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- - A CATALYST COWVPOSI TION AND I TS USE THERECF | N
AROVATI CS ALKYLATI ON FI ELD This invention relates to a
woewelssssd al yst conposition, the nmethod of PCT/US2007/088395

manuf acturi ng, and the procéss of u5|ng t hereof for

DR PRCERRGEERBR ANB AL i oy Wihmaics

MCM 22 fam |y naterlaIAlgyp@Aaﬁopﬁ1449 mol ecul ar si eve
and/ or MCM 22 nol ecul ar st eve, and titani um conmpound.
The hydrocarbon conversions conprise al kyl ati on of
FIELI| kyl at abl e aromati cs. BACKGROUND OF THI S DI SCLOSURE
The al kyl ati on of aronmatic hydrocarbon conpounds
e tal r i -
L e R R LT AL
and tlﬁhﬁ@@s@bikwntg ﬂh@ﬂ:oﬁfor e e M orchiy cedibig, Bﬂpar'tlmlhrh ﬁle novel catalyst
presence, of to produce ethXIbenzene
comp%ftl@hpf 4t lsg@scﬁiwslr?jucgl@mgf‘ésa I -62 grasls @M@Wlatspelh aérMCM -49
molec LB IR SH 8L NROMPLPGERE AR Rl FRlrirE BB s nypirocarbon
convehanmaepnist hlkplatpy b€algytaabjpr admeecsc unene. U S. Pat ent
4,992, 606 discloses a process for preparing cunmene
using MCM 22 in |liquid phase. US Patent Application
No. 11/823129, the entire content of which is fully
ated b reference di scl oses a crystalline
refe Q,OTH] P ¥s- synt hesi zed form
|dent|f|ed as EMVHOP a net hod of rrakl ng EMM I O P.
| A'he eyl &ismoeli hﬂi@maéwdfydfmrhgs Eapyndpgppiayaty eeplitg catalysts is
knowr# e ﬁﬁ&e@&gg& fen gl\épﬂt pggcflage%ns. o) 3 t g?%%lf%ﬁ"bg%{hﬁnﬁ%ﬁ&@%se alkylation
of beiaxe mtlabthgz&naﬁﬁ) 753 pﬁﬁdlc]:ZOfBBI@M32%g@bdmmBethy\lba[zenﬁ and U.S.
the peak intensjty of the d-spacing maxi num at
PatentféS%géS Ddispatrstliagisphage altlwlaéla% @n%éra@%agaﬂaﬂa% PyeRRstse Upthg zeolite
beta. P€aK intensity of the d-spacing maximum at 12.330.23
Angstronms. In addition, the X-ray diffraction pattern
of the EMM I O P nmay further i ncl ude two XRD
diZsoliiuadlais@haathleysqSealzsusmﬂtih thesghylianon rodixbamacrat with prOpylene to

060. 1 ms, wherein the
Pmd“F%tCEWSP? ;?U @ dPtaﬁeél%d‘P %"%ﬁn glsﬁlﬁ§?sn% LA ] foro%’l’i R Sumene using
MCMATOStIRIEBphagc at | east as great as the peak intensity
of the d-spacing maxi mum at 9.250.13 Angstrons.

Addi tionally, the peaks wi th d-spacing maxi ma at

1VS0dbteng ApplicationoNe3 IARYSI 2dnshareptife capiedt <t athéch s fully

incorporated by reference, discloses a crystalline molecular sieve, in its as-synthesized form,
identified as EMM-10-P, a method of making EMM-10-P. In some embodiments of the US
Patent Application No. 11/823129, the EMM-10-P has, in its as-synthesized form, an X-ray

diffraction pattern including d-spacing maxima at 13.1840.25 and 12.33+0.23 Angstroms,
wherein the peak intensity of the d-spacing maximum at 13.18+0.25 Angstroms is at least as
great as 90% of the peak intensity of the d-spacing maximum at 12.33+0.23 Angstroms. In
addition, the X-ray diffraction pattern of the EMM-10-P may further include two XRD
distinguishable peaks with d-spacing maxima at 11.06+0.18 and 9.25+0.13 Angstroms,
wherein the peak intensity of the d-spacing maximum at 11.06+0.18 Angstroms is at least as
great as the peak intensity of the d-spacing maximum at 9.25+0.13 Angstroms. Additionally,
the peaks with d-spacing maxima at 11.06+0.18 and 9.25+0.13 Angstroms may be non-

discrete peaks.
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peaks.- - US Patent Application No. 11/824742, the
entire content of which is fully incorporated by

wao edosnogsese, di scl ose novel nmol ecul ar si eves deBCOs108T088395
as EMH 10O, and the nethod maKi ng the sane. In sone

di t f US Patent No. 11/82474
tﬁgo oAy oipglwafl% ﬁﬁﬁ&&/@%&,a%%@a@ SPRICBE 9fn W %ﬂcél is fully
1ncor1§6§‘zlltgél 'B?%ife%n'& dime' Rl BRldulek e%eé’\ﬁés'[gnwgsmmgﬁ and the

he crystal line nolecular sieve is characterized
rnethodlu Ifnﬁlnag ttheosanse. rle ahmegermbadnntﬂte oliniS Patentl Applrcatige m@ntl 1/824742,

i d t the EMW 1.0 } )
the B g et bapaT sk Sadi ot R i S SRR ot gisgrunit colls
with Ml\Wtbﬁ&o?jr frhd @@Iﬁﬂa%e RASIERM A} -sidvB 1§ EHatRedrizad @!y‘dif‘ﬁﬁ%on streaking
nbodi ments of the US Patent Aphlgl i cation
1

from the/\gpuqelDarratgemenMn e reedirdetipn. Hlar adgéionh éh%\EW1 1Pemaypjurther be
a0 55D U 00,0 G5 iy A icon

embodisnchtsl bfy thenCBr At AsplieytisreNer anis24744, st EEIM-20 may further be
crystalline MCM 22 fam Ily nol ecul ar sieve having, in
charaete%zeésbyS%t%geléé&eelavw o ¢ AreePnyi f f ract i on pattern
i ncluding a peak at d-spacing maxi mum of 12. 330. 23
ARGS L, 0IFE . Ag%ﬂ’da%h ngy| Slh%@ﬁsff’e% Uyeife %ﬁféﬁ?'d}gwhlch is fully
maxi mum bet . to about’ . Angstrons and
incorpvoated by cefetcecy eiwcloat:s ac@s&hmcell\d@l\/tra& ifaromy belevekn S%VS having, in

i,jhtensity qf the .
ts o B O AU BRI TR 8P (g eh Do o - spacife maximurn
of 12AB9P DT AMBstkSmd, @SEstifpanhIM ?eék aﬁwd@ﬁ@dfn% ﬁfaeﬂﬁirﬁ Ye@een 12.57 to
t he d-spaci ng maxi mum at 12. 330. 23 Angstrons.
aboutdélléc@ngstromsemé acompisirete paalast 4dsprdingmagimum between 8.8 to 11.

char act er| n Y plicati ion. Nos [ 82
Angs GG SR A8 ardh Wb FEuad PEPYEEE pRRDER nebiiEA Ltp about
14, 17fﬁﬁgdtmnfmise1%yd atfanS HEX o hel p&lk hﬁé’rﬁitﬂ dfhﬂha dlbseels Haimum at
al kyl ation of benzene wth ethylene and propyl ene
12. 331%% HMEPEIRY| benzene (EB) and cumene respectively is
diffusionally limted. There is, therefore, a need to
d%\/ﬁbf&ul'af g eaé‘ctnll sft%n%@g@éc}%gd Floéha}eﬁ?erﬁggﬂ B5ImR é@Apphcatlon
benzene w t ene and propyl ene I scovere
Nos. 11H&13 139,01)1#@23@42; 2w/ diB2785 iy dasipiove@@s draliMM-10 family molecular
mat er.i al (i] sz a crystalline MCM 49 nol ecul ar si eve
sieve %nge@“bﬁ% 1P MCM 22 nol ecul ar si eve, and
titani um conpound exhi bits high al kylation activity.
SUNVRRY/140fon TéH Sen2bRCl iR WURE/1dHY snddp@plREY ;S f6:@h @theeoeh,@ene (EB)
a catalyst conposition conprising (a) a MCM 22 f
and cymeny jcapectisely hs dfusionals liglited nEhavions, dleerefore eulcad tcs d@WﬁéOP high

act1v1%r éjatacfyst%of freSs E}lrllatllonneo z%r%e with ethylene and propylene. We discovered

that a composition comprising a MCM-22 family material, such as a crystalline MCM-49
molecular sieve and/or a crystalline MCM-22 molecular sieve, and titanium compound

exhibits high alkylation activity.

SUMMARY OF THIS DISCLOSURE
This disclosure relates to a catalyst composition comprising (a) a MCM-22 family

material, such as a crystalline MCM-49 molecular sieve and/or a crystalline MCM-22
molecular sieve; and (b) a binder comprising a titanium compound in the range from about 1

wt.% to about 35 wt.% based on the weight of the catalyst composition.
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nol ecul ar sieve; and (b) a binder conprising a

titani um conpound in the range fromabout 1 w.%to
W@bwenssss wt . % based on the wyei ght of the cataPb@BUS2007/088395

conposition.- - In sone pre?erred enbodi nents, the

| §gr%8];]% -| gg{ al of thl\mzéglfa?%%e comp Sfﬁle}ﬁ avclosure

compARs8RUERE ok eo\f%dm z@nM@qp@;:tM@M 5B gndl 'EMMOF(}J Ffnily Rdlecular

titani um conpound conprl ses at |east one of titanium
sieve.oxi de, titanium hydroxide, titaniumsulfate, titanium
phosphat e or any conbi nation thereof. |In another

a osur €. ca al yst
£ IR B oSkssh B T BEISSHE dhs B S S PSshelpat one of
titanivih @XRle hﬁ‘t‘dhﬂ%ﬁl Rydrb&ias, ttlt@tﬁﬁﬂl@ulf&/@%%ﬁluﬂb’?\é%ﬁate MMn§Gombination
ITQ 1, 1TQ 2, 1TQ 30, PSH 3, ERB-I or any
thereao fibihetheloAsPeRePB8TS djssloseive tltqwﬁ%li\/ﬁtemr@p%fthnhf@ther comprise a
c r t n et
erystal BEMRHI L R BRI e RRATHL o6 TePine W M 22, MoM-36
MCMLf@rFTQ QM oQK2, ¢0Qsits PRHE3, GTREalnSSiZum @aing conibatitibathereof.
sieve having a Constraint |Index of 2-12 and a Iarge
pore nol ecul ar sjeve having a Constraint |Index.of |es
irsome. FRbafmclisngtiHantiscloEcnik. Febs2 cHaror may. further
cornpﬁﬁ & CHnAUIC Q‘Qefalﬂﬁﬁl fhol dcRITE WRKK §el’&?ed°fro§1t % cgﬂﬁstmg of a
of FAU, *BEA, MFI, "MTW or any conbi nation thereo
medivgn powfreohegldalemwdhmg a §fonsthdist loidex bbéereandtahlerge pore rnolecular

: at.al of .t hi.s. discl o e has at
seve ffVifl XX oaF IRERSL BFIeGa ti 2o M 5 R Gy B ogeity M2 fomity
moledu@@Sieve ha¥ta. flameVeR P of Bf Rh&r el of BAUl eBEI, BBFMM YW, or any
yet even nore preferably at |east 80 w.% of the
combipaijeit tietdohe MCOM- 49 nol ecul ar si eve based on the wei ght
of the catal yst corrp05| tion. In another preferred
epbadi r e .
IR TR ephBlndl o PRV . B Pl corpgion of i
disclopmrefhas ableystdt wt. ‘é)aptefdr@blwtat Ypastnl) et. 0, eficere @bslfg/rablty dt ézast 50 wt.%,
% even nore_preferably at |ea
even g\qéq]p%qr%bl%raéflga[sgép sma{o, y%tag\%/enggow pr@ygeragiy £h Eeast gO wt.%, of the
crysta@lﬁié%@h\k 19 %Ma% 2P heCH A thSheYA HARE gat ?rstt é&%ﬁﬁ?ﬂtlgﬁt
of the catalyst conposition. In yet another preferred

enbodi ment of this disclosure, the catalyst . '
c bmpossher prafepfed tembodinent o Shis elidedosues theeeatalyst qmnl%sltlon of this

. efera t ast .1 e or ef erab ast
dlsclog as (#3 é}cq wl 00 gre&rgl? 5@%}‘[ !“ wf é y JOTR gr%%ra@qy at efast 50 wt.%,
even ﬁlv)een f@ér@blpraﬁfladsﬁbbywta%, lyerastenGhordt prdferdily tah eeaMM 32.%, of the

fam é mat eri al based on the weight of the catal yst

crystaflgiegdsM23 moleqylajsieve hatcHon the @fs@htr elcthe aialypraompositing.

cat al yst conposition of this disclosure has at least 5

| g?:t & r@ﬁeﬁg@%ﬁe b5a%ien? o\fwthl(s%dlm{lrep iy @aﬁﬁp@tycoﬁ{posmon of

titani
this disclosure has at least 1 wt.%, preferably at least 10 wt.%, more preferably at least 50

wt.%, even more preferably at least 65 wt.%, yet even more preferably at least 80 wt.%, of
the MCM-22 family material based on the weight of the catalyst composition.

In yet another preferred embodiment, the catalyst composition of this disclosure has at
least 5 wt.%, preferably at least 5 wt.%, most preferably at least 10 wt.%, of the titanium

compound based on the weight of the catalyst composition.
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conmpound based on the wei ght of the catalyst
conposition.- - In yet another preferred enbodi nent,
W0 b@sostesd yst conposition of this disclosure cRPOPUSRET088395
a titanium conpound in the‘f‘ange fromabout 1 wt.%to
about 35 .% preferably fromabout 1 wt.%to about .
360 viet ot BT FRBPYTICRL e G Cpmmﬁl&sm&af is disclosure
compMles 0 ftehiBRASmpdRndMn H Irg’[?g%%rﬁ? rdR&blﬁg Wed,ah tab?%te%h\@t.%, preferably

catal yst conposition. In Some enbodinents,
from glatual lywt.%c onplosit 3i0owt. Fountone prafenaplyi inethe agngdeefasn dowut 5 Wt.% to

f | ecul af, si ev ving,a_ *BEA franmework type
sbout 35 of S he e of BBy are i Bhpost i o n
sonme aspects of this disclosure, the catalyst
COiRH¢ EinBodiffentsNihs ceiabGl astipitioryfufthét RdHpriseNRITeHe 5 I.% of a
al um num conpound. In sone enbodi nents, the al um num
molecyipBeied hevwrpra S8EAntfraneayeark ofyae dased oni thanwvelghti@f the catalyst
4m num hydr oxi de, al umi num sul fate, al um num
Compggﬁtg@phate, or any conbi nation thereof. Preferably, the
catal yst conposition has at least 1 w.% of the
allusome rspgaenpoiutids daslesuronthichatabgdit gtmpositibh ef ahis aliyeddsure may

conposition, Nore prefer y, the catal yst conposition
furthef GEMPESE oF PR APTIROUR SoAt 7 PRUgeN e SO Sompound
compAR: &t R &Rt 3P hNinlifSH okPRNalZRinBY BPIBRIE, MuBi@hARIMte, aluminum
less than 10 wt.% of the al um num conpound based on

phosphhte, weprighttombinghien theredfy Btefaabtyodict ¢atalyst|qempokigion has at least 1

o, € dinents, this disclosure relates.to a process for
w26 SF QRS TR ipSolirbunt B6° oo Feut 37 B PuByRCERBacfton. More
prefertbl§, EHeOERH§stCOMPOLBRE Had)leRr Bih BUNGt Yo @rdvEMbR2lebatiah Y30 wt.%,
material and the binder conprising a titani um conpound

more ppefeigbly Eswribenu?®; cvandnes) prefsrabiln dess Hbamil Qtwir%e, phttlee aluminum
Ll Qn, (.t he catal yst
comp B TRk STRRIY AR PR orpound” T the
range fromabout 1 wt.%to about 35 wt.% based on the
t &l athewembbdinadtst ids dischlsyist reaomposd piooeks fbnpeeparing the catalyst

referred e dinent, the formng step conprise .
ComPRSHHQTY, §f iy 43%?%&& o PSSP OPBBNSrEiaH PHERAE e MCM-22 family
mater%ﬁ%@d Ml%tbiﬁmeﬁlbhkiﬁg ahﬁ%iﬁm%uﬁfl t SRR MhPREre: latfli‘% gc??orming

odinent, the catalyst conposition used has ‘a‘f '
the m@Qunet ints tfe ¢atdyVonDRsitiand Whcnent thei Gltalyrasethpositipheomprises the

.. .weight of. the catal yst c ositi,on. Iny r

i sSion@i it Bho B Dby BURET vl Rta ebPy’ Syl Bassdrgp the totl

weigh o€ Pigd Edifly $th@®nfidkidib} Sin £ pravasdd éPodchtitife firGlOS Bomprises
t he process conprises (a) providing the crystalline

extrudumivt EQ appthet wireferred eopebogdienthéhdicai@bist comppsispmchagt a shape of

I t.1 wt . % of ti,t ani.ym.c ' ﬁ t [ m I, xtur €6
quadrglﬁgé (IkI)l)O gegils onc%m?%té Ithr% g(atteti}/séc cl%%gylﬁ 1 u§% g?sy%t?leggt)g() \£% of the
MCMeZR@diythabriallbasal @1 BE evdig of theadialBntompddétidnor m ng

step conprises extruding. In another preferred

enbodi ment, the o .

In yet other embodiments, this disclosure relates to a process for preparing the catalyst
composition of this disclosure, the process comprises (a) providing the crystalline MCM-49
molecular sieve and the binder comprising at least 1 wt.% of a titanium compound to form a
mixture; and (b) forming the mixture into the catalyst composition. In a preferred
embodiment, the forming step comprises extruding. In another preferred embodiment, the
catalyst composition has a shape of quadrulobe. In one embodiment, the catalyst composition
used has at least 60 wt.% of the crystalline MCM-49 molecular sieve based on the weight of

the catalyst composition.
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catal yst conposition has a shape of quadrul obe. In one
enbodi nent, the catal yst conposition used has at | east
wG00808850f t he crystalline MCM 49 nol ecul ar SPE/ES2007/088395
based on the wei ght of the~ éatalyst conposition.- - In
anothe L ment thr di s¢] osure di scl gse
iR erf%?%ﬂgim?}ta@%@s PIULT BHEIOTS ARIAFTE 3PE afingam promatic
hydro@ir%bﬁlr ithh ﬁﬁﬁgﬁné Qoddk n%f‘o%lu@@ a@lafk%{r a@éc?&foﬁ‘lraﬁ%?dd%ct the process
duct, the process conprises confacting the aromati c
cornphged ravotchiog tanerophieic diykydcattiongarsigeatalkylatimg hgent atith thet catalyst

comp S B e S S S SO O e ShOSR Gt bgon o
the alRgRAhg ta@ektotoNori &f Efﬂ-{ﬁﬁi c6APRSihS tRQ atifeut@ kdon@ti@troduct. In a
aromatic product. In a preferred enbodi nent, the

prefersgdc gmbediment ohel aliodationa pendieonst are n@ermta@neéin% eesurhéhe alkylation
proce%h%éﬁe#ﬁrg 1{0 Lerg% a%ttlaqqlqu%{ Slgage t?@t | ttéé’?ﬁéérﬂ%l Ii uqéiJ Ipﬂase as

used husda, Measithat abRagnsl $he, pﬁerh‘@l@&tt lehst\lﬂ%,%oﬂér pﬂ‘eﬁ{rﬂfﬂ& it Rhst 10%,
| east 5% nore pref erablg at least 10% J
even giogs dFefpiaplyapt leé%rséo B09Hd FpRst rPé%fFfaBrYef“ere&Eq 90 ét orf dhg combined

aromazglﬁyldpcfca}ﬂ?)ﬁ a‘flgrgﬂk){lgt?l%n?gé ghé;%’elg% ;b%ﬁ'{l %‘P@heaﬂ?wa ion zone) or the

at1 ng agent the a
combinod @lomasic Hykevcarboh] alkeyl atun®agent, and ylokr aikﬁatedraromatlc product (at any

point eéffrytgﬁa{jﬁ ﬁgpw? eﬁ%‘rﬁéﬂﬁﬁgﬁfezegéké araﬁfuqegﬂrﬁ%ﬂ% & g weient of
the co%ﬁj(ﬂﬁ‘f)d drdmhfic hi @8tHoH %ﬂ%lﬁﬁ%ga%bﬁ’m aﬁ(hﬁleta@lgﬁéteé["ﬁfogﬂhttlc%oduct In

he conbi ned aronmatic hydrocar al kyl ati ng agent
some arm:feltrtre cabkginentsd ther aoetaiic hprdmstau@ton dompsiserebgnzeiia rthedlkylating

enbodi nents, the o i.C drocar bon, conpri ses
sgent SRRDENE Chlsnty R e T SO RS R Prug ERRYRER shudhgyzene. In
other Fﬁ&e@é& yﬂnab@rﬁlearsorrﬁt Aremiafi® My 8focE®OR doipSis€ botlzBRd) 2B @lkylating
n ot her preferred enbodi ments, the aronmatic

agent igpEnpeisesr sepy lerssnd dess alfglazednsomatie prdkgl eamprigengemene. In some
embo&%r% S fn% fﬁue%.) é{ro%gedn%ﬁletdrgce% k?’ hi n% gcdgsru%r?(gﬁlﬁrl%es the alkylated

aromﬁifcfﬂr(btﬁmt Wlhi’dhdsl aeldadoy Witte, pﬁe&@zﬂﬂﬁi aDlcadt 51 8t. %] S@inahbe Q)referably at
i ses the al kyl ated argmati ¢ product whjch is

least l‘éafétﬁ,lan@tm%t npeferabhap yash 20 Wiy et thandhe Amipicor alkylated
aromef?lfc Z)fr&{lgp a &‘ﬂu&tﬁ?&dul:gd }’)\% coﬁtaﬁﬂl% MO AL S %foﬁff Q%lt)ﬂ(y@t[ dcornposmon

0O w.% ater an the~anpunt of a
havmg  dorimecteir (comsmugaif alumiaa ehd kueatvepgho datweet thy mmmuéartsrewg over the

al u bound- cat al yst conp tion ving. a bind
aluml% hgll“g{?f%%y%fc Ogllpﬂ”?ﬁlﬂ%u% S%ﬁﬁ%tlﬁﬂ I Olil(g{l?lbsg bt sqrﬁeeemll;odlments
the cATRBE WLAVitS| '(ﬁ&?suﬁé\deﬁy tb@l@zeﬁle %ﬂﬁl&lo%ﬁ 58bALYS tinder the reaction
conposi tion under same al kyl at’ion conditions. In some

conditeerisoufi tﬁmp@rstum Ihé()"é?a@tai gnessslrfa%ﬂ()\/klwa esrdemomsddtadyin the examples)

of the AT oo HHioE Py HisiloRir 28y sl U prinlc5q gehsP o %, even

more bﬁ@er@bl@%t Rasrost! adtesteh ot fre@r@iOheR)stAD Lhghdcabsalpystbrable at
osition of this disclosure is at |east 5 %

least éPe gr gspascrathapethst catdyg astpefy rieesusede by bsizenglkylation with
propyge?lgstﬁldglothé) re?cqlton o%Hm{{SHg of %rﬁﬂe%tﬁ@ B3Rk Jln%aﬁ’ttessﬁpe %70 KkPa-a as

nost
demonstrated in the examples) of an alumina-bound-catalyst composition having a binder

consisting of alumina under equivalent alkylation conditions and same weight ratio of the

molecular sieve to the alumina-bound-catalyst composition.
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| east 60 % greater than the catalytic activity
(measured by benzene al kyl ation with propyl ene under
w0 basogsast i on conditions of tenperature 1300C BemUS2007/088395
pressure 2170 kPa-a as demofistrated in the exanpl es)
of _an %I,qip.-oo,nd- at al yst copposi tion having a
Srder—euhs 0 e AaaRaer equi val ent
al kyl ation conditions and sanme weight ratio of the
Introdygti®cul ar si eve to the al umi na- bound- cat al yst
conposition.- - DETAILED DESCRI PTION OF TH S
Dl 0 ' p ; :
aé%%%%gnga%tes?ﬁ%dragglésglu{recse{s)?rgérbihgﬁs’t jjt[ ]S)glc}ﬁ rr(tieor?tu rsn,ents’ articles,
publicativons; hespalpudld athen dovamenanut@t ereamdreofullg incboparatedtby reference
cited herein are fully incorporated by reference.to
to thg RSBk St dBGBAITa 1 il SBFRSiLeTh Gtith o RESER Y S end for all

jurisdicRBnPMERIERE sucAMRpABHANE pehit@l] Jurisdictions in

whi ch such incorporation is permtted. Wen nunerica

lower limts and nunerical upper limts are |isted

h&¥kannnurpeningé dowerohmes yanil gwatericplmupper dingitsy aigplyssed hprein, ranges

cQnt. ed ' i s specification, the

ﬁDnl%éﬁﬁ%gﬁééﬁgggﬁ&u@§€§nﬁﬁ§gﬁégggpkﬁﬁhe sense descri bed

in the "Atlas of Zeolite Framework Types,"” 200 1. As

ugsdisbeinathis, sptdificariondge itereh ‘Sednssveork oypet’ icuded in odisense described
i Table Groups_is used _as in Chem cal and Engi neering
in the Nigpas 0%%%03% FeamewpsigEypestiddliler m " MoM 22 fanily

material” (or "material of the MCM 22 family" or

" IR ReY hafeis 1 BY Qulbetifle sdieMe23r il Pl¥odic T8BleUSRHps is used as in

herein, includes: (i) nolecular sieves made froma
ChemgahashEfginestring pvese 6 86) 74198 1e bui | di ng bl ock "unit

cell having the MAW framework topol ogy". A unit cel

i §.8 Spat.i ment . of ..at ons .gh ks ti i S

AT A Bt T BBkl Tl o LRy My e ity or
“molcd@RESibBesk the MU -22MahaAls " ias &l lickdn Fhalogawor k Types”,

Fifth edition, 2001, the entire content of which is

. incorporated as reference; (ii) nplecular sieyves made
D  monsalaE stRvsh mede Sim gegrEROh (it dieaige srpdadling byilding block “unit
di I it f fr - ini
el B e A o O TR 5 et drangement of
t hioolsnelsist js tlee firethadd-ginensionalispade toaleberibkitokorgstst as described in

iii), molecylar sjeves e f, 0 n nd degree
bl ST o dedtie HeSsod™ Dibetn bR oRe. SHER Ga el fontent of
c%m&mnghg5ﬂﬁ§§gday@@ﬁ@&g;the | ayer of nore than one

unit cell thickness is made from stacki ng, packing, or

. bindin? at | east two nonol ayers of one o
(i)  molecular sieves made from a common second degree building block, a 2-

dimensional tiling of such MWW framework type unit cells, forming a “monolayer of

one unit cell thickness”, preferably one c-unit cell thickness;

(ii1))  molecular sieves made from common second degree building blocks, “layers of one
or more than one unit cell thickness”, wherein the layer of more than one unit cell
thickness is made from stacking, packing, or binding at least two monolayers of one
unit cell thick of unit cells having the MWW framework topology. The stacking of
such second degree building blocks can be in a regular fashion, an irregular fashion, a

random fashion, or any combination thereof; or

(iv)  molecular sieves made by any regular or random 2-dimensional or 3-dimensional
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unit cell thick of unit cells having the MAW franmewor k

t opol ogy. The stacking of such second degree buil ding
whb@skssesan be in a regul ar fashion, an irreguP@r/us2007/088395

fashion a random f ashi on, “8r any conbi nation thereof;

(i cyl ar. si eves made by any regul ar or r andom
%ﬁnh@ﬁg?rbﬁg n”o‘ieﬂé?lﬂl‘ﬂﬁ%ﬂéﬁi l\éﬁ\zw amcskons RSB of uni t
ceIIs havi ng t he MWV franmewor k topol ogy. The MCM 22

f ank | viCwRLer faddisy ﬁ{aﬁerﬁﬁaﬁﬁcélﬁa&é&&f&e@%w awving AN X)ﬂ’aﬁla&'lffractlon
diffraction pattern InC|Udln(DZSA£aCIn8 maxi ma at

pattern Zinlodizg, d-3p&TeE OTaximal B. K20 G50 Bfrinded e 07 Angstroms

(elthelh%%lglrnlnggr QSL%/% &n(ti)b zﬁ% éjg&gl 0%2 Ea,rm é’dmﬁl)z?rlﬁlg 5}11%0 bekcl}aéacterlzed
by hatinbfahaXirhp QifRattdr PaticR inedidigs atsgafm@g R@xTRXATED. #£0.25, 6.9+0.15,
0.25, 6.90.15, 3.570.07 and 420. 07 Angstrons

12. 4
3. 57i@8|7t Aed AT 0 Gk oA bestiagss feittibssuaingd oFhesxihgsized). The X-ray
dlffra&iof c{a@é:{lée(an[ ﬁ&&%ﬁ%@th%%&l%&ﬂ%%ﬁ&fe' &€ ofﬂ!&ﬁle bresgﬂltd%rd techniques

IBve are obtaine y standard techniques usrn
using }ﬂiaKpiiphajdmtbﬂ@tof ebpoppelc agidecheradintiodent ardiffratdnanier equipped
and, a_ di.ffractonmeter equi pped with a SC|nt|IIat|o

with g sGitIHAtioHh GOWYElH ARG REPC R EYBPUES 2% [iRe call¢tion; wptem. Materials

belon%tﬁméﬁtﬁ Tﬁhgy K}?c'h%ngc%tzbe(de%& 11‘1%"1 éYPAtnN'quem 325),
described in U S. Pat 54, 325)

PSH-3 (iEsmbekieniU $ Rdt. SNo. Azt39,409), S@ZAB%(%@@)bedSS]ZT S?.ﬂ’at No 4 826 ,667),

ibed in U S Pat
£rB-§ {EREHRE Beforgy BaaiNeaRoits Rt &3 ddisaiod infs, Pat. No. 6,07,
498), (IQL@}iQr(dQ&QMeHJ . FrterRafionaNPatdhi OPublic®h Nd. TR(D7/17290), 1TQ-30

(described in International Patent Publication No

(descrial7in InRoGYional TRRLG0 PultientionB¥al WR200T EiBAZ0 ) HAM-Hafdsneribed in

us. Bis NS AR P YT KGR, g ChinaS] R 2P, vz

(descriigdd.in NDS. Put 296, 657%),03091211\&18/1 Gd@ﬁﬁﬂy hetbcunr ek cd?ﬂprlseﬁk@f at least
6. 756, 030), EMM 10 fami

ég nmol ecul ar si eve con? of
one ofthe|ragenialy pedislosaddn ad efatentAnplicaiancNes dd /423129, §1/824742 and

11/82 %gg@%ﬁ@“aﬁégt%%‘@gﬁ?(}i éé ?igtgﬂe‘légﬁ 33%/62;)4:[4% en dcontents of the

patents aBGidc@PdatedHeecie by ir¢fercaont ent s of the patents are
i ncorporated herein by reference. |s to be

GB% Ff bEanerstoee 4b T MG Mg éﬁg% FiTtoHg EeBRred above are

dlStlnélﬁﬂ% R RoARAtibAS lﬂjﬁg ybat ie@ﬁtecﬁlt;ﬁhﬂo%t Satal $HE RudP as mordenite, in
nordenite, in that the MCM 22 material s have 12-ring

that theuviCag-@2 pnmwmlshwml @hrigpsurbice poeketanviigh dowiot pormimgnicate with the
104110'{i”g |nteﬁna ore Pé@fen1of t he nol ecul ar si eve.

TR RCIEE PO SRS TIPRICGUAT HESt ed by t he | ZA- SC as

bei ng of the MWVtopology are multi-layered materials

WThe edlaitembtomalp desigsated ByehealZiASSAGsf ey dfhtee MRSENS®Iogy are
of both 10 and 12 nenbered rings. The Atlas of Zeolite
multl-ﬂ:arygpgél\,@pq@nq-l? p:élgclé haecs B0 PPREeSYHICHIS S| f};orn the presence of both 10

and 12 membered rings. The Atlas of Zeolite Framework Types classes five differently
named materials as having this same topology: MCM-22, ERB-1, ITQ-1, ITQ-2, PSH-3, and
SSZ-25.

The MCM-22 family molecular sieves have been found to be useful in a variety of
hydrocarbon conversion processes. Examples of MCM-22 family molecular sieve are MCM-
22, MCM-49, MCM-56, ITQ-1, ITQ-2, PSH-3, SSZ-25, and ERB-1. Such molecular sieves

are useful for alkylation of aromatic compounds. For example, U.S. Patent No. 6,936,744
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named materials as having this same topol ogy: MM 22,
ERB-1, I1TQ I, ITQ2, PSH 3, and SSZ-25. The MCM 22

w0 a0980§868D| ecul ar si eves have been found to bePCEES2007/088395
in a variety of hydrocarbon®conversion processes.

dlSClOW llg%gw%ﬂ_ B ucﬁ%@gfr‘nrrolqlo%@jy lteed%lpglrgtlg Ig%%g@ég{degﬁgculaﬁg ‘cumene,
I | [

cm TR i U LGS ISR S ol 3

arommcg@ﬁ}pmmd undeti & déos partial pqwd ghesd @ansphkatduuoh regnditions and in the

preseiiargl ¢ tanSEvlalr Eblf 0 RRAUES i Holyfbiuflegt B iaiEe Compound.

where ¥ drRalk OROH B8taMht Eortisal | lé)ﬁn&hﬁ@ be aﬁfe@ﬁ&%cdlfferent crystalline
conpound under at [ east ‘%ar tial liquid phase

molequiag sz yhardimerched dha melssulantcyos it srkcqprdelsemgeols beta, zeolite Y,

mordenrlt%nse{aohj%é/ b%ll Ny éfa 5%&@111&11 h%v qlufie raghcﬁfff[lgpg !Qiét)(ér%tlgaudlng d-

I'C” conpoun erein t rans

spacirgahatipatat ¢DARO DS SS90, 13,3 3. (IYf and3. 42&@,‘{17 Angtrdinkf er ent
crystalline nol ecul ar sieves, wherein each of the
ieves is selected fromzeolite beta,

I I
2 85?@11\4%18@%1%@95011 3B 1SVE ORI 2hhiish ORwk thg materials as

discloB@Ving sapat&tr@%olféaéémsé umz@@zd qmm&i el m%ﬂmm ng
maxi ma at .25, 6.90.15, 3. .07 and 3.420

Angstroms. The EMH IO fam ly m)l‘ ecul ar sieve corrprl ses
affht g2dM-bh dawily trhelcoraresiced 8s dscipbetindbd Patens, Spplication No.

ent lLi.cat|o 1/823129.. 11/.824742....and .
sy e R bR AN Ok POEREE il & U frolecular sieve
havm%l if 6t @%ﬁlth@liéd%m?&th%-fray%ﬂtrddﬁ@h ip@tferh@nclddin8d3p2Ing axima at

MM IO P. EMW 10- P nol ecul ar S|eve|sacrystalllne

13.18x@Pacundarl 2sﬁ3é0e?3hémgﬁgbms, nwhergin ghes yivek editcnsidly f@fr the anspacing

a9 901635 LR LGH B AL RS ETREMIR, pr e o
spacinghetisiuhyatofR2 3386.2d-spaacbmg. maxi num at 13. 180. 25
Angstrons is at |east as great as 90% of the peak

kﬂ%@ﬂﬁ%ﬁé q{ &Qrgza idcf f’}%ﬁh&? wg%(in?u thg; E%VA&@QPO Mefuagy fjeve may
furthe?fll\%ctl@(fe FEYMED RidiRLEiGkH A @dk@%tmﬁysggéiﬁg hekih DGt lﬁ’@6¢0 18 and

XRD di st ngui s abepasvvlt spaci ng maxi na at
9. 25i(l13006t(gsnr8manwh@fem5me Isalangsisity e, thewlepeding thsimeakt 11.06+0.18
i ntensit aci ng  maxi 11..060. 18
AngsthERoaisP s e P Tl ity B - sBARE Pk oy 9.2540.13
Angst@fmd. NRdHtiSRAGT Bt PEkk MR AtspdeidB GndImANGSEIIEY¥®.18 and 9.25+0.13
Addi tionally, the peaks with d-spaci ng maxi ma at

Angstiompeay be namdisorepspeaks Angstroms may be non-discrete
peaks. In a preferred enbodi nent, the EMV 10-P

e U R (VRS
family heddcalar kieaa thhb Ban kgalasirfreasies of ghyster than 450 m*/g as measured by
the N, BET method. The crystalline MCM-22 family molecular sieve of EMM-10-P
preferably has a ratio of the external surface area over the total surface area of less than 0.15
after conversion into H-form by exchange with ammonium nitrate and calcination, wherein

the external surface area is determined from a t-plot of the N, BET.

In yet further additional embodiments, the EMM-10-P molecular sieve has a
morphology of tabular habit, wherein at least 50 wt% of the EMM-10-P molecular sieve have

a crystal diameter greater than 1 um as measured by the SEM, preferably greater than 2 um



the N2 BET nmethod. The crystalline MCM 22 famly
nmol ecul ar sieve of EMM 10-P preferably has a ratio of
WO h@sesstesy nal surface area over the total surfBCBUS00H088395
of Iess than 0.15 after conversion into Hform by
exc S\/E amonium nitrate and cal ci nati on,
asmeﬁ\ﬁﬁ‘é? %f’\lgg xternal surface area is deternined from a
t-plot of the N BET. In yet further additional

eﬁﬁ?@@&h@ﬁggeéts tHeeaMA 8.9 RolRLBE Wedd hed syxeorpmo% of tabular habit,
of tabular habit, wherein at |east 50 w %

phol o
where@tt att lhest E%/l\wti/mﬁhmﬂl‘éh/hﬂ%l’ mplevdahsive haveryasystl thickness of about

di anet er n 1 mmas nmeasured by the SEM
0.025 s d yetﬁ?éltEWhan 2 mm - as measured by the
SEM I n sone aspects, the EMM I O P nol ecul ar sieve has

a AVREMBR LOEXK R ahEHNMMAL0-PaRbEeulNEERIBplisinB AR st oft %

of the EMM 1 O P nol ecul ar sieve have a crystal
t hi ckness of about 0.025 mm as neasured by the SEM A
(ahret HIEVIgEn®NIKEIaRORINFING-4b [ppY coalsgpres| @fvel least one tetravalent

co rmglx]—:tﬁétﬂ ng’hﬁ est s(()){u‘ce %?)alt RLG %h 1i r ??k)éﬁ Wh%h metal clement,
conprisin t eas a one

one Source o eas
t et ravalsestc dicetiihednY|R), atatdreasitoptivralBoutlest @fe urce of at least
| east one alk i or_al kal i earth net al el enent, at

| easInedHEalgmteiERgnh §Xh e nixtuy hayjge dhe "logﬁarlrtgpwlah%ﬂﬂpy

at least- gpg, 1%ﬁHﬁ3ﬁ§r&Era@fyi(ﬁ%51‘009@%n&%' 7% pf%rﬁq@% 55;

(X), the m xture having the foll ow ng
Y: X2H§£) XY0= i ¢o 10GA0n pteg?cralpiy dfte rSﬁb(D,yndrﬁ ptafembly(ﬁbrn oo 85;

pref er apl r to, 55

pr o QPR Yool e Sleaine Bt erip rr T ot @ 53 qndgg OHY
tY V{'vhﬂ@cﬁbal%ﬁﬂél@h@iﬂ%o@c@@&%cﬁ%ﬂ}* 090¢@ pgotion = 0.001

to 0.59, and/or OH :Y (wth trivalent element source

cor rMcty oR)00+ to20oeferablpfrem MM:ty 1= 0. 001 to 2,

pr ef bl yhf 1.0 Y—0001t02

pr eflgrryzblo)poiJ t%glff %r?fbgy %rbrn e| n Mis an al kali netal

and fdrsinaM ligast alRne rh@t&ﬁlém\lfi iN at Nast one NNNN’ N’ N’ -
hexanet hyl -1, 5- pent anedi am nium salt (M -di quat 5

sal thespnethgl- éﬁqreatﬂnyd@mmumeka:}t: t(b@6-ﬁrcplm p haalt¢m)p upreferably R is

consi st | of -di quat -5 .di bro

i crieBil derrome eyl a5aHPE i e dI S S Mecdiquat
di i ofiwleriddve mei-Gigaie> difiseuexi or {\ﬁar i quiglide, Mes-diquat-5
sulfate, Mé -diquat-5 dinitrate, I\/% di quat -5

hydr(bh}’dieXlldﬁ,o ni\@efdlqmt 5di gplfate, 5 M%ddlqb@tf.ﬁe dhiifpate.d eMek/eilquat-

G EEN ENIA AECI

fl uomudiﬁiebwod@atﬂbhyoﬁmd@tmcﬁdé I M@E Uﬂﬁaﬁ’-‘ﬂl@rﬂtcﬂﬁie Merate, Meg-

i q(ﬂ(?ltlat% ffhlloli?drel ‘t()jrgmlde Meg-diquat-5 fluoride chloride, Mes-diquat-5 fluoride
iodide, Meg-diquat-5 fluoride nitrate, Megs-diquat-5 chloride bromide, Mes-diquat-
5 chloride iodide, Meg-diquat-5 chloride nitrate, Mes-diquat-5 iodide bromide,
Meg-diquat-5 bromide nitrate, and any mixtures thereof, more preferably R is
selected from the group consisting of Mes-diquat-5 dibromide, Mes-diquat-5
dichloride, Meg¢-diquat-5 difluoride, Mes-diquat-5 diiodide, Mes-diquat-5
dihydroxide, Megs-diquat-5 sulfate, Mes-diquat-5 dinitrate, and any mixtures
thereof, most preferably R is Mes-diquat-5 dibromide; and

(b) submitting the mixture at crystallization conditions to form a product comprising

the desired EMM-10-P molecular sieve, wherein the crystallization conditions
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iodide, Me -diquat-5 fluoride nitrate, Me -diquat-5
chloride bromde, Me -diquat- 5 chloride iodide, M

wo ciogistesd chl oride nitrate, Me -diquat-5 i odiPEr/US2007/088395

brom de, Me -diquat-5 br oni He nltrate and any

m xt ures. t hereof, nore refer electe; fram
t he GIBUIC ColfEIPSTAtHG iprthygangs Qf{%r? rfsn?-QPe Risterably from

- di aiRtie P46l wat' %C Mﬁd adbrg'klt@fhzétl(q{ filddofrbdeabolYE 1 hour to 400
-diquat-5 diiodid hydr oxi de, Me

- di cheairs, Earsﬁata]bat &pmlv&boudllqmaf@(ls haim, optanelly anstirany speed in the

0 et R 8% nORREND R OB ool abE e 942 -5

CAdtRE hieﬂf&i'df Poak@ICHn EING-10P helethlar AERMEBprising the steps of:
conprising the desired EMV 10-P nol ecul ar si eve,

wherein the crystallization conditions- - conprise a

() enpEpEidinge? imixtuie cpRIRGaingfatfleanongcoarcee2eoleast one tetravalent

pr efeﬁ&ﬁP{qYI) rQ ﬁga?tlbc%%ts]p&f}:g otf gto %?& %ﬁlﬁ éﬁgﬁ:or g%g]d %%rth metal element,

crys ‘ion rom a
pr ef il yncf dicotiabhagint (R, ovad (hﬂdmpltlenaltgmulmad)ﬂeysoarce of at least
stirring speed in the range of fromO to 1000 RPM.

pr ef@dBY3/entedment (). Arom b harse His oHRYVHISd N8It R ng
an BN 10r torfﬁhﬁ%‘ a0y ufe eb VR ©1B0H hatd p'iré}graﬁg/eﬁg S Qbout 10 to 55;

(a) providing a r ?orrprl sing at least source
of athO:¥ast tohe0G0epredarablgitto SDGvamdire (ph@ferah]ty fremst tod!rie

our ce. of | east, on i or al kal
oF orGf Y withqus FaT et Ta il Soing oo o b 152 Yggigr OFy
opt i wRRIAIRE cleBRETs0RRR BRYEE 00 430 DEBDE 08N80 0.62
trivalent element (X), the mxture having the

f ol IMV\nYng Ol 4o 21 prefepablyy i =1 101t o i nfinity,

pr ef referably from about 10
to 8O¢QOE’1PYF era%gbgﬁm@g g’r ably 1 to 5000, nore
pr ef@ﬁ@&hyM OMnSalki IRetaOahd R Wk tROMhstt SAVA ’RINN’ N’ N7 -
el ement source correction = 0.61 to 0.72 and/or OH :Y

Wi t Hldxmmvmlybm,ts ;@Inelmeahamsmumc galt ¢Meediquatt5 =sali(s3 1L pmferably R is
0. 49 M. Y, = raly .

v omeeipds Bor e gpocanyising loMes it Sufprarngin Moy diguat-s
ggeldﬁlgﬂl\lgﬁ&ee' TMM ﬁlﬁu@tfs aljieRlotidaet Meg-aRfafs | HidlideeaR®les-diquat-5

hex adtkydrgkide, 51\/{%1«111%@& amlﬁateuml‘é@d-dlq(lat’é dingtwate.- 5Mes-diquat-5

sal t ef erab h

cond R BROREE. Wi e SThERb T A GoifRi-s hyaroxiae
di chit@ridde MdyRliqubit-gUidréxidé flbcu@é i M@6 dMRat-slitgdasxide nitrate, Mes-
di i odi de, Me d| guat -5 di hydroxi de, M -diquat-5

sul fdifeat- SA,ﬂuoruiedQ}g{mcga Mesrdiguat-S, ﬂwld.ecghémg{e Bles-diquat-5 fluoride
hydr géldu ST evRL 8@}%@5 ﬂb(gdﬁdéjhl%%t I\/?e Wﬁ!a? X1 ARl lb%thgi% ' Meg-diquat-

5 chlorlde iodide, Meg-diquat-5 chloride nitrate, Meg-diquat-5 iodide bromide,
Mes-diquat-5 bromide nitrate, and any mixtures thereof, more preferably R is
selected from the group consisting of Mes-diquat-5 dibromide, Mes-diquat-5
dichloride, Meg¢-diquat-5 difluoride, Mes-diquat-5 diiodide, Mes-diquat-5
dihydroxide, Meg¢-diquat-5 sulfate, Meg-diquat-5 dinitrate, and any mixtures
thereof, most preferably R is Mes-diquat-5 dibromide; and

(b) submitting the mixture at crystallization conditions to form a product comprising

the desired EMM-10-P molecular sieve, wherein the crystallization conditions
comprise a temperature in the range of from 100°C to 200°C, preferably from

about 140 to about 180C; and a crystallization time from about 1 hour to 400
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fluoride, Me -diquat-5 hydroxide iodide, Me -diquat-5
hydroxide nitrate, Me - diquat-5 fluoride brom de, M

wo ciogistesd fl uori de chloride, Me -diquat-5 fl upeT/tis2007/088395

i odide, Me -diquat-5 fluoride nitrate, Me -diquat-5
chl oride br Me -diquat- 5 chloride jodide, M
- di ofIfdFs: epr%t%ra@f femhhqualeio 30 halﬂraualfﬂoslallw Yjuting speed in the
br Or‘i‘aﬁge ofMPorn @'tSlI@éO RpbI %%f&%b@r‘ 87080 480 ﬂP@!ﬂy
m xtures thereof, nore preferably Ris selected from
t Wet grashgy necthed eﬁmmlgngfan AIMe (5B apol Scudkirisreymicdmpripipg the steps of:
-di guat-5 dichloride, M -di quat 5 difluoride, M
at-b5 dji d|h droxfd

(ai/E 6Gpu al&g]lg g mlxjflg%tcgmp%%g gal{ OUree ofy %t’ lea aong t)-;travalent

M xtdlERent (g2 oast sRSbuRk F ef l@@slty)nBalk&h e atkdii @w@ﬁ nRtal element,
di brom de; and (b) submtting the m xture at

cr ysit agasy onstdirsatingagant (Rhavates, afn@rqp,tlgnakﬂ‘yoqj d@atst one source of at least
co npcyﬂesth{)%eﬁtt%?e Seﬁf? :(Xf I EMN D16 ha ECA3NBYi rﬁg ﬁr ratlo

wherein the cry zation con i'ons co

te rr‘p‘éf)ﬁt=ur(1?tol 1ﬁﬁ1t11hﬁ pretargblyoifo tb rl(‘)m)(], @1&&€pfdﬁerﬂﬁl@€rom 10 to 55;
preferably m ab %*140 to bout 180C, and a
crystdP i Z e gﬁp(r? % B8 1 hour to 400- -

hour gy R1-Lh 66 AR) ¥, fr&fb 6H10]01tt802§)0 hours,

optionally a stirring s in the range of fromO to
1oomhmom0éft@2am1e§crefhmﬁomﬂ btdl0 RPM Yet anot her

ecul ar sieve
ITBI?I sTH TS%?%WTO%@&}LM ding a mixture
Co”pr/hérblﬂgl\/ﬁt aﬁaéﬁcal‘?r}ﬁeép% Rl At1ch§aSle NIMNN’ N’ N’ -

tetraval ent el enent ) east one source of at
| easlicxaimethgl- kaLpenQihedlhklemGwIt liMesidaduash eqix(y)), lﬁ%ferably R is

| east _one directing-agent ), water, and tional
at |§ksted fdf@msalf«r geoupf C%}Sl#@&s&f Yee-diquairal %Efonéfi%nﬁ% diquat-5

(X) Xt\E e ig [ ar o:
dlémgﬂ{.go Il\%?l %Llﬂtﬁé;’ﬁp Fﬁe rlﬁg M@%B ugfl)% 0 61(1)1"0@1{(1'6 Meg-diquat-5

pr efchhﬁhbydé r oMc3@iquat-55; suHa@©, Y Meddlqmatais dpnteette,r aMcy—dlquat-

fr O 2 ot}%i)ﬂps %)romq@eo eztcgqgl?-% ﬁ%%réflgg rcglﬁqeqr,c%bl Eﬂbat% gydromde
R Y fﬁJ&td@oMé6fﬁl at-@rﬁ}fcﬁéﬁﬁé Xodlﬂ@nMQg; diduet-3:h ’{i\gf@ﬁd’é HltMe Mes-

is an al kal i al and is at |l east one N5
N dlqlireéaéaﬂmrhgel brpm&qoéfﬁ%ah@t@énﬂmmdm Céléﬂrtde( IVEes- dlquat 5 fluoride

- di qu alt(s refera d.fromt
or oo irarer g S MRS AR M1 AP SRR gl Wecaiguar
- di qy%hbﬁdgllﬁﬁlh@r Mig-didviat-5 cihepiade- Sitrdicf IMQLdigheat-5Mddide bromide,
-di gﬂat 5 diiodide, Me -diquat-5 di hydr oxi de, Me

- di Mae diguatyd ﬁogqr@lde NHEtratg qmitang THIXEITES ﬁteéeof,wglore preferably R is
-di WALFR from the group consisting of Meg-diquat-5 dibromide, Meg-diquat-5

dichloride, Meg¢-diquat-5 difluoride, Mes-diquat-5 diiodide, Mes-diquat-5
dihydroxide, Megs-diquat-5 sulfate, Mes-diquat-5 dinitrate, and any mixtures
thereof, most preferably R is Mes-diquat-5 dibromide, wherein the OH:Y is

calculated with or without trivalent element source correction; and

(b) submitting the mixture at crystallization conditions to form a product comprising

the desired EMM-10-P molecular sieve, wherein the crystallization conditions
comprise a temperature in the range of from 100°C to 200°C, preferably from
about 140 to about 180C; and a crystallization time from about 1 hour to 400
hours, preferably from about 1 to 200 hours, optionally a stirring speed in the

range of from 0 to 1000 RPM, preferably from 0 to 400 RPM.
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hydr oxi de brom de, Me -diquat-5 hydroxide chloride, M
-di quat-5 hydroxide fluoride, M -diquat-5 hydroxide

WO oabsaggesMe - di quat - 5 hydrOX| de nitrate, Me - PETUS200T088395
quorlde brom de, Me dlqual 5 fluoride chloride, M

qu | uoride io |de Me6- di 5 flu .
Paﬁal\éINPiééalaﬂzj Jagleey %rhwsYq aed b“P@?ﬁ?‘{jé“ %éegﬁ%fuétmhosmon No.
11/82@MPfs']ﬁ@M o6l A8 ENVRI- I@hﬂ)‘l’&hraﬁ sfe% Q h‘é?s@llﬁﬂe@h@lecﬁﬁr sieve, in its

diquat-5 iodi de brom de, di quat brom de
ammaniium atxeharead fany on xt atsealmlhmir éofn, aeomeisprgefuet ablly wkth MWW

el ected fromthe grou 0 Sti of..Me.-di quat -5
topolqgS FGnfaueTine F e 5 e e e Hiiat S84 ing fom e
unit c8ll hlraeh@dfs inVBe ¢ dirgih- 5 diiodide, Me -diquat-5
di hydroxi de, Me -diquat-5 sulfate, Me -diquat-5
dinitrate, and any m xtures thereof, nost preferably R

i §n I\/Eddlmltﬁha?méo‘ém@ﬂ@m the, EMM-E) nmolgsulary sipvg smay Turther be
lat &Nt source

chara&%lgér:egc‘:b Itg%alwe& gkf%it hoq{'é etclhrﬁg ﬁ‘trga‘iong%aur Tt

crystallization condltlons to forma product

¢ darpoitisdr ngl ditienat e sibo éuindab\HAO -HM NGB L @ codleculsi @we; may further be

wher he cr talllzatlon conditions conprise a
charadliid b B FIRRECRIAGHOBR  BTBHOT000C 1o D00G

preferably from about 140 to about 180C, and a

Cly ?&taﬁlh'h&a&dcﬁtﬁbdal BRbbdiREnAD eet NN U md18c A0siBRUnh Y further be

preferably fromabout 1 to 200 hours, optionally a
charagietizodiyghe gewhde imit edibalpaggdiredtionr om 0 to 1000 RPM

preferably fromO to 400 RPM - - The EMM IO famly

mi)IL ?fgyléx@:feo %ﬁ]ﬁb&r@e% 'é@ﬁ%%ﬁﬁ dE@N#‘I @ar Eﬁetvgmal (6ystalline MCM-22

famﬂ;nniomwlaarslese duea |t@ta1as1mfays il dfpgcai®l thenik 80 nsigeasemedsared by the
ammoni um exchanged formor in its cal cined for

N, B]%TE) mﬁl}ogr ﬁbe grystallng §M\7|2t2 ﬁan;w q;gsﬁrevetl]arg a ratio omhe external
surfacgi a%?& gldd e oml Rlared &Y ?eshiha%h@rlg% f 88 Q¥n into H-form by

raction streaki ng rromt unit ce arrangenent
excha'ng\e tvhél armimommnl wiratel mdadalicinatoml wherbod thre nttsynat kerface area is

may further be characterized by
dem“?ﬁ%d Pgb% H@g9§%?$%&ﬁgrof el ectron diffraction
pattern. In further additional enbodi ments, the EMM 10

mpd %H's@ﬁlesécﬁ‘{tﬁ)nﬁﬁ)énfbﬁﬂffrﬂ&fs ke GMNIACH Qﬁd)lé&ﬂatb)ﬁe{r@ €nay have a
unit cells streaking along c direction. In yet further

morphydelyt ¢foakulardibi divhersinsat LeasieS Evie ph theoE MM 18malpanar siayyg having
r.th db t Il al on
o e P R L B i sl o byt o oS

nol ecul ar sieve is a crystalline MCM 22 fam |y

Mph 86k Asp&dteie IA31-a0tmblRtulsuEEaE Badhedofho®ieeadfefbular habit,
than 450 n2/g as neasured by the
wherein at least 50 wt% of the EMM-10 molécular sieve having a crystal thickness of about

0.025 um as measured by the SEM.

An EMM-10 molecular sieve may be made by recovering an EMM-P-10 molecular

sieve followed by treating the recovered EMM-10-P molecular sieve by:

(1) ion-exchanging the EMM-10-P molecular sieve with an ammonium salt(s)
solution;

(2) calcining the EMM-10-P molecular sieve under calcination conditions; or
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N BET nmet hod. The crystalline MCM 22 fam |y nol ecul ar
sieve has a ratio of the external surface area over

wao b@swogsesd surface area of | ess than 0. 15 aft ePCT/US2007/088395
conversion into Hform by é?dhange wi t h ammoni um

nitrate and, cal.ci nation, rein the external surface
A LTSCaRRH P AN F&Mamlﬁ SRRECHT BRES BT AMGEEM salt(s)
SQMBLGHdidd QaRkiniRILAdI TENLhad i EMRAL P POLGAMLAL: sieve under

sieve may have a nhorphol ogy of tabular habit, wherein
aralcimagon &mdtiosof t he EMV 10 nol ecul ar si eve having a

crystal . di ter greater .than 1. as. uped by the .

SaE TP G B B FiOhaE i B S o PEG HakiGrion No.
11/82m9330R4l alRhe MRIMIBI fah@RinkolcoMMATsRIVE hatink SiRSts a8QyMh¥sized form,

of the EMM 10 nol ecul ar Sieve having a crystal

an Xtray cdifsapsionf paitsoutinglud@g anpesk pealsipreidg bipakimeunsen] 1A33+0.23

s S0UABE B 8RR TRAE Py PEGRLR 2R Bt 141

Angsti@aonet &adoNMclde Peatiodtacdibgicingl @¥amyi béthken 8.8 to 11. Angstroms,
I.on-exchangi ng the EMM 10- P nol ecul ar, sieve with an
wheregiythhingak sBicpFIs) of odheit §-spreing2 MaXENEN nP§Ycethd 2EvvioL gbput 14.17
| ' r G i it L Of=
s R ERARLuh 90 USSR TGS e U B Bl g 2332023
Angstasmanmoni um sal t (s) solution and cal ci ning the
i on- exchanged EM I O- P nol ecul ar si eve under

cal cinatign conditjons, MA1O fam |y. nol ecul ar :

T pemE e aEP b UMD PR E Sl B o dbsed in US,
PatenflApSZAHEBNOS 1 BSETHStRdy b vBaddi £éeiRAIcbipABing ¢ @&ps of:

sieve having, in its as-synthesized form an X-ray

diffraction pattern including a peak at d-spacing

(abraxinrovidie a4 3B ZEMARGSE rahsast HndiseticaRfi ahlehiteonsetglravalent

at lghgrﬂ??pfgag 178 g@o}f‘@@ f%as]t %n? gllktaﬁ ?Qﬂ(ldfl .e;réh Pfl7etal clement,

Angstrons "and a non-di'screte peak at a 8-spa0|ng

mex i arldasb@icvdientiBg-8gdnd ()] watsngsidrapiisnaliyhe @istorid @ ue af at least

intensity of the d-spacing maxi num befween 12.57 to

abonetrvalont glggagnt s thesmixdws hayigg thyplodlgyingraolgetio:

i nt ensikt.y_of the_d-spagi i mum at 12. 330. 23

Angstrgﬁ§? In sone enggg?%g%? , the EMM 10 famly

nol eculHaO:¥i eve as di $a¢bd8@4D i n U. S. Pat ent

Appl i cati.¢ No. 11/827953 nmay be nade by a ho

conpr | Dith pHBowRSedeTcteely St FRTRoh. o O 0.59. andlor
conpri gy alith 8AAfenPABMSALOER cQbrrBdtidn§ast PHA to 0.39
tetraval ent elenent (Y), at |east one source of at

| east OheYal kal i =or aPKAllito@arth netal el ement,

R:Y = 0.001 to 2
wherein M is an alkali metal and R is at least one N,N,N,N"N’N’-hexamethyl-
1,5-pentanediaminium salt(s), N,N,N,N’N’N’-hexamethyl-1,6-

hexanediaminium salt(s), or any combination thereof, wherein the OH™:Y is
calculated; and
(b) submitting the mixture at crystallization conditions to form a product comprising
the desired crystalline molecular sieve, wherein the crystallization conditions
comprise a temperature in the range of from 100°C to 250°C, a stirring speed of
ranging from at least 150 RPM to less than 5000 RPM, and a crystallization time
from about 1 hour to 400 hours; and

() recovering the crystalline molecular sieve.



at | east one directing-agent (R), water, and
optionally at |east one source of at |east one
wao eiosagssnd el enent (X)), the rri xt ure havi ng t hePCT/US2007/088395
follomnng nol ar rati o: x2!4= 10 to infinity HOY =1
I
;gtg(gcﬁgnembq\;hlggtt}_tgf L @S\é ?(gﬁadltpg? n@e rrelffc ﬂf@ El‘%lg% %s disclosed in U.S.
Pat EA T N Fﬁ@ﬁﬁ%%%[ SRITBEL hRbdToRpROhe bR QeADE
atont AbYEaREA N8) A5 S 504 g TothpRdbg U Bepd
al kal i et al and R |s'at | east one
(a}\l N NowidIEN: mixdyra sempyibing Bt Eafﬁ@n@ anedt efhdthéaghorsaktrgg)ent

O : e?%m%rg rgg _agfel)éatnoen:eﬁéﬁr_gl&b?ét \/\ﬁ%ﬁf gﬂ]%gl%(ﬁm 1%_]# Sef’jIlJ[htrglgt)aI element,

cal cili@beshic drdtifdhodt R, tftatdd Garldiptibha tylkt @cadt one source of at least
crystallization conditions to form a product

conpiesivyentiebenaras (X b dhemipurs rying thiplodlewing makpiaio:

whergish the crystalli nditi ons conprise a
ten‘pgr%ture in the raﬁlgtéég]? ﬁ?om 100C to 250 C, a

sti rHjOy speed of rangitmdg0d0tom at | east 150 RPM to
| ess _than 5000 RP ndacrystalllzatl ntinge from . .
abouPHiY W%HW&% Beat sogfrg CPH?CFOé‘coggf‘i?lé apgigr OH Y with

CrySth%l'eht@erﬁ&lt%&ﬁ‘ﬂcé‘&oﬁéc%ﬁ ~0.64 {dn Yet ot her

enbod |ments the EMW I Iy nol ecul ar si eve as
d| scModed in U S= Pat @rﬂOlAp@l ication No. 11/827953 nay

g;e by a net hod cg |s ng the steps of: (a)
pro ng a mxture c :@ i ng at |east one source of

at | \RR§tinMgs hiehIkal e tan@ REFBNeadt Bhe NAN, N 8ERIN Q& amethyl-1,5-
source of at |east one alkali or alkali earth netal

el enentancdipminapit csnlé(S)jl r SGNINOF DG nheP(aR)ethy\lvdt(ehexaaedjamlmum

? Plt bsgpgsbﬁ %}é}{rlecﬁ?n ttﬁgr%g)n X\Ev %rgl%:]thl eﬁls—lt th és calculated without
f ol |t@whieg: diEhéait sb@*ca: eorre\éuxa andl0 to infinity RHOY =1
to 10000 OH :Y without trivalent elenent source

(b or re@pitAg thompguieqt prptlizationqonditigns 19 fopm\igpregyct comprising

el er@@de%?%%%%ls&?ly Ehl QAT 596\%4 Wifkrdn Mhe crystﬁhgegl]ont Oonditions

comprise a temperature in the range of from 100 “C to 200°C, a stirring speed of
ranging from at least 150 RPM to less than 5000 RPM, and a crystallization time
from about 1 hour to 400 hours; and
() recovering the crystalline molecular sieve.
In yet other embodiments, the EMM-10 family molecular sieve as disclosed in U.S.

Patent Application No. 11/827953 may be made by a method comprising the steps of:

(a) providing a mixture comprising at least one source of at least one tetravalent
element (Y), at least one source of at least one alkali or alkali earth metal element,
at least one directing-agent (R), water, and optionally at least one source of at least

one trivalent element (X), the mixture having the following molar ratio:

Y:X, = 10 to infinity
H,0:Y = 5to 35
OH:Y = 0.001 to 2
M"Y = 0.001 to 2

RY = 0.001 to 2
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wherein Mis an alkali nmetal and Ris at |east one
N, NN NN N N N -hexanet hyl -1, 5- pentanedi am nium salt(s),

WOBNBABHESIN N - hexanet hyl - 1, 6- hexanedi am ni um BEI/USBP7/088395

or any conbi nati on t her eof ; \iherein the OH :Y is
cal cul ated without .trival ent. el enent urce .

cor r¥ReFgAv lzﬂaa@@} "gﬁﬁéﬁp Riingt e ofp R DL RG N -hexamethyl-1.5-
cry Sﬁeﬁ{a!nbéiﬁﬁﬁrﬁﬁmc 0 @gl't(ts), onsy NN NOKPR h QI BRHEN - 1,6-hexanediaminium
conprising the desired crystalline nolecular sieve,
wherseltfs)t bie agy yotidatipat thowgof omldirtinoths QBITYT issealeulated with or

t t in t f f 100 C to 200C,
st Py bl SRR g R Yorshial “Past 150 ReM o

(b ©S Ssubhathind AROMBEMe AREystalGxaYidh @bhdizahd @Nfolh MBprba@&Mcomprising

about 1 hour to 400 hours; and (c) recovering the -
cr ysthal desiied woistadlincamodgealos . sigws, ywdtcrgn Hee wytidtrationt eonditions

e IO SR AU VRIS Gt o

met hadgiag it st 8@kt 1156@ RPN 06 19§ tha@ 200 RPN dAraigh erystallization time
m xture conprising at |east one source of at |east one
t et riEQraRBoEt IdtwkihtOd hours;#pd| east one source of at

(e} S23peR BB A Ming bR ERELD Toval e ement, ot

east one directing-agent , Wwater, and optionally
aln yetastherosmb@ibmete, the EMM-Eastmibneolaculaalsent aeldesatneéd in U.S.

PaseniyAficaf Voo | V1R Pbhvi<iss figthed compvins s Gors of

2 MY = 0.001to 2 RY=0.001to 2- - wherein Mis

%2 N?rgaihing”@trﬁ‘i&t@@ @oﬁph&ngtat'l@@sﬁon@ NBurce of at least one tetravalent
NSN N'N - hexanet hyl - 1, 5- pentanedi am ni um

sal tqlenent (ENSIENSNTIY sohesk arfret legst-ong akkah ox alkelicarth mictaelement,

sal t ar any .conbi natd.on thereaof ., wherein the OH.:Y

o bt Qe AR FR BRI bt b B ol SR ol St ast
cor r@etdooite ot dabt)onsutivaltit dhgnéd €XIN thé wiigtudd having the following
crystallization conditions to forma product

conpPPf /4ot he desired crystalline mol ecul ar si eve,

whergixp the crystalli ' nditions conprise a

terrp‘gir%t ure in the raﬁgt(ted gﬁnﬁ?om 100C to 200C, a

sti rHjOy speed of rangitmd0®0tom at | east 150 RPMto

l ess _t han 5000 RPM an crystallization tine from
abou@hi%hour to 400 th)Pi;tOénd

M"Y = 0.001to 2

RY = 0.001to 2

wherein M is an alkali metal and R is at least one N,N,N,N’N’N’-hexamethyl-1,5-
pentanediaminium  salt(s), N,N,N,N’N’N’-hexamethyl-1,6-hexanediaminium
salt(s), or any combination thereof, wherein the OH:Y is calculated with or
without trivalent element source correction, wherein the seed has a concentration
in the mixture ranging from about 0.01 to 10 wt% based on the weight of the
tetravalent element oxide in the mixture; and

(b) submitting the mixture at crystallization conditions to form a product comprising
the desired crystalline molecular sieve, wherein the crystallization conditions
comprise a temperature in the range of from 100°C to 200°C, and a crystallization
time from about 1 hour to 400 hours; and

(c) recovering the crystalline molecular sieve.

In yet other embodiments, the EMM-10 family molecular sieve as disclosed in U.S.



(c) recovering the crystalline nolecular sieve. In yet

ot her enbodi nents, the EMMI O fam |y nol ecul ar sieve
wa@sgoodiogssbosed in U S. Patent Application No. 18¢BRFDHB088395

may be nade by a net hod co‘nl;f’r‘i sing the steps of: (a)

ovidi.ng . a mxture conprising at | east one source of
Patenﬁépplgégtng Die 1”1/ @H%S ANBnie BpdsBht m(e%oa cqmpfiging theeps of:
source of at |east one alkali or alkali earth netal

(aFI enkBolididia measle BRPridingee lejaﬁ‘lﬂiﬁégilﬁﬁltce ORhs [UR1BE noﬁugfermanium

east one seed, and optionally at |east one source O
at |tetistalamecleméngalYontt ddastrent spxce afhgermiagiugy €Ghlawat rigast one

{1 GRH;BUAIATRO 2l 48h o AL ST Y SHEP s on
5 = 0.160dIchtoc]Em¥htaD®iand Mk I sBoncdddiade oM tiadst amelalRali ®r alkali carth
| east one NSNSNSN N N - hexanet hyl - 1, 5-

pentragiabielementi hengiafurg BavinghrgaN iR Raldagigret hy| -
1, 6@%4%%% am ni um sal t (s) g (9l,eAkYy conbination
of , " y

t her erein the OH :Y s calculated with or
Wt Hédd:Yirival ent el ement gaoil0@O0correcti on, wherein
the seed has a concentratign in the m xture ranging
fromMaout 0.01 to 10:wt%§é%3d on the wei ght of the

10 tetravyal ent el ement oxi de ipoihgom xture; and (b)
submtting the mxture at crystallization conditions
to fwhereia B oductalkdpratali agl Rheowpssased eastsormd N,NEN,N'N'N’-

mol ecul ar . sj eye erein.the cr al i (o) R
condiPRRES LS bBCA i diEy af T RNy shespsyL-L6-
100Gy k@i MMM kIS )ChYsify@ohitddtiof Ahdrédearfd om about 1

hour to 400 hours; and (C€) recovering the crystalline

(birol embmalting ithee/mixting af stystallwstion epodiimemtosform seprBfddt LOomprising
fam | ecul ar ,sieve as,;disclosed i.n U. S - -..Patent ...
13 ol 1 R R G uE e s STkl o g onaitions
CONoin§irivg attﬂﬁFéﬁrht@BéSinQﬁé rdngp o fiowi th01Q t8 20031, Uhe a crystallization
conprising at | east one source of at |east one

non-4Be Faf abevt bhewvar@ihousednt (v), at |east one
(C?%JTI%gm%Engﬁgﬁg%%wéﬁgﬁcyﬁg?ﬂeg@st one directing-agent

wat er | east one source of at
| dasisedherein; aw dhlkplatablocarembiti¢ 2)mpachditis b easpowrdethat may receive

source of at Jeast one alkali or alkali eayth
20 an alky?group and an I‘alLylat?ng agent”ais a compoun whicL may ({onate an alkyl group.

The term “wppm” as used herein is defined as parts per million by weight.

All weights of molecular sieve, weights of binder, and weights of catalyst
composition, as used in this disclosure, are calcined based weight (at 510°C in air for at least

one hour)..

25 The term “aromatic” as used herein is to be understood in accordance with its art-
recognized scope which includes alkyl-substituted and unsubstituted mono- and polynuclear
compounds. Compounds of an aromatic character, which possess a heteroatom, are also
useful provided sufficient activity can be achieved if they act as catalyst poisons under the
reaction conditions selected. A non-exclusive list of examples of aromatic compounds

30 includes benzene and toluene.
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nmetal elenent, the m xture having the follow ng nol ar
ratio: (Ge+Y): X2 = 10 to infinity HOY = 1 to 10000
wWORWY088689t0 2 RY = 0.001 tgo 2 wherein Mis aPCHURmD7/088395
nmetal and R conprises at | eHst one NSNSNSN N N -
hexanet hyl - 1, 5- pent anedi am nium salt(s),
CatalySENSNSN N N - hexanet hyl - 1, 6- hexanedi am nium salt(s),
or any conbi nation thereof; and (b) submtting the

NTRE BA@1yRE canhpoftRinl drAR lRR10s 8RRtk PRSs ﬁta‘)" afMCM-22 family material,
product “conprising the desired crystalline nolecul ar
such asi eeqrystaliine NMCN-¢Hhenadeopdar aiave 20d/ooa MONGR2 metesubossvesand (b) a
. .a tenmperature.in the range of from 100C 200C, and o
bindef eG/RPRR s iy doRbop P 1Borpes Fobui b L8b e R 35 wee
based@dndhd &righEsOue chialgst dognokitiohal | i ne ol ecul ar sieve. As
used herein, an "al kyl atabl e aromati c conpound” is a

compound that nmy receive an al kyl group and an ) )
" 3w bg redpreerehby aipsrsan skifse am &1%? it theyMEdfrae famly material
co erm.” ' ed. - el Ard [
may Sokin #oRes, ek CLMarbBL BhalifR TEHC B hadfhe! REEMWW
framemolle pblicsi(exe, MBI, afid/bi ottler immmdicyvwéd. ghhsavyf metals and/or

catal yst. co it s.used in this.di.scl.osure, are
organga AL GN26 ST OB ot g GO gt Preforably
subst@ABEUNPHE Jof - nohDACHELM fa ALY "fﬁétb&éﬁlﬁﬁ?ﬂ&@ REmNeLBithtaly e of non-

be understood in accordance with' its artrecogni zed
MCMsZhgemilhi mhteiialéd) U dessd didkgih - madsst teutEdMadid family material of this

.- unsubstituyted nono-.and pol ynucl ear c ds.
disclogfi b oo Bifhy PETRRLPL TS Man gl h A GeaEublyloss than 20
wt.%,NabRralcfibly BEE tiahsSIO WEES YlerPmow piRebrsdly fdssitedt 5 wt.%, and most

aCtIVItX can be achieved if they act as catal yst
preferpbly dessdhambiatt-%. 108 npeddEMoA2 it miatsniglsdeinauiriéigs”) An the MCM-22

: - exel usi j f ' :

it G S5 VB SRS B G 6 OTRMAL o o

impurit@’pas ptueqphaed MONI22dhdl asrealgonpri ses (a) a MCM 22
famly material, such as a crystalline MCM 49

e eve and/.or a MCM 22 np] e i.eve; and :
Eﬁji?e ﬁ@ﬁ%@far@fmﬁ‘i%?h@@rﬁﬁ IO i\%@ﬁ%ﬁ Fgmily pglecular sicve,
such d@ngeM-pomaiau hivhi-36,1 EVARAY! fairlyWnof& R8s 8RvOPRRably, the
wei ght of the cafal yst conposition.
MCM-22 family material of this disclosure comprises at least one of MCM-22, MCM-49,

MCM-56, and EMM-10 family molecular sieve

The crystalline MCM-22 family molecular sieve has a composition involving the

molar relationship:
XzOgi(H)YOz,

wherein X is a trivalent element, such as aluminum, boron, iron and/or gallium, preferably
aluminum, Y is a tetravalent element such as silicon and/or germanium, preferably silicon,
and n is at least about 10, usually from about 10 to about 150, more usually from about 10 to
about 60, and even more usually from about 20 to about 40. In the as-synthesized form, the
material has a formula, on an anhydrous basis and in terms of moles of oxides per n moles of

YO,, as follows:

(0005- 1 )MzO(l -4)R:X203 :IlYOz
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It will be understood by a person skilled in the art
that the MCM 22 fam |y material nmay contain

WO pgansdeses, such as anor phous material s; uni tPCEUE®07/088395
havi ng non- MAW f r amewor k to‘pgol ogi es (e.g., MFI, MIW,;

nd/ or ot rities (e. ay rretals and/or
Whereeﬁ A 8N [ %dwg)eaﬂﬁﬁget%@m% 1523 PiEapistBpicy) ShgM and R

cornp(t)ttbln?s &b §§s'o@1§féﬁ§mﬁf e PHRLr BN Qp!l Yesﬁh' 13? Hﬁ:ﬁ nqrééehé’e dUrBS, s9f1th651s and
MCM 22 fam |y material (s) substanti ally

are typuceléy mﬁnqrvech by mtl-szfzthfeamethmtv@ﬂh lalloml)tb thisedkihled @i the art and/or
|y material of this disclosure

hereln%ﬁ@?@??tﬁaﬁn aﬂfya(?eﬁ%ﬁ]é dhi nor proportion (Iess than 50
.9, preferably less than 20 wt.% nore preferably

I %%ohﬁaﬁmﬁ@dlﬂen%; tRY &y Shliee M@f\/ﬁﬁﬁbﬂaﬁulkreﬁl%ldchﬁﬂ sheve of this
% and nost preferabl &[Iess than 1 w.

dlSClOﬁ‘@fﬁ fTVPIRES faimiceyt ABg eafi MIEM(22, rM@MﬁﬁesM?M ?&91 EMM-10 family
molecl}{%Ms?e%ef Rie y56n’3ﬁ"§ )< C\gm(?lgowgﬂ ahL, ﬁfo%t?%tase( Me @f Or @ mix

ues are ned wei g npurl
phaseal‘ﬂtde@ﬁ.l ﬂma@lnefSﬁed\/EiMb&ﬂnfeﬁtmﬂ thisdikdosuat, she M’telym‘d{ﬁﬂ)smon of this

mly rraterlal rlses rystalljne MCM am |y .
discloigh died e lael6: BBl %Wt %0 praipplyet 1gapha0 wt.%,

even %gré‘ ?%'Férifbl i afaléo?g tvﬁ[:%‘vgf thpréf{rs%lﬁﬁé Yaciine Mﬂ}zﬁlolecular sieve

s disclosure conprises at” | east
based@n@h@ﬁzemﬂaﬂm cavsU@mpoSiies6, and EMF 10 famly
mol ecul ar sieve The crystalline MCM 22 family

SRR P e SCEBRSM SRy B e oS i vt

than 16:)I @ﬂ%nbref&ﬂEIP 18 tBArBTWAYG) evRAmidte prdfBabBNIdésotha® dlvti%Mased on
pr ef er abl mnum Y is a tet raval ent el ement such

the weightsofithe @ws@Huvednolg@Hmﬁw‘@rﬁonwpéhﬂeneﬂﬂ npnsYICGM-@R faraiy nwlecular

sl SRR Bt L ARGl GO s v

the MOM-22 snAY inoldaubimsizbe(y) of2Bistdischdsart ard Benyditet BE-1, ZSM- 50 ZSM-
the material has a formula, on

as- synt hesi zed. f.or
12, Z%@%Z&% -Sp K&irisTitgy @'Qrﬁeltl@p Aglabte. apl/esABplcpg; Qafser s?éarmmes of the
] : )
non-MPMESR BimiPme @i g Sy cf S Wil 45 MOALE By, molecular
sieve(meofathis dstdosird sreamlerujaniayestbavety frafleeotd gnd oREUO MTW, FER,
as

C on s are ociated, with the terial
MOR; §BRF PEEAS eRlr SHACTLE bESantl phgtersymies By siapires less than 10
wit. %, MRl Yesk @RRY 80w DY, ROSE nifOpRasialy RENats Weltlo, KRAWD on the
to those skilled in the art and/ or hereinafter nore

weighp af thiepudduct, pf descryiskdihe matesdse. @nbedcnent s, t he
crystalline MCM 22 fam |y nol ecul ar sieve of this

To the extent desired, the original metal cations of the as-synthesized material can be
replaced in accordance with techniques well known in the art, at least in part, by ion
exchange with other cations. Preferred replacing cations include metal ions, hydrogen ions,
hydrogen precursor, ¢.g., ammonium, ions and mixtures thereof. Particularly preferred
cations are those which tailor the catalytic activity for certain hydrocarbon conversion
reactions. These include hydrogen, rare earth metals and metals of Groups 1-17, preferably

Groups 2-12 of the Periodic Table of the Elements.

The titanium compound includes, but not limited to, at least one of titanium oxide,
titanium hydroxide, titanium sulfate, titanium phosphate, titanium alkoxides or any

combination thereof. In some embodiments, the catalyst composition of this disclosure
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di scl osure conprises at | east one of MCM 22, MM 36,
MCM 49, EMM IO fanmi |y nol ecul ar sieve, MCM 56, ITQI,

WO T6@8/a88659TQ- 30, an i ntergrow h- phase thereof, PCT/EHSIVIX088395
phase thereof. In a preferr%ﬁ enbodi ment of this

di scl osure, e cat al s|t|on of t
Complaleéc%tdsaté wa%,atrete &fwt Whitoe FIOFS, BF eratﬂw dalspst 1@ wt.%,

sometthes it fé%teISO’év@ f‘/f? bRRk YeRE 26 %5% 8P tﬁ’é‘t tithhiu®Y 8BmPOUR based on the
preferably at |east 65 w. of the crystallihe MOM 22
weight afribleyatabisecamhzrsitgineve based on the weight of the
catalyst conposition The crystalline MCM 22 fam |y

cl osure ma ontain | ess
s g "Bt Ep8t bty e ot RoB ™ B Bl Rgmorises o
titanit®h @f)ﬁf)@@i(blmhﬁ@ fanigh iﬁfd)nﬂ-aMIut Yowtrasedban 5her. ‘M\ﬂia@éﬂ orPthe weight of
the crystalline nol ecul ar sieve conposition
the caystvomppsitipani by feHomaag Meiehs instespiapss g pise il le\xsrrrlpqnés for the

I
weigh] pols i P MOy LOhpifp Jot R Rl B RheRhion bassd e weieht
of thotathlyktscathsitamurie 2arde 4Kenyidi t18, 2EL£5 andSB0.50he ﬂﬂl\zllwmg weight
12, ZSNl4§ ZSM 5, rrierit Nbrdenlte Solallte
PCTCCRiAEISGHC Witk (PRES hratfhglr @%%ﬁ%@rw%gﬁ@ HisrtRpgemipound in the
cataly%@éanh%s%h%%yéda(fn tﬁb MBI bf ﬁf% c%%(a'ly%t b&ﬂgﬁ%ﬁéﬁ t2h§, 4{," @,“5,2120 11, 15,
mol ecular sieve(s) osure are
16, 20Tt52lle@ﬁ|,l 2, 39 éVesd BaviTig Welghtepwcelntetgptmf tbé tiEp@m Mmpound in the
FER, D, , ANA, and
cataly ST o g s S S il e ossion P bty o ranee
betwe'eﬁ%ﬁ)l harr @le\ﬂﬁbo’&b RMRIBnEP [Ry R RAiRS Al dhyl &RSoft thdRbdve-mentioned
based on the wei ght of the product, of
upperrlmntse p/bonalap thedowar lamitas kess thagor eqpahiotthe umeer dimdt. ext ent
desired, the original netal cations of the
as:- r
?1% %élﬁ gﬁﬁ(;)(éug%%E lchrg r}(sF&l?nl?o% t o%%eg%gthl;l‘?o%apcrfs dapgavicm-22
familpatolscubly sicvn seléchamigen wdrbupotdisistinglof ansedifingioes h&ﬂecular sieve

repl aci ng cations |nclude met al |ons hydr ogen i ons,
havmaﬁel}oa@féﬁnfplné%%%wu agd g larga pewsrinelpsul SRR B Rpstgint Index

of les%l\ﬂﬁﬁ gof rf &nidogitha:! t}ﬁia RbENEEL LS %11M§Ie%1§r §19\%51%s a framework

or the catalytic activity for certain
type &iy alir astr o of FiAEr SBBA, MIEC INIOWS . or Tigs eombinhticie thereof In some

hydrogen, rare earth.netals and netals of G
cmbog e Ry T p AP Oy h et S bl B2t 4Bt ot & FRecular sicve
havinfEh @ BEA ﬁam&b@rﬂt}zﬁ@ﬁﬁsb!@bﬁ U PEL dfMkd &ASst cBRpo§1Qbn.
imted to east one of trtanium oxide, titanium

hydr oxi de, titanium sulfate, titani um phosphate,
t Sualile mediucorergarolegularmjeves hvingaei(emstraiat wdex of A-1gdaedefined

mUse'ﬁ%? %1600 %ﬁ"cl eyisMcfeaS 1£' \Aﬁl\@?zpre PagsNE ZSM-

iS¢l sure i Ses at

35, anlde@&M 43 ISMAD is1o¢seribéeinededdi] v &S, PaastNID 3W02 ! %86 and Re 29 948.
imes at |east 15 wt.% or at | east 20 wt

ZSMtlﬂtlaﬁP%b%h%éﬁ‘ﬁH ipddSel Patsnt Ne- wa0gRyo oZS%bZ e%@%m%%d in US.
Patengwoﬁgii,@@. ZSM-22 is described in U.S. Patent No. 4,556,477. ZSM-23 is

described in U.S. Patent No. 4,076,842. ZSM-35 is described in U.S. Patent No. 4,016,245.
ZSM-48 is more particularly described in U.S. Patent No. 4,234,231. The entire contents of

all the above patent specifications are incorporated herein by reference.

Suitable large pore molecular sieves include zeolite beta, zeolite Y, Ultrastable Y
(USY), Dealuminized Y (Deal Y), mordenite, ZSM-3, ZSM-4, ZSM-18, and ZSM-20.
Zeolite ZSM-14 is described in U.S. Patent No. 3,923,636. Zeolite ZSM-20 is described in
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I n other enbodi ments, the catal yst conposition of this
di scl osure conprises a titanium conpound in the range

WO e@sosdosut 1 wt. % to about 35 wt.% based on tPEeT/vsi0gn08839s
of the catal yst conp05|t|on2 The foll ow ng wei ght

f h
US. BRI QIR Al 3, RESIE LaHi DA uhY 5 A Nt 4Eg&069. and Re.
No. 283AROBAY, s%&u?@%ﬁtgas@ﬂ)lé I?’emWFécgm' sf%fve t(tJ§Y§€f§ ﬁ&s)gﬁﬂoed in U.S. Patent

conposi ti on
Nos. FB83.192 land 3t VEiOg Hﬂeablanmend Xg e@)laq: éDgzdeY)J malypi:paeprepared by the

[ t e tit n|u
methag b it Ci% e St AR PR orues L pade BRUTRYS. Patent No,
4,401%86 9 RarcOfearith & x6ladn %Ed/ Y ®REWOS HERAbed in AJ.54.Pakont BNo.19,524,820.

11, 15, 16, 20, 2 25, 26, 30, 3 1 and 35. The MEIght
Mordg@t@cl@@t@g@aﬁf OE¢YTIRg mﬁﬁnﬁmbubmﬁé&m@ivanlﬂblp He smhamcyﬁmns such as
vea SORIRE.Sh PRASH PRy AR iRl Shob Y5shaldl Wihyegimporine o

tetraeth@datnhﬁorﬁbmv &rré@iﬂgi @g’t&ﬁtb |"KE’1£Irndrdéﬁ1teS 1saﬂd;cl@ﬁéd ameU Sf R%t Nos.
e- nenti oned imts, so long as the | ower

3 766109%1 atndI 3.8Pd Q4.+ 'ﬁl&eh eg‘preeeﬂ}gq:ntq oftalk tl[?p 5@Ve| Patent spepifications are
the catal yst conposition may further
Hwoq&&ﬁ&%ﬁggﬁgkﬂ%ﬁ%%k§422 famly nol ecul ar sieve sel ected
fron1a group consisting of a nedi um pore nol ecul ar
siTdveChastiang  dndSanss rai eonvemeex nofasige 181 athd extbar g¢ which an

alurmﬁ E‘lﬁca%p érlerﬁ ula%@aris:ﬁe)v\éceﬂrhaﬁ c%elﬁgﬁo(g?s]gcrﬁ@al }Pntéxylgcgﬁ%(sl q?fvatl'y%?gs sizes to
its intB@hEGH|cAlre SF&V&aH@{% ﬁlufrrﬁm%éé WiviBle pRividd a hRABL re@iRted access
of FAU, *BEA, MFI, MIW or any combi nation thereof. In

to ang @g@serfmmdutﬁelntesnaltﬂﬁ@c@m ama ln@lnry@blﬁtﬁoorﬁhff gendiremt index, and

[ se
alurnnéos;

I
%t IT% km us%lal? ill\%ve Sporesoq,&]f stnhll ecl:zuq, g{% csy ‘H}?lﬂ gaXngsgroms On

the o€k ahanslt aamfﬁ@l@glhbatsm wibth t@blide nRtitivolypdifce #9ek&CYd ahe internal
sieves having a Constraint |Index of 2-12 (as defijned

alumln%ﬂwa@ StPAGHERhaY! log wrdee fordh canserinbiwdgrsing usgatiynorgs of large

e TR Rt TG gt o 5

PatentaNo. £16,21%, 9h&h i€ SNblpdrated haemdryi dofderica. detail in U S.
Patent No. 3, 709, 979 ZSN$12 is described in U S.

Pat ent descrlbed in U
pAPEaNgy Of BectitsyiTanpaan B GESER! pReInmEy e increased by
steanfﬁ:f%t ers. Pp Nék 9663,892.4 ZIM43541592 99 Cinldesb ol 1'176Uder§>cr1be conditions
Patent No. 4,016,245. "ZSM48 is nore particularly

for thdstremi tsi@b,ihzatlonj . zePHtoertal s Mn@smazm utifized écmsiieam-stablhze the

the bove p t|on
catalyFpORTTA du e B9 BpBRLRL # AR BB s, e sieam
stabil IRl QC bR qsd ﬁ#&fie lvﬂﬂ‘ﬂ thd eraent ¢Jtzﬂy§1§t"ﬁhe Feh lsltaﬁlh\iatlon conditions
Utrastable Y (USY), Deal um nized Y (Dea

typicakiyrigepde @zpnt@gpgzg ghe catplyst wistsinel83-180va sem %gl) tepgetafyre of at least
aboutée%’ &fA(e gﬁf‘s g%‘%ﬁg 1' a1 I\I%‘ébggnelplﬁofu? _laé %!,\2-.20&1&%@%1) gﬁgpressure of 101-

2,500 K FA/2 ,(laﬁﬂ)ascﬁe-absdme;zgraa h®repaaiculae dnbodlthét, Hat @ilyst may be
made l‘?lglsmde?fgg (s)tgar(r)lgl?g wit n75 180% steam at 315°-500°C and atmospheric pressure for
2-25 hours. The steaming of the catalyst may take place under conditions sufficient to
initially increase the Alpha Value of the catalyst, the significance of which is discussed
below, and produce a steamed catalyst having an enhanced Alpha Value. If desired, steaming
may be continued to subsequently reduce the Alpha Value from the higher Alpha Value to an

Alpha Value which is substantially the same as the Alpha Value of the unsteamed catalyst.
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No. 28,341. Low sodium U trastable Y nol ecul ar sieve
(USY) is described in U S. Patent Nos. 3,293,192 and
W@20089880F0. Deal um ni zed Y zeolite (Deal Y) nmapChEs2007/088395
prepared by the nethod foundin U S. Patent No.
hﬂ“ﬁéilpﬁ@ _Ya]gs geoslt ﬁg@gggye:{qf tEe;( grﬁgl%raé gagn‘rl(y%f%cafaéyst EJ.I?(P }s described
in U. 99860t pl%dS 354 b7 8an LA €O Yo MRl oF éﬁgﬂvﬁgqfoll\@ﬁﬂ %QV Y@@S? Vol. 6, p.

natural [y occurring matérial but 15 also available i'n
278 (t%ﬁ);hmd &of.of Iy, 39698, TEA nmpxjnemwé h¢ieireby reference as to that

descrlgﬁ%r illF ﬁg{rﬁggl{q}g{qﬁi ectoﬁgl[%%ar e e oiﬂeﬁ? el§S Céierggb H]}_l%iltuyg % constant

tempeFdElreTBf 8884t @nd S JhiSHIOTREY 'reﬂe WsSHesB@b@Ntn NMOSil in the Journal of
3,766,093 and 3, 894, 104. The entire contents of all

%Y%V@b@eppi%ent specifications are incorporated
herei n by reference. The Constraint Index is a

¥81ﬂ5 %Q]It)ectfge?fg lelse dl%E obdlE. fixt c%_:fgl stt%o\ﬁ@i??igoﬁ%f thi dci) clloesgre may

un1n03| ica ecu1ar sieve p es contr
furthe&@ﬁﬁ@ﬂsd an ﬂhinﬁﬁmha&anoun@rlyu smgmse:rﬂlaﬁhmentist&eiaﬂm&imnml compound
st rucfﬂg r exanpl e, alum nosjlicates whjch fQV| de
compysagjagy F‘ jugtiag xidesaluminum By Bgride <alpmpm %u% ate, aluminum

phosp'thtee&anll %BﬁlHﬁltaH&? tﬂ@é’o@ ?re@érgﬂyvﬁleu@dta{l?gt dofposition has at least 1

constraint ind ex, al um nosrilicates” of i's kind
wt.% uﬁthlalahymhmvl@oprppesd bdseé onlthe weight, ofeh@catdllgsisonipasitiﬁn.
Angstroms. On the other hand, aI um nosi |l i cat es whi ch

ovide re e ccess.to the inte
Pt EBaib e, s SeBSRES iy bl oS i rensae the catalyst
comp&HGt 6ﬁthli§ dik¢18@i¢e, tBOProésstaddnpriRes 69 PéviliAbgRe stygRllinEhaCM-22
met hod by whi ch Const r ai nt I ndex may be determined is

family motachlse dier e pnd therbinges copgrising aNsastal, 0% fiBtitapfing pompound to

form é 19( 199 r%ncf &)) r}gﬁﬁmﬁ tP% rﬁlgu% %ﬂ She yﬂglggtt %%&t}/onmln h}%eferred

yst use e presen pr oce
embodifehe ahe derpgtaliihe aviCvg 22 Uaily PableciNas .sicke 6odnp#32s at least one of
4.594,146; 4,522,929; and 4,429,176, descri be
MCMcB dMEMSAS, piest MGN-34 o eataliit mrspareb Ry dhe snséint dgvention can be

shapef %t@lay AR %? ghen 4 19@ ek Gét?éilalkp ﬁg@g‘e gﬁﬂdlgseca{nh@e in the

cat al yst. I's Tade to 1 or a
form oes abwdd, d@muleptar ammolded Ipeodsite anchs ssadoi bxtmaiateomn cases where the

t echni que f se with t resent. cat al s. The. )
catalys G AT 1P 2 9 o ORAPS PORES Epr s hepralying or partially
dried &Rk tekt@lﬁietdhﬁl @?«%P&rﬁéﬁterﬁ’ﬂoﬂﬁnetﬁ tle forﬁnﬂéjge@ §$rﬁﬁt‘i‘§e§%x@udmg In

tenperature of | east about 300- 6500)

anothéropreferred egtodomenthihgreatadysy compogoon h@yaﬂm@t ofaquadrulobe. In one

emboEgEdhd ety A upapduRBE e Fin ABERERY s R st nutideast o3

wt.%, ot Nstefceid s heraitriD Wt.4d) of Thel&9Yasihe anTRL-23 EomBPHol@uthr sicve
at nospheric Eressure for 2-25 hours. The steani ng of

basedtoﬁéh%‘é(?@lhy@ﬁt Pragialysticoniosicienunder condi tions
sufficient to initially increase the Al pha Val ue of

IFIF 8%1%1- glné%& e(ta)ug éﬁg %ﬂc%’g@%&%@é&&@%?&ﬁ?g Sof! brceﬁgﬁr?gf the catalyst
compexitian o€ dhidl dﬂt@s\lw, ihe pk(ﬁceskssompﬂsess(la)a@mm@ng the MCM-22 family
material and the binder comprising a titanium compound to form a mixture; and (b) forming
the mixture into the catalyst composition, wherein the catalyst composition comprises the
titanium compound in the range from about 1 wt.% to about 35 wt.% based on the total
weight of the catalyst composition. In a preferred embodiment, the crystalline MCM-22
family molecular sieve comprises at least one of MCM-22, MCM-49, and MCM-56. In a

preferred embodiment, the forming step comprises extruding. In another preferred
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may be continued to subsequently reduce the Al pha

Val ue fromthe higher Al pha Value to an Al pha Val ue
waoRi08k88689 subst antially the sane as the Al pha REl/us2007/088395

t he unsteaned catal yst. - - #he al pha value test is a

erbogfagat (e do oL B PN Shan a0 1 g rarodiinent, the
catalygloéﬂ'nﬁ;ﬁsitf%ﬁl used BhY S 18ast ¥0hwt. 9% of Bhe MER102FERY n¥RErial Based on the
p. 278 (1966); and Vol. 61, p. 395 (1980), each

weighit n€ thepetahtsecbrhgrsgion. by ref erence as to that
description. The experinental conditions of the test

used herei,n_incl,ude const ant. tenperature of. 538QC

- R S CHloRH Do in ot B0 B b TRC G N G pfibie RS B, gnethods
generdlBUARIde Qe §tapPbfmixeng Vath nBderials, whddh hdve 28aREr BRALEIrStituents

of this disclosure, the catalyst conposition of this

molecyag sjeys @he bivupr. folending the snisiure forning o whaning sriséinigto a green
e . ' . .

o, AT TRRCLIRI S 0 B B0 TR BT aty

formiag usrundirtakoh fvéd extradiemonwia pthes pialicels that swyire the application of

pressiEEARUET PPOnraSoRETIBHUTO 20 kigvss i cpigpaids. plastiizer.
and bafHEHP Hg%?ﬂitsg gég Id%rg@n{e}} §o \Wid Q%FT% glgllrﬁrlrg &L %ﬁlng 28%&' Polymers, such as

conpos . et "ot her nts, th scl’osur’e
polyvimglatobel (R &), paobesslifedras prepacn aigs.tihencatbadingdnt, PVA is used as

conposi tiaon qf .thi i.sclo e, th cess rise -
an exﬂﬁr}gﬁa PEVINGEHYS fiRe W&Paﬁ W?%ewk}ﬁﬁﬁfg% %fRPa{*ml% W‘%ﬁ@&&géﬁe mixing
step. Si eve and the binder conprising at least 1 wt.%of a

titani um conpound to forma mxture; and (b) form ng

the m xture into the catal yst conposition. In a

prlas addidgn efbismiaent bindpeoiceg Binder iepdtsnmatadyst it sysmooth, has

: ' i : , f . :
i PUPEHNAG: G GATBLL SE8) phEpaLs 82 B ofure of it and
anataderphb @i} isiapplésableddr hayprbecsshaped into a w de variety of

particle sizes. Cenerally speaking, the particles can

be in the formof a powder, a granyle, or._ a nolded . )
o8 lféif"j‘nt%g?cﬂp e eppalentt W@%Oglﬁ@%esmvsh@r @sglpyre is the high
activi%/afo@la)ﬂglaﬁo% F@E@&Q’T%u&gnlﬁﬁctgb{n@:ﬁ(gdéﬁ 8P thel Bfalyst composition is
atal ystcan be extruded before drying or partially

simplelrUsedofathd snieélar particlgd sgherical-shapedefienraewlidsiatsdi axdnin, the forming

the formng ste onprjses extrudin n anot her ..
procelsy Gl GO SRR AL P G E Iy e dbmie FERBA Fygpagiion may
furthes ROAPrigd a Ghaekidll @Sant! ©© BB ecrBpRRRIYRIN, othfieconalthy Sinployed in
conposition used in the has at | east 60 w. %

organjgragheeraionyreaesice agichamigualginclude elays. oflimaapiipr setal eaistes such as
.80 1% ..0of the.cr al ki n 22.fam,l I | ar L.
b 20 her B R BPahl S5 Mk o6 i BF i BERARM oot

or gelkin@udiag neirtesh oedilic, artdiingtatl oSk SIHeee hidkariaBSmhp ba incorporated
process for prepari ng the catal yst caonposition of this

into ngusdlyReGHBIngt ey s pg- 8 BEHORIEN; Isioling tg)impraygithe sk pgength of the
1LY ' £ d r:i.si a fyi

talyMNhda ERkLX At il BiAd gLt S fc.

A ¢ a%]&u{:n co%é%ﬁ&o&?oﬁ{go?gn&é 6r‘in{asxt l}{r%e; aaenlg[g?ﬁ)e f(‘g‘g’rsﬁ r?éldes’ e

function as binders for the catalyst. It is desirable to provide a catalyst having good crush

strength because in commercial use it is desirable to prevent the catalyst from breaking down

into powder-like materials.

Naturally occurring clays which can be composited with the crystalline molecular
sieve include the montmorillonite and kaolin family, which families include the

subbentonites, and the kaolins commonly known as Dixie, McNamee, Georgia and Florida
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the m xture into the catal yst conposition, wherein the
catal yst conposition conprises the titani um conpound

w0 pooslogsesange from about 1 wt. % to about 35 w POb/DsxeT088395
on the total m5|ght of the %%talyst conp05|t|on In a

preferred enbqodi nent, th stdll Ly . :
clays RbPED larwh;%&@ re%lﬁﬂmng@i ogstifusaL ‘Hﬁ@wa@ émnzts dictite, narcite,
or aneM;% Khch¥Ms Mdvbhosed il the Pd'\xﬁgt@ﬂ'erﬁ %r%ﬂﬁﬂ@n’ﬁﬁ&i or fof¥ally subjected
formng st p conprises extruding. anot
to calpnatiar, reid- treatmﬂb@dwhgntcal mhélfxcatu@i Windaronpdeli for combesting with
f qu r.ul. obe. enpodi nent, the catal yst
the prisROg S el 30 e g® HRCeie PUdS nEBONAIGRBE. « ho Mo 22
famly material based on the weight of the catalyst
C pimgitionO o  thed MeRIPbIn@N aatdiRIN S &gﬁamﬁe uselctlar fs@v can be
the catal yst particles. Such met hods eneral |y include
compesiigd stidlhg pToRs iatEx tRaternl el rap ailléca-alpmin. mEige-mpgnesia, silica-
e const t i
z1rco%{' §1lgcan@1b sqpcc'a }%JW'?I?Q ?1(1)1?:% 1%%5’5()?? gv%épa}\éﬁtg ﬁ’e Q%rﬁ?c?%ﬂons such as
sﬂlca-lahinﬁna-tlgﬂﬁe I’Sllfca{inlda-)tlrmmla aslét asdhina g ueadneyia caldcsificaithagnesia-
the green body to formthe support. Usually the
Zirconigyy i ng i s undertaken via extrusion or via other
nmet hods that require the application of pressure
angé %lah@@f)ropbﬂlo'ﬁ oF FMBNEIVARE! cr§s@alﬁﬁi@ G R AL aYlﬁSmorgamc
~as extrusion aids, plasticizers,” and burnout agents
oxide (neatlgx varyawhietye withothe he'stﬁétcomemmangngg tfven abouit rlgtosﬂbept. 99 percent
alc

by wiight L rong USQUET e AN R B ontriod o RRDaRG n; e form of

beads!i®@he @%ﬁaaf@@wﬁ DG tPdboat 80 iwh %4 @Mﬁbaor_ﬁlpmeo 01 to 5 wt.%
where the PVA is added during the m xing step. The

addition of titania as a binder or co-binder results
i A cHEEAEt ok fig Melegiyosieyehaadior t zqolitasyrip ateEms e9dt pFqsduction,

rnodif?créq ﬁaﬁmpﬂla%ﬁ%atﬁﬁtd Vﬂn&l)é ulgpgbjﬁe%alssdep gr?oe-ﬁ' 1tnatﬂé %81)19 “Molecular

moxture of rutife an anatase phases, Ts applic e
Sieves$ or Pﬁﬁdipleprotﬁc&;aﬁhesiﬁhmﬁd&mmtﬁaglmrﬁf (Rh@zoaalal Bbickic Acadernic &

conposi tion cl osed i.n th| di sclosure s the hig
mee%ﬂﬁn?eslt%}ldf”&r 9%‘438 ;ﬁeaqr}doﬁdlﬁlea)ct Pcﬁrﬁidltfﬂﬁleton%lﬁl?ﬁélé’f mﬁ’vwg ‘imorphous
materﬁﬁsocﬁﬁe?ﬂffsﬂk}ae a@ﬁhﬁ\hﬁtsﬂfc‘afgp‘aﬁditél%lﬂtﬁl SR, ehavlejsﬁeé?lf used as

|l er particle, spherical-shaped titania sol

adsorlaelnmalai dfs_tahyst supeorfto rArinmgbpr oﬁm loeead fomrnprg)td:uhmques hke spray

ext r.ydat es n so odi the ¢
cryingohistiOR: FEReiE PR PR OB A e b e s P produce
macrdsBuéthRs tiaMper AkMr 85 BRdxahpr! s % IRRELL pOfiZ1cE Bk eV RERs! Pellets and

organi ¢ conversi on processes. Such materials include
Tablets|cdypeth @Mrcmpaesmmd/oéher ietealof psode mataniels fasussl in whtaly sisTefsorption

tural |

and 10fnger rcnﬁ% eI a it (I%QF {Icl)lres(;)egtI &mtl%l%eés %ersgngef(f; I%I ‘%fal dst E\Pa%ufacture A
B. Snmsnhcturreg KbclgiNarcél Meﬂmea} YO, cﬂ@% These materi aI S

may be incorporated into naturally occurring clays,

e.g., bentonite and kaolin, to inprove the crush

AlkylgiiohReackons t he

In another embodiment, this disclosure discloses a process for alkylating an aromatic
hydrocarbon with an alkylating agent to produce an alkylated aromatic product, the process
comprises contacting the aromatic hydrocarbon and the alkylating agent with the catalyst
composition of this disclosure under alkylation conditions effective to alkylate the aromatic
hydrocarbon with the alkylating agent to form an effluent comprising the alkylated aromatic
product. In some preferred embodiments, the aromatic hydrocarbon comprises benzene, the

alkylating agent comprises cthylene, and the alkylated aromatic product comprises
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catal yst under commercial operating conditions. The
materials, i.e. clays, oxides etc., function as
whrovdesssd or t he catal yst. is desirable to PCDUSI07/888395
catal yst having good crush” %&rength because in
connerC|aL?use IS dgﬁlrable to revogt the cataly

cthylbepgpenined rrfge%ﬁﬁ CirD P51 AP REN G Y EPGa5PaR cOmprises benzene,
I

the aﬁégfgwégydgggpggﬁ%ﬁgﬁg q)é%ﬁglfe gﬁg\cltge Caglgyllgtg% Ca%?ﬁ% bRAW Edmprises
cumempnt noril lonite and kaolin famly, which fan1I|es

i ncl ude the subbentonites, and the kaolins connonly

kpown or and Fl or

on 5t GRS Rl et R B IR kot lanenf Yt o
transallgldtRWS, suEh ak dH dx@hpE, pé‘llyﬁlﬂqzttﬁnzdﬁ@ﬁlﬁhiaﬂ{ylﬁ[onan auxite.

Such clays can be used in the raw state as orlglnally

mned or initially SUR%SCted to cal ci nation,
¢ SubitRd SISk eapaRnrotich @y sl aidhy @V@%@whw@r possess
r
ot loaft MR M40 i ikt RERSPI nEihAlc Alchis, T MIBatip ings may
be subslttetgd)iwﬁgl wat e mbm, alkple acyly stlaiyli akorp| agyidxgr cgelealkyl, halide,
e co ted with.a poraous trix material such
andlof e ip i U ghfingor elrfei Ha gt Riter it  cont a.
silica-thoria, silica-beryllia, silica-titania as well
asuft&s1 0 aFom AR duh 8 $ha$ We) BS udd! fof dhidlikvenhign tik@hd@benzene,
silica-alum na-zirconia silica-al um na-mgnesi a and
naphtlglerice aniheagaes inaphthacsnic aperyieac.resrencino.eangr fsopnthiens, with benzene
bein finely divided crystalline nolecular sieve and
gpnorganlc oxide matrix vary widely, with the crystal
content ranging fromabout 1 to about 99 percent by
WSugitle afig/l rubsitutsdiatdnyaticpamipotiitiatiay nvyebe tikeel for thls invention

) conposite is prepared in the formof beads, in
1n01uq‘3a1nE‘€n%fxyé%‘éu’tSOI?GPYIBe%%tn%@a\/@ro%(@ﬁmteﬁ% aémfp@gﬁhvlélapmhalene

ethylb%g%nﬁgr A feﬁf &eqiehe Cc'ﬂlhﬁﬁess ibGU BRI ggeu%lsalnllén%so _didthylbenzene,

uction fication and charactefi zation
m-dicgfylronkencu Ipachethyb\czwnel fsodaglbemzbed usmhwcbﬂi)ebmmk pentacthylbenzene,

cul ar Sieve Prln Ies of esi s
penterp BN ERRIDE: POt et ey Bt Rk ey ad e e tBrfbgzene:  1.2.4-
trlethﬁbéifz@%' on @hﬂﬂkﬂ&%ﬁzen%g %ﬁbut%&lﬁ&% %dbﬁtyl@dﬁlenel R 5-dicthyltoluene;

dition'to nol ecul ar sieves, anorphous materials

0- ethximl@mby psithyltoducnal mprapyltslupics a4@thahcn sylomd; ndimethyiliohthalenes;

L e S e T s S DU

methylirthidgencpr i9, 10 BmetP@ph@ahhidi@; al’HﬂldeXBrrﬂahﬂl’-phehMBreh@en Higher
and are belng used to produce macrostructures in the

molecuigy v gight 4lisylagopans| lévdr@,%m caty phpthccnsed asestpitigganatsrials and
1nclu(f%e la}o%a‘ctlcaﬂg_%r-ger | alﬁss ﬁéh %t Qre &RBQCF q%i E{HQ aagf?gr p 1% goge Fromatic

or ous Usé'i i cata
hydroanﬁomwwlthmm gbgon@ers UScr p’rodﬁctﬁ hes ﬁfedlmﬁpirqfftﬁsd ite in the art as
descr,i bed in al yst Manuf acture B. Stiles an
alkylafe and %&gﬁi nz%/%k Ky noorc{;() eq}@l@gzene pentadecylbenzene,

hexyltoluene, nonyltoluene, dodecyltoluene, pentadecytoluene, etc. Very often alkylate is
obtained as a high boiling fraction in which the alkyl group attached to the aromatic nucleus

varies in size from about Cg to about Cis.

Reformate streams that may contain substantial quantities of benzene, toluene and/or
xylene may be particularly suitable feed for the process of this invention. Although the
process is particularly directed to the production of ethylbenzene from polymer grade and

dilute ethylene, it is equally applicable to the production of other C;-Cy alkylaromatic
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Al kyl ation Reactions |In another enbodinent, this

di scl osure discloses a process for al kylating an
W@e@amss6s9 hydr ocarbon with an al kyl ati ng agent PEDUS2007/088395

produce an al kyl at ed ar omat ¢ product, the process

rls S contactlng he aro i ¢ hydrocarbo t he
Comp%ﬂ ﬁr?é CHYERE %‘Y‘H #hést aﬁgéa{i%?%l%la% i 45i (Emgtﬁf inegy gnd near

hnanqmgg&gégﬁg under al kyl ation conditions effective to
al Kyl'ate the aromatic hydrocarbon with the alkylating
%ent to forman effluent conprising the al kyl at ed
oiteltle cﬂllgrl@tmgcagenlt(ﬁ) dnrempy dicevseddine o divration cotrpeise alkene

rhon co rls S nze alk
compQsBD" e ST PR ERED! i TwRERGT Riont oo St Bviating
agentPtHAEHRY Bea¥Bful $€ 8 pro@sﬁ‘)bf Iﬂﬁ@ aBRBtiod PerRiAIBr 1n@l|’uﬂ§ @hy @Hphatic or
enbodi nents, the aromatic hydrocarbon conpri ses

ATOMAYEPFEHES CQUAROVAH Y AL ONg OB B a‘(?élﬁb]ie abledatpreapiphetifegronprdcapable
of 1@211{@2(?}Jl @Mﬁythé‘% laz?%{bq’gglto 1@ rcg)ﬂ%%gl SC ?e%sofcslﬁwg alk%mg agents

yst €O 03|t|on re are
are Cu€B{ lmllefmat@blysats @pCs breﬁms avigyl ahylems prspmmeashe foatenes, and the

penteG3at-Cs Bl TS gD G o ROy Tcahy g preferably
C1-Coall@nbRVERh gﬁlea{a%i (RS AR DréfanbRARH: RAORY HPBE entanols; C:-

at om di r ect bondéd to f he "aromati ¢ nucl eus.
Cyo ethemmati,cCx-Ch g&lemamclawn@u&blsrtelthyhdzthd mid Hictrydetloar; rcrhiiehydes such as

rormaflftt, EGpseofihbionyPbpe natell<Bite ot oy ces nd

halidédishiéh hh@emlykytigtid® '%tHy‘?@EIbh@@ th@?fdp@pblﬁoﬁﬂé%”ﬁfe“tﬁltyl chlorides, and
conmpounds that may be used hi s invention include

the p@éﬁz@l&@ldemaé}ﬂdt $vafosthe [t largehrraﬂﬁ mesfemed Hiah éhﬁeﬁtiéylatmg agent has no
n corponene, and anthre Wit nzene
greateggtlfl%ng%p?a’rl?oenr ao1ps, §?J0|rf: apoi:fgraip nP %raab%ft 4B t% §ool At at, ms, Thus the
alkylam gumtdﬁay Ffetferm y teesctsed ﬁr@ﬁ théi lgﬁouprt\omtsm@gl of @gag @ecﬁns and
ene ene |sopropylbenzene nor

Ci- CS@H@E}? Sb”ébpz aliglating pecil iralides ﬁé@ﬁ@%ﬁqa@ﬁélkwﬁwdé&@kéﬁg polymer
e
s IS MAEVROR LONTERRTS SN ASRIR o,
p- di et hyl benzene, |soanylbenzene i sohexyl benzene,
p&nitade rajdtybeimbaﬁetedpanmaﬁetcbmprewhich may be prepared from the

alkylailo% Sfroéclﬁtsletg{ a@% B%%:Ts?zgﬂ égge%hgn 31n{:€1|d ﬁﬁ%gﬁ%@ﬁ%b%%%%%benzene
(cumdRePULYHhA! lf)%}%rlbe%zgei%é%)’h RA-HRAS Inaphirafing!t Nth$IBEHBRAE: mesitylene,

o- et hyl t ol uené; ol uené; m propyl t ol uene;
durend.- eymghesmbugpilemesnd mu&gqumpht halighgbenzene, m-diethylbenzene, p-

diethyglt) E%ﬁ@ﬁag%iaﬁf Leeg%ééle &soﬁgiy%ng?yﬂeﬁ Etgré ; %ﬁ}%@gﬁzene pentamethylbenzene;

1,2,3,0a@tdHydith Aere ena ;2. 95 18rahdiRiBozphe nant, Maﬁethymeﬁizene 1,2,3-
3- et hyl - phenanthrene H gher nol ecul ar wei

trimetgy fognzepemar-betyHg wenrs apﬁwﬁgt%weal%% @éhyllr@b@n%»s o-cthyltoluene; p-

ethyltgltu@ﬂé,' ﬁ%rgwl%ﬁﬁe% e’ 4%1-m—xylene, dimethylnaphthalenes; ethylnaphthalene;
2,3-dimethyl,anthracene; 9-cthylanthracene; 2-methylanthracene; o-methylanthracene; 9,10-
dimethylphenanthrene; and 3-methyl-phenanthrene. Preferably, the alkylated aromatic
product comprises monoalkylbenzene. Higher molecular weight alkylaromatic hydrocarbons
may 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,
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i ncl ude aromati c hydrocarbons such as are produced by

the al kylation of aromatic hydrocarbons with olefin
wo@bkiogosssss. Such products are frequently referPr€dUSmOT/OB8395

the art as alkylate and i nciude hexylbenzene

pentaq?pg)\?tfﬁlolggtglqﬁ g{(‘f:\/ewoq]fgq Eﬁgtlzqzsn 8‘&6 g ia}? g F%]elﬁ’é eﬂractlon in which the
alkyl gl%ﬁfa ARG @ Hl% Rfom$Achucll Yarstif Qiza 'ﬁl&ﬂ %o%t cf? PRIt 0gd
as a high boiling fraction in which the al kyl group
attached to the aromatic nucleus varies in size from
affbu tlkglation agastion @ carrigedusrmitt e silrydunc tammatlnwpmpound and the
tai n su tantlal 8%ant

alkylafi IH% /a&en AL ‘[1011D & a}l{lﬁ!ieéueﬁg¥lﬁtlons ar ﬁ%f‘%@%%% ]e%t}dltlons The

alkylatidg op t@ﬁ@ﬂsymfontd@haltlbﬁyﬁfatud@ra tepﬁb&ﬂa@lueg bf 10’(&@8@@@ 88d h pressure
articularly directed to the production of

of 685ttﬁﬁ6@éd§’@rﬁe rrefsrabpol 4 psssuge &dd Sa0do 000t aga, iy WIARY Dbased on
alkylafing égarﬁo(llé%l %IF%B dlrgcf{}%!raql }egct'gﬂ ﬁfdgrlotguquh pg{lf?rre%hlgeb 2to 2 hr',
more pedférably, G 5+oal hyl aoranBiHSE, baSeu;t bn dsthCslk Jatihg pgatt aadChlkylatable

near. | i near alkylben ene Syi tahl e al kyl ati ng
aromadigs 4oy gyerglﬁa?aqtpéyo puf G d0 it ¢ Hl‘ieger?kﬂ%% 1R 0cmpriing lkylatable

] 0
rom S SERTRCHE o) LIRS FRTBEMILE) e of o
alkylatioator mmysdﬂeylmf cdtalyst 10 hecprtivoewse of atphirslifymfeniddtion zones. The

.generally inc n l.i phati.c or aromatig organ
react g R U1 R BB b A B Pt Sy bt PR mefude another
reactiGh k&{baﬁdv%ggérpbﬂﬂ}§laﬁ@1@ ap krﬁné&iky‘leﬁﬁﬁ%a%s%&@ Ib&ed in separate vessel
al kyl at abl'e arommati c conpound. Exanpl es of suitable
whichainky [batd hirpageble sindrehich n@ly eftedte ras asn@@ﬁlvasg@zi bsd. The catalyst
comp?ﬁl,]t%ﬂpgi , elH etée Teéic{lxé/ lggaq§|t1?§ %}’ Jb | nc Stlefr bUttl%eengafcfalya composition
used iAQRO dacBbtOLShe. ThakealRel ompositiah agbdirSthe @€tive guard bed may have
preferably Cl1-C5 al kanols, such as nethanol, ethano
multlnlﬁ satglyspeaTarasitionheAblees Aok Scackinn zphe 2pd APERYIYssackzeaction zone,

the e
magﬁ?tg ngfi Iﬁ?ﬁ ec?rhero;nsgfgsg:ﬁ g écg JélalseL gﬁéﬁ%o??&fﬁﬂ%ﬁ%@%{aﬁ%ﬁ bromatic
cornpamelt a/htdieihy daikylpﬁmg) lageral idethy deresdnat yifadrd etkytheion asrdtransalkylation
n-val er al dehyde; and al kyl halides such as net hyl
catalysfy| ori de, ethyl chloride, the propyl chlorides, the
butyl chlorides, and the pentyl chlorides, and so

f b Befldeht frémABOBLBdidY zcﬂfe%ﬁfp&ﬁé’s thh %Esﬁeﬂeal@lﬁw &lonfic product,

agent has no greater than carbon atons, nore
unreagied fadindighlyle n@oglaaatcgmpphadx @13(: anmacteét aikndatnmw agenthe@.g., alkene,

al kyl atin nt r fr o
aken s FIOnE PR BBl BToR oo TRl ol BP9 mot0)
and th-Ehﬂkeéﬂel@bh@ohm aﬁ@ eRd otﬂlﬁﬁinh{ﬁﬁﬁle@ 18 @6 %ﬁfbbdin(%iﬁt alt keRea portion of

f eedst ock (e. pol ynmer grade olefins) and a dilute

the effuptris fedtayan re@:t@n zoggmeyq pie alky lEIRE mgemfis agded) for reaction
L,
with %Q/ﬁlﬁ’gé&e(ﬁa &ia #@ Sé% e aﬁé@[@ {V‘I‘thcﬁm TEQ1§)PV\4}h&£Elsalkylatlon

r om Ion pr OCE
catalypt. #a&hérniony, @nldasia parcbhlide: ¢fflueiarfeom xyy efiehe reaction zone(s) may be
i sop ropylbeqzene , , ,
fed directly or indirectly to a transalkylation unit. In some embodiments, the amount of the
alkylated aromatic product produced by the process of this disclosure is at least 1 wt.%,
preferable at least 5 wt.%, even more preferable at least 10 wt.%, and most preferable at least
20 wt.%, greater than the amount of alkylated aromatic product in a effluent produced by
contacting an alumina-bound-catalyst composition having a binder consisting of alumina and

same weight ratio of the molecular sieve over the alumina-bound-catalyst composition.
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(cunene), normal propyl benzene,

al pha- net hyl napht hal ene, ethyl benzene, nesityl ene,
walenoengsescymenes, butyl benzene, pseudocunene, PCT/US2007/088395

o- di et hyl benzene, n}dlethyfﬁénzene pdi et hyl benzene,

i soany| benzene, isohexyl henzene,  pentaethyl benze
iwaaiﬁgloﬁy%eweﬁgstrefmz 0§ they ERFU FYNBe iy @ﬁéﬁassa@fe reactive or
unreadtive: %Ja'éd ttﬁhfﬁﬁgﬁmﬁh&lgﬂ 45 rl@catédz ?n 4- &Eét&t E‘éﬂaﬁﬁ@zﬂ%ﬁlﬁ the alkylation
1,2, trimet hyl benzéne, mbutyltol uene;
reactop- Buchyguand bed el;la}Gﬁllsg e dOWﬂt\mlltlu en el;lkyéatmnhgn tralsalémlation catalyst,

Wthhu{Fel%ng?]b}o lﬁﬁ%ﬁteoh gﬁeﬁ%@ %yo& ﬁv‘l Cﬁﬁg’m ﬁ%ﬂ%t'hillle_ rr&lc):gtyolnez%%.é(s) Such guard

bed is2nameHifeRt fyrh Lﬁﬂéﬂﬁtﬁlﬁ@ﬂ%onaﬂﬁhfﬁﬁr%ﬂEllﬂfa%@ceﬂﬁylatlon or transalkylation
2- met hyl ant hr acene; o- nethylanthracene 9,

condlmrrmtﬁﬁ;lpffﬁh erpartion eh elkydgieb|3 armatigl cmlmadx mdenetlonally at least a
pOl’thIITlD noaﬁlr @Ey%tnﬁé h en%lI a]@( 8 gesgcg ﬁl%{s%rﬁ%g runf;vieélgt?%ccgr r%Q&RE'g%SFd bed prior

to enfy klﬁioatmﬁwabﬁ‘orhxtdﬂmcﬂ’[dserg&lafm%e@ 86t bﬁlyum as affect the desired
starting materials and include aronmati.c hydrocarbaons

alkylabige Heagsiony Rt glsaciserd By MY CANKYRIRIVEAMBRIBFSORehF deeds, such as
f S

ol Y LR S A R RO LSRIER RSB @it o

transaﬂkﬁdtuﬂecdﬁaixstl aozatadyst mortyd b@mﬂe«n or uﬂlmiienyé bemdelel, is therefore

subj etggg tgmade ll{%ﬁﬂézgﬁeratﬁ)@hexﬂ%@ o! u iu‘(grq ?gﬁ@laL Eél?elcrlég{]qg}e pﬁr of the glkylation

or traﬁﬁéfl&l@ﬁcﬁl ba?talg?ct ahdedn@StR Qlag@ bR@ii 't\jriﬁcaflfyaﬁr‘bkiﬁféd'ﬁlth a by-pass
group attached to the aronatic nucl eus

c1rcu1t/m uhetgthﬁ alkszlazlen fecdln) arydic fe:d tdoeethotthdCkeries Tormected reaction zones

) al kyl at.i.on, reacti.on.is carried t with the )
in thepaclr Ry Bifi ° SPHHRIEH i MG AR A Wy RRsacHys gyadped may
be opéritet e cd-eaGéit APENR dURERbWRIpkiatiah i on or

transal kyl ati on conditions. The al kylation or

transal kyl ati on conditions include a tenperature of
100 repctomgencandised By 1Bs rgeesoel tBegresent4pentiRpas tafplcally operated

pt ef S f o 30 \Y,

50 m%ggegﬁggéasﬁgfﬁ/f &%éﬁg%t %ﬁ%%uhl ?Q%%e?ﬁa%r over a 11brsonw

apphdaﬁamst ot mhy Cbel dbs}rab& hl(li dperque edtebelbivy | 0@42alkon donveksion. The
pr.ef er abl to 1l hr 1, or a V based on

emplaygieRt BF m%aar%% f@gﬂ@mg 554toR) depTnsiramn o fahe gagHos FQge(s) may be

desnag}ée{n?delr ckRAR! &fndRi‘ong- OTltlé) iR redetoPWOLES §1*§l) Yontath kikylation or
1 . The al kylatabl e arommati c conpound is

transaaiylkeyioatcatalwt twahich eowtd R)ﬁ:lthet bange ageififerene figm thalda@tw) usad in other

t he pres f an al k n_or
ronctiga coty 3F T pustortorita Bilatigh Saclor G AR 9y B Platgineg pnder at
least FREE ligh® pﬁe%@‘é? 'a@&n@t@l’jles(agbr piiBc RIS T8bARY YrahREa8Bn Bnditions.
a S|n?le react or vessel ut may include anot her
The pplyabitylased Qfﬁﬁ@tlh &0mpguny laltlp@yﬁﬁuﬁmﬁ sy h@r@pgraterdﬁplatrwﬁlkylatlon
Iocated [ te vessel
with a@gﬁlt%zes a1 qlatlcaﬁ%mg\% dﬁsrj masféeopg}gla e %rgmgtlg eCaQ(I:I%pIO\IIHéa, i9 Smade by
transag@@dtﬁ)nbsﬁweaﬂ’l obatlallated aeaNRNRS cdrhpsunds emhdi thet 41Rylatable aromatic
reactive guard bed may be different fromthe catal yst
compe¥ihosi ti on used in the reaction zone. The catal yst
conposition used in the reactive guard bed may have
Myt i Ak QG Eb'ry§£nsﬁﬂ%g%ﬂ§htﬂegﬁ§r( bisd @35 thONFol BT AR present
zone, and nor mal reaction zone,
invention may be highly selectlve to the desired rnonoalkylated product, such as

ethylbenzene, but typically produces at least some polyalkylated species. In one embodiment,
the effluent from the final alkylation reaction zone is subjected to a separation step to recover

polyalkylated aromatic compound(s). In another embodiment, at least a portion of the
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I's mai ntained under conditions effective to cause
al kyl ation of the alkylatable aromatic compound with

wao h@sasdeyd at i ng agent in the 8pr esence of an al RgI/HS100TI088395
or transal kyl ation catalyst The effluent fromthe

ctjon zgne conprises the desired kyl.ated aro
polya%w@&tﬁfcﬁm@ﬁp e‘&é‘t@é}ngllﬁ)ﬁflﬁﬁqé?&l o artens Yéla%‘hﬁiﬁffﬂf nElﬁb may be

separd@HRAL iR RNy Ptch A8 al@f%%an@ﬁk?aﬁo@téﬁ@fb? ’pr(?dulégsngn effluent which
conversion i1s eXpeCte | east

contaips eidditmbhlymoatdkyla®8-99d8dy makting tlampoltyhléybtddamcws with an

onent. and the,o |rrpur Lti enbodi nen

alky oY BERGTRis RO G Bt Tk s Pk st Pl Borheppirated to
recovére@ed 108y | Z0d Carbhefi € @ﬁtp’ﬂuﬁ&’ | ghdrida kO drSmadddmipeind and/or

reaction with the unreacted al kyl atabl e aromatic
polyalkglagasi aremadiq eprapouaiky| ati on or transal kyl ati on

catalyst. Furthernore, at |least a portion the effl uent

f e

AT SBHHOR SERFUR0SFOAETTRY ocheded EGb e o ko
partiaHjh’@mdhlqtmln}bI&se ttﬂ@ tmvewntenrpferatdwe odilftoyd abed 120 ar@BHE, preferably, a

rodu pro y t rocess of this disclosure i
tempetieaRis Fom 0ubg S @ﬁef%gsg& % PERSSYTg é%t&? 401 KB, pstaadly, o
pres&f?é of €5 (ﬁ)bﬂoellgﬁ kP£as) \K@SWba{é’d c?hntgta ?{leﬁé gﬁ@fo@ﬁ'c@ta@ét for overall

% greater than the anou
reactoarOtﬁﬁB]t tocl QOhrodpmferalviyaO éftf) Izdurrft npr&)nn@ﬁee@blb,yo 8 dmtl dot) orcp WHSV

an .al.um na-bound 05| havi
buscd LR G Ea ie St gmionaaered tofergigd 19 100 be
! prefeRIbBE R0 A6 56 heY andy ﬁfolér'?@tlc%ﬂtféhi@te kostAgicf@tram¥dbut 1 to about 10.
conmposition.- - In addition to, and upstream of, the
reacti on zones, a by-passable reactive or l_Jnr.eact ive
g Ratigulse gonsajorndpnedrnyngoeut|tee aftleast partially éaléquid phase alkylation of

| ati
benz eﬁgsﬁtglaﬁsrgp;gé%n%%g gnc??‘!‘v‘\ﬁ/%%g{ﬁ%“{fg I%ggﬁl%%nn abo%?l‘t: %O % ?6&’(? 4 %ressure of

aboutt683rt5 alblsyt 48000kPcatEtiesdbly Woicibomay 00eo t11HeCs anepksure of about
rent fromthe catal yst used in the reaction

2000 %%@Q%fl’a-su% WV Haar bRSER @ RORMIPRR af el FauiOunglaut 10 hr', and a
molarqat% @“l%eﬁ& btetlﬂf'ﬂﬁre @tmﬁwts ahhg 19! kvl ation or

tran t| on con ¢l ons. east a portion of
al kyl at abI e aromati c conpound and optionally at | east

a Wor¢ ittenalloflatidre systday Iim:thid@g aggenttve ganel ipals gaid ndmtewgéh under at

east i Ao ShabBRE ol P Bt bRy ¥ omperature

of frofebeat 120 Rffs8at, frieraBBs ht@fpahtidt G AR abSAABD @6 260701 a pressure
is also used tO renove any reactive i urities int

of 689 ted@)] Ifeh raeferabty, @g@?ﬁ%@rﬂfd@ﬁﬂéo Hhhi sPa-eouMHSYV based on total
ethyle ¢ ans\é\qtei{%taﬁ %Imso%tqt f? aa]talgﬁo%ﬁt% lr?e%cttgr! oﬁfy (i ?tto 90 n2! preferably,

ylation ca react’i'v

0.2 tod htdnﬁteaﬂbﬂetkea‘tgyf,&rﬁtdoﬁ dri s)rahreﬂet/ddsaee@ o bemttotaoernpreﬁe and total
frequent regeneratjon and/ or repl acenent than

enzeflerﬁaﬁﬁlafétot%fant%t aff sl uttifenthe PV@tﬁHﬁeaét%wfaltou terfOO T, preferably,
20 to 5:@}191 gﬁ& a nfo raﬁ%&%e fic Wah etk?eeﬁjorhsa BMH' ﬁ%&}t
provi’ pass Kyl ati on

ed wt C|rC|tsotatt
feed(s) may be fed directly to the series connected
r dhcttransalkydaes reaction may take place under at least partially in liquid phase

conditions. Particular conditions for carrying out the at least partially in liquid phase
transalkylation of polyalkylated aromatic compound(s), e.g., polyethylbenzene(s) or
polyisopropylbenzene(s), with benzene may include a temperature of from about 100° to about
300°C, a pressure of 696 to 4137 kPa-a, a WHSV based on the weight of the polyalkylated

aromatic compound(s) feed to the alkylation reaction zone of from about 0.5 to about 100 hr™
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in the reactor while the guard bed is out of service.
The reactive or unreactive guard bed may be operated

WO p008osssse rent upfl ow or downfl ow operati on. TPEI/US2007/088395
reacti on zone(s) used in th%”process of the present

invention |s typically operated sqQ as to achieyv
and aggQlantita o bershn B aolwﬁv@@i YAMHC @H@pamézﬂe?f from 1:1 to 30:1,
meﬁxﬂﬂ§?M?&>Hiﬁﬁm%%%%ﬁéﬁ?&!P@R&?ﬁs’ it may be desirable to

opérate at bel ow 100% al kene conversion. The

enpl oynment of a separate finishing reactor downstream

ofin amshareathodprent.che frefsabeiative rehston ataly dakerlese weet wipar phase

.condigions. The.finishing reactor would alsg cqntai .
condifgh | B airo R Bty e BE B XS Pl BtifiRyation of
polyalkRit &R AR nikic Cﬂoﬁrﬁﬁﬁﬁ‘dﬁ;),f&% byethgbatcyisls) U 9alylisdpiphenzene(s),

reaction zones in the al % ation or transal kyl ati on

14

with he@%ﬁ@p @pa(ygyclm eaperaureaf Hemishew 33Ade pbaut 4p@&%se pressure of 696 to
01 B P L R B L SRR e BBR Aot st

the refaioy abky bifredl Aboon®s ite alwarpo brit préfarablye frefif dboent so mmwt 10 hr',

be separ at for transal kyl ation with al ky| atabl e
and agglah 3t %ﬁﬁ%ﬁ%{%ydygflm@qﬁm@@% CaFl@ﬁ‘é‘BGl(%) %%hﬁ@uﬁé to 5: 1,
preferhSly g, Py transal kyl ati on between pol yal kyl at ed
arghatic conpounds and the al kyl atabl e aromatic
compound. The al kyl ation or transal kyl ati on reactor(s)
Industigbdpplicatiois pr ocess of the present invention may be
hi ghly selective to the desired nonoal kyl at ed product,
SR B SPES G YL SRR BB B lomersion
proce&td, lforedxaniple) BedAdge hikpRtiod kil ctityllaR dr @asyyldn. Foddehel nbodiments,
subjected to a separation step to recover

the cafg&s&, gpq@qsﬁiogd)f Higdiselpsure %Mjﬂ% (Ig))le_cu]aﬁ SI§¥¢Kiditania) has a catalytic

activitgngﬁqgalsﬁ g, faetferhlgﬁsatt 1&sP9Y o.t, ie%h ﬁlforé pt%feréblf %lt Yeaa%ﬂ(l’(g %,ea%d most
romati c cbﬁpoun is suppltTed to a transal kylation

preferaldgat taastvdi hhighey thee sepaytad ectivitg mf b hvatablsk ydrapdsaion for the same

react or. transal kyl atjon reactor produces an . .
amousge (hsaHCMAD ot T SN R SRS SAwypigpiggnditions.
product by reacting the polyal kyl ated species with an
alikydnad aRbKliREQ TRk @i sCREROWStes Bt | €ast a portion of
these effluents may be separated to recover the
al kyl ated aromati c conpound (nonoal kyl ated aromatic
c Baisetantl landy eatalpsicompRsition eQmpristigit i ¢ conpound) .
Particul ar conditions for carrying out the al kylation
of bent®ne wiMGMeRh{dnshemateriheasd partially in liquid
phase may have a tenperature of from about 120 to
2850C, (ipr ef ertdidey ,comptisimpesr fitaniven odbmpowrth abihetraddeOfrd@m about 1
2600C, a pressure_of 689 to 4601 kPa-a, preferably, a
press u%%fo ahoyh33 zyt-%’l@aﬁei%-t@, weighippbaid £y sh ForpRRsion.
et hyl ene and total catalyst for overall reactor of 0.1
t Barpgraph 21 | T'hp efabdH)| gomposptiqry of Pgragraplypl.ewherein said titanium

p%g&ﬁ&ﬁﬁ' Xorn}g)ris%s 9 lg'ask1 rong"ofotﬁtaf’ﬁuwyide, titanium hydroxide, titanium

sulfate, titanium phosphate, or any combination thereof.

Paragraph 3: The catalyst composition of any preceding Paragraph further
comprising additional crystalline MCM-22 family molecular sieve, wherein said
crystalline MCM-22 family molecular sieve comprises at least one of MCM-22,
MCM-36, MCM-49, MCM-56, ITQ-1, ITQ-2, ITQ-30, or any combination thereof.



10

15

20

25

30

based on both total ethylene and benzene, and total
catal yst for overall reactor of 10 to 100 hr 1

wpe@Bessald y, 20 to 50 hr 1, and a nol ar rati o PET/US2007/088395

benzene to ethylene from abdlit 1 to about 10.

rtlcu nditions for carrying out the at |east
P&ag%ﬂp@ b GRS heesRPasitiey] AT 9 oProSedisengangerah further
pe&ﬁg}le@gameduﬁws&&e h@vﬁ%%%%rﬁtﬁ;e f%Pf@aﬁ%H"ofﬁQU *BEA,
to 16Q0C, a pressure of about 680 to about 4800 kPa-
p Mifle MAIW y orf angrooatbonation @@read. 1400C and pressure of
about 2000 to 3000 kPa-a, a WHSV based on propyl ene of
f Pargedph it Thd cabbyst cbbhpbsitidn dnahyapreotding rPatdgoaphf wherein said
benzene to ethylene fromabout 1 to ahout 10. ere
t YOI &) Fagi Sbﬁla«gf‘y@f SRTPHES A dgesh OP%é?gtMéM aﬁﬁl\éé& MCM-49,

| v - SRIENIRA- I@ﬁanﬂ%&ﬂ%leé‘ﬁla@%f‘eg T’@rlt -2 Qnd 11‘1}“39

phase condi tions he guar pr ef erabl'y

o] {

PP EREhENR, Tt PARELAHBafiop of 9%8%%@%%5%&8@%%5@ least 63
awpressusad oM@ID2A dardhP ImktPdala bagaxleber thbl weight of said catalyst
pressure of 1500 to 4137 kPa-a, a WHSV based on total
efHPPRYEOhind the total anpunt of catalyst for the

overall reactor of 0.1 to 10 hr 1, preferably, 0.2 to

2 PRfagmaphfpr dhe eetplystaomyposipion of gny pigeeding Baragrapiigying at least 60
base I t

i %73 /?Of Qa[lg %h‘éba%l?ﬁeaycg\g Félrﬁglt%c Qrdm%\% @aj(_s)e/cg rgg I I‘fe”&%htac{}dsald catalyst
oborhPoditiorl 00 hr 1, preferably, 20 to 50 hr 1, and a

nol ar ratio of benzene to ethylene fromabout 1 to
aparbrab 8: Tac tdaMaalckipalition of eAgt procediy Phakeiph] &G6rein said
under at |east partially in liquid phase conditions.

Paidet bisalest divai @1 arigl 130 drpyafnygidtitantie camppegs based on the

BW%%]I‘? k?&u# Q%nggt%loql 91%81? transal kyl ation of

I'C corrpound(s) e.g.,

p@ﬁ%ﬁf—?@ %oy ThR Rt dorBRtpS ef o e rER BBkt pisin seid
abpider BRORGs tiinPse&fidl & 00 w98 dﬂ%aﬁﬂ-ﬁ‘?anﬁﬁ@‘c@mp%ﬁ@"@éed on the

based on the wei ght of the polyal kyl ated aronatic
c ieprht atigadg catelyst qospopidionl kyl ati on reaction zone of
fromabout 0.5 to about 100 hr 1- - and a nolar ratio
oiPaltagraph n6: {fbe pohtybisk ydoammditmnomdt iagy c prﬁponiingl( E)lragfaph further
om1:1 t 1 prferabl 11t

pfe%le%w f/t Plegob b Pty Pt oo atban HeryeigppS said cetalyst
t compadikiy.ati on reaction may take pl ace under vapor
phase conditions. Particular conditions for carrying
OBlrabiBhMaPah %@ﬁgﬂ&ﬂ%@it%ﬁl pa&a Qbh PR Y@lekarh abRd atumi
arorr?g{h?c conpgund ' yethy Eenzenees or aluminum
pobmpewpr@pyirisenaders( ai)g ofviltrhinbenzeds ahmyanumdiyddaeti@ aluminum
te rature of frgm about 350 .to.abput 4500C, a

 PULA AT ROF R4 61 TRl indl ST Based on ¢ he
we| ght of the pol yg,I kyl at ed. aromati ¢ conmpound(s) feeg

8 AREEPAdEct BN C3BIvet ofonnasiHoab it 2BY sPEsedBy U emgrapp  further

?rgpﬁr ? helhy 5 Qe abedte ts%v@)h}]g{éﬁlhé éG‘B‘E'A fram@RBri@ype based

o of benzene to po aromat 1 c
c onpleuwel gbf) ofshidf aatahyst cdmpaepition wdight.

Paragraph 13: A process for alkylating an aromatic hydrocarbon with an alkylating
agent to produce an alkylated aromatic product, said process comprising contacting
said aromatic hydrocarbon and said alkylating agent with the catalyst composition of

any preceding Paragraph under alkylation conditions effective to alkylate said
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preferably, 2:1 to 3:1. Industrial Applications The
catal yst conposition of this disclosure is useful for

whyasogsasbon conversi on processes, for exanpl epChESNOTIEBS395

al kyl ation with ethyl ene or31pr opyl ene. In sone

enbodi t he cat al onp03|t| on. of thi
d@@é%@nﬁwérqcmva% dalwitmkiese Gty oo gﬁﬁ%pt fAEpysing said
cgfkg,[aygd HoRGhid f!ﬂoﬁMctat least 1 % preferably at |east

% “even nore pr eferably at |east 10 % and nost
p I r c I
ai’?{aéfa?@ 14 o B8hs F RUALARR 14 WikrBint Bh thifiic hydpocarbon
oﬁombﬁsdyﬂbéné&lemﬂa&b alkgtatiap eapentMcbinptitest tbylens,amida sald alkylated
under equival ent con |t|ons In sonme enbodi nents, this
d PERIASS preduck fopRsscedly s8izensr aph 1: A cat al yst
conposition conprising: (a) a MCM22 famly materi al;
aRaragpiphd SpiThe enm@f@ﬁrmfu Batagranh t 13 awhereing eish ouipaiiy hyHepcarbon
r d
AR RRR ot Mo B oo b pORARET o shilPalylared
catoahayﬁtpr@mnpaﬁnpm@muﬁfenPar agr aph 1 wherei n said
titani um conpound conprises at |east one of titanium
ORufGraphilbamhe Préyesd OR bfie ond bf RafagrapaylBatse whtefdhameumoum of
phosphat e, or any conbi nation thereof. Paragraph
Thad eHpatgd eroguhp dsIdUcoprogrccdriy aplcagdavhp ?ﬁ%ta@ﬂlﬁ% he alkylated
f i.Si C
¢ S5t (PR3 RO BER! pRARLeCEY SO LA bound-catalys
Mcbig@sifi@mhawngrelbeed e abnﬁst&rgeofcm]nmmamﬂ lakingesagtc weight ratio of

f I\/CM 22, MCM 36, | T
o*i*ts mglechlar 2Ry C bt NﬁM@ fuming ev%?atalys m%f%%hvmen compared
Tﬁﬁdeﬁ%&ﬂv)ﬁ%ht 893%’9&1 $dn9Fr g any pr ecedi ng Par agr aph
ec

furt conprising a nol ecul ar S|eve havi ng a

e O

cemgﬁiphs o1 2abmpriyingr ecedi ng Par agr aph vvher ei n sai d

MCM 22 famly material conprises at |east one of

MCM 22 (a |VUV!pﬁﬁhidi idMMCMCM ﬁﬁml}EﬁﬁM‘eh@ d@daid/binder comprising at

nol ecul(zgr sieve, TTQI, ITQ 2, and I TQ 30. Paragraph 6 p &
The deastal y&to efontesium eomnsund oy fosmecatiiyrg: @dr agr aph

having at | east 65 wt.%of said MCM22 famly materi al

based @m t héorwengykuid ofixteei idtocaidadayalyst composiion.on.

Paragraph 7 : The catal yst conposition of any

pPecgdiphd SPahagireqs loé\Hargrath €asher6h said forming step comprises

extruding.

Paragraph 19: The process of any one Paragraphs 16-17, wherein said catalyst

composition has a shape of quadrulobe.

Paragraph 20: The process of any one Paragraphs 16-19, wherein said catalyst
composition further at least 5 wt.% of a molecular sieve having a *BEA framework

type based on the weight of said catalyst composition.

These and other facets of the present invention are exemplified by the following

Examples.
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W . % of said crystalline MCM 49 nol ecul ar sieve based
on the eight of said catal yst conposition. Paragraph 8
WO 2008088582 al yst conposition of any precedi ng PeCEHUSHPTY88395
wherein sai d binder has |es¥than or equal to 30 wt. %
.of _said titani um conpound based on the weight of said
TestingRraeedures . onposi ti on. Paragraph 9 : The cat al yst
conmposition of any precedi ng Paragraph, wherein said
Feed Plehi88mech@s | ess than or equal to 20 wt. % of said
titani um conpound based on the weight of said catalyst
conposi tion. Paragraph 10: The catal yst conposition of

aBgnpmed8APhgviPal way aphined frone thecorenMnbi Batowe 4hemical plant.
% al uni ou n i gh sal.d.
he bifizedt Bl PRSI RARRER Al 0. HRLOUq) o@Rhiling absorbent
materPOaiifilcod witlcPalagsadbntfdcdprireitmeatinatcahly Wdneldricd in a 260°C
con&%und conprises at | east one of al um num oxi de,
oven for JAhAwinmbe{de 8%N@e, al umi num sul fate, al um num
phosphate, or any conbination thereof. Paragraph 12:
T!Plﬁ—[{'bfr Y&t RS ikl SHedBf feGhdachl P X
f urst her egé o%p?lﬁgﬁﬁgé g&{ak I(yggstedS %tnpgo/cc?) of %&mﬁzdgﬁ%gﬁ Radena, TX.
USA)sPepglchawiangasacd B ghraaifidwl kessal pentbmsepaboorbehis whe¢hgere dried

: oSai d catal yst, conposi ti on wei ght. Paragraph 13: A
mazg@ gioé'gg f‘?@@%‘?éﬁ’ﬁeﬁﬁm&n aromati c hydrocarbon with an
al kyl ati ng agent to produce an al kyl ated aromati c
PIREY Gigh Hritd gRIdeCEESgEPWRS bbtalidd FRIM Bebtt Sge&atyd Gases. Nitrogen
aromati ¢ hydrocarbon and said al kyl ati ng agent w th
was ppsred shrpaghy s 80Q sHpesset FaviaiBmeabyorpers stidgwRsrdige apR00°C for 12
ylation conditions effective to al kylate
hoursﬁgl%géu@hér omati ¢ hydrocarbon with said al kyl ating
agent to forman effluent conprising said al kyl at ed
Catalyt BropttatopandiLioddingar agr aph 14: The process of
Par agraph 13, wherein said aromatic hydrocarbon

c i ses benzene, said al kyl at| ent npr |
eI MeR Cataliy AT BreRpieg dseeiding Bl SAPbATC - Canprs the whole
conte@t BY Mgz a9ancdipbatdaRftcihons ThRrdcOC 8ESMOf9 RaraBgt aPly prepared
13, wherein said aromatic hydrocarbon CO.“'B” ses
1C|

accordiap rebeS. Patind Nal kyZB&b7 hghaydate cootept pEwBichrinmgbmeeated herein as
and said al kyl ated aromati c product conprise cunene.
B%?agraph 16: The process of any one of Paragraphs

13- 15, wherein the anmount of

Titania was obtained from Degussa Corporation (Degussa AG, PO Box 30 20 43,
40402 Dusseldorf, Germany) as AEROXIDE® TiO, P25 (hereinafter “P25 titania”). Alumina
was obtained from UOP LLC (UOP LLC, 25 East Algonquin Road, Des Plaines, IL 60017-
5017, U.S.A.) as Versal-300 or Versal-200 alumina.

refere

Extrusion was performed on Bonnot single screw extruder (The Bonnot Company,
1520 Corporate Woods Parkway, Uniontown, OH 44685, U.S.A.). Organic extrusion aid,
poly vinyl alcohol (hereinafter “PVA”) was obtained from Celanese as Celvol 603. Scanning
Electron Microscope (SEM) images were obtained on a HITACHI S4800 Field Emission
Scanning Electron Microscope (SEM).

One gram of catalyst was dried in air at 260°C for 2 hours. The catalyst was removed
immediately after drying. The bottom of a catalyst basket was packed with quartz chips
followed by loading of 0.5 grams of catalyst into basket on top of the quartz chips. The
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said al kyl ated aromatic product produced is at least 1
wt. % greater than the al kyl ated aromatic product in
wo bsesdesuent produced by contacting an PCT/US2007/088395

al um na- bound- cat al yst conp?t}si tion having a binder

consi sti ng of um a and having sape we rati o of, .
catalyph ¥ apdf e vired }0 Feldgiparl awtzapiing th%s%}ﬁlerstca%sgﬁfygqmalmng the
catalySCARIQR kit Ofip Mapdﬁa{ra%@ét Hﬁaﬁfor%gwmlh%ms al kyl ation

condi ti ons. Paragraph 17: A process for preparing the

catal yst conposition of any one of Paragraphs 1-12

CBﬁﬁJ‘rﬁ sacrhgeXp@ayneptr thoireticty a@éuaél lms/wvzeze ﬁlamddywﬁlata enitatle solvent
(such & S%IHeneifb é%%({]};m ruI?%P gg r]%elr g Lﬁa%mg 6{'91 derzlgye ]a@ rc}ﬁaﬂmg solvent.
The &AIfstMbadkdt &ohidifing athel €A4IRdtY 8hid CRIFRASERIHO NasPHIREI aimh reactor

18: The process of Paragraph 16, wherein said form ng
immediately ¢ftargeyisges extrudi ng. Paragraph 19: The process of

any one Paragraphs 16-17, wherein said catal yst

On )

COTRRSh b8P 07 AR 00 QUL ey PALASIARI AN o s

catalystabalkylsﬂ’arrolmipimlﬂnentdhorﬁpmlyh dMolate, l[IealﬁAﬁeqmpﬁédovﬁnt]a a stir rod and
F }Dar si eve ¥|n a *BEA f wor k type based 20 :

static tcﬁ‘é‘ Biket des &5?0@ ETR R AR 6 PRV MRBEECRR | he reaction
Vessel%gse ﬁtt&ﬁ@%s’cw@fmﬁﬁea‘tﬁé %@ﬁ@lts fHMHRNHIrOALCADE o8 %eRhE hhe gropylene

by the foll ow ng Exanples.- - Testing Procedures Feed
respe@velyr eat ment Benzene (99.96 w.% was obtai ned from

t he ExxonMobi | Baytown Chem cal plant. The benzene was

ssed thr retreatnent vessel (2L Hoke vessel)
Catal}pﬂ A?ce[mtly ggfs]egﬁ)lgynt materials frominlet to outlet.

AII absor bent feed pretreatnent materials were dried

i Tha aaﬁxﬁﬁf.‘amlvmlbcfleﬂy b2akatalyst hefoomeasusddrigisedon jbﬁi’&rene alkylation
grade pro ene was obtai ned from Scott SpeC| al t
with m@éane( E@iﬂ%twwwwﬂ)@u lasdgpsineehe swead oads g Constant for the

formakiBh Q)‘fg;lrﬂl n ngdép th¥ §8%bn GO #ll"f’ibﬁ‘él gglﬁlgpr%ﬁfrg Q?bfc Whd SRessure 2170

wer e in a2 Coven urs ore using
kPa- a)JI Raaatidni gite-parsianys \geracbalchllaltadomlg wathodbkaowie tb ﬂ’lOSﬂfTBkllled in the

oLt Specia Gases.. Nitro t{g
art. SGOPRRCIES 8l PSS OR b TE P e e RRs i LPane g Thomas,
VCH st B8R, f90r7, & disclosure of which is incorporated herein by reference. Catalyst
selectivity was calculated using the weight ratio of cumene produced over di-isopropyl

benzenes produced under the reaction conditions (temperature 130°C and pressure 2170 kPa-

a).

The reactor was purged with 100 ml/min of the treated ultra high purity nitrogen, No,
for 2 hours at 170°C. Then, the reactor temperature was reduced to 130°C under nitrogen
flow. All inlets and outlets of the reactor were closed off afterward. Pretreated benzene
(156.1 gram) was transferred into the reactor under 791 kPa-a ultra high purity nitrogen
blanket. The reactor was stirred at 500 rpm for 1 hour. Pretreated liquid propylene (28.1
gram) under 2170 kPa-a ultra high purity nitrogen is then transferred to the reactor. The
reactor was maintained at 2170 kPa-a by the 2170 kPa-a ultra high purity nitrogen. Liquid
samples were taken at 15, 30, 60, 120, 180, and 240 min after addition of the propylene.
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hours before using. Catal yst Preparation and Loadi ng
MCM 22 cat al yst was prepared according to U S. Patent
WOR00sA8B5U, 325, the whol e content of which i s PCT/US2007/088395
i ncorporated herein as ref et'ence. MCOM 49 cat al yst was
epared according to U S. Patent No. 5,236,575, the

Examﬁf?oh e content of which is incorporated herein as

reference. Titania was obtai ned from Degussa

CRAEOILAS VR é)@ﬁﬂl‘é&sﬁ G, O?Q@qgggxt%%eﬂgacc&gﬂ%z to the following

Dussel dorf, German as AEROXI Ti Q2 P2
forrnua&i@memmtﬁlteexf M@M%%/ ciyatai ard P25A11ﬁamar(a/em§ ragiot &) o ¢ xfrudash with 1

w0 WA a4 U R TR OBRIALD FO36h. pBSUEG AR PV A) o
0.127adrH ”(‘U’Jl@”) BXiirlidisé. OThiwastridgité %J@eﬂleﬁrpr&amﬁiedsmn@ﬂt@gen at 510°C,

screw extruder (The Bonnot Conpany, 1520 Corporate .
ammopgEg §X¢W8%Wth&ﬁm6mlé%mt@ﬁl aubgacingd 81 A PNy agie at S38°C.

The cgt)é sf"%ﬁ Exat C}g flrvge%l t%segéi iy he%a&%%lgllltovcge{li% égl%‘%éﬁa%g betibhe )alkylatlon

anese as canni ng
testarﬂlemlfsmme Mted osTapel ( SEM | nages were obtai ned on a
H TACHI S4800 Field Em ssion Scanni ng El ectron
E Nc&roscope (SEM. One gram of catalyst was dried in
XaMBi®~ at 2600C for 2 hours. The catal yst was renoved
i mredi ately after drying. The bottom of a catal yst

bmﬁl‘l@’\@&aspé;&hﬁl@d%t B goardar oM BRtrdRl | R8&iddY to the following
| oadi ng of rams of catal yst into basket on top of

formulgiong paxture @ A-49resystal, BAY sikapsa, améé’ eméﬁOQ elueriay (Wsﬂght ratio
80: 1031%2 ext!rl(l)c{]e%l ﬁlﬁqrwlz Oaﬂ/jgts (basegi quatr taIZ C 1ne %5\%8‘[ 8f MCdM 19 crystal,

talr ning e Ca

P25 ui’a@@%rsmaom afuelingad P VLo tbourns. anﬁf/II)” ’9 egtd@date. This extrudate was
experinment the reactor and all lines were cleaned wth
then pre-galicingd|is nifragamt 519 r@na@ortl@m@whangﬁawmnwlum nitrate, and

calcmfeh Qf{maﬂgn%h ﬁi&tu?ef te§3 % é rdgtag/gt SEHERN lglf wﬁé e%fydnig the batch

sol vent e cat a yst et cont ai ni n t he cat
autoclandliquid mhmedi&nmewﬂ@lqmioaam andraselacirotisicdiedaldt ¢l y
after drying. A 300 m Parr(r) batch reaction vessel

4563 ni nch top reactor with a static
Examlg,é%r Cg’gfpabaé’é’ﬁ?txamﬁgg | nstrument Conpany, Moline, |L
USA) equi pped with a stir rod and static catal yst

basket40agasusaehde@rint he1Brtdnyi(by) aeudrel Rebidiigt Yo the followmg
measurenents. The reaction vessel was fitted with t

formufagiony apixary e sMEMfA9r eyl iandr Yaiselt3Wh almipe (reight amfdo 80:20)
extru(%r Iq)gg b4 r\]ﬁ ‘% PRE %ﬁd y%vty’/o n%%% Riy (IbgseéCt It‘l’lé Xm%ﬂl%d weight of MCM-

49 crystal, Versal 300 alumina, nitric acid and PVA) to 0.127 cm (1/20”) extrudate. This
extrudate was then pre-calcined in nitrogen at 510°C, ammonium exchanged with ammonium
nitrate, and calcined in an air/N; mixture at 538°C. The catalyst of Example 3 was tested in

the batch autoclave liquid phase benzene alkylation test and results are listed in Table 1.
Example 4

MCM-49 was extruded in a 5.08 cm (2”) extruder according to the following
formulation: mixture of MCM-49 crystal, P25 titania, and Versal-200 alumina (weight ratio
60:20:20) extruded with 1 wt.% PVA (based on the combined weight of MCM-49 crystal,
P25 titania, Versal-200 alumina, and PVA) to 0.127 cm (1/20”) extrudate. This extrudate was

then pre-calcined in nitrogen at 510°C, ammonium exchanged with ammonium nitrate, and
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The activity and selectivity of a catalyst were

nmeasur ed based on benzene al kyl ation with propyl ene.
w@ad0algdes activity was cal cul ated using the sPCDOR2007/088395

order rate constant for the>¥ormation of cumene under

the reaction.condition ature 1300C and
caleingd di & radr/Biy AUXIKEs,alay38 éeiﬁ? CHAYPLP L HRE dnas fasicd in the batch
autocl Hh‘&lé%ﬁgseuo%h%e MRLAMS (K0 QM rds@itd aﬁ@%@teélﬁi frhgd1in the

art. See "Principles and Practice of Heterogeneous

Catalyst", J.M Thomas, WJ. Thomas, VCH, 1st Edition,
Examplg7(Contrarativedixempted of which is incor por at ed herein

by reference. Catal yst selectivity was cal cul at ed

t [
A A las ol ® P T 20 B e

formLtL‘aQi’aﬂt trhigfise (dfemﬂﬂéﬁ% c6/sthBRAC ‘HBKSlalpI(EB Slihein? ](%nglhf’araﬁo 60:40)
r eact or m/mn of the treated

eXtI'Ud(ﬂdtlmﬁ %17g7h0%&}/29;) qugmgfﬁév-'éfhls thrudra&‘rwas thew PEc-glcingdopitrogen at
510%3%?@;0&% ok tg?{ n%%@'{u‘dfxﬁm‘fm gﬁ(‘fj ugefed G gn% %ﬁ\]z mixture at

nitrogen ts an out ets 0
538°Cr. daet aartal yue rod E)dalm)&JS ofds @btee imalicdbatPh etitoelt e digoehplese benzene

alkylagiég?%ég? I%n;)ﬂfs\rl\aggH%té .Eﬁ d into the reactor under

fy nitrogen bl anket. The
reactor was stirred at 500 rpm for

to the following

1 hour. Pretreated
| melcdtag&fapaeheﬁﬁ of 28arkpl8§ aMndundete 8&%&1&5’&@&&@1@ 3 (as 100).
g@ purity nitrogen is then transferred to
The cpte lmnctlvﬂbhef eeamiof wiasonmplivedi ta sdample 1@ llQ@h Taepygsults show

t-he 2170.kPa-a u rity nitro ui d
exarn%les hE}Vl U\A%Irnél V 11 er achgltleg an gxam ]faw%ﬁgbt th%{ﬁ%] 240
mn after addltlon of t he propylene - - Exanple 1

MCM 49 malsle @ XBdnackedA Iklasiob TR& i fidis foeRt anusley 1-5

according to the follow ng formulation: mxture of
NCAM_A40 r\r\lcf | and D2E + 1+ ani a /\Anl ah ratin

VoIV =TI — GC1 QT Ao o ot I. (= am AT O U9y

eRxampRled wit |

of MCM-49 cr

n 1 &m.@b
St a| 95

MCM-4PI60y: Ay |
pr e- cal ci ned
(Wgight rafemni uf

mxture at 5

1d89:80:07

in nitrd
mnitrate

B80C._ The

PVAZ( bas

)5 titani
i 80:89:4 0 u

gen at 5
, and ca
catal ys

PV/A)

i N
to 0

e COo

0RE:20

moni um e

in an air

le 1 ws

changed
N2
S t est ed

Normalizedd\ dviaite h | autlde| ave 116qui d phi¥e benzéde al kyll80i on

test and results arellisted iln Table 1. Exanple 2
MCM 49 was extruded in a 5.08 cm (2") extruder
according to the follow ng fornul ati on: m xture of
49 crystal, P25 titania, and Versal-300 al um na
ght ratio 80:10:10) extruded with 1 wt.% PVA
(based on the conbi ned wei ght of MCM 49 crystal, P25

t M@WLZ2 WBr &ahud3@0inak urd. nasm qnd) BMAldet Chc@orllﬁlé €Mthe following
1/20") extrudate. This extrudate was th

formubgtione Alixfupealf MCMFr2T sgyets! and $260itania r{ﬁ/@rgha gt eh4Ryexfruded to
0.159V%I£|11ﬂm QLA AL SxtBifle was then pre-calcined in nitrogen at 510°C,

ammonium exchanged with ammonium nitrate, and calcined in an air/N, mixture at 538°C.

Exam

The catalyst of Example 6 was tested in the batch autoclave liquid phase benzene alkylation

test and results are listed in Table 2.
Example 7 (Comparative Example)

MCM-22 was extruded in a 5.08 cm (5”) extruder according to the following
formulation: mixture of MCM-22 crystal and Versal-200 alumina (weight ratio 65/35)
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calcined in an air/N2 m xture at 5380C. The catal yst

of Exanple 2 was tested in the batch autoclave liquid
wpbasesdsenzene al kyl ation test and results ar ePr¢T/E83d7/088395

in Table 1. Exanple 3 (Cbnﬁ%?ative Exanpl e) MCM 49 was

t.ruded | (5" .extruder according t.o
eX“’“‘% e ﬂ%? ?h‘if%a?tq X datE; Thiy peritatoir then EFey%atl‘aPe‘ngmmgen at
51 OOCV%fIﬁ’@dnu?lg QxhHBEN A it Weh ABhiuhAhinQt89nd QAICI%%& i gﬁ i S Rixture at

PVA and™2 wt.%nitric acid (based on the

53 8°Cc d}hb| cntediysnmf g}nampﬂe Nohas @Sted ny shabatcvenwalav@0@uid phase benzene

um na,, nit cid. PYA) to 0.127 cm (1/20")
amyk®9PFﬁaﬂFEfﬂ% Ege ?$Hﬁ§%%e s then pre-calcined in

nitrogen at 5100C, annoniun1exchanged wi t h ammoni um

NiThe dhtalytiaactiGal & dxach le% s abiiddNZedrioxdxabhl@Y (H3BOE-The results
The catalﬁst of Exanp was tested in the batch

show #her semple f!‘ill@gjrlwnwh@é@b@@tn%?eh of thaaatiatty of thesramplg 7. However,
after t'thCH gglgaarcﬁv tle%RA%g h&—nka;l,g%c?tol E‘éﬁgﬁ\d@l\/ﬂ2%l (?% eve content,

Xtru er according
the exfamlpldimvn@ titaiiahbagimdlar agvivity We en ofanifidivdiBouatrtitsdial |, P25

titania, and Versal-200 alumna (weight ratio

i 0
Sgnangg) eétguded & tE 1nﬁ$./6PVéﬂ§§a§§d og tgs

Versal - 200 al um na, and PVA) to 0.127 cm (1/20")

extrudate. This extrudate WasafBgRy Pre-cal ci pgampR g
nitrogen at 5100C, ammbni um exchanged w t h anmoni um

MCMLY TEOE A | B Gver, hFﬁa'tiB%)neu N gP.4ptd / Ne M XTUregaly.3s5
5380C. " The cat% Exanple 4 was tested in the

ba T qui d[phase bghzene at Kyl ation pest
angﬁggég%?g*g¥gyllsted in Tablgfl Exawple 5 1o

HJZ%Id lI V oéIa! IGl:‘) IL.,IVI- 4:1 %57 l:‘)(lluu: ill d 1% UO CITI
N§g§ ﬁ?gf%?V ? ording to the follow ng fornulation:

crystal and Versal -200 al um na

(\vnrn aht ra+|n L:n /In\ avtriidad Nt A N 19017 em (1/ 20"

Ve T 3IIL T T - / A>3 T Uucu LINLILL A4 A\ ol \-l-l —J /

extrudate. This extrudate was then pre-calcined in
nitrogen at 5100C, ammoni um exchanged wi th amoni um
Exampletg ate, and calcined in an air/ N2 m xture at 5380C.
he catal yst of Exanple 5 was tested in the batch

aut ocl ave |iquid phase benzene al kyl ation test and
r solite sBeip evasi @tt@@ed Al Babl-é cm (FheCximrdar peqordiggttp \the yollowing

forrnuT%B?lx tlu?e 0{1 l‘gst\é\fs | pt% q‘?’«iﬂlf i\gn‘%ﬁt %ﬁ%ngﬂ 50) Wgsagxtruded to

€ Ca IVI

form H010Rkmz@MR 0t Peﬁﬁﬁlﬁ’&l Thid eﬁc&ﬁdal@@z)as thth@rd-edeihtd insdiovgen at 510°C,
exanpl es having titani a have lggher activities than .
amm@%aﬁﬁﬁ@sanaﬂ Wehtanmepmanitrytep prd” qalgippd ahan Al mstys at 538°C.

The CI‘L%EJS{ 5‘19E£a%§15*”3 BSw s tEX M ech a%tm%mq%l(ﬁphase benzene alkylation

test and results are listed in Table 3 normalized to the catalyst from comparative example 10.
Example 9 (Comparative Example)

Zeolite Beta was extruded in a 12.7 cm (2”) extruder according to the following
formulation: mixture of Beta crystal and Versal-300 alumina (weight ratio 80:20) was
extruded to form a 0.127 cm (1/20”) extrudate. This extrudate was then pre-calcined in
nitrogen at 510°C, ammonium exchanged with ammonium nitrate, and calcined in an air/N;
mixture at 538°C. The catalyst of Example 9 was tested in the batch autoclave liquid phase

benzene alkylation test and results are listed in Table 3.
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MCM 22 was extruded in a 12.7 cm (2") extruder

according to the followng formulation: mxture of
wOoBAZ6esY yst al and P25 titania (weight rati o BOT/US3007/088395

extruded to 0.159 cm (1/ 16"37 ‘'extrudate. This extrudate

was then_pre-calcined in nitrogen at 51Q0C, DNi UM

exchanged 2R L AERREYRRAL 18 LOMHISSQT e Xaialy

air/N2 mxture at 5380C. The catal yst of Exanple 6 was

fested 1n the batch aufoclayg. L, d phase DeRzEpR 9
al kyl ation test and results are listed |n Table 2.

Be?g%@%gﬁ%% QV%& arash Ve [ Exanplg LoV 22 Was  exgpiaRa in

_extruder accor ing to the foll ow ng

fofl%Hi Ok - JLxture of MM 22-crystat _and Versah-200
al um ngﬁ %Céﬁ&rati o 65/ 35) - -7gextrudej into g@?SQ cm

L4 ] 4 ~un

(16" )y —extrudate—Thrsextrudatewasthen

pre-calcined in nitrogen at 5100C, amoni um exchanged

with ammoniumnitrate, and calcined in an air/N2

MiTke WesaltashSB I thelb & tahalwstenbhindexaapfer zéoN@DetewitRad binder

. in the batch autoclave |iquid phase benzene al kyl ati on

having ggnigpgoppdt s are listed in Table 2. The catal ytic

activity of exanple 6 was nornalized to exanple 7 (as
Exam%@ol)()-(C-Bhﬁoafa%%‘b&%gﬁ?w the exanple having titania has

bout” 92% of the activity of the exanple 7. However,
after the catalytic activities were normalized to the
s dfeMMEMWVAR exlded uicaerdigeto éhe Emtomnng farhalasioanpligure of MCM-22

erysta 2 oo o Pt 51, i S ol SalyRadianT 32 g based on
the con@itdd weikpt ofEBMENPLE SryBtal, ADaiiRd, @nd PXRQ|tb el 2Baih@( MB3’) extrudate.

. extruded in a 12.7 cm (2") extruder according to the )
This exrydstai mgs ftbembracalened p uiipgenost BEYG, anyBseImagshppeed with

kL kL [ I ati.0,. 80: . e
om0 By G901 201 2y KPR, 2 el Bl BN i 10
was t@3fed-ia ahcbanedautoclavd iqgé phak teiltd€ allgtarivni teknaad edsanged listed in

with anmoniumnitrate, and calcined in an air/ N2
Tabledhi xt ure at 5380C. The catal yst of Exanple 8 was tested
in the batch autoclave |iquid phase benzene al kyl ati on
Exarntjfésltl and results are listed in Table 3 nornmalized to
he catal yst from conparative exanple 10. Exanple 9
(Conparative Exanple) Zeolite Beta was extruded in a
1MGMe2d s pxtendeduderrdingcdorthié fdlomang Femfubitiopwinirgure of MCM-22

vse SR BT a8 59 ST P on

combihed %Ei%hmof UEA2)2 exttaldabgia, didd BV &)X 10 01020 em@0N&dtrudate. This
re-calcined in nitrogen at 51C0C, anmoni um exchanged )
extrudgie Wanied Arasal¢ined mrratroggcet A0 ¢, pavnaniurg §xghapgegwith ammonium

nitrate, and calcined in an air/N, mixture at 538°C. The catalyst of Example 11 was tested in

the batch autoclave liquid phase benzene alkylation test and results are listed in Table 4.

Table 4 Benzene Alkylation Testing results for Examples 10-12

Example 10 11
MCM-22:Ti0,:AL, O3 80:0:20 80:20:0
(weight ratios)

Normalized Activity 100 135




m xture at 5380C. The catal yst of Exanple 9 was tested

in the batch autoclave liquid phase benzene al kyl ati on
W e®B/0s8e® results are listed in Table 3.- - TapdEUS2007/088395

Benzene Al kylation Testing Besults for Exanpl e 9 The

results show that .there is no_activity enhancenen
z E@P dpta ipleafes NIty IBPIYEMeRLOr HS %dritt%%ﬂ OE it 3&%6@%& h MCM-22

and NRERITRY %at]agls( Cﬁf@@étﬁﬁﬂlyvﬁnﬁﬁ@émén@)ls ¥k ﬁ[ﬁ‘ofeﬁﬁd %éhuﬁll% Gmount of

according to the follfowmng formulatio m xt ure of
titaniIC¥ 2R amytsneal atant oV/tasalm 300 alimim malcgsbiag ot eqml ite 35 wt.% or

when %ﬁ % P‘%M‘ﬁf@ﬁa\dg{; E}‘@(ﬂ]\g"ﬁz 1%') IE?\%Q ée?naéﬁ g/t % Aﬁ h[ 18‘[66 eiizt?%e bound
by an$ @B&H %'Belﬁ"&é EHa BHeBsurpribi © ¥dsuH SR b &M Sintpi&fement at low level of

pre-cal cined in nitrogen at” 51C0C, anmoni um exchanged
tltamlml comaernsnirdnignlovelaefeVICihg?2 cf@mtly meséeriah sseh a3 MGU-22 or MCM-49
is rel?@eé :tg (rjt%e allnﬁg 31%%11%1‘ Tﬁl%l &‘ tlfcja IhIQ%eu F%%&E lgoge% ez\ré@ee ralllkylatlon with
propy&dnk h@bi efiylegst and results are Iisted in Table 4.
Exanple 11 MCM 22 was extruded according to the
followi ng fornmul ation: m xture of MCM 22 crystal and
P25 Titania (weight ratio 80:20) extruded with 1 w.%
PVA (based on the conbi ned wei ght of MCM 22 crystal,
Titania, and PVA) to 0.127 cm (1/20") extrudate. This
extrudate was then pre-calcined in nitrogen at 5100C
amoni um exchanged with amoniumnitrate, and cal ci ned
in an air/N2 m xture at 5380C. The catal yst of Exanple
11 was tested in the batch autoclave |iquid phase
benzene al kyl ation test and results are listed in
Table 4. Table 4 Benzene Al kylation Testing results
for Exanples 10-12- - The data indicates activity
i nprovenent for the addition of titaniumto both
MCM 22 and MCM 49 catal yst. The activity inprovenent
is nore profound when the anmobunt of titaniumor the
conbi ned about of titaniumand alumna is |ess than or
equal to 35 w. % or when the anount of MCM 49 or
MCM 22 is nore than 65 w.% Not intended to be bound
by any theory, we believe that the surprisingly result
of activity inprovenent at |ow level of titanium
conpound or high level of MCM 22 famly material, such
as MCM 22 or MCM49 is related to the mass transfer
limted liquid phase nature for benzene al kyl ati on
wi th propyl ene and/or ethylene..- - CLAI M5



W claim 1. A catalyst conposition conprising: (a) a
MCM 22 famly material; and (b) a binder conprising a
W@ 2aoansssn? conpound in the range from about 1 WeCPUSM07/088395
about 35 wt. % based on the e ght of said catalyst
osition. 2. The catal yst conposition of Caiml,
rein said titanium conpound conprises at |east one
of titanium oxide, titanium hydroxide, titanium
We clgigif ate, titanium phosphat e, or any conbi nati on
thereof. 3. The catal yst conposition of any preceding
1. Chatatalysicomppesidompergrisieg:addi ti onal crystal | i ne MOM 22
famly nol ecul ar sieve, wherein said crystalline
MGt 22 afN@M-92 famhibcmb@rialsaede conpri ses at | east one
of MCM 22, MCM 36, MCM49, MCM 56, EMMI O famly
mob)ec ub dindek @uBpribihQal titahilifd hmpoligd 36 theotan@d Yrom about 1 wt.% to
conmbi nation thereof. 4. The catal yst conpositign of
any pr ébatiPAgvice dpsadronrthnaeighbabraideatylys crBesitior
si eve having a franework type of at |east one of FAU,
2. B catyisist copmmysitemn einlago nbivwrdio said Hépmem, compoppé comprises at
cat st 0Si t. - ecedi.ng. [ i
oo iR R 4l i BERERT AT SLARRRLA phosphate
MoMad2conBihAtidm, thdeds 49, MCM 56, EMMI O family
nol ecul ar sieve, ITQI, ITQ2, and I TQ 30. 6. The
3. cahal ssdly s om@ssitiofNoPfan cRdafeding Geidn hayirReheabdditional
| east 65ywt . % of said I\/C%[B?irz fgir:%el y material based ggn '
t heystgdingnYICI-28 dardily: sroddopkr sicwespoiirein opid crystatiee MCM-22 family

TGS TS Ly S B SEC 28, S DB 5,

S iEawd - iR adlyanolbh garedi @l 1100-1SEIQL2C Et@B3YSdr 209 tpebirdation thereof.
8. The catal yst conposition of any preceding Caim

4. WIRE &lafhliRi dnpb8itleR df%y'dﬁééecﬁrgga@lﬁﬁl aatRl cbMpadingta Wolecular
of said titani um conpound based on the weight of said
caicud yeving enfsoseworbriyp® of Thicastaansl ¢fsfAboiiB&s tNBla MTW, or any
any . pre 1Oed{'hg% 9 aim wherein said binder has |ess than
of eg 1020wt . % of said titanium conpound based on

ua
t i ght of i d | yst ition. 10. T .

. clPal GUDR GREEEREPB P Tof AP BRI CIEh A TEH-22 Family
C {HRrlaP boYpdes BRESt ohe WF MO ML ATIMUIN- 0 TRONY DB &/AL 58 "EMM-10

the wei ght of said catal yst conposition.- -
family molecular sieve, ITQ-1, ITQ-2, and ITQ-30.

CLA

6. The catalyst composition of any preceding Claim having at least 65 wt.% of said
MCM-22 family material based on the weight of said catalyst composition.

7. The catalyst composition of any preceding Claim having at least 80 wt.% of said

crystalline MCM-49 molecular sieve based on the eight of said catalyst composition.

8. The catalyst composition of any preceding Claim, wherein said binder has less than or
equal to 30 wt.% of said titanium compound based on the weight of said catalyst

composition.

9. The catalyst composition of any preceding Claim, wherein said binder has less than or
equal to 20 wt.% of said titanium compound based on the weight of said catalyst

composition.

10. The catalyst composition of any preceding Claim further comprising at least 1 wt.%

aluminum compound based on the weight of said catalyst composition.



11. The catal yst conposition of Claim 10 wherein said
al um num conpound conprises at |east one of alum num
WwW@x00d088689 unm num hydr oxi de, al um num sul f at e, BET/OE200T088395
phosphate or any conblnatlﬁh thereof. 12. The
cata OSItIO recedi Claimfurther
11. ﬁ?ﬁ 5>’|%Tgc qu’é’é@ @Wﬁerﬁmn%}d;%li%ﬂm% PRIGROYRG\FOFpTises at
alea%é R nd Xﬁﬁebﬁﬁﬁgn&}ﬁ ﬁﬂﬁoi’i@é g&lﬁmﬁfun? aLfate, aluminum
cat al yst composition wei ght. A process f
aphymawnng%mmcambnanonﬂhvdﬁocarbon with an alkylatlng
agent to produce an al kyl ated aromati c product, said
12. pff(he estalysoopnpitig afoamyutidighgs@laiin duohatdomprising at least 5 wt.%
rocarbon and aid al ng agent mnth t he
? at al %ltec ahﬁls%ff YR &f %ﬁ@ %%ré%w ngPOIPATCHh Qh sy weight of said

ak&x gﬂxgpﬁgk%ﬁgﬁs effective to alkylate said

aro ydrocarbon with said al kyl ati ng agent to

13. f% 0 {é ?ﬁtf a{lﬂ)?ﬁt[l g;%gﬁg[rgg%hggy%%g?rpn gf\ﬁjh% e}ﬁ&ﬂ@g‘gﬁt to produce

alan) m?l]tylﬁteﬂl yaomeids posduconqaid pescchetamprsing adoditacting said aromatic

al k ng agen oppri ses ethyl ene, and said.
ah¥ a%r o AR iRl ?@ygﬁaa ag?n%%hr«‘gétab%gﬂwgmf agy, preceding

@anqlr Qde? Sal latgnabéﬂd%ns"%cﬁ{z@ t® %ﬂgrlﬁé QERL dBmatic h lydrocarbon

hydr ocar bon conprlses benzene, said al kylating agen

conthr ssdsliylapyg| @xvet taihensan d:fﬂlhdny |catpdismg oyt alkylated aromatic

product conpri se cunene. 16. The process of any one of
dHﬁ 13-15, wherein the anount of said al kyl ated

natlc pro uct produced is at least 1 w.% greater
14 ¢ Han pfcr?éssaﬂ F“é‘% R aﬁ?t&%fmyqrwaﬁrpél Q@Prigghenzene, said

a
ﬁﬁgo o n haV| ﬁrﬁ:steé %%W@%e 51'1’([”5519 Mﬁgd GRS hroduct cornprlse

r consisting of alum ha and
haﬂwﬂgn&ane melght rati o of the nol ecul ar sieve over
t he al um na- bound- cat al yst comnposition when conpared
15. ]chrrde proegss ():fiil‘lemrlt1 1al»kh/dr]ahis®1ﬂ aeengtid lilﬂiﬂﬁcar‘t?oh coﬁlmfs%‘@aﬁene said
or preparing the catal yst conposjtion of any
CRUY Hging -2gont CORpYisss H‘”QPY’(G&‘} agl.doviddﬁlhglafq#earwczzmduct comprise
fam,Ly. material and the binder conprising a titanium
conpound to forma mxture; and (b) forming the

te the catal C Stk
16. g‘ﬁ% Lgrgcfesp of angfI o%§ (%ﬁ%nrsl gg@? rt%ﬂ} é%gnﬁ%%g% Bpgalg alkylated
i ﬁroﬁiﬁ&lcrfﬁﬂg&tfﬁrﬁdﬂuced is at least 1 wt.% greater than the alkylated aromatic
product in the effluent produced by contacting an alumina-bound-catalyst
composition having a binder consisting of alumina and having same weight ratio of

the molecular sieve over the alumina-bound-catalyst composition when compared

under equivalent alkylation conditions.

17. A process for preparing the catalyst composition of any one of Claims 1-12

comprising:

(a) providing the MCM-22 family material and the binder comprising a titanium

compound to form a mixture; and
(b) forming the mixture into the catalyst composition,

wherein the catalyst composition comprises the titanium compound in the range from
about 1 wt.% to about 35 wt.% based on the total weight of the catalyst

composition.



about 1 w.%to about 35 wt.% based on the total
wei ght of the catal yst conposition.- - 18. The process
wW@R008lsE6R? 16, wherein said form ng step conpriBEBUS2007/088395
extrudi ng. 19. The process“blf‘ any one Cains 16-17,
wherei n said catalyst co iti.on has a shape, of.
qffﬁa PIACsHet Jeim thavhsrgr 3@3%}@%%@% AMPYLSES ﬁét@%na-g,
wherein said catal yst conﬁ)ositi on further at least 5
19. wilhggpegeess pfanycucdrlagnselfc] havhginsaidppmlyst spmpeyikon area shape
b%?&ﬁ’ad?ﬁlof)@e wei ght of said catal yst conposition.

18.

20.  The process of any one Claims 16-19, wherein said catalyst composition further at
least 5 wt.% of a molecular sieve having a *BEA framework type based on the weight

of said catalyst composition.



