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[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
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.
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the present invention, 1t hasS now unexpectedly been

maﬂw}a’eﬁd HO@wé wiithpet nrafﬂwr;gsunwmqlﬂmmd@ms t Bhis has proved
In "PDI" her
de?i i ?%'Eﬁ & e h%%mi c%gé( Pf culilen mﬂr‘gﬂﬁmp?% r}’?here existing

or eXa

greaiatysts Tebaeithbr [hckeﬂ tabdeyired abtivityeoravé fegiltedlinthe prodliction of
to, abé)ut 1.85, has a uni que conbjnation of activity

g icaptiaptifigs|of by-updicts syrk 9s ethybenzeng angl npronylhenzgne.
ag06b7) | AUALRAAS o Me'prdseh iBPentiBh at ¥ now unexpectedly been found

that a specific catalyst manufactured to exhibit a Proton Density Index (“PDI”), as

herein defined, of greater than 1.0, for example, from greater than 1.0 to about 2.0,
e.g. from about 1.01 to about 1.85, has a unique combination of activity and,
importantly, selectivity, especially when used as a liquid phase alkylation catalyst
for manufacture of monoalkylated product, particularly for the liquid phase
alkylation of benzene to ethylbenzene, cumene or sec-butylbenzene. This obviates
or reduces the demand in many instances for the difficult transalkylation reaction

for conversion of unwanted bulky polyalkylated species.
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having 1 to 5 carbon atoms. The alkylating agent may comprise, for example,
ethylene, propylene, and/or the butenes, and the alkylatable aromatic compound in
such an instance may comprise benzene.

[0010] A preferred catalyst of the present invention comprises an MWW
structure type material, such as for example an acidic, crystalline silicate having the
structure of MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, ITQ-30, MCM-36,
MCM-49, MCM-56 and mixtures thereof.
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temperature, for example room temperature, e.g. from about 20°C to about 25°C.

[0015] The amount of protons on a catalyst sample is measured by a solid-
state nuclear magnetic resonance method for characterizing the 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.
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conposition conprises the steps of: (a) providing a

first, unt#d¥tted catalyst, i.e. one not having been

treated aggor difadife $he Bsst CRh1ANE bep (B withivater in liquid or

i nvention, “conprising an acidi'c, porous crystalline

mat eri al , ggaous formsat € edmbot S¢mpaeiungofug ta shout 500°C, such as

hydration state neasured in mllimles (mol) of
mﬁgoqth]e"c to about
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500C, suchboas 1 it adabbutlsd t Ml to 2zated edcond Waalyst
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state beip reate{ath n said first hydration state,
i.e. the B’g’é ery) ctelyst 8Yd has a hi gher prot on
density gdhan &Ilﬂzﬁagtsfh%%e&&}w)d é‘a@él?it%&dltiﬁé‘@roh{:lte}? ) A9a drying
the second catal'yst resulting fromstep (b) at &
dryi ng temperaran€upto shout 65600 ptef&abIE, frqm ebart AOPE to about
fromabout_20C to about 550C,  nore prefer ab|0§ from )
about 10084°6- M9sripresaneity fogy abougQ %gto appe209F Cofor a drying
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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 protons 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)
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[0019] 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.
[0020] Suitable aromatic compounds include benzene, naphthalene,

anthracene, naphthacene, perylene, coronene, and phenanthrene, with benzene

being preferred.
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1 1,2, 4-t ylben

,2,3,5- tetranethyl béenzene, -triet ene,
1t 3rtt a5 pikyleyd bedzecede mexybenzeng| nerydhenzene, dodecylbenzene,

p-butyl t gl uene, 3,5;:diethyltol uene - et hyl t ol yepe
p_PS?tﬁ%%‘/ﬁ%eBéW& m B?’%’EQF‘%%‘T’ uene PORYIGHIRAC: xy#%‘%&?ltomene’
dipegth hat evesy ofedn kAR R H5thiRBE& as £hi3h boiling fraction in
di met hyl ant hr acene, 9- et hylant hr acene,

2 whighthe ale reseumattachedyist thy |asematicarustaus varies in size from about
L T TR e
alpsareleprodwtts asceptablyt littlg bypir@tucal shemBsixylenes. 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 useful 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



i ncl ude aromati c hydrocarbons such as are produced by

the al kylation of aromatic hydrocarbons with olefin
wobkbgaserss. Such products are frequently referped/useosn17733

the art as al kylate and incl%ge hexyl benzene,

nonyl benzene, dodecyl benzene,® pentadecyl benzene,

hexyl t ol uene, nonyl tol uene, dodecyl tol uene,

pent adecyt ol uene, etc. Very often al kylate is obtained

adingludinghl-butens,iybutenast rushimixtureaithesen tradgh& pentemesuiplcohols

2RRRBRE, bP SRR el ek BAE® ghd), Bt 2 Bharo,

t Rehadels| medllmp@mtthetmarwl@sam thed RERES]sP m&nyr@@ such as
accepta ittle by-products such as xyl enes

Xy P%W@@3 gle apglaldelyide; ngrepieraldehiyipe m@§§ﬂ@ﬂaﬁﬁabdmﬂ n-
5 0

AP HEP A A FATHCSRANAE W] a1 Yntoride, the
p@rdpyt ulhlantigs, thedfuyt chbelde§ and tkepeatyk ylhlahd@tlami smbstﬁ

b fic [ ng t e present_ catal yst. 24]
Tﬁ@&ij ?‘Qﬂ%/fﬁbes aaﬁ t vﬂ%? oS aree uselk @5 alkVleting s“t&%‘l@ juy, the
a aH{ryPﬁi%ﬁ%)ro&@Q ﬁflhﬁhﬁ‘ ktleV, a'f%jfét lof e ﬁ\)%ﬁtl&nat Ah%s budpf mﬁ@lﬁr@s of
invention generally incl ude any al | phati'c’ of aronatl
orllxglah |0tﬁfmenqmur$dflﬂaa5| ragctamte ior thepokgamaizatdn @rocesses of this
al. k ting ali tlc abl e.of reaction, wt
ceafiy e BER biuprts S BRyEIR o Siee b HER Sy dlipentenes
t Rhied f¢l ra4jon Go@hﬁiéﬁtsp(ﬁsé TP Of TéMRRY dtrénsd ecgarﬁ’l@l"gas gas

atons. Exanples of suitable alkylating a ents are
oPEf n%ffga% woaﬁl@tla yétbylene, ppiopyleape etci,haaphiha rasackeD off-gas

SO O PSR ol B e

alatkytuting agénts aahdlshg(ﬂn@fzaﬁmn@abt@mb olFsr extingll€,ah@pizal FCC light
rial cohols, etc. such as net hanol, ethanol, the
L?gilﬁr?gf*%m pPFFé’S%tﬂéFr@l QWINgLAMPRENIBBNt anol s: al dehydes

such as fornal dehyde, acetal dehyde, proplonaldehyde,

but yr al dehyde, and n- val eral dehyde; and al kyl hal i des

such as nethyl chloride, em chl ori deMotd?é propyl

chl ori des, e butyl chl o”dbg and the % ntyl

chl ori des, €o forth. 5] M xtures |i ght

ol efi ns arepusgéde as al ky|(ﬂ‘]?l ng agents |1erhe

al kyl ation process utilizing the catalyst of this

i nventi on. %F@E@nesuch m xt k&s of |ightl5d efins are

useful as r s in the i goneri zat | processes

of this i n?goﬁj ion. Accor |2(r)1%I y, mxtur é";%rkof et hyl ene,

propyl ene, msa)bﬁlaﬁs and/ orip@nt enes Wwhil®iB are naj or

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

fuel gas, gidbutane 2.6

Butenes 22.1 18.32
Pentanes 0.7 0.4

[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



pl ant of f-gas contai ning ethyl ene, propyl ene, etc.,

napht ha cracker off-gas containing |ight olefins,
woebinaeog4 FCC pr opane/ propyl ene streans, etc., PATAIS2006/017733

useful al kylating agents -and ol i goneri zati on

reactants. For exanple, a typgical FCC light olefin

stream possesses the follow ng conposition: W. % Ml e

% Ethane 3.3 5.1 Ethylene 0.7 1.2 Propane 4.5 15.3

Plpoqsyﬂltemlmlm r8lattaoghe prulboticmef qmn@lemy the alkBatiemef Bergene

But enes 22..1 18. 3 t 2
© R PREBR SHie iR arthy RN v h JeiQ Rhpersthe wit
| Rgyusie, pRddtibe AeaR-Hukaberzbs: rbgaﬂiel giRyRfioRTZB&Rene with
with ethyl ene, cunmene fromthe reaction of benzene

wibtitenes; @p@xplegmner@amn efsthydene, propyiend, butyleaetdr srixigfes thereof.

| SPOETS b orgBlEBRGo R 4RSS A AB SR B by

r ofetis ﬁﬁeﬁﬁorbmem&él eudad dot inirdes, all@la[ﬁdﬁtdﬂa@orﬁitlc compounds
heavier olefins fromthe oligonerjzation of lig
olaad iohigomezigation of plefins snd maayt Bej cepgiustedsuely éhat/@e feactants are

200 AR ST Q@écﬂﬂ%g%gtal B ESFARE ok Sone uch s

€ product ation

offofo@mm in wifidw Eacioy bmamqgra:)ﬂxm loanlmfaﬁe eathlybﬂa@mz;msmon,
I ation,of benzene w

o BTt oY PO BB Bl e o o RONS pfie o dfmpgrature of

b%’?ﬁﬁod’ﬁ" ot tobéﬂoﬁf‘ £800°&n ?réféﬂaﬂl?r!%rhza%htoﬂjp@fo about 800°C, a
et hyl ene, propyl ene, butylene, or m xtures thereof.

[ mm}re Tcrfefromgdmut: Oclo m/ ebcmt OWOQ r ajmessb@sesc prqf@ﬁ’pl[yafr@m about

12535 a tt 8 ata ent v Ien\?ellocdty '(WHSV)
b t3r'd 2ot a& I? F% SRES

C QB dﬁout@f(ﬂ 1l smﬁér p@drhkln fﬂﬁn ab@ftlmlst@mufmgo be!. Ifa
conducted such that the reactants are brought into

c batchaeaciprtip usets thergarticndina tall petirqny abous i mgmteto about 100
S35 RS B ol BT 2, 0", 2t
urjoie2s) ef fAﬁtallvﬁatimnp‘mb@ss anilizigdiht i catabyst Sfi¢lis dovettibn amsy be
| rclzgrllcll'j C(I:(teedasutc}(f [tr}Pa% rtlflet our[ga6mc? freactants i.e., the alkylatable aromatic compound
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 composition, 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°C, a pressure of from about 0.2 to about 250
atmospheres, preferably from about 1 to about 55 atmospheres, a molar ratio of
alkylatable aromatic compound to alkylating agent of from 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 hrl,
preferably from about 0.5 to about 100 hrt.
[0029] The reactants can be in either the vapor phase or partially or
completely in the liquid phase and can be neat, i.e. free from intentional admixture

or dilution with other material, or they can be brought into contact with the

alkylation catalyst composition with the aid of carrier gases or diluents such as,



from about OC to about 1000C, preferably from about 0C

to about 800C, a pressure of fromabout 0.1 to about
waQo0/1atoswspheres, preferably from about 0. 12BCT@s2006/017733

about 500 at nospheres, and a beed wei ght hourly space

velocity (VWHSV) of from aboﬂl 0.01 to 500 hr' 1,

preferably fromabout 0.1 to about 100 hr- 1. If a

batch reactor is used, the reaction tinme will be from

aferexample, hydwgemoEBE0gen00 hours, preferably from

at[ oo h entb%n?el?lg 4 aﬂ{% %ﬁ%&]‘tﬁi @9{&&? 10 Prodacl; k%hﬁ%'er?z%ne the

process utiltzing the" ¢

balkytaivauehaibnsiy phefetably édﬂﬁed) b@taﬂﬁl the ﬂ?&iﬂt Btk undlereconditions
t he alkylatable aromatlc conp the al kylatin

adfnding etegipsiaghe of ffem @Bﬁwab‘io"@. &Ohah% 3PP Ladhpre preférably
C o }&ﬁém'ﬁo% %cf Wb d. GastpR. Lﬁpﬁeab%ﬁflf(;((}g%’mofg@{cfr%sf more

exanpl e ow reactdr “‘contai i ng a
t ipecfembby frem abonipdB atmaspheresn tieabeat 68 atmw@haﬂek,yei steighin hourly

dit t ns cluge a te treof
¢ BT WISV R choBremylier Skt SERg A Huh poout 0.1

1Q€ abSutaPut!, %%}Q réfeﬁb@sﬁHﬁleaH?)ﬁlt f)rSOﬂ@ A6 19 123ﬁcpa ratio of
about 250 at mospheres, "preferably from about 1

albsuzeng 5o @thmm@rmrtés alleylatiohzeagtet Db frof akwiuk PI5at ablabout 30:1

o b€ RERANTE o Shgb} 316 BB AP nBlibt 0 501 1o

aljoes1] 10: Wheﬁlﬁknaerfeeﬁdallt\?h@ﬁtwiﬂ@ lp%pylﬁiéa@)eproﬂﬁé@%ﬁl&ne the
(WHSV) based on the al kyl ating agent of from about 0.1
t deastion hmay | alspy tker abpg‘/ wndsi beBdt plpss  eendifirnst incheling a

h t o h
ey OO L, Bl 308 s AR o
an@°Cao dbeun&2d°C;ia presdureef faboun 250 anidsptmdas aldtassgt ¢Jg.e from

or diluti h oth materjal, or they can b
bPBegH ta shoyt é@ ePhEGeRH FRight Bewly D ﬁelealttbéwaV) based
C%M%ﬁlé&h%ﬁ%%%n@bﬁfr@ﬁl Rt b 8938 §6oR256 hilgu eRtRrably

such as 054 PCT/ US2006/ 017733 10
ei@nnplabouthlydjr og@rabmrt 50 hrloged. a (0030 baters: e pmpykene $n the

AR SRt <Pt £ 8 3B 205 PRI B ety from

I |ag¢utq PhadRubI®emdiandi tions including a tenperature
of from about 150C to about 300C, nore preferably

f 132 bouWhen cb@nze@e apallylapegowith an pikedingeagen seleciadoliem the

208! PSR 51 S0, PAELSE /a4 O 2 e -
S F’myﬁ’mﬁ@‘; ithey ré%ﬁﬁv)mi_l,aaled tahe pheee aindyt dgeidaplask abondigions

a IleCrl]lFldIIcl)é aftén%r)%rgtkl)nqeu(t)f gom about 50 to about 250°C, preferably from about
100 to about 200°C; a pressure of about 3.5 to about 35 atmospheres, preferably
.from about 7 to about 27 -atmospheres; a WHSV based on the butene alkylating
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,
preferably from about 1:1 to about 4:1 molar.
[0033] The catalyst of the present invention may comprise 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



to about 20 hr"', nore preferably fromabout 0.5 to

about 6 hr"'; and a ratio of benzene to ethylene in
woheo7aBéogh at i on reactor of from about 0.5:1 toPabmsro06/017733

30:1 nolar, nore preferably iron1about 1:1 to about

10: 1 nolar. [0031] Wen benzé e is alkylated wth

propyl ene to produce cunene, the reaction may al so

take place under |iquid phase conditions including a

t SHEb A&t frecxsmplyy thescabeing 0¥ Tap r&ffEcken yattprn cluding d-

gg&s Lﬁlél%fm fda 4&:9&3[% ?Qé’% 3.40% 67°m1%b3°#§¢01(_?75£ngs?roms

out nospheres or | ess
ak[&(ﬂ&4] 1 tAsabellierdf, Al o) porss c@st&ﬂir@hhatbﬁw' neaP@apérous

vel oci L V\HS) based on propyl ene alkylatlng agent
ofer¥st %W%/eaé‘lﬁﬁ \% of plegulpr, sigke fonHng acidic pRteRse FEfbrcipnt to

f 1.0 3L AYlrodaBbn c?ﬁ\@rﬁ&ﬁ%ﬁﬁﬁshr el ; and a ratio of

benzene- "to propylene int al kyI ation reactor of
fr[@OﬁSz]tbouExzﬁnlﬂeSL ¢fo MBBVt sBOctlrenoy@e ,materials pinefuelea IGM-22

o AR B S P o5 i w YRR (dreprigh i 4 etuyNo.

f ormot4e), mg&@éfﬁdeaqﬁ S, Hateht Ridt £886,667)DEHRBOE @%bed in
m xtures thereo roduce sec- butylbenzene

" Eakariean Patept Hos 6293028), JTELb (descbed IngUisH Patias 8o 6077,455)

306 058l SN DS A 176 (RRARRH, 7 2005
20@821763, MOd$-361(@esofib&biauy. S3P5tehtONa.b522150 35) aMmmbe(a@@nbed
preograbg%ﬂ%fron1about 7 to ab - at nosphe

NQ-h&-280:0ée 2ad MﬁMnSﬁg(de%fg@ﬁ@ 81 UrS ofgtent No.
aboygh 6‘%8)1 T c%%{ d;ﬁagin@lhd& theﬁ?&%&hﬁbélé@e ih %@%%g%lgﬁo%nd

about”’ rat enzene to
alftayd at,i aiganwgmaly fireomoddwolar sieveé dan WwEboarhbihed In a conventional

preferabl fro oyt 1:1 t.o0 ot.4:1 lar.. [003
THEATRS: Wit Sp BF *’taﬁagiwsl@%ﬁ?m? Stailsth #&‘é CRIGHD raPE]éC%‘ﬁ%S of
OlthdTRABIVRE Gk Cavere%‘ér PSicler ¥ist %ﬁ {Heec P&r bflltRe Qcidic, porous
mol ecul ar "si eve having the follow ng structures: of

z evyistallineBapteriglcarcmpleedlar sievk Sompencah tmdyobe $0808b@69).05 to

Structure 0 30054
pe LB T e E R 2 AR R ¢ ¢ hose
h$00369 anWker aiedlia§ fcaag;tst B ﬂﬁyltaﬁm the Call étﬂﬁl fhactor effluent
spacihg nmaxi ma at 12.4 90. 15, and

3 comtping the gxgessiagprgatic i[ee@mqnm&ﬂ?é%mlﬁév@ pplyahylated products,
" afd dia ousp Q! ﬁ'gﬁtlgsr Sl laxlo gafe@&'lgl recdRA0S bg Rg{ﬁéﬁson and

crysta 'l ne terral or ar sieve cont

acicytled po ttecrilsylstidf nemtethstmlly@ém&ileleedhy tiken a’l‘dm) the recycle

C Stream %o epmgn%?ec Lﬁr%gguve impurities from the loop. The bottoms from the
distillation may be further distilled to separate monoalkylated product from
polyalkylated 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

)



[ 0035] Exanples of MAWVstructure type materials
i nclude MCM 22 (described in U S. Patent No.

Wa 20643088%5), PSH 3 (described in U S. Patent NBCT/US2006/017733
4,439, 409), SSZ-25 (descri beq in US. Patent No.
4,826,667), ERB-1 (described ?n  Eur opean Patent No.
0293032), ITQ 1 (described in U S. Patent No
6,077,498), 1TQ 2 (described in U S. Patent No.
6,/28eptrgms) , | TQ 30 (described in WD 2005- 118476),

(d I} ' .RPaten 21h)
Vb { GEREPH B altacton BB o6 Rpartetele S gboye, patalys
Mshubiaresdgascobihiaed iy Mamlar®Pabeiniqude . usiy, 822K648Na dblislet of
catal yst can include the nol ecul ar sieve in_ unbound or

sEPPPEAS ke ncident Biatign pad Aiffipetoyneter eguinped Bifh 4 scintillation
S| U frter QH% Qﬁagigfgﬁ' dofifbutel a8 t§9 931393?519 'gg%em MeN1EYEhial htat)ing the
an e bl er detail®ed. arn

oxi d nder as rel naf [ For cer
appbve Xi-ragndiffodction himes afchildgs for dxhmply MEANR2D &idscribed in U.S.

orlelne hEs S, Fibe? lesiahdcinl uS: 2REE Botgndte). msr-25
bqaé&em&ﬁpwts.opa@&ttr@o. @@%66?9@@?(&@%&% ]ﬁﬁf@ﬁ@h@atent
from20 to 200 m crons. [0036] Wien used as catal yst

f d¥o. H2R3038),i IER-1 (deecriield ymh &t $.dtatant Not 607 7e498), UERX2 (described in

rauenent 05, EEOTSDHRTRY. FerBBl i RO B0, Mo

| esctibéei UBN@arhONB! 5,256,271, MCNIERO(desEBe®in U.S. Patent No.
distillation and recycl d to the alﬁyl ation reactor
R

U6, 37 5% andGMiGeldgscribed inBrs. Petsnt NReS.pEb9¥Newith MCM-22

st ﬁ@rﬂi' |7 unreactive inpurities fromthe
I (%Jrgp. gcug%wgmshgg'om the distillation may be
f Jo03INgr dizsdlitt Beth isalischpad &i U.Sracsalk Kol 3j308,009.0&g6lite Y and

from polyal kyl ated products and ot her heavi es. [0Q37
THRROTBBIPaPIEYT aﬁ%@yrf&ﬁ @&%ysa%%gawé%al PRERE thee Synthetc R,

algkol 8l ISR KOTUSE, W MER s BR¥IBS [N, S8kt INb. 3,449,070,
Thot f

additional aromatic in a transal kylation reactor, '
s&Raae earth ¢xchamgeadeY §REY),awhioh iy diacosed, indV.8r PatestuVo. sl 165,438,

tra | ati o atal yst. The. transal kylation . :

c 208 Ao 5P SutBhee BIPTdenife APgREEch fiobf gpagtion mixture
P Qbﬁl@ﬁsing ray %tﬁlefh?lfhﬁ‘lm&ﬁﬁﬁr diddctingragoit), e HICR  is difI&Rd in U.S.
having the structure of zeolite Beta, zeolite Y

mBleteahNoa 3576609 3N 35834,k iiowess imrtheenasad! Fadimerdenite for
X- T i ' n L nel udi - I n | 1.
s L5680 - 6.0 L L3R R e
2patkehts300fed Red/ 1ISEROPLALISGS of 12 mérigsits @idduct WdPbsed of
The X-ray diffraction data used to characterize sajd
ab rrg%afngly)}%rge 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.
[0040] The required small crystal TEA-mordenite for transalkylation can be

produced by crystallization from a synthesis mixture having a molar composition



structures are obtained by standard techni ques using

t he K-al pha doubl et of copper as the incident
woadi7atism and a diffractonmeter equi pped w th BCT/US2006/017733

scintillation counter and aegoci ated conputer as the

collection system Material s having the above X-ray

diffraction lines include, for exanple, MM 22

(described in U S. Patent No.4,954,325), PSH 3

( deedt]i bewithin the Bllopinggngaso. 4, 439, 409), SSZ- 25

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

(described in European Patent No. 0293032), 1TQ 1

(described in U 'S Patent NoU&ffl77, 498) Prefelfad?

(described in U S Patent No, 6 231, 751), 1TQ 30

(descri bed iBRWN22005118476704Mom 36 Qdes& T bed in

U S. Patent 250,277), 49 (desgpkb in US.

Pat ent No. @%@575) and 6 (descrlg “in US.

Patent No. $i82,697),=w th NOM AP beidy-particularly

preferred Zeolite Beta di scl in US.

Pat ent 3"?2%8&%69 Zeol it J@n ?@éﬂl te occur

naturally but may al so be used in one of their

synthetic fornms, such as Utrastable Y (USY), which

i 4002 cl oThel ciystalliz8ionPatcendudidal at3y tipehitde of Parne 2666Q, Hor a
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[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



RIRtNa = >0.4 0.45-0.7 OH'/SiO2 = <0.22 0.05-0.2

Si/A2 =>30 - 90 35 - 50 H20/CH = 50 - 70 50-60
wpQOwAB0ose crystallization is conducted at a PCT/US2006/017733
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from a commercial specialty gases source was pretreated with molecular sieve SA

and Selexsorb CD. All feed pretreatment materials were dried in a 260°C oven for
12 hours before using. All references to benzene, propylene and nitrogen, refer to
the commercial grade benzene, the polymer grade propylene, and the ultra high
purity grade nitrogen, that have been pretreated as described herein.

[0050] The following NMR procedure for determining proton density was
used in the experiments described in the non-limiting examples of the invention.

NMR Procedure for Determining Proton Density

[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
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manipulating the CAVERN device. All the operations were performed while the

]

@ o

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 "H spectra were obtained
by the use of rotor-synchronized spin-echo sequence (/2 — tp; — T — tpy — Echo)

using 8 to 12 kHz spinning speeds. Typically, 3.5-us 7/2 pulses, tp; of 125-ps and
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prior to NMR neasurenent. [0053] The thus prepared
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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.

Determination 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
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e ol afcatahyss samplgeyyes gred in the presence of air in an oven at a

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-situ 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 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
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The basket contai ning e catal yst sanple .
the catalyst sample to isopropylbenzene (cumene). Also, in these examples the

catalytic activity of the catalyst samples was determined by calculating the 2nd
order kinetic rate constant using mathematical techniques well known to those
skilled in the art ("Catalyst Activity").

[0066] The following proton content adjustment techniques 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
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[0070] 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.

[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,O3) and its proton density was determined in accordance with
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determined as the weight ratio of IPB/DIPB. The Catalyst Activity of this catalyst

.-1

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.



[0069] In still another enbodi nent of the invention,
the catal yst sanple that has first been treated in
weacowridensee Wit h Proton Content Adjustnent Techarmseoosinl7733

is then treated in accordanc? wi th Proton Content
Adj ust nent Techni que #2. [00 E) In still yet another
enbodi nent of the invention, the catal yst sanple that
has first been treated in accordance with Proton

e Adjustnment Technique #2 is then treated in

a anc i )l L WS i S
90T AR A hAOT AR, B Blale s sy ERGR' Ahe mo
S aif 2ost Ysadieming aad @t@lpdﬂ{i@ tlensitly tws tdeReriBict afl Scadkddnbé Sith the
i nvention, and the use of such catalyst sanples _ in

al NYIRa (Breedasen o1 Retergining ePigéc rl?q@éaywd@w ed ebeppeat the

tOS te ﬁe& RINIR Wriea! FI‘e @fa%ur 9) as 2.48
sanpl e o?‘ﬁ%ﬁ Fe corrprl
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2009181 500841 ‘gaﬁfrtg%%)oé £81y5b57Hblg ORI Breveela druas tested
f Gh abRk @k WithAnE'Catayt R%ﬁb?ivﬁtyf TGS PiREd::2 Qf’fh@ Sg@&ﬁed Ex-
the Specified NVR Prietreatnent Tenperature of 0oC.

Thgu Pryingrl ahepesattize afedS501C thd thmﬁpeqnﬁard brsim nym@ﬂ“aﬂnpsmmre

(first hydra state), [00Q73] 5 gram portion

t 196 18l Tha ft?%ta ) Seletivity, Péth&%ﬁ*i‘fly% SAMplesvaselh éeterrﬁmed as
a t
p?fé%‘s% RPERY RO Pho TRl AV Yr RES Ll cample was
0f23250C and the Specified In-situ Drying Tenperature
of L 170C. The Catal yst Selectivity of this catalyst
smﬁv\%s 5.92, determined as the weight ratio of

| yo079pPY | Rﬁ@tﬁ@xn?oﬂn%nddf' tAORRER¥ BenRgieng ]ﬁ)@ﬂﬁ%lpbpms trdft&d in
Cat al yst Acti vi hi s catal yst” sanpl e was
Baamﬂ@cz V['lﬁo?zqtomﬁbnwm Aﬁmsm@m Tethrtigree #htaaa ﬁsmtact Time of

PP AT o PO a2 ot bRt » Heelid: sty IR e fthaving o

Tithied Bydrat@RPdtas] Thé ftofon denb@y bf tht refic@dhiaR st Was 2.7 2 &insl per
cat al yst sangle of this Exanple 2 having a third

h_\,ga%toi Gatabyshfthird hydrapen state).dlatmigedoin acherdapgerwith the NMR
1 é(%h{ll%nf(ﬁ't ﬁ&t@nﬁ)lfln (% pﬁ)t(%r{ %etn ﬁés@xg’y‘%lt r Ve 2 a? tﬂ@%pec1ﬁed

nmol  per gram al ys
sﬂ\ﬁﬂR)Premmtmemn]rmqaera‘nummasmce Wi th the NVR

Pr urefo Det er m ni Pr ot
[8&8%? Al (5 gram portt?on o? %e 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.



Density, described above, at the Specified NWR
Pretreatnment Tenperature of 250C. [0075] A 0.5 gram
weand7iieesef the treated catal yst sanpl e of thi BCEUS2PbEO17733

2 was tested in accordance with the Catal yst

Reactivity Testing Procedure®at the Specified Ex-situ
Drying Tenperature of 250C and the Specified In-situ
Eyl ng Tenperature of 170C. The Catal yst Selectivity

Exemiple Tat al yst sanpl e was 6.94, deternined as the
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1.08, and represents an 8% i ncrease in the proton
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ﬁ]bsé’"&%o]? rP%IZgbgg]\ﬁE m edIIEl %#%ignperanm

W'of 7¢dee fid @ét)(ﬁfgt @T@cﬁ'i/itg bfi,ﬁle-lzz%ﬁati 151? %%g g(@é %}e}rﬁﬁed as

Specified Ex- srt era ure o
Splecwéighrakin-of i IPB/IDIPRA. n’QheT@nqalysaAunﬁty of this/&falyssample was
Cg%zl yst Selectivity of this catalyst sanple was 5.62,
Tmned as the weight ratio of | PB/ D PB. The
?/St P P91 bHthO bathRsSsafibHidls %@1@5 Vs det%l?imned to be
Exarrp e 4 [0079] Anothér portion of cataly
sagl @nd)fremmtﬂ & 396 vegrease gatrgdtonncontant ((ddalmmaed/\nas mmol of

TPP ttglglsfl)cga?'ng%'a?nqtofA Jcalljysbrrgsp EonISa%Q@ Lot ca%al?stt sgmp e ofalgxample 1.
The Catalyst Selectivity (IPB/DIPB) of the catalyst sample of this Example 5

displayed an increase of 15%, and the Catalyst Activity displayed an increase of
4%, as compared to the catalyst sample of Example 1.

Example 6

[0085] The catalyst sample of this Example 6 comprised 80wt% MCM-49 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 150°C. The proton density was
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 with the 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



approximately 1 hour, to produce a treated catal yst of

this Exanple 4 having a third hydration state. The
wonraei7anodensity of the treated catal yst was 2. P€Tmsmi06/017733

per gramof catalyst (third ?ydrati on state),

deternmined in accordance witfi°the NVR Procedure for

Det erm ning Proton Density, described above, at the

Specified NWR Pretreatnent Tenperature of 250C.
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Reactivity Testi ng Procedure_at the Specified St
Drdiﬁpi?é[ e srease P& 3410, aurhthe Gitplysh oy desragpes] ﬁngw sthghtly to

Doy b 6r (RS BIMALAHEIGst in Example 6.

Example 8
[0090} The catalyst sample of this example comprised 65wt% MCM-22 and

35wt% 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 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



of 170C. The Catal yst Selectivity of the catalyst

sanple was 6.80, determned as the weight ratio of
wORB/7OB®RB4 The Catal yst Activity of this catal per/usS2006/017733

sanple was 377. [0084] Thenﬁﬁl of the catal yst sanple

of this Exanple 5 was deter ed to be 1.03, and

represents a 3% increase in proton content (determ ned

as mmol of protons per gram of cat al Yst) as conpared

t the mlgbatramcy of isppngriyébenterBxtantiisoptopylbehzenea{lBBARPB). The

S /DI t.-he ¢ | yst sanple of this

Rt AstiVisy o el SR S8 2751 3506 “andt the
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chedm@ews@ tﬁ@éatﬂtyit%ﬁﬂipw W Maeddon Dempetasire of 385°C in an
descri bed above, at the Specified NVR Pretreatnent

g@m@pbera thaviag lessglen FAeopY6hudogen ?mct hydraeprbansy fdhetazygen
%O%Ceﬁga%‘ggf%k aglgrgﬁ%rc?%sﬁ]& %%@#X/%i Xa ﬁféerlg%l?{ ?ée'd%@am to 0.7

saopl % efhilthihs ﬁmmine datals tbmpéxadne lvvasaﬁﬁmﬁiﬁétc et 467°C.
wWth the Catal yst Reactivity Testing Procedure at the
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wei ght rati o of isopropyl benzene to diisopropyl benzene
( I[69893bI PEThis m@lysCaampLeswamhqmtrcqted)faccdrdmgctat Blto;@t Content

t 2\?‘&%}1\2’%’% qcﬁglgﬁgﬁzng? %I?Qghﬁ? %tr%q)glrggf B’di :hﬂur ?o produce
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tgg ining Proton Density, described above, at the
spefiti ed NVR Pret reat nent Tenperature of 150C.

[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 Catalyst Activity of this catalyst
sample was 174.

[0095] 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.



[0088] A 0.5 gramportion of the treated catal yst of
this Exanple 7 was tested in accordance with Catal yst
weearmidaisty Testing Procedure at the Specifi edPEXASRI06/017733

Dryi ng Tenperature of 150C and the Specified In-situ

Drying Tenperature of 150C25The Catal yst Selectivity

of this catalyst sanple was 7.81, determ ned as the

wei ght ratio of IPB/DIPB. The Catal yst Activity of

t ﬁgaualystlsan?le was 251. [0089]. The PDI of the
atal yst _sanple of thig Exanple 7 s _determned to be
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proton density was 1.4 mmol per gram of cat al

(6f ¥9PChle atdtemdenshy #ps 260 @omp! mr Bran gf aawlpiéir(fhllzs‘rhygfatlon

t% fMantsamﬂeoftms Exanple 8 was tested in
§tdance with Catal yst Reactivity Testing Procedure

atoopte Speois § d@msn fofl tharwtmcﬁﬂwsaamWefﬁms Emﬁple 10
and t eSpeC| ied In-situ ature of

Thas caes s (aocerare Hiihy CaEh dekasin, Js i Breeqiié ot the
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I sopropyl benzene to

dirkrgy a&aﬁpe/bprasmen eTHe! @@A@t%}ecuﬁw of {had 6dta/1§§t samplevwaw 09,
of this catal yst sanple was 272. Exa

pdﬁ@nnnnecbas theeweightatalis IPBAMEBe ‘Be @ﬁgfvﬁr éCBV% af }h%laatalyst
W 2 ast partially deactivated was regenerated
[ r?f’; f‘ the followi ng two-step procedure. First,
t [om9spt al TietPRePIhe cmliyshmh;ﬂd of this Exempler I8t waedaiérmined to
385C i n an atnosphere having | ess than 2. P vol . zb
hygﬂ@éegpqamrqq%p Gc% Hkease qih’gled;@tggrpontent 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 10

displayed an increase of 20%, and the catalyst activity decreased only slightly to
89% of that of the catalyst of Example 6.

Example 11 (Comparative)

[0099] The catalyst sample of this Example 11 comprised porous non-
crystalline tungsten-zirconia (WZrO,) 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).

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



concentration was initially increased to 0.4 vol. %

and then increased again to 0.7 vol. %while the
waoani7namseat al yst t enperat ure was nai nt ai ned aPC#@REN06/017733

Second, the catal yst was hea&gd to 450C in an

at nosphere havi ng an oxygen oncentration of 0.7 vol.

% which was increased to 7.0 vol. % while the

maxi mum cat al yst tenperature was nmi ntai ned at 510C.
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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, priority documents,
articles, publications, manuals, and other documents cited herein are fully
incorporated by reference for all jurisdictions in which such incorporation is
permitted.
[0105] When numerical lower limits and numerical upper limits are listed
herein, ranges from any lower limit to any upper limit are contemplated.
[0106] 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



Cont ent Adj ustnent Techni que #1, to produce the

treated catal yst of this Exanple 10 having a third
woydrragesm state. The proton density of this tPpeatuseos/017733

catal yst sanple was determ ;d i n accordance with the

NMR Procedure for Deternining Proton Density,

descri bed above, at the Specified NVR Pretreatnent

Tenperature of 150C. The proton density was 2.67 mmol
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PDI of the catal yst sanple of this Exanple 10 was

determned to be 1.03, and represents a 3% i ncrease

in the proton content (determ ned as nmol of protons

per gram of catal yst) as conpared to the catal yst

sanpl e of Exanple 6. The Catal yst Selectivity

(I PB/ DI PB) of the catal yst sanple of Exanple 10

di spl ayed an i ncrease of 20% and the catal yst

activity decreased only slightly to 89% of that of

the catal yst of Exanple 6. Exanple 11 (Conparative)

[ 0099] The catal yst sanple of this Exanple 11

conpri sed porous non- crystalline tungsten-zirconia

(WZr@2) and its proton density was determ ned in

accordance with the NVR Procedure for Determ ning

Proton Density, described above, at the Specified NWR
- Pretreatnent Tenperature of 250C. The proton density

was 0.37 mmol per gram of catalyst (first hydration

state). [0100] A 0.5 gram portion of the catal yst

sanple of this Exanple 11 was tested in accordance

with Catal yst Reactivity Testing Procedure at the

Specified Ex-situ Drying Tenperature of 250C and the

Specified In-situ Drying WO 2007/ 130054

PCT/ US2006/ 017733 26 Tenperature of 170C. The

Catal yst Selectivity was 13.70, determ ned as the

wei ght ratio of isopropyl benzene to diisopropyl benzene

(1 PB/ DI PB). The




Catal yst Activity of this catal yst sanple was 1.

Exanpl e 12 (Conparative) [0101] The catal yst sanpl e of
waxzermpBersil was treated in accordance w th thePCPUS2®E/017733

Content Adjustnment Technique.#l at a Contact Tinme of

approximately 1 hour, to pra uce a treated catal yst

sanple of this Exanple 12 having a third hydration

state. The proton density of the treated catal yst

sddpABM$as 0.41 nmol per gram of catal yst (third

hly\t%r@aii,%n state), determ ned in accordance wth the

N rocedure for Determ ning Proton Density,

descri bed above, at the Specified NVR Pretreatnent

Tenmperature of 250C. [0102] A 0.5 gram portion of the

t rleat e &athad/Hr pseduchigsa satalysl eompositioy, saiésmathod pomprising

a with Catal yst Reactivity Testing Procedure

a?ﬁét)ﬁg‘%gggcifi ed Ex- situ Drying Tenperature of 250C

and t h€a)Spe prévididg lanfisst catalysty corgpristmg e atidice pofous IF@alline

The Catalyst Se]ectivity of this catalyst sanple was

9. 62, JeAta: SRt catqlygs %mgﬁtffrﬁ%wﬂbatwsﬁam; PB. The

Cataly AcCt il y :

(01031 The. 5y teene hab tirk FRUGSSE oBRTE] RithoRalt i Jiauid or

was detgasavusndont at beonthctl tmparature apr @saholis SA0PCL ko Yenerate a

increase in the proton content ((greterm' ned as nnol of

pr ot ons® @taj}ﬁtobaveg& 3| 5peend. hydraiephsiatcegraats tthan said first

cat al ygfapbioks@mPhsq 11. However, the Catal yst

Selectivity (IPB/DIPB), of the catalyst sanple of this

Exanpl €c)12 dirgpg said decand Sa@lystieistepade at adryingtpapedture of up

t he catal yst e of Exanple 11. The Catal yst . .

At vy 15 PR Aot RoLeTALS B RUAS eI pdng e third

Exanpl @ydihtioh AHé beteen RAIdCREsE an@ AN BRI IPLth @8 Swhereby

test procedures, priority docunents, articles,

publ i catideatalyshreempdsitionslrad adkrhtem Densiydnies ofigreater than about

her ei nlaqe fully incorporated by reference for all

jurisdi'ctions in which such incorporation is

permtted. [0105] Wen nunerical lower imts and

nuneri cal upggr limts are |isted herein, ran?_es from
ady | ovddie methed of elagmyl, wheesin fHengoidigrporewsnerssipl

8¢ appterial is
[%Qﬁ%ni}{\miiri]&té %lilté.| ustrati ve enbodi nents of the

i nventi on have been described with particularity, it
wi || be understood that various other nodifications

wi | | be_apparent to. and may be readily nade by those . .
okt | | echehethed 8f i W@Pr%mrgq,mw crystalline material is
Pedielis? GO/ %7&&% consisting of MWW structure type material, zeolite Beta

and mixtures thereof,

4. The method of claim 1, wherein the acidic, porous crystalline material

comprises an MWW structure type.

5. The method of claim 4, wherein said acidic, porous crystalline material is
selected from the group consisting of MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1,
ITQ-2, ITQ-30, MCM-36, MCM-49, MCM-56 and mixtures thereof. '



27 departing fromthe spirit and scope of the

i nvention. Accordingly, it is not intended that the
weceopasai4t he cl ai ns appended hereto be |imted#Crwstdee/n17733

exanples and descriptions set forth herein but rather

that the clains be construedas enconpassing all the

features of patentable novelty which reside in the

present invention, including all features which would

bé. t r eBhe thatisode qfiiclahent whedear dwf fitsy catatyst durslher| domtprises a

the art to which the invention pertains. WO

2b4#1 30054 PCT/ US2006/ 017733 28 CLAIMS: W O aim

1. A nethod for producing a catal yst conposition, said

met hod conprising the steps of: (a) providing a first

cat al yFhe methpd iof tlan &ywherbigiseid hiden aemptises e irjorganic material

[ id fi L. { t havi a fi t h ti.
CRAE iy WS AR By Do L s
WHeftopat er in liquid or gaseous format a contact

tenperature up to about 500C, to generate a second
catal yst having a second hydration state greater than

SBL g gy b BB o

URmpePat@@ @ troabSaut 1 €C gLaueHe°G &irdran@bisduy  tminute to about 60
conposition having a third hydration state between

saiiniités, eed stap c)de concteddt adrong tamnesaure\gi dioabgbous A0QfC to

cat al 0Si t.i on Pr n Density |ndex of
g%@’&i‘é%%ﬁ%ﬁ%ﬁbﬁh"m Qlag% gl?owf'%é%ﬁ’éﬁshoél o%/ cl ai )r(n 1,
wherein the acidic, porous crystalline material is an

al um nosilicate zeolite. 3. The method of claim1,
wBer ei The etlmdiadictaimPp mhersicsajd aciflic] payonseerastalline material has

g A R I TR R L

The nethod of claim 1, wherein the acidic, porous

crgst alline material conprises an MW structure t%(pe.
10.  The method of claim 1, wherein said catalyst composition resulfing from

step (c) has a Proton Density Index of from greater than 1.0 to about 2.0.

11.  The method of claim 1, wherein said catalyst composition resulting from

step (c) has a Proton Density Index of from about 1.01 to about 1.85.

12. A catalyst composition made by the method comprising the steps of:

(a) providing a first catalyst comprising an acidic, porous crystalline
material, said first catalyst having a first hydration state;

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

(c) drying said second catalyst of step (b) at a drying temperature of up
to about 550°C to generate said catalyst composition having a third

hydration state between said first and second hydration states, whereby



5. The nethod of claim4, wherein said acidic, porous
crystalline material is selected fromthe group
woanmgiisedsmg of MCM 22, PSH 3, SSZ-25, ERB-1, | PQIAIS2006/017733
I TQ 2, I TQ 30, MM 36, NCM4?]% MCM 56 and m xtures
thereof. WO 2007/ 130054 PCT/ %2006/ 017733 29 6. The
nmet hod of claim 1, wherein the first catal yst further
conprises a binder. 7. The method of claim6, wherein
sai d bisaideatatyshrperipesiticmnhasradirgtomi Rensty dndealof geealter thandabout
fromtgeq group consisting of clay, silica, alumna,
metal oxi'de and m xtures thereof. 8. The nethod of
claim1, wherein step (b) is conducted at a contact
tenperature of fromabout 1C to about 99C for from

alddut Thei edelyst sompesitiosoof wlaimt d2, vahpteint gis (@eifid, sporous
cQ of from about 100C
topﬁaﬂ%ﬁdm%ﬂ% ?é‘%(hffﬁrglcl)ltr’ﬁsa c%ﬁ%a}egfl 1 to about 24 hours.
9. The nethod of claim 2, wherein said acidic, porous

crystalline material has an average particle size of

f f8m addt cefalyst comppstion 2000 C?‘ﬁl@r dgs Wll"@emTH@ gidifp gporous
of

¢ oI et HIPISelboRP o The st KBERERE b 4 N sirpture
f typematentlezeolibeBetd afd mixtates titeréfd. 11. The met hod of
claim1l, wherein said catal yst conposition resulting
from step (c) has a Proton Density. Index of from

ahgut Irp@l cit@ly@tb QHInpémﬁén 32 clafimC abal wisdreifi O FRO SkAdic) Nporous
made by the method conprising the st eps of (a)
preexsialinegmatetiplroomprigesedny ottpcivse igean aci di c,

porous crystalline material, said first catalyst

having a first hydration st ate; (b) contacting said
filest dakatatsllystotompeditidd)ofWelatin Wes, ekvhiesinl i s@id Gicidlic, porous
gaseous format a contact tenperature up to_about 500C

t 61”3@&111@?%{1’@3&@1 sebderded Sogl {het S19HD | Gegsiatingeeb MCM-22, PSH-3,

a4 tiat [y ai t
st at e; él (1é)ﬁé$ﬁi ngasél e?ol\g fgia éail yswd{@st ep 6 and
atmlatudafsﬁhergoﬁ enperature of up to about 550C to

generate said catal yst conposition having a third
hydrat i on state between said first and second

hygr at g %@&mﬂ&gﬁfoﬁw Wi A904hdRB024d first catalyst comprises

PCT/ USZOOG/ 017733
a binder.
18.  The catalyst composition of claim 17, wherein said binder comprises an

inorganic material selected from the group consisting of clay, silica, alumina,

metal oxide and mixtures thereof.

19.  The catalyst composition of claim 12, wherein step (b) is conducted at a
temperature of from about 1°C to about 99°C for from about 1 minute to about 60
minutes, and step (c) is conducted at a temperature of from about 100°C to about

200°C for from about 0.1 to about 24 hours.



30 said catal yst conposition has a Proton Density

I ndex of greater than about 1.0. 13. The catal yst
woanpasiasion of claim 12, wherein the acidic, PpOTMS3006/017733
~crystalline material is an ﬁium nosilicate zeolite.

14. The catal yst conpositio bf claim 12, wherein the

acidic, porous crystalline material is selected from

the group consisting of an MW structure type

maberi The edadystt eorBedsitican df nelxinur s whereimofsaid1 BeidiFheporous

catal yst co ition of claim12 rein t cidic
o B ELTe PGSR 18 EPEF PATLSLoNER Fo GmaApoe to b6t 200
stlidehyre type. 16. The catal yst conposition of claim

15, wherein said acidic, porous crystalline materi al
is selected fromthe group consisting of MCM 22,

Bkt 40 THREHFBR! SHIPONTYA oF el g e 4 Proton P fodee of

C GidROSchtePMaRf . 0ababsatb. wherein said first catal yst
conprises a binder. 18. The catal yst conposition of

claim 17, wherein said binder conprises an inorganic

eri ] As) std
2t cothg e Smpl i 8F AR P SRAR 2 bl DarliPindex of
1 %onTit®ue &0y stiouc 018P0si ti on of claim 12, wherein step
(b) is conducted at a tenperature of fromabout 1C to
about 99C for from about 1 minute to about 60
MHBUL Ege a@aqalggte Eoﬁlg%siﬁc?n Candugheds atwiRedif TRRY 8kilce Wrous
from about 100C to about 200C for from about 0.1 fo |
aloystallig metgrial hag@n2¥a7y dFdesibrAGTcusSiobEig ¢-3p8ingmaxima

20, . Th t S Lti f imJ12 wherein said

a8l h%f()g%l : ltsc ?3??@?):7 iaﬂ‘g 9#2?8@17 %ngﬁté%m%in aver age

particle size of fromabout 0.05 to about 200

m crons. 21. The catal yst conposition of claim12

“hadi ng The peaselyst Dempesitjon feslain 23 r whelgie Sei6r agidign porous

1. . ab . . The cata I 1.

cieR i R, Prs e RORC ey Bp cGATRAR bf RRcHa2, Pt
SSZ-25, ERB-1, ITQ-1, ITQ-2, ITQ-30, MCM-36, MCM-49, MCM-56 and

mixtures thereof.

25.  The catalyst composition of claim 23, wherein said acidic, porous
crystalline material has the structure of MCM-22, MCM-36, MCM-49 or MCM-
56.

26.  The catalyst composition of claim 23, wherein said first catalyst further
comprises an inorganic binder material selected from the group consisting of clay,

silica, alumina, metal oxide and mixtures thereof.

27.  The catalyst composition of claim 23 having a Proton Density Index of from

greater than 1.0 to about 2.0.

28.  The catalyst composition of claim 23 having a Proton Density Index of from
about 1.01 to about 1.85.



fromabout 1.01 to about 1.85. 23. The catal yst

conposition of claim 12, wherein the acidic, porous
wonyeiiaddsine material has an X-ray diffracti onpoatsernso17733

i ncl udi ng d-spaci ng maxi nma 12. 40. 25, 6.90. 15,

3.570. 07 and 3.420.07 Angstr . 24. The catal yst

conposition of claim23, wherein said acidic, porous

crystalline material is selected fromthe group

consi sting of MCM 22, PSH 3, SSZ-25, ERB-1, ITQ 1,

I 2, 1 TQ 30, MCM 36,...MCM 49, . 56 .and i Xt ur,es

RS eoflhe Seaalyshe cppaiijan oo ﬁ{?ﬂ?%’o Jisgeip thenpoigic, porous

WRB/sBilitheSAb s $ive haP HeQUictufd oiStedlileBiea. mMat eri al has

the structure of MCM 22, MCM 36, MCM 49 or MCM 56.

26. The catal yst conposition of claim23, wherein said

fi,rst talyst further ¢ Lis n_i.nor gani inde
ndPor i de Sabit simpPafion R THB: oOfarl RSt cgplipf Further
SicbingAses dhUAdraanic BRIdal matetiiesepdtbditoth WL grotih es18aking 37 clay,
The catal yst conposition of claim23 having a Proton

Detisitajumingaretalfoxidecipd ngjxezasdbereefan 1.0 to about 2. 0.

28. The catal yst conposition of claim23 having a

Proton Density Index of from about 1.01 to about

1385. ibe 2005t 04itib o ¢Ima00PhH ANy BBrot@PDaity Tinkex of from
catal yst conposition of claim 12, wherein the acidic,
p&FBHE thag oAyt %e0-npl ecul ar si eve has the structure

of zeolite Beta. 30. The catal yst conposition of claim
29, wherein said first catalyst further conprises an

i 38r garihe clthlysisrompesition af clgiel 22 hadng a BroterhRengity dpdex of from
consi St | f clay, silica, alumna, netal oxide and
n@EWﬂﬁébqgﬁ@WEgﬁg'sl. The catal yst conposition of
claim?29 having a Proton Density Index of from

greater than 1.0 to about 2.0. 32. The catal yst .

- c8Aposi/ cyalysif camhpgsitionocdueprising an Peidico fomoup sTys{allippiemterial
of fr out 1 { t. J. 85 : . .
corpes SRHks br MoYG AR el Borsa sl BptRlint poving o

Mpkctbm dénsith Y pr@tel fRn 744@insl proadnsigedMbadh. sai d aci di c,
porous crystalline material having a

34.  The catalyst composition of claim 33 having a Proton Density Index of
from greater than 1.0 to about 2.0.

35. A catalyst composition comprising an acidic, porous crystalline material
having the structure of MCM-36, said acidic, porous crystalline material having a

proton density of greater than 2.24 mmol protons per gram.

36. The catalyst composition of claim 35 having a Proton Density Index of
from greater than 1.0 to about 2.0.

37. A catalyst composition comprising an acidic, porous crystalline material
having the structure of MCM-49, said acidic, porous crystalline material having a

proton density of greater than 2.14 mmol protons per gram.



proton density of greater than 2.24 mml protons per
gram 34. The catal yst conposition of claim 33 having

wea 20r7aBe34 Densi ty I ndex of from greater than RCO/US2006/017733
about 2.0. 35. A catalyst conposition conprising an
acidic, porous crystalline meteri al havi ng the
structure of MCM 36, said acidic, porous crystalline
material having a proton density of greater than 2.24
m38l prihiecraslyst compasitioB 6f clva ¥ahaliyst RrotonoBedsityrindéx of

clai m 35 havi a Prot Density Index of from
griEaRR g;ea}eﬁﬂﬁn;i%btotago "ogﬁt 2.0. 37. A catal yst
conmposition conprising an acidic, porous crystalline

material having the structure of MCM 49, said acidic, |
p&Pous A cytglyal tomgositicmeednaprisineg dm geidic, porsus reryhéailing ynaterial

e e icBRe EAB R 2o 3R SRS osfiing Hpiotpl having o
D8 dbhsey oPhrealeR N2 Mo gradorRiRt eAnDeNsi ty | ndex

c
of fromgreater than 1.0 to about 2.0. 39. A catal yst
conposition conprising an acidic, porous crystalline

eri ' . t W . i ANe !
pa05us e SRR ReibGeiibh 4F iR & s AhroRR eyl of
offrogi grebeer tHahadrd ©.abéutm0l protons per gram 40. The
catal yst conposition of claim39 having a Proton
Density Index of fromgreater than 1.0 to about 2.0.
41y, A Gl It | ) SER, RBroAS ! Hfalline material
porlousgagr _\%lsa%’gf f%ﬁuﬂi?%ﬁ%% ng1 thg structure of . elfla
z daving ¢hBetuaiure af zeoditd Bete, sapbacdis, poryst aystallive matezyal biving
havi n a proton densit f greater than 3.10 nmol
et BB Hrat 3R L BRI R BB | on of
claim4l having a Proton Density Index of from

greater than 1.0 to-about 2.0. ) .
42.  The catalyst composition of claim 41 having a Proton Density Index of

from greater than 1.0 to about 2.0.



