘ﬁ@e SHistbd B e@O‘C%[II%«L;y(g.tS-ps) 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 ppm1). All the reported
chemical shifts were referenced to tetramethylsilane (TMS) at 0 ppm.

[0055] The proton densities for various “as synthesized” acidic, porous
crystalline materials not yet treated in accordance with the present invention, and

therefore in the first hydration state, are as follows:

Acidic Porous Crystalline Material Proton Density
Zeolite Beta 3.10 mmol protons/gram zeolite Beta
MCM-22 2.24 mmol protons/gram MCM-22
MCM-36 2.14 - 2.24 mmol protons/gram MCM-36
MCM-49 2.14 mmol protons/gram MCM-49
MCM-56 2.14 - 2.24 mmol protons/gram MCM-56 |

[0056] Of course, these acidic, porous crystalline materials in the third
hydration state of having undergone treatment according to the method of the
present invention would have proton densities greater than those listed above for
the same material in the first hydration state.

[0057] The following method for determination of the Proton Density Index
(PDI) was used in the experiments described in the non-limiting examples of this
invention.

Detem]jnatioh of Proton Density Index

[0058] The PDI of a particular catalyst composition is determined from the
ratio of the proton density of the new, treated catalyst composition to the proton

density of the original, untreated catalyst composition. Such new, treated catalyst



17 conposition may be treated in accordance with the proton

adj ust nerWoreeidipdes descri bed herein or ot her techni qRET/USHMEOEIT8Tr
proton density. Also, such original, upgreat ed catal yst conposition
may or may not be treated in accordancé with the proton adjustnent

t echni ques descri bed herein or other techniques that alter proton

density. As noted above, the term"proton density" as_ used herein
means the ni9CRINOBIER DEaYhRLrSatesk ma%?P%ﬁdén‘i?rW]bﬁle RIRtpRAd YR dechniques

pr ot ons per f L &l r [ . <t he
Pew 17 oat et hefe B SRl CATRAR, W Bter ol Bhe. JBRS'shith g
ori gi nal , unmfreaicé datebsbtopgiositmmosy of may avtbbd btitedbasccoatined withahe

same tenperature, f.or exa e roomte ature, e,qg. fromabqut 20C
to abo_u'Erp25@.r°t"l’ﬁe*l1 phmgnt E‘E pAgS g‘]?sc g‘?‘f ’l'?luhrorc%b‘g‘l B‘?Fp@é’f‘-tat%ﬁh
is defined 3gohbli%echdigt ORs 16108 ab¥vdlnd e ﬁgigmﬁ 55%2}23’ a%g@chadeye?ﬁ means

conposi tion nmeasured"at a given tenperatu di vi the proton
density of tthe milinglesa(mmoltofemidic pratansbndor carpudictproionsnpers graed ofit

th i t ture...[ 0059] The .NVR. t t dto..
doter m e pr BT HERLI o e proish AER O o A5 ealen s cutaRiion
state NVR Wighfl {88 pedtbR /Rnd400 tHER&Ehal, hﬂ@%@écﬂ'%a & tavpdRtionadra s

reactivity testi n& Frocedure was used in the non-Timting exanpl es of
t he i nvent i oReaswse 4} (hssaire suaparitiue, g sxpmplepeondemperafuon @k} fiompbeptr e

a catal yst AN r-eact. Vi ti.ng,,.a,specified amunt .of
2 catalyer 0GR el 2y R RS e bRt Wi A Sowlrmtpn
speci fied exefihédlasthy prfiorl @FRRY 8f theDety, BRRAE, chiafsEéordhdsitioRmydaBared at
Tenperature") for 2 hours. The catal yst saggl e was renoved fromthe
oven and weidg@¥en tempgratire Hiipidedubivethgsratonoddnsiie aftibe aiginghn witreated,

basket foll %g | f at al le into the basket on

top of the ?’ I'r Spgogly@%ﬂiéﬁ q’&%ﬁ‘#‘%@%%%é%?ﬁ?ﬁ?%@ﬁ?@% hen pl aced on

top of the ¢o03%]yst ThaNME spebirembaes kedd 1@aiRtsRinfticifotoRleasityalisd Veaam! e
| | aced .in an_oven at the Specified Ex-situ

and quartz MS ﬁergé) . )
Dryi ng Tenp b s AOQMBIZ splid gated YR with an Oixford 409 enagsets.
(such as.tofted) pTfe Floshg IR Rk FRP St plofbeit WAL (it 1L

were dried mondimiting templesefithamventiorenove all traces of cleaning

solvent. Th JBasket con i%j t he catal yst sanple and quartz chips
were renove ' tely placed in the reactor, and

t he reactor [0@&H]i n@dip@éﬁf& aasdtydd| dehpoditien rfoneéRtivityl SesBREL AGCEAENI
PAGE tenperature s set to an_in-situ_drying tenperature ("Specified
| nsi t u’ Dryi ABOTBhFkAfAls! Saniple Was dugd unithe Porscsecad @i injanr Ggarmttzor
2 hours: specified ex-situ drying temperature ("Specified Ex-situ Drying Temperature") for
2 hours. The catalyst sample was removed from the oven and weighed. Quartz
chips were used to line the bottom of a basket followed by loading of the catalyst
sample into the basket on top of the first layer of quartz. Quartz chips were then
placed on top of the catalyst sample. The basket containing the catalyst sample
and quartz chips were placed in an oven at the Specified Ex-sitt Drying
Temperature in the presence of air for about 16 hours,
[0062]  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 ajr after
cleaning to remove all fraces 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



e reactor tenperature was then reduced to 130C, the nitrogg?006017733
-28%21)5\5/?5 di208eBRI&REH and the reactor vent closed. A 156.1 gram .
.quantity of benzene was |oaded into a 300 ml (cc) transfer vessel,
performed in a closed system The benzéBe vessel was pressurized to

790 kPa-a. (100 psig) with a ni tRERACEMBNEPAGE t he benzene was

transferred into the reactor. The agitator speed was set to 500 rpm

and the reagigerifite Mk QLM hpikanl o {ebuplefiturd ("Specified [RAGADAIT

cc Hoke transfer ‘vesse en tille 1 28.1 grans of liquid
propyl ene arkemperaterct pand purgedwith 100 SCCM efritrogamier £ABHSE onnect ed

beni ene_ st AOpe. nARe et b bR e Dot PRBodithuee
Hoke vessel W dist@ntigad £1d thd heackhraBntldieda A 3661 peany quaitity of benzene

- source was mai ntained connected to the pr opylrg)ne essel? aggd 0 enﬁlo
the react or Waslpadgdiinte 2130Quml éor) dransigevesael; Perbprmas iR acipsed RSt e

were t aken dRghe sl yigpitiied NG 0bio) il R0
t he propyl enke béheae vasnpdnsfemed [intotthe neasoal yEhedigitatofzapeeGhwamsst dgSARhy

with a Flane |onization Det ectlor nd pr. cedyrelﬁ@knom to those ]
skilled in tR& andithe reaptos s allowedtosauiigrate for iOUEe | et vity of the

catalyst s a:’[?b&é( " Caf 54 ¥455 ﬁoﬁ@&ﬁﬁ%%&s%i Jvak TenBlIdOFHE 28.1 grams of liquid

| sopropyl benzene (cunene) product was calcul ated as the ratio_ of

i sopr opyl berprepydencant cewpregytbtbe zeastor (vepsl,DitdBhen foparecidoyithén .69
i 0 h 00% A higher | PB/,0 P ti .

el ot vi ty B3 RO 20 ylroteliers o Ao b Sy ol BeiePe e had

Al'so, in theggsedal®pespyidie wa @ansferedaidn Vid Mok véssel toaheksastor. The .
sanpl es was determ ned by cal cul ating the 2nd _order kin 'tiéleri te

canstant usih6? kBe-adAR peig) 1}i¢res¢msq3m&wvsemﬁihrqim%°tﬁ trsthe propyleng
nothe art (e ahd Shed & 1¥irkdidr a3 o b Mehad 19 bR RAkER!
I'quesS were used in tfe. be

adj ust nment tveeg%tr?l e experinments described in the

non- | i m ti ngresctimpiressund ot 169 kPaer{30mpsig)Pridiuid pPoduct samplds werentaken at

Techni ques Pro tent Adiustnent Technj.que # 0067 oRe:

enbodi nment ’t@etﬁﬁvgﬁ?’i @ﬁ "Q g%‘%uqﬁsf a e&taé‘di}%qn %%%rquPﬂé&énﬁese

acidic, por Odgnpldsy Sk {Heaqmagxzed ib?' G Chivvitography witht a IRlshe togivation
0054PCT. 9

state neasured™ WO 2007/13 US2006/ 017733 19
Detector and procedures known to those skilled in the art.

[0065] In these examples, the selectivitSr of the catalyst sample ("Catalyst
Selectivity") to the desired isopropylbenzene (cumene) product qu calculated as
the ratio of isopropylbenzene to diisopropylbenzene (JIPB/DIPB) after propylene
conversion reached 100%. A higher IPB/DIPB ratio means a éreater selectivity of
‘the catalyst s'an-lple‘ to isopropylbenzene (cumene). Also; in these examples the
catalytic activity of the catalyst samples was determined by calcllilating the 2nd
order kinetic rate constant using mathematical techniques well “known to those
‘sl-cilled in the art ("Catalyst Activity").

[0066]  The following proton content adjustment techﬁiques were used in the,
experiments described in the non-limiting examples of the invention.

Proton Content Adjustment Techniques

A, Proton Content Adjustment Technique #1

[0067] In one embodiment of the invention, a sample of catalyst comprising

an acidic, porous crystalline material and having a first hydration state measured

AMENDED SHEET



in mmol of protons per gram of catalyst, was placed into a suitable
cont ai ner'VORAe#130054 | i quid form specifically dei oni zed PGEUSZ)06IAZE 33
transferred into the container slowy 31? as to displace air fromthe
catal yst sanple by filling fromthe botfomup. Water was added unti |
the catal yst sanple was conpletely covered with water and the |evel
of the water, was ap?roxi mately 1/4" above the catal yst sanple. The
catal yst sanplBmeh@f weters pety &ram pheaielysto vias placsd Unlei & suifablel centaiaer.

t hese condi ty £ Of; S i f t AGL ] " i e fqat
| east about R hrfna A, sERRERN Aabnipbd Sudtery P Rngll R b8 uif
m nut es or groatier slowdy ge aetadieplacesit foysthe satbisesdngple by fAlisefomche
hydrati on state (meag#red in rotons per gram of catal yst

I
sanpl e), in JAMRRUp:L VST Wag @ @ﬁﬁ’d“lle’r{l @ eftalystssamnie pas cgmpleiey spveradt
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the Specifi ggediil Bnlict prksse (" deine Padshiire”f 250C. The proton
density was 1.71 mol pﬁr gram of catalyst (first hydration state).

[0073] A 0.5 [806}h pokx std errrenbosimentsaf theinyeatien, thecefakurbasampde thahvas
tested has first been treated in accordance with Proton Content Adjustment Technique #1

is then treated in accordance with Proton Content Adjustment Technique #2.
[0070] In still yet another embodiment of the invention, the catalyst sample
that has first been freated in accordance with Proton Content Adjustment
Technigue #2 is then treated in accordance with Proton Content Adjustment
Technique #1.

[0071] Non-limiting examples of the catalyst samples made in accordance
with the methods of this invention, and the use of such catalyst samples in
alkylation experiments, are described with reference to the following experiments.
Example 1

[0072]  The catalyst sample of this Example 1 comprised 80wt% MCM-49 and

20wt% alumina (Al;03) and its proton density was determined in accordance with



in accordance with the Catal yst Reactivity Testing Procedure at the
Speci f i edWBX081/13008r yi ng Tenperature of 250C and the Sp@€CIiuseeds/017733
In-situ Drying Tenperature of 170C. ThéOCat al yst Selectivity of this
catal yst sanple was 5.92, determ ned as$"the weight ratio of

i sopropyl benzene to diisopropyl benzene (1PB/ DI PB). The Cat al yst

Activity of this catalyst sanple was 363. Exanple [ 0074] Anot her
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1.0 gram portslocg\ of the catal yst sanple of this Exanple was tested

[0075] A 0.5 gram portion of the treated catalyst sample of this Example 2
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 6.94,
determined as the weight ratio of IPB/DIPB. The Catalyst Activity of this catalyst
sample was 383.

[0076]  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.



in accordance with the Catal yst Reactivity Testing Procedure at the
Speci f i edWB2081/13008x yi ng Tenperature of 250C and the Sp@€CIfisge6/017733
In-situ Drying Tenperature of 170C. Theg Catal yst Selectivity of this
catal yst sanple was 5.62, determ ned as$"the weight ratio of |PB/ DI PB.
The Catal yst Activity of this catalyst sanple was 23. Exanple 4
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PCT 22 REPL%EEVE%I !PAGE Exanple 5 [0082] The. catal yst sanple of
Exatnple 1 ted in nitrogen that was saturated with water
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portion of the treated cat tested
NMR Pretreatment Temperature of 250°C.

[0080] A 1.0 gram portion of the treated catalyst of this Example 4 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 9.35, determined as
the weight ratio of IPB/DIPB. The Catalyst Activity of this catalyst sample was 4.
[0081]  The 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.



dance with the Catal yst Reactivity Testi ng Procedure at “MB2006017733
2 p%%%pngd B2066BUSEXYTng Tenperature of 250C and the Specified
In-situ Drying Tenperature of 170C The Cat al yst Selectivity of the
catal yst sanple was 6.80, determi.ned a%2the weight ratio of |PB/DI PB.
" The Catalyst Activity of this RERIACEMENTPAGHEas 377. [0084] The :PDI
of the catalyst sanple of this Exanple 5 wds determined to be 1.03,

‘and repr esefhgndie 6increase in-proton content (determ ned as mmol of
pr ot ons .per catal yst), as conPared to the catalyst sarrpl e of
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Exanpl e 6 conprised 80w % MCM-49 and .20Wm % al umi na and its proton
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gram portion of "the catalyst sanple of this Exa was tested_in

accor dance watalyst was Citéammol pegramiof cetalyselhirdhy n‘B’FféR!bﬂ@FFb dglerrized in

. Specified Ex- situ D EEE
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cat al yst sangbee, WetheBReified MIMR Preteedtraent maperanne of 250°C.
2007/ 130054PCT/ US2006 017733 23 t e wei tio oRy|l benzene
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catal yst -sanplgcopfice With FETMAIFst 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 6.80, determined as
the weight ratio of IPB/DIPB. 'I'l}e Catalyst Activity of this catalyst sample was
377. '
[0084] The PDI of the catal'yst. sample of this Example 5 was determined to be
1.03, and represents a é% increase in proton content (determined as mmol of
~ protons per gram of catalyst), as compared to the catalyst saniple of Example 1.
The Catalyst Seléctivity '(IPB/DIPB) o'f the catalyst sample of this Example 5
displayed an increase of 15%, and the Catalyst Activity displayed an increase of
4%, as comparéd to the catalyst sample of Example 1. |
Example 6 '
[0085] The catalyst sample of this Example 6 comprised 80wt% MCM-49 and
20wi% alumina and its proton density was determined in accordance with the
NMR Procedure for Détermining Proton Density, described above, at the
Specified NMR Pretreatment Temperature of 150°C. The proton density was 3
found to be 2.59 mmol per gram of catalyst (first hydration state).
[0086] A 0.5 gram portion of the catalyst sample of this Example 6 was tested
in accordance witl; the Catalyst Reactivity Testing Procedure at the Specified Ex-
situ Drying Temperature of 150°C and the_Speéiﬁed In-situ Drying Ten?pera'ture
of 150°C. The Catalyst Selectivity of this catalyst sample was 5.92, determined as
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[ 0087] Anot her portion of the catal yst sanple of Exanple 6 was treated
i n accor AGBOMI3PIF4Pr ot on Cont ent Adj ust nent Techni que RCTAIS206/017733
Contact Tine of approximtely 1 hour, produce the treated catal yst
sanple of this Exanple 7 having a third hydration state. The proton
density of the treated catal yst was 3.16 mml per gram of catal yst
determned in accaordance with the NVR Procedure for Determ ning

Prot on Densithg weighidielipeaf isemsopylbepzengito disaprensderngsm GPBPER nehic
Tenper at ure . . l-an of the treated catal yst
of this Exan(g%taél}sl}%\%alé’h?g’gﬁle‘é}?q%@%%@@?3%@%th Catal yst Reactivity
Testing Prodeguipde At the Specified Ex-situ Drying Tenperature of 150C

and the Specifjied In-situ Drying Tenperature of 15.0C.  The Catal yst
Sel ectivity [B?é’ﬂhi sAagthsr pertioggithe cofalysty ssyple pfirammie @ was frﬁ%teg n

i ght ti / I I j
sarpl e was JST PSSR FroudRRChEF iRkleh INkhkalt o 0 3 CRIRL Mihe of
7 was deter rdppmhnatelyel hoB) to pratiuce ek ented catalZR%ample ofifins Exajpplet Dn
Comoarea - et Bl PR en T L et w16
Sel ectivity Iﬁﬁﬁ%@@ﬁ o®hathBt dddrRliNeltin $86RU S8 iR BRERIMR Prédcdnteayed

an increase of 2% and the Catalyst Activity decreased only slightly
to 91% of t Hterofiningdrefan epsity, idescEoadpbavesat thx SpedibedNMR) BebieTineent
catal yst sanple of thi npl e conpri sed 65w % MCM 22 and 35w %

al uni na and?@e%egﬁami ty was deternined in accordance with the

NVR Procedurfeods)r Dat®s gh Bertich f e thaks dayalyst 0F €is BR&ple PWeas taéted he
Speci fi ed NAIR Pretreatnment Tenﬁerature of 250C. The proton_density

was 1.46 nmoh apeordagics ity Cetalysl Beactivity Testing\Fapeaduesatdheybpgcifigdofo-siin

1.0 gram por. L9 ﬁbtq aml_eq.0f . 4 hi aﬂﬁl-e fested
in accor danc]% ym%( ﬁ&é‘{}gﬁuﬁl%g%ac %Q/q ﬁ&‘;esﬂjeegﬁeﬁg]%ﬁ%ce %%gl\é\ls%rﬁégg of
Speci fi ed Bxsprd.u THe)EAalydeupAiei bf 19é caéfgzﬁ ainthlé Bas TS btefiflined as
In-situ Drying Tenperature of 170C. The Cafal yst Selectivity of the
cat al yst sarihe weight r8iois IPBDEByi el Catalyst Aqtivity of this catalyst sample was

251.
[0089].  The PDI of the catalyst sample of this Example 7 was determined to be

1.22, and represents a 22% increase in proton content (determined as mmol of
protons per gram of catalyst), as compared to the catalyst sample of Example 6.
The Catalyst Selectivity (IPB/DIPB) of the catalyst sample of Example 7
displayed an increase of 32%, and the Catalyst Activity decreased only slightly to
91% of that of the catalyst in Example 6.

Example 8 .

[0090]  The catalyst sample of this example comprised 65wt% MCM-22 and
35wi% 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 1.46
mmol per gram of catalyst (first hydration state).

[0091] A 1.0 gram portion of the catalyst sample of this Example 8 was tested
in accordance with Catalyst Reactivity Testing Procedure at the Siaecified 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
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" dii sopropyl benzene (1 PB/ DI PB).- The Catalyst Activity of this .
catal yst sanple was 272. Exanple 9 -[009¢}A portion of the.catalyst

sanpl e of Exanple 8 that had be E ﬁﬁtplgéétial | y deactivated
was regenerated according to the followng twd-Step procedure. First,
erature of 385C in_an

t he catal yst | hga ate .
at mosphere hg]\é}?‘%%g te\é\%?nt Rg 05%5(8)3?5 :ﬁy ISOB@RY QReFeRs (IREHBBNs Thehe
oxygen concefatabsi Activigsof thistchalysysdmplé gaseg.to 0.4 vol . % and then

i ncreased aggi nto 0.7 vol. %while the nmaxi mnum catal yst tenperature
was mai nt ai lef67C. Second, the catal yst was heated to 450C in

% whi ch vast Vol ook fofon )tk Ao SRR e ERRGER Bt Rl benompa at leas
t emper at ur e peasaliyaidenetivatal avasS téienefa®d9 3cbidifg Crt leé/%ué@ﬂ%l Q\ﬁ@gﬁp . .

then treated according to Proton Content Adjustnment Techni gque
Cont act Ti nePrfedisnr BWstnthecatalyst neruple was heated de @ tehperatueno£385°6 ial apist

of this Exa | | ion state., The protop, density
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Det er m ni ng I?)srog n Densjty, described above, at t-he Speciti
Pr et r eat ment¥9Fe r‘éé’l’lﬂlfh tlae amaxipow cpiglyst fompergurgr was poaintaimedOht 468°C,

treated cat f 1h 9 ested in accordance
wl th Cat aty e, T0BeeE S hémdt RS tn 1T 1R @ sempmiees) Bevibe v
Dryi ng Tenpexgpett comeniZiiifa 66017 WoE Y8PREich vad iﬁd}ea%%tlilib PoVd19% while

Tenperature of 170C. The Catal yst Sel ectivity of is catalyst 'satr]rlﬁl e
was 6.29, deEARImatalystiemperaiughwas maintzinedmt SI0ME. The Cat al yst

Activity of hdyss cataly pl e was 174. [0095].The, PDl qf the

“cat al yst sarlr%‘fge_of E@gn‘%r%ﬁ%n%ﬁlﬁé’f niiFh &2 B-Jd’&mdi’?%fﬁ aofgn Content -
represents adpsimencTeharue#1tda ComicTiRe OF epproxRekay T RRE: tﬁﬁ:r%ﬂ%}e
of protons as conpared to the catal yst 'sanple

%‘ertﬁgra of catfal yst), : . .
of Exanple &€ Ffesptalysiet iy Example Syhavingsy thivddydpstionhsateaTheyproton
sanpl e of t BessifeTTRE Bested bstRlya 1id1BEE BARE ﬁ% iy dtatiot
Activity was still 64%?0? tﬂab’ o‘?gst ﬁ%’f‘gﬁd&[ﬁ% 0 Ofl':'%ga ﬁttztig yrafion
AVENDED SHEBt#te), determined in accordance with the NMR Procedure for Determining Proton
Density, described above, at the Specified NMR Pretreatment ‘Temperature of
250°C.
[0094] - A 1.0 gram portion of the treated catalyst sample‘ of this Example 9

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 this catalyst sample was 6.29,
determined as the weight ratio IPB/DIPB. The (?atalyst Activity of this catafyst
sample was 174,
[0095] The PDI of the catalyst sample of Example 9 was determined to be
i.35, and represents a 35% increase in the j)roton 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. ’
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. [0096] The . npl e described in Exanple 6 was treated in : '
accordance with Proton Content Adjustnent Technique #2 it a Contact
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mol of protons per gram of catal yst)-as conpared to the catalyst -

sanpl e of Exkemuesatere afhk5006t aThpsprowal depsity, wes 267 prmpl pe) siem ¢ eatalyst

cat al yst sanpl. ﬁﬁ 10 di spl ayed an increase of 20% and the
cat al yst acgﬁ{'/ﬂ%t@d ec?{eggléggd only slightly to 89% of that of the

-catal yst of [B0%AP| e A50.5Egramnpoatidn. of Gentpenterlt cavadyst [s0MORE] G thiscBxaampletl 0
sanple of this Exanple 11 conprised _poyous non- crystalline
t ungst en- zi rM@nlestedyiz @2‘)°r§?ﬂi’ei Y'%tﬁppgt?gﬁt 3@?\“5‘?"1’? mﬂei’@nﬁ‘?‘ﬁgoﬂi fhe
accordance W ,g\%@_ M ) h 1D
descri bed a\llogég\?gﬁegﬁ t he @g’ggggg gﬁeﬁﬁ/jﬁe g?gtg(??afmrge]ﬁlf @‘Fg%gig?a@?ﬁ?g%mg
250C. The pridmpersieresoft 500@s The Tataiym|Seleetivity afthisf catdys lsynple(Was 509,
hydration state)., [O100]A Q.5 gr.a rtjon_of _t cat al.yst . sarnpl.e .of
(i s Exanp dletorhiid bk o o JPRLIEE. WiHa Cestps ufviteat B fgivst
Testing Procgpufeswad 2441¢ Speci fi ed '

[0098] ' The PDI of the catalyst sample of this Example 10 was determined to

be 1.03, and represents a 3% increase in the proton content (determined as mmo!
of protons per gram of catalyst) as compared to the cataly§t sample of Example 6.
The Catalyst Selectivity (IPB/DIPB) of the catalyst sample of Example 10
ciisplayed an increase of 20%, and the catalyst activity decreased only slightly to
89% of that of the catalyst of Example 6.

_ Example 11 (Comparative) . _ o .
[0099] The catalyst sample of this Example 11 comprised porous non-
crystalline tungsten-zirconia (WZrOz) and its proton density was determined in
accordance with the NMR Procedure for Determining Proton Density, described
ébove, at the Specified NMR Pretreatment Temperature of 250°C. The proton
density was 0.37 mmol per gram of catalyst (first hydration state).
[0100] 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 Temperz{ture of 250°C and the Specified In-sim Drying

AMENDED SHEET



Ex-situ Drying Tenperature of 250C and the Specified In-situ Drying
26 TenperwOuprer/i3005370C. The Catal yst Sel ectivity was 13PTQO/US2006/017733
determ ned as the weight ratio of isopggpyl benzene to

di i sopropyl benzene (1 PB/ DI PB). The Caté&lfyst Activity of this catalyst
sanple was 1. Exanple 12 (Conparative) [0101] The catal yst sanpl e of
Exanple 11 was treated in accordance with the Proton Content

Adj ust nent TEeoiperajure of11HPCa TomCatalysTiSelectivitapps d3i7ndeleymibed@arthe t o

d t ted catal.yst I f thi,s EX le 12 ' thiyd
ydrat i on sORET TG f SOHOBBRREEPE dp R IDRBE eal A D amp TEE
was 0.41 m@atﬂﬁtp&ﬁ%gfﬂﬁ@a@m%%fsﬁ%%ﬁlwﬁ jnydration state),

determ ned in accordance wth t Procedure for Determ ning
: Udmapprzityeye, at the Specified NVR Pretreat nent

of Thi o Exadiiot o et ek Gamer BB, AL She Hiceled o prRARES SBIRY
Testing Propestdh €orter: 21 @Ra6M TRANTg e H1tal A MMtAE TIRBRATppibxEmatEly2b0C

and the Specified In-situ Dr%u ng Tenperature of 170C. The Catal yst
Sel ecti vi t y hopr, tthi produgeat Jeseted antalest iample 6P thig dixemplan 48 heyinghe third

wei ght rati / DI he i vi f ' t 1S e
vas 1 o1 el ThepRE oty ot Xisked Uil Sl WY o)
determ ned tper geand of bataiyad (ihédriegiesion aime) iddrmiretaacaccordhiie withtthe
conpared toNVE Saeeatyis Ror Ticiemes 1o dGreny: dFGnbe Jes o the
Selectivity \ PHR%\ opr Of this Exanple 12

di spl ayed asgé&géo decrgéés%a&g‘%ﬁ?%[f%g%%ge?g t g' cat al yst sanpl e of
Exanpl e 11. [@H2]Cat Al 9.5t gréumt paritiby ofethmitreatbdt datalyd i ths Eranglat B yes
sanple of Exanple 11. [0104 | .patents, patent applicatiqQns,..t
procedur es, t?#% i atcfprﬂ*{i’fﬁi‘?ﬁ%t tal F%{F@Pé@f Jilfffmﬁ %@ﬁgqoubengt%ﬁéﬁﬁgﬁgg%é‘ﬁd
ot her docu ' | o ' [ : f@r
a1 uri s o exgire gl BF S50 1 D SPERRATRSE: PRIETaRRRRGC'?
[ 0105] When NUOXE.i Tak Cavalpst Selaetivisy afithis oarelyscamplppas SlG2mdeisrmimed as

| isted herein, ranges fromany lower limt, to any up limt are

cont enpl at e VOEBGPRAITE/DIRE, (e S s AR VR BE B st sproplegvas 1
i nvention hyygspeenThese| gge wn%%l??u?%ggﬂ&% kbt 120 wid bbtefiined to be

under st ood at “vari ous otOE (1 oNs W be apparent to and
may be readillll, aad ecprgsentscmel €kihdremte iim thehprotont contenh (determined as mmol
of protons per gram of catalyst), as compared to the catalyst of Example 11.

" However, the Catalyst Selectivity (IPB/DIPB). of the catalyst sample of this

Example 12 displayed a 29.8% decrease, as compared to the catalyst sample of
Example 11. The Catalyst Activity remained the same as the catalyst sample of
Example 11.

[0104] All patents, patent applications, test procedures, priorifty documents,
articles, publications, mamuals, and other documents cited herein are fully
incorporated by reference for all jurisdictions in which such incorporation is
permitted.

[0105] When pumerical lower limits and numerical upper limits are listed
herein, ranges from any lower limit to any upper limit are contemplated.

[0106] While the iflustrative 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



WD 2007/ 130054PCT/ US2006/ 017733 27 departing fromthe spirit and
scope of wbeos¥mnsawsti on. Accordingly, it is not intendedPCiTaIS2006817733
scope of the clains appended hereto be %inited to the exanpl es and
descriptions set forth herein but rathg that the clainms be construed
as enconpassing all the features of patentable novelty which reside
in the present invention, including all features which would be
treated as digpirtiagefies thIQemﬁ‘ as) seonss of $he linveation Aneordingly dt vhinoh

broduct ng. e Ber s spdi ot Y Boriathdherbig bR or i xpraples

of: (a) pr camﬂdaeaen}]ancfﬂsrgat fopthaheréih B@MPAkHeS| thet @ slaint Ge AALRUR as
crystalline materia said first catalyst having a first proton

density, andngearassmaplk thiedfeaturestof nagminbleiapvglivywhish meside §bfhecpf§f!9&i e
nucl ear mag e

cat al yst of qﬁéggio%’alﬁ&\[/a\nﬁﬁ% auﬁatgpﬁg élgﬁogﬂom?ea%%agéé?)aﬁs waieh&%emc’f by
contact t enmkssetskilied dp tHeQrigb auliictbde Gvehtlompeltanisot ons and generate a
second catal yst having a second proton density, wherein the val ue of
said second proton density is greater than said value of said first
proton density when said val ues are neasured under the sane
conditions; and (c) drying said second catal yst of step (b) at a
drying tenperature of up to about 550C, to renbve at | east a portion
of said protons from said second catal yst and generate said catal yst
conposition having a third proton density, wherein the value of said
third proton density is between said value of said first proton
density and said val ue of said second proton density, and neasuring
said third proton density using said solid state nucl ear magnetic
resonance net hod under the sane conditions used to neasure the first
proton density, whereby said catal yst conposition has a Proton
Density Index of greater than 1.0. 2.The nethod of claim1, wherein
the acidic, porous crystalline material is an alumnosilicate
zeolite. 3.The nethod of claim1, wherein the acidic, porous
crystalline material is selected !




fromthe group consisting of MW structure type material, zeolite
Beta and m xtures thereof. 4.The nmethod®8f claim3, wherein said MW
structure type material is selected fromthe group consisting of

MCM 22, P511-3, SSz-25, ER B-1, ITQ 1, 1TQ 2, 1TQ 30, MM 36, MCM 49,
MCM 56 af AIMBures thereof 29 5. The method of claim 1, wherein
step (b) 1 s conducted at a contact tenperature of fromabout 1C to
about 99d4 6feiti om about 1 minute to about 60 minutes. 6. The method
of claim1l, wherein step (c) is conducted at a drying tenperature of
from about 100C to about 200C for from about 0.01 to about 24 hours.

7. The mdt hod Aofethodifor groditdigg & batalyst cdnpabitibi SdaidDBTHO8 cbmprising el stdpd Of:
fromstep (c) has a Proton Density |Index of fromgreater than 1.0 to
| ess than 2 0{3) g. Piojadingafuet atalyst somprisingybaddis, Ropes @stallipe material, said

ition r | Lk f ( r A .
FOTROZL L1 o " | G ek Bl B ReBBA S BESHln cnsy
sai d acidic, meirgasolidyiateahiclaaemagheaticiradonhds: ragthed:er age particle size

of fromO0.05 tq 200 microns,, 10. The nethod of .¢claim.1,. wherein the
first catal ys{Pk ur cRAERCESH] é@& caéglbﬁtrﬂférep @) Y%tﬁ‘rf?éerﬁaéihﬁwdl Q5fgagqoys ferm at
10, wherein sai | ' ' njc r

t he group congi %tn?dr?gq%p%?gﬁg% Lu@ﬁﬁi é(’r;\:gm t zriSI% gﬁ?;ng), agrr%?g%tb%éxﬁlz‘g ggﬁ%fgt% i s6Bnd
m xtures ther eathlyst having amedchndl pastow rdehsity, twhepdiai the haluehefr @id sédv@d proton
proton density is neasured_ usi n%‘rﬁ%itc angl e spi nni ng nucl ear

magnet i ¢ resoNSHEE iSaFeRer than Faidy pbepig firsh profrs densHy avhenisaid values are
wherein the piRhaRedRdrile datndTaaMbAY sHd' N9 @ CAVERN devi ce.

() - drying said second catalyst of step (b) at a drying temperature of up to about
550°C, to remove at least a portion of said protons from said second catalyst and
generate said catalyst composition having a third proton density, 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, and measuring said third proton density using
said solid state nuclear magnetic resonance method under the same conditions used to
measure the first proton density, whereby said catalyst composition has a Proton
Density Index of greater than 1.0.

2. The method of claim 1, wherein the acidic, porous crystalline material is an

aluminosilicate zeolite,

3. The method of claim 1, wherein the acidic, porous crystalline material is selected
from the group consisting of MWW structure type material, zeolite Beta and mixtures
thereof,

4, The method of claim 3, wherein said MWW structure type material is selected from
the group consisting of MCM-22, PSH-3, 88Z-25, ERB-1, ITQ-I, ITQ-2, ITQ-30, MCM-36,
MCM-49, MCM-56 and mixtures thereof.



14. A catal yst borrposition made by the 2rrget hod of any precedi ng cl ai m

5. The method of claim 1, wherein step (b) is conducted at a contact temperature of from

about 1°C to about 99°C for from about 1 minute to about 60 minutes.

6. The method of claim 1, wherein step (c) is conducted at a drying temperature of from

about 100°C to about 200°C for from about 0.01 to about 24 hours.

7. The method of claim 1, wherein said catalyst composition resulting from step (¢) has

a Proton Density Index of from greater than 1.0 to less than 2.0.

8. The method of claim 7, wherein said catalyst composition resulting from step (c) has
a.Proton Density Index of from about 1.01 to about 1.85.

0. The method of claim 2, wherein said acidic, porous crystalline material has an

average particle size of from 0.05 to 200 microns.
10. The method of claim 1, wherein the first catalyst further comprises a binder.

11.  The method of claim 10, wherein said binder comprises an inorganic material selected

from the group consisting of clay, silica, alumina, metal oxide and mixtures thereof,

12. A method according to claim 1, wherein the proton density is measured using magic

angle spinning nuclear magnetic resonance method.

13. A method according to claim 12, wherein the proton density is measured using a
CAVERN device.

14, A catalyst composition made by the method of any preceding claim.



