WO 2008/ 088659- 1 -PCT1US2007/ 088395 A CATALYST COVPOSI TI ON AND I TS USE
THERECF | N AROVATI CS ALKYLATION FI ELD This invention relates to a novel
catal yst conposition, the nmethod of nmanufacturing, 5 and the process of
usi ng t her. drocarbon conversions. In particul el
cat al yst c‘g%%"fssﬁgﬁﬁ% of this disclosure conprises a wcﬁ%ﬁé‘?tz#}’z’ﬁﬁ% mat eri al ,
such as MCM 49 nol ecul ar sieve and/or MCM 22 nol ecul ar sieve, and titanium
conpound. TACATALYSECOMPOSIVEON ANT ITS USEI FREREQF IN AROMATECK Y| at abl e
aromati cs. 10 BACKGROUND OF THI SM The al kyl ati on of aronmatic
hydr ocar bon conpounds enpl oyi ng alysts is known and under st ood
inthe art. U S Patent 5,334,795 describes the |Iiquid phase al kyl ation of
benzene BHIELR et hyl ene in the presence of MCM 22 to produce ethyl benzene;
and U. S. Patent 4,891, 458 discloses |liquid phase al kyl ati on and

transal kyl at i : : [ [ []}g}a . ' ed
cat al ystg ar %ﬁgﬁﬁﬁ??%ﬂgﬁ l%yrﬁ% E%I?g%l%f n%tgﬁ% ﬂ\}ﬁ Fﬁmg‘fggﬁaé‘%%&?%“gpr oduce
cunede. atll the pRecessof using §@1:00Br tiydrotarbmscoavasionsebipattivulaprtpaoviehautatystre ne

usi ng . | b gui g _phase. US.Pat e ld cation .11/ 8 t he
entir eN?éﬁn% ésh Iogo+ﬂ % g‘ﬁaf’s?? &??19“% 4 Q‘?&’ﬁggrf%‘f‘gﬁ Werl’Nagf Sé’i"%r?@éa&gf' g%l oses a
cryst al moheulmwbiewdndfor MEMEZ2 moleila siese,Sapnd ttiaiing esnpodbd) THedgdtochibed as

EMVt 10- P, _a_net hod of @éiﬁn'? g%qﬂP | n.sone enbodi nents of the US Patent
Appl i cafPBFSIgEs CHHpTEs 3y ptioy pia BBMUS: in its as-synthesized form an
X-ray diffraction pattern including d-spacing nmaxi ma at 13.18+0. 25 and

12. 33+0. 23 Angstrons, wherein the peak intensity of the d-spaci ng nmaxi mum
at 13.18+0.25 Angstrons is at |east as 25 great as 90% of the peak

i nt ébsi BAGK D GIHFHIHBISGDOSHRE at 12. 33+0. 23 Angstrons. | n addition,
the X-ray diffiaction pattern of the EMM 10-P may further include two XRD
di sti ngui shaBheealjgdatics: off arometic padrocagbampecmpauats ehipléing) zddlitea oatalgst2 50. 13

Angstro rei,n.the. peak i i d-=.spacing. mxi aL
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g- spaci ofjbemaetientwith athy?n%ﬁﬂ(t)hk%aré&&g&t mbhgﬂglhg-aggb tp'mnln?d btﬁylb&&eﬁéé&nﬂ&as.z Wit ht

- spaci . 11. 06+0. an .25+ strons may he non-discrete
peaks. Ptasatnoh dedaisehesi e duason axd W@%ﬁ?@’?@%ﬁﬁe usips 69l .

11/ 8247é6ts. the entire content of which is fully incorporated by reference,

di scl ose novel nolecul ar sieves designated as EMW 10, and the net hod nmaking

the sane. In,s enbodi.nents of 'US Pat en pldcation .11/ 824742, the
EM v1- 10, i ?@ﬁ@&?ﬁﬁg?ﬁqﬂgﬁ%ﬁ%%e@ ESr%Yaffﬁ%Snoﬁ ﬁ%ﬂzﬁ%ﬂ Wl}lﬁeﬁf"mﬂ% Oconpri ses
unit ceprbducd otriehe. NV Paal 0,992,606 discloyss taahlocdte O bREAHIR! ciithéd¥ Cusing

char act erpéigggﬁy d(jngfracti on streaking fromthe unit cell arrangenent in
the ¢ ML 19uf4PhasFii i on, the EMVF 10 may further be characterized by
the arced hid) patterns of electron diffraction pattern. In further
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di ret i 1BEPTP y reference, oses a crystalline niolecular 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 13.18+0.25 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

25  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,

30 the peaks with d-spacing maxima at 11.06+0.18 and 9.25+0.13 Angstroms may be non-
discrete peaks.




10US Patent Application No. 11/827953, the entire content of which is fully
I ncorporated by reference, discloses a crystalline MCM 22 fam |y nol ecul ar
sieve having, in its as-synthesized form an X-ray diffraction pattern

I ncl udi ng d- spaci ng maxi mrum of 12.3310. 23 Al
di stinguis "a’% e}ﬁf)%gsl( at a d-spaci ng omaxi num bet ween 19@‘553@’3%83%& 14. 17

Angstrons and a non-di screte peak at a d-spacing nmaxi num between 8.8 to 11.
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mat eri al ch as a crystallin nmol ecu
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al kyl at icRitadiérized bf the urt/VMARY edlingHibng JdieGliddSURE Thi s di scl osure

rel ates to a catalyst corrp05|t|on conprising (a) a MCM 22 fam |y material,

sucg a crégt alline MCM 49 nol ecul ar _si eve and/or a crystalline MCM 22 30
Qul ar si Bvelatgiig Apphication; Nete /178570534 Lhen gntiret ponent uph adighoindullh t he

range f E&Bip%ﬁ@ééltby]feﬁﬁ‘en% tacRRQU crialiife MCR@Z’??AHQ% h&leculisBhE nffind B

catal yst conposition. WO 2008/ 088659- - PCINM52007/ 088395 3 In sone

pr ef er r Bavnpdesiaehorn, sX-rrlifestienpaticr ipeluding alpews atidhipacieg mexiowoy e

conpris dgeas fa (NQ}{F%& ]}_ﬁgggl &/FM
nol ecul gfllg??’eve le%éggﬁnelpaspec of this %LI sclos & m&ﬁ}guﬁt I'tani E%gz:%)&/npound
conpri s@@uaM 12 Asestroms aofl agonidisaneteprenk at ald-spacingandximmuin bdtveri 88, totlilt ani um

sul 0 e 0, aspect
of Il %ég}g ?%sﬁg}ergﬂ Ee) géktemTe% orrposryﬁ %J%#f'u lﬁ‘eié&‘g%er?pir&@aébgﬁyst al line
MCM 22 Haiﬁ |Angstedresc isl kess Qxae\&ﬂ%lamthagpm inteasity of) ¢heoll-spAcidg2maxiitiv 316,
I\/CMSG ?QOJBM t&}% TTQ 30, PSH 3, ERR-I, SSZ-25, or any conbination

t her eof .~ T "§ore nbodi ments of this discl osure, the catal yst conposition
may further 10 conprise a non-MCM 22 fam |y nol ecul ar sieve selected froma
group consi sAimelgcoler sievesdimpositioras mﬁbmmmdﬁmwsmgtm@mmwm nt | ndex

of 2-12 9f cul vie .havi ai, x of |ess
t han 2. Nﬁq%ﬁ%&%ﬁbodﬁ%ﬁ? %il'/ﬁeﬂé%?" %f% ??ﬁmihf 51?18\7 Has a

f r a¥fewosidvetay peeddiereirt thisetiwiosmme of FAU, *BEA, MEl, MI'W or any conbination
t her eof

The alkylation of benzene with ethylene and propylene to form ethylbenzene (EB)
and cumene respectively is diffusionally limited. There is, therefore, a need to develop high
activity catalyst for the alkylation of benzene with ethylene and propylene. We discovered
that 2 composition comprising a MCM-22 family material, such as a crystalline MCM-49

25 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
30 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.




15In a preferred enbodi nent of this disclosure, the catalyst conposition of
this disclosure has at least 1 wt.% preferably at least 10 wt.% nore
preferably at | east 50 wt.% even nore preferably at |east 65 wt.% yet
even rmre EQQ/ at least 80 wt.% of the crystall |¢1e MCM 49 ol ecul ar
si eve base wei ght of the catabkyst conposition. ngplqg{t)ﬁsg?s preferred
enbodi nent of th| s disclosure, the catalyst conposition of this 20

di scl osur e hds satnel prefstred enﬂ:odi;nenm,efhermzatfaﬂnﬂﬁaiatérﬁl\w thy difeloBure

preferab st . 50 r refe t 65 Oo yet
even rrt)rcc‘a)}él r%‘tseaﬁglﬁq%/"%?m%g%%éﬂ ng &W gﬁ@rﬁ’ | ecul ar
si eve baisd. on the wei ght of the cat al yst conposition. In yet anot her
preferred enbodi nent of this disclosure, the catalyst corrposi tion of this

Or o eranr e oA il sbBste i ol SRR b onilt sleo TR 0c e
even 5o rtﬂaaqnmbmﬂe,b:itmm hiydmsitde &ﬂanAﬁm%]fdté tiizhﬁnﬁ/ﬂi&sﬁﬁaté mﬁ;b'cdii‘iﬂiﬂubm based
on the of the cgetcg g gf 05|t g_% not her preferred
enbodi nent. Wea%%'te& e ?H% S8 tcﬁtanStj F%IERO& CQEPTigagt 5
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titaniu i ght. of the catal yst corrp05|t|on

2008/ os%@@%@o@%&é@ Bt %ﬁBy]etS 4Tiot WeﬂnYﬁ?@'Ple#Pédhfé%om ment, the
catal yst conposition of this d| scl osure conprises a titani um conpound in

t he range frmmmhelﬁnbbdﬁﬁen% 0 ttﬁbdﬁclo@ﬁreywhe/matﬂ?rﬁf nddokifioh Iy &adet 1 wt. %
to out 30.W. % r erabl in the r rom about 5 w.%to about
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a nol ecul ar, si eve havi ngl framework ty g based on the wei ght of the

cat al ysﬁwmit Coggiraint index of less Hhand du epeerpodiment, the Q@Q%QM-@Z family cat al yst
~_conposi hioRulef sibv KasH SahQiotk Sypteor b Wabi\Gle AR, Ak AME lmmu ound.

I n some enbodi ments, the al'umnum conpound 10 conpri ses &t | east dne of
al uni nufeTERERen theredti num hydr oxi de, al uni num sul fate, al uni num phosphat e,
or any conbi nation thereof. Preferably, the catalyst conposition has at

leag 1 Wt.9moj fréerad léﬁabaa{meﬁpapqugddlmo%ﬁé e fcttel bostt nt(neth}f'sat al yst
conposi t| on Nore ggef erab he cat al ﬁ)st corrp05| |on ess than 34
wt. % piiss & t‘ﬁta'ﬁ Eefewblmt lopst 10 Wi %4 @P@mr‘;feltabb’sat {east$020,%.even nore

pref or i oo Sty 10 e 86 *y@@a%h%rgwfﬁ& iU bpoedean the

wei ght of the catal gst conposition hi's
di scl os@rydalling MCM-4 Gloéﬁcphbﬁe@sb%qdronﬁh@waghtr@ thetvatalyat eoimpssitieonposi ti on of
this disclosure, the process conprises (a) providing the MCM 22 famly

materi al  andytRigndd ﬁgﬁﬁe& Wédlﬁbﬂ}%f%lﬁ Iqf Rk KO m&g&%hﬁoilgé]er@mﬁ xture;

and(b) formng the mxture into the catalyst conposi el n the
cat ] ysdisclesugsdaes et last & ovty3p.i nseferablyent metllOtV&r%,tmm@mqfwblﬁathasttﬁ@ wt&hige from
about 1. % f e catal yst
conposi 71 by ey af el R 76 En e b Bl st £ B

ext r udionystalline MﬁM—ﬁfémotspdﬁmmdbaadbudhermght of the cmalystlopaipommmom tion has a
shape of quadnil obe. In one enbodi nent, the catal yst conposition used has

at | east 60 tePdfnct BReol bbbl r Y GdieHrd ARCKeihe iSpRRIAN O the

cat al yst co sition
this dlS closure has at least 1 wt. %, preferably at least 10 wt.%, more preferably at least 50

25 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.




25In yet other enbodiments, this disclosure relates to a process for
preparing the catal yst conposition of this disclosure, the process
conprises (a) providing the crystalline MCM 49 nol ecul ar sieve and the

bi nder COWbE&%@ﬁﬁt least 1 wt.% of a titani um conpo {1&39?0&’8%3%5? m xt ure;

and (b) formng e mxture into the-gatal yst conpositi eferred
enbodi nent, the formng step conprises extruding. In another preferred
enbodi nent , fineeenatiar girgfetred empadiintito thehamalgst coapeasitidn fi dds disolesure| N one

enbodi ment . .t h atal yst conposition.usec S | eas 0 . %.0f. .t he
cryot al IPmeritR N, FaborafRERs brBD seBtimal Tyl sp ABRE 35 P prtctent y o
conposi tfroon about\D Wi 86 @BAS SORGE Y, URBL:0pteREBBOM the rangt Mronstidaes werhasli ment ,
this disgl re,discl.oses a.progcess for alkylating an aromatic hydrocarbon
with an aﬁ?‘&??5‘?1/%éa‘?aé’ﬁ?‘et%eléP8§§'§€atﬁlﬁf3ta?Pﬁ'y¥sé‘?‘§’d aromati ¢ product, the

process conprises contacting the aromati ¢ hydrocarbon and the al kyl ati ng
agent wi t h t hesoomteaibpdimentsithe sathlystrvomposdtionafiktlidrabinprises anldast 5ands of 4 ect i ve

to al kylate the.arqmatic ocarbon.with .5 the kyl atin ent .to forman
of 11 uonCLSHIF ST e o S RGP P Dt i dbe ikt B bty

enbodi mesdpositied. al kyl ati on conditions are maintained to ensure the

al kyl ati on process operated in at |east partial liquid phase. The term "at

| east partia i quj " as.,used_herei.n, neans.th at..least 1 wt.%
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- alkylation zone) .is in ui ase based on the total weight o e
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t hejar Oé&iﬂoﬁnd‘h(éié@&ﬂh@%ig‘wmﬁé&%‘a‘i gg fionl NE al kyl ating agent conprises
propyl ene,” and the al kyl at ed arona¥| C product conprises cunene. In sone
enbodi ments, the effluent produced by the process of this disclosure

conpri ses t He ok ymhediments.oihistdisclgsug galates fhp PFPoess far preparing the gptabyt
pr ef er alimpodition @8 his Aisthosdie, MY GRodkW BorlrRbe (A r¥vidthe 4he hmtzzlﬁ%‘%% and
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sone e ' AAN V] r benzene al.kyl ation
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pr essurextrididg kPanatharspifened sintatimknt, nthe haatadysargomessitief hhha gapealofst
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and noMCH-24 farily Ineatarial baadén 4O wiightiofihé edtalysh admpdiRiogat al ytic activity
(measured by benzene al kyl ati on with propyl ene under the reaction

congditions of tepgperatute 13QC an ressure 2170 kPa-a as 30 d nstr at ed
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wei ght ratio of the eqgul ar si.eve to e m.na- bound- cat al yst
corrposinquffﬁfar SigYS %‘dg%@g%ﬁwws §2‘6ﬁ*7ﬁ S a0ks ttagum ompayIdis BILER| PTI ON
OF THI milkdufSLA3URS foriningd Ut n@étusd)! int@&h@rﬂa&lysp_%bﬁ?ésiﬁﬁphfncﬁt brefefred t €St

pr ocedurgs priority docunments, articles,_ publications, manuals, and ot her
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sugh dicaslyQudfBodifio 10is alsRARE (S4dRNbbeM dhelclboBhRAE He daRYRNdnidsiBs for all
uscd has at least 60 wt.% of the crystalline MCM-49 molecular sicve based on the weight of
the catalyst composition.




jurisdictions in which such incorporation is permtted. VWhen
nunmerical lower limts and nunerical upper limts are |isted herein, ranges
fromany lower limt to any upper limt are contenplated. As used
in this SF\?@EM }5%%90 , the term"framework type" is used in the sense
descri bed i "Atlas of ZeolitesFramework Types,FCTABRY7/088395  Aq sed
herein, the nunbering schene for the Periodic Table G oups is used as in
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least 60 %, greater than the catalytic activity (measured by benzene alkylation with

propylene under the reaction conditions of temperature 130°C and pressure 2170 kPa-a as

30 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.




di stingui shed from conventional |arge pore zeolite allcylation catal ysts,
such as nordenite, in that the MCM 22 materials have 12-ring surface
pockets which do not comrunicate with the 10-ring internal pore system of
t he nol ec ] . The zeolitic materials designate - SC as
bei ng of twkeaﬁ@é?ﬁé%pol ogy are 25 multg-1ayered materi %‘g‘)ﬁ\/ﬁ%@g’ﬂéﬂ ve two
pore systens arising fromthe presence of both 10 and 12 nenbered ri ngs.
The At | REDAILEPIDESEGRIPTIONOT K MSCT €IS

materials as having this same topology: MCM 22, ERB-1, ITQ 1, ITQ 2, PSH 3,
and SSZ-Igfedudtism MCM 22 fanily nol ecul ar sieves have been found to be useful
in a variety of 30 hydrocarbon conversion processes. Exanples of MM 22
fam |y pol ecylar,,si€v 22 aMEM: 2o ) %]#l! I T, PSH- 3,
SSz-25, and E&Bpiéh%u?ﬁéﬁngla%téﬁéi eve l%gc}fie u’sg?lﬁftyf -(l)iP a §/Sra |1%%S’ of

ar onat i eublinationsnugnuafey pnegthemdospments citddohessin adillp r@8pomated byweferdos/ 088659-
8 - PeT/ hd SROULACHRR Yell R 05 Gt IR QSR Sl P pASS i Rl BRP Ay} 2L e
aromati ¢ conpound, particularly cunene, conprisfng the Step of contacting a
pol yal kyiristietomsinowhichsuchanyoporationi is peravitted| kyl at abl e aromati ¢ conpound under
at least partial liquid phase transal kyl ation conditions and in the

presence of 3 Kyl;at | t : | at
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m Xt ur e fiofn @y léveadimit tmenylififee limittarcoconptstopldtidne nol ecul ar si eves, wherein
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nordenite, z i . Ee gﬂ' , . | Efr Lpon

pattern inclﬁglmr?g%%-sp g‘f‘%‘gﬁﬁ%’%m atﬁ%. +%b§g g@s@f)ﬁ%ggﬁsgdg%%é%7 and
- 3. 4260. pithaHy8asrod Zeolite Framework Tipes,ERM110 fami |y nol ecul ar si eve conpri ses
at least one of the materials as 10 disclosed in U S Patent Application

Nos.  11/8231Z2, 47 eralef T = fam Ly. nol ecul ar
.sieve as disc 8%%1(]1“ gi’&nn’ﬁf}ém%at e%ﬂsj c%%ﬁglgggﬁ %er?oﬂlgﬂ%%&gg llgga 10-P. An
EMV+ 10- Phemicelentl Engin¢esing News63€7)y21 @P89)ne nol ecul ar sieve having, in its
as-synthesized form an X-ray diffraction pattern including d-spacing

maxi . at 13S0 25A0M A2 ik FhedRgStd O el 9o MESLEE Myl &1 Y of

the d-spacing 15 naxi num at .18+0. 25" Angstrons is at least as great as
90% of trhelepdaxisicveofthe MGM@P. farhidy 0b-as psadihetgimrincludesn at 12. 33+0. 23 Angst r ons.
In addition, the X-ray diffraction pattern of the EMM 10-P nol ecul ar si eve

may 14 ur gher ¥ m_)é%Dﬂ- St LS ggrpf 1 Bm-%%oa 1 aaxi ma at
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EMV 10- P nol el{(itﬂxa“ Si evg I S % cre/stal line MCM 22 fam |y nol ecul ar sieve
that has a total > SYPPRELeHPL ?egreat er than 450 n2/g as neasured by 25
the N2 BET nethod. The crystalline MCM 22 fam |y nol ecul ar sieve of
EM\20LO- (#) pr efidecabir ysitvs madeatfiom af commor xseeomialdegrue ftmddingr Backover2-t he t ot al

surface ar gyl Gyt na8. O MwAY behe SORIELSATD kGt QLM Y exghange
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e
with anmoni dM ALt rate gand calrcinatio a ¥ale area is
det er mi ned fonemiacdll-thickiesdt prcfeeablPoBtctunit cell thickness;

(iii) molecular sieves made from common second degree building blocks, “layers of one

or more than one unif cell thickness”, wherein the layer of more than one unit cell

25 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 stéc’king of

such second degree building blocks can be in a reguiar fashidn, an irregular faghion, a

random fashion, or any combination thercof; or

(iv)  molecular sieves made by any regular or random 2-dimensional or 3-diménsional




In yet further additional enbodinents, the EMM 10-P nol ecul ar sieve has a
30 nor phol ogy of tabular habit, wherein at |east 50 wt % of the EMV 10-P
nol ecul ar sieve have a crystal dianmeter greater than 1 um as neasured by
t he SEM greater than 2 pm WD 2008/ 088659P I 7/ 088395 as
measur ed 1%8%@%% In sone aspects, the EMM 16@%@2@%3 r sieve
has a norphol ogy of tabular habit, wherein at |east 50 wt % of the EMM 10-P

nmol ecul ar si esmbination of uait yelsdhvihy the MW frafrewbrudpolbgd25 um as nmeasured by
the SEM 5A net hod of making an EMV 10-P nol ecul ar sieve conprising the

steps of: (a H-@c t,.J east aqne,sour. f at | east
one tetiaval gﬁ f% glei I%gg li%!r:ltgl%zsegub Egv’?ggf‘ %?sf’ﬁ%?‘nc %%l kali or
al kal i e@atté¢rh md'adihg ei—mng maxtimé ead. 4802508 15860. Ohgndig!eztﬁtO(OR)Anmbms and
opti onal

' gsi .Qne sour one trlvale ), the
o xt ur & GithsF It fRESr SRR TR M7 Bt CReliih iy SRy of pbiFigld)
pr e; ér alb’f,r)havﬁﬁgtaﬂ )ﬂfﬂyﬂﬂfﬁanﬁuxep?mﬁzf %ﬁl&ﬂh?g dfspmnglﬂailma% 12%@ 2 6=9i1)h 150 100?0
prefera 500 efera ro o35, 0 out trival ent
el enent Bsséib bz 843@532 En@“@ﬁ'i { °m%fi1d’/‘o?s'§§’? es”?" '\NI fi £7*¥al ent
el enent diffridtion (ﬁﬁﬁfs&ﬁol dhﬂl)actcnﬂ: tﬁ@inole@ul@r S6veMré dbtain€ll BPstatdarPrectMifiesr abl y

from0.1 to 1; 1 0l to 2, preferably fromQ,1 to 1; wherein Mis
an al kawmgr&eaﬁ-ﬂgﬁa dpgblt ogtcﬂwagﬁ thg aridgniradiafion ang a gyfiractometer equipped

hexanet Ryth- alsanmﬁbart@dﬁmzm H¥bSakd cBM?ﬁmdhﬂtlﬁt cotleStiint £y%ﬁe}n Mstefigg ably R

S sel ected fromthe group. consistin Me6- di quat -5 di'brom de,

Me618i qhelens taythe YIEM- faq’&bﬁmﬁluﬂﬁé’lc @P%P?CH@ UnBePeti a@aﬂﬁg‘f‘éﬁ)odl de,
Me6- di qp@H‘ﬁ(de&ﬁbéﬁ X s gt qk% 4.3 4@)%&% zﬁ(dgéﬁhi) I8y, Y68 did) H%gs BeHi nitrate,

-Me6-di quat -5 hydr oxi de brom de, uat oxi'de chlori

Me6- di qEBB B(dﬁﬁﬂﬂb@ﬁdn@lrﬁnemﬁwmwﬁ@%li Q-5 ( indéSi Bati Ne 6,077,
Me6- di qligy @%ﬁn | Qr i ' _

-Me6-di. qua dfj or| ﬁ%%%gh%&lga%fopu}g?’i m@gagbe)?qw&%odi guat -5
fluori déiemﬂbcfhtnelntdmiodalcﬁmm Buhiﬂohunmlﬁke WO20i5d 88478k dMOMaiaddescribed ;. chl ori de
i odi de, i quat ht [

IVEGHéH qg%%qb%m%%oﬁa?g W d(dgsﬁlcgﬁ/b%i\@fuls‘ggﬁtereos(}bﬁ’g?é wa ably R

i s sel e@lesuibéd mrfy.ShRat.Nw 6y 56,086), EMIMG0 cﬁa?nulyhﬁdmﬂp:atev&cdnﬂnsedmfhleast

Me6- dlquat dichl.qrid Me6: di-quat.- 5 di f.l uoride, - di -5 .dii.odide,
Veo- di comedemfondt il GeodRicty S, B Arplipath ool BT B2 Bt 2 e ane
any m x11829953. and MCM-56 (described in U.S. Pat. No. 5,362,697). The entire contents of the

~ patents are inqorporated herein by reference.

20 It is to be appreciated that the MCM-22 family molecular sieves described above are
distinguished from conventional large pore zeolite alkylation catalysts, such as mordenite, in
that the MCM-22 materials have 12-ring surface pockets which do not communicate with the

10-ring internal pore system of the molecular sieve.

_ The zeolitic materials designated by the IZA-SC as being of the MWW topology are

25  multi-layered materials which have two pore systems arising from 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

30 hydrocarbon conversion processes. Examples of MCM-22 family molecular sicve are MCM-
22, MCM-49, MCM-56, ITQ-1, ITQ-2, PSH-3, SSZ-25, and ERB-1. Such molecnlar sieves

are useful for alkylation of aromatic compounds. For example, U.S. Patent No. 6,936,744




30t hereof, nost preferably Ris M6-diquat-5 di bnm de; and (b)submtting
the m xture at crystallization conditions to forma product conprising the
desired EMW 10-P nol ecul ar sieve, wherein the crystallization conditions
WO 2008/ 0 - - PCT1US2007/ 088395 conprise a tenp e range
of from 1%‘8@%%‘@%6%, preferably fromgabout 140 to abg{@t“i%ﬁ’&}“ps#&
crystallization tinme fromabout 1 hour to 400 hours, preferably from about
1 to 200diseosess pmpwsb dorgirbducing strhonoklkglatep @sahsitio cbﬂflpozmdngﬁldmlaﬂfyro@meﬁb to 1000

RPM preferabl m Q.to 4 RP ther net hod of ,ma
nol ecul ar col ?gv %ﬁ? of con"gtactgﬂ% aslfwbﬁggyga? TRPRIG R &7 ﬂ?ﬂatg%{%/}prl si ng
at Ieastegm@csmmpomd)ﬁmht ﬁﬂ lleaa;s pamm?ll(qliﬁ pi&uahﬁiﬁah m&laﬁﬂmfadnd(n%hs aid nil f@gast one
source of _at al i al kal,i eart ement, at |east one
di rect i ME5GENT ?%)ama@ﬁ? nce ofIS’tPIBfln'é?Fltsc gfonggig‘@ftetgﬁ@%r@gmapndat | east
one Bri wetlepsii tiel mmyf ! 14tih, c;ztai}et dOniprisésta MBS Bf b Radt Bhd QifcRGt BRL@NInE at i O:

i nf i pref er

10Y: X2= 1 bly 10 to, 10000, nore preferably from about
10 to 53%° ?@g”?msiw geit Gebt %ﬁr”é‘? lequlgssigves 1§ ¢lestnd dronkgspliteheiss 208X, from 5
to 35; @hokdehite] idaﬁutoﬁégavab@mtmaeézmngswm &l ;%em ﬂcl@&mé g.0.72

and/or QLY with trival ent el enent source correctlon = 0. to 0,49 or 0.51
to O. 62SPaFmS%aWB&afH@"zto25&?%%397#9%@3142#801Anmn$ = o 001 to 2,
preferably from0.1 to 1; wherein Mis an alkali netal and Ris at | east

one N, N, N, N ThdNEM#-10 mﬁ@namemarlmévep@ﬁ@ﬁs@ bR Eadl 41 Sofnk &&l&ﬁajsdwuat S

sal tés)) 1prefe ag | s selected fromt roup consisting o

ve618i qdiscloseddn b rﬁ}a/%t wﬁaWMtllég%ﬂ%%liyﬁaﬁgz amdd 12 - 5 d|f| uori de,
Me6-di quat -5 diiodide, Me6-diquat-5 20 di hydroxide, Me6-diquat-5 sulfate,
“Me6-di quat - 5THY Emanefwm&dﬂéoquats@e Y diserobddeinD0 SPeRnt Nsdﬂrcdﬁap% S

hydr oxi q ﬁl& %&1@ d q dI‘OXI de fluoride, I quat -5 hydr oxi de
i odi de, f%é% 8 A{ﬁ% Wﬂp 51919 R}éﬂﬁ"ediscm%ﬁfs@lmq gwlecelar sievam de,

Me6- di quafingg irf Mrsk;giﬁeﬂw%rhﬁ'% XNepdighsbiah p;netﬂ ﬂahaﬂg dlsﬁéi:‘u%emaﬁﬁg di quat -5

quorlde nitrate 6d|guat chlori de brom de, uat - 255ch|or|de
i odi de, 1RR%:0R5abd - B340 3|ﬂ@5ﬁpw’aWéﬂ%@equq¥aﬂﬂ@Sl%d@ dthebd-opacitg,

Me6 bly R
£ i oo sl ol B 02

Me6- di qwﬁmsmﬂmn@atu S3H0BBAugsine di ftuoride, Me6-diquat-5 diiodide,
Me6- di quat -5 di hydroxi de, Me6-di quat-5 sulfate, Me6-diquat-5 dinitrate, and

any m xt ur esin30fdhRhetle. X MRS biffiebe TRRY IR the EXRA- L8 WRliccatallsRLOHLJe: and
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

20  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 11.0640.18 and 9.25+0.13
Angstroms may be non-discrete peaks,

In a preferred embodiment, the EMM-10-P molecular sieve is a crystailine MCM-22
family molecular sieve that has a total surface area of greater than 450 m’/g as measured by
25 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 ritrate 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
30  morphology of tabular habit, wherein at least 50 wt% of the EMM-10-P molecular sieve have
a crystal diameter greater than 1 pm as measured by the SEM, preferably greater than 2 ym




(b)submtting the m xture at crystallization conditions to forma product
conprising the desired EMV 10-P nol ecul ar sieve, wherein the
crystallization conditions conprise a tenperature in the range of from 100C

to 200C, fer from about 140 to about 180C, and a crystallization
time from%ﬁ&@fﬁ%‘%“’our to 400 WO 2008/ 088659- 11 - PCETEINE88%¥3395

hours, preferably fromabout 1 to 200 hours, optionally a stirring speed in

t he rangs nehsikedby the SBMLO0O0 RPM preferably from O to 400 RPM Yet anot her
met hod of maki ng an EMM 10-P nol ecul ar sieve conprising the steps of:

a)providin ] [ h Sl at, | east one source, of | east, .one

'Ee% Iroaval ent g%@F@nﬁ#e‘%&)ﬁeﬂgﬁﬁgQ’%tm%lﬁ%u‘?asrosbﬁ'vg 35,3 Morphiology toﬁﬁlﬂﬁﬁﬁ@étri or

al kal i owvhetdin adeast 5@ ek the EMM- BB B mabsvalad siewclisve g cagabthidkd)ss ofaboat, and
optional ly _at |east o 0 of at |east one trivalent elenent (X), the
m xt ureoﬁééi%astrﬂ‘ﬁ’s‘frﬁ?g%ﬁﬁe#§ lar ratio: Y:X2= 10 to infinity, preferably
10t h 10000, nore preferably from 10th 55; H20:Y = 1 to 35, preferably from

5 t0535; 100AlmethodofGndkikp snEMM-1D- holsebibaysidve@binrifidg he spsuf: M- Y = 0. 001
to 2, preferably from0.1to 1; RY = 0.001 to 2, preferably fromO0.1 to 1,

wherein M,js an_al.kali netal and.Ris at ,least one.NN N N'" N N -
hexamnet hylf‘i, 5_1)50&?#‘13 & X COPastig 2 %ﬁ%-o&ecfﬁ'érf? @fsagll%a‘lf}s%e, ‘eﬁl’f‘@*\é& ably R
is 15 sel ect edlehfeanfY)het 1@ sO@ESHHE leag oné allkIbotkliliadarth nidtabelombEle,
Me6-di quat-5 dichl oride, Me6-di t-5 difluaride, 6- di quat - i i odi de,
Me6- di quat - 5 diaf'n(f] g% Qreetngsaect (ayate. wy ophpne Y%gﬁ‘bﬁﬁf’ cg °g?tﬂ?at“r ate,
Me6- di quat -5 hyfé fivhest dknit g?, thiebxidlieCattng theTylsvAi Hla¢ Ritior | de,
,,,l\/EG-l i quat -5 hydr oxi ae fluori ? 17&%G-di %uat -5 hydroxi de iodi de,

ve61fi quat -5 h Kyl inf prefergply 10 to 10000, more preferably from 10 to 55;
B 0 Hy0:Y =1 to 10000, preferably 1 to 5000, more preferably from 5 to 35;

OH:Y without trivalent element source correction = 0.001 to 0.59, and/or OH:Y

" (with trivalent element source correction) = 0,001 to 0.39
M"Y = 0.001 to 2, preferably from 0.1to 1;
15 R:Y =0.001 to 2, preferably from 0.1 to 1;
wherein M is an alkali metal and R is at least one NNNN’ N’ N’ -
hexamethyl-1,5-pentanediaminium salt (Mes-diquat-5 salt(s)), preferably R is
selected from the group consisting of Meg-diquat-5 dibromide, Meg-diquat-5
dichloride, Meg-diquat-5 difluoride, Me¢-diquat-5 diiodide, Mes-diquat-5
20 dihydroxide, Meg-diquat-5 sulfate, Mes-diquat-5 dinitrate, Meg-diquat-5
hydroxide bromide, Mes-diquat-5 hydroxide chloride, Mes-diquat-5 hydroxide
fluoride, Mes-diquat-5 hydroxide iodide, Meg-diquat-5 hydroxide nitrate, Meg-
diquat-5 fluoride bromide, Mes-diquat-5 fluoride chloride, Meg-diquat-5 fluoride
iodide, Mes-diquat-5 fluoride nitrate, Mes-diquat-5 chloride bromide, Mes-diquat-
25 ' 5 chloride iodide, Mes-diquat-5 chloride nitrate, Meg-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, Meés-diquat-5
dichloride, Mes-diquat-5 difluoride, Mes-diquat-5 diiodide, Mes-diquat-5
dihydroxide, Mes-diquat-5 sulfate, Mes-diquat-5 dinitrate, and any mixtures
30 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




20 diquat-5 fluoride brom de, Me6-diquat-5 fluoride chloride, M6-diquat-5
fluoride iodide, Me6-diquat-5 fluoride nitrate, Me6-diquat-5 chloride

brom de, Me6-di quat5 chloride iodide, Me6-diquat-5 chloride nitrate,

Me6- di quateh 1.6l brom de, Me6-diquat-5 brom de nitr any m xtures
t her eof tr?o‘?ééogﬁésg%r ably Ris selectgd-fromthe group P%ﬁ??@?}laﬁﬁg%f

Me6-di quat -5 di brorni de, Me6-diquat-5 25 dichloride, M6-diquat-5

di fl uori de, M:Godipgsmt tEmptiratareiitlahe Mage of dioai 160°dith 200K ipdeferably Ofth quat - 5

1L\ quat S8, B A ol oL NP 53 Bl . BB AR
vm't t hout t t Ir : val ?I_Gilrsebﬁfm‘tﬂd_ ty $otn ﬂﬁu?(bl’té 200 ih@ﬁr;g, ag{ﬁénéllab sgsbmngtsbg% ﬂ}ﬁegi xtur g
a crysta Il zaltl On nair.x i . or 0 C (0] rlsing e esire

EM\ 10- P nol echm%“g?‘BWé),maﬂ@%ﬁ#’ P"I‘?glr%’@ 309 ?@q%ﬂ’ conditions conprise a
t enp@rat ur e ARothBemstaetDsE dkidra@ BMINO0-P BioR0RG si&%%gﬁgﬁﬂiﬁg’thg @t@ga gbout 140 to

about 180C, and a crystallization tinme from about our to 400 hours,
preferably fromabout 1 to 200 hours, tionally a_.stirring speed in the
Pinge of . {Ebim GrTGib AT BT SRR ot Bfeguts Sigh eppte lmaien

2008/ 088659 PCT/eldnf¥) 08 dafone ddtmeeldtant EMVoAOatkanbd AlkIJaAR Hedil cBinMe as
disclosed in U S Pat e(?t A\pplication No. 11/824742 is EMM 10. An EMMW 10

mol ecul ar si ev & east gnediecting-geep erdngroptionally at least presoyresehtlpasex changed

formor in itsof@irvhRackidnRniTX)CREBlikificHavidp tHe HB1RIWiSg Mol raMY¥V t opol ogy,
the crystalline nolecular sieve i s characterized by diffraction streaking

frofthe 5 uni t¥'¥&T [0 toripknitye pasfrrabily, 19 19 0000 mogzprefstrbly from about 368 35 onal
enbodi nents, t pgoEMV ko Poow! REftaBly 1St 3¥60, TRYe SrdfetdbF DM Fasact eri zed by
-the arced hkO patterns of. elect r.,o-r{di ffract i%_fr)l Sat tgrer n. -~ In further
addi ti onal enb&H Yewitkout drivalqal/Rlementrioprse wpmection /@6 g 072 andver ObEY
characterized Qynthgidip I %?h% | | ign. 10l n yet
further additional errbolézjl{;lzr'rlla‘(:\iﬁts“lgﬁce;tS e %%Q%F&%Rr?fﬁéﬁg\?g may further be
characteri zed M/:¥ #16.08bth2, ereferably ot 0.htoohg ¢ di recti on. In yet nore
enbogdi nents, tha-E Qc\H | j.s a crystalline MCM 22 fam |y
nol gjgul ar si evg' aslyMg}?oo@F surl?g[ggl(grg)ai’of greater than 450 nR/g as
measur ed by t hehd2inBHT igved haticli el and R @ lai dastVedd RINMNNT| I ’my ecul ar
sieve has a ratio of the external 15 surface area over the total surface

area of |ess thxamethylsl.apentrncdyminng; sl (Melignat-gr saltf)). awefpeahlyeRuist h
amoni um ni tr afefecRRdrsal ké r@sdpoeol\??siﬁg%%k weﬁttﬁq&ﬁ e(gli&%hﬁ&éﬂ rmeﬁqﬁ.%a IS

determ ned froma t-plot of the et sone addrti onal

enbodi nent s, - t $iehlenda 1 Merlietd adiflipdde Mss-diguat5 a difodighol Meydiadat-fabul ar
habyg , wherei ngigdarbGast mE. 4491 stuﬂgte,ENMeal-giggBlbsic uzurag%:\/lq\)fgs-d}(?lﬂt-gg 20 a

crystal dianeter g(eat’er than 1 pm as neasur
hydroxide bromide, Mes-diquat-5 hydroxide chloride, Mes-diquat-5 hydroxide

fluoride, Mes-diquat-5 hydroxide iodide, Meg-diquat-5 hydroxide nitrate, Mes-

diquat-5 fluoride bromide, Meg-diquat-5 fluoride chloride, Mes-diquat-5 fluoride
iodide, Mes-diquat-5 fluoride nitrate, Mes-diquat-5 chloride bromide, Mes-diquat-
25 5 chloride iodide, Mes-diquat-5 chloride nitrate, Mes-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, Meg-diquat-5
dichloride, Mes-diquat-5 difluoride, Mes-diquat-5 diiodide, Mes-diquat-5
dihydroxide, Mes-diquat-5 sulfate, Mes-diquat-5 dinitrate, and any mixtures
30 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




~-at l-east one dirécting-a

In sonme aspect, the EMW 10 nol ecul ar si eve has a norphol ogy of tabul ar
habit, wherein at | east 50 wt % of the EMVM 10 nol ecul ar sieve having a
crystal thickness of about 0.025 gm as neasured by the SEM An
EMM 10 nol e&él ar sjieve may be nmade by recovering an EMM P-10 nol ecul ar 25

si eve fol I'SREWMFT™ eating the recovaied EM 10-P nol FEIEROIIE by: (1)
| on- exchangi ng t he EMVt 10- P nol ecul ar sieve with an ammnl um sal t (s)

sol gt i on; (2) mlrs; mgg%%g@n%agsﬁozmgllmggBSSu@h Ls psad @l t a:]i on
condi ti ons; on- exchangi ng the

EMM 10- P ol ecdlaﬁﬁ?e %'é’% gﬁgﬁﬁ&aﬁﬁgﬁ L §§’ é‘BMJtIOI’l ang cgl ci ni ng
t he i on- exchangatiedMeidd Bf AakiBE bt Emwwspanaeaﬁrsﬁaé Sdrylsin@ bR ioRi ons.
The EMW 10 fam |y nol ecul ar sieve as disclosed in U S. Patent Application

No. 5 11/827953 is.a crystalline MCM 22 fam | cular si eve having, in
its as-synthesi®' ‘é‘ﬂd’fl%rar#“"gﬁeﬁmf“ﬁ?s"&ﬁ % f"&ﬁt‘?“ﬁ °B'§Ft°$r"’ﬁ ?aﬁfc?‘l?dfeﬁ'@"azmbeak at
d- spaci ng nexi mm@i(ﬂ;zaﬁ&at&%s&ﬂﬁé:bmnast@edlksﬁbﬁﬂwﬁ&ahhﬁm%&e@& a

d- spaci ng maxi rm[n bet\/\ﬁen 12 57 about 14.17 A%stroms and a non-di screte

peak at a d- spdtiHY rwajergandpptionaly g lcast g souraesf & lpest he peak
intensity of thfe@divaRard] fﬂé%&ﬁ}é’l_ﬁ%ﬁg%féﬁo&lﬁg%w}aﬁ‘l 17 10
Angstrons is less than 90% o f he peak intensity of d- spaci ng nmaxi mum

at 12.330.23 Aﬁ@&réﬁﬁomﬁmty,mefpwmﬁsm msreferqbér@wlwﬁ%m ly

mol ecul ar si evgy,@sy diisg SRkl L&o§15ga§5ent Application No. 11/827953 nmay
be nmade by a method co r|5|n ? he steps (a) providing a m xture

comgPi sing at |QFRS =881 ol 1Y§Dml(bfhlsipoeﬁ;|e tetraval ent 15el enent (Y),
at | east one swvge(p(jma‘szrﬁ@t?{s?@%n@blf% .or alkali earth netal el enment,

- dand optionally at |east one source
of -at | east on@xYlednﬂ,mbfelabhtﬁO@@ltahe m xture having the follow ng
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hexamethyl-1,5-pentanediaminium sait (Mes-dlquat-S salt(s)), preferably R is
15 selected from the group consisting of Meg-diquat-5 dibromide, Meg-diquat-5
dichloride, Mes-diquat-5 difluoride, Meg-diquat-5 diiodide, Mes-diquat-5
dihydroxide, Mes-diquat-5 sulfate, Mes-diquat-5 dinitrate, Meg-diquat-5
hydroxide bromide, Mes-diquat-5 hydroxide chloride, Meg-diquat-5 hydroxide
... .. fluoride, Mes-diquat-5 hydroxide iodide, Mes-diquat-5 hydroxide nitrate, Mes-
20 diquat-5 fluoride bromide, Meg-diquat-5 fluoride chloride, Meg-diquat-5 fluoride
iodide, Meg-diquat-5 fluoride nitrate, Meg-diquat-5 chloride bromide, Meg-diquat-
5 chloride iodide, Mes-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
25 dichloride, Mes-diquat-5 difluoride, Mes-diquat-5 diiodide, Meg-diquat-5
dihydroxide, Mes-diquat-5 sulfate, Mes-diquat-5 dinitrate, and any mixtures
thereof, most preferably R is Mes-diquat-5 dibromide, wherein the OHY is

calculated with or without trivalent element source correction; and
(b)  submitting the mixture at crystallization conditions to form a product comprising
30 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 I 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.

TN



Of:Y (with trivalent elenent source correction) = 0.001 to 0.39 M Y=0.001
to 2 RY=0.001 to 2 wherein Mis an alkali nmetal and Ris at |east one
N, N, N, N N N - hexanmet hyl - 25 1, 5- pent anedi am ni um sal t(s),

N, N, N, N N t hyl-1, 6- hexanedi am nium salt(s), | nation

t her eof ‘E‘P E}ﬁ%ﬁ% 011- Y I s cal culaped; and (b) subr‘ﬁ%flfs%mﬁ%ggm xture at
crystallization conditions to forma product conprising the desired

crystal |l i ne (Tihk EMMAI0 ﬁinﬁlyemohhﬂmeéiwaésediﬂﬂqssda?d U ataitemn Applichitioh ®fss 30

corrprl S er. n f f.rom 100C to 25 a sti rang speed
g H FERR T D, o R PR el e T A Dl g ccule sive. i

cryst al lamtadnined ekchibgdd Cormaboid itd caleined tfornd Ofdnii@iding ; una?ebllécx)atﬂ SCWWEri ng t he

crystall nol.ecul ar. ev WD 2008/ 088659 2007/ 088395 14 - In yet

ot her *crbDTE R YRR e S 1y ATt ST SBgern sugce Bemdhs o

Pat et ApRlcEICatdngtmdiR in thd c3&éQod. may be nmade by a nmethod conprising the

steps of (a) providing a m xture conpri sing at | east one source of at | east

one tetravalent .. . el ement ( st, one source of at_ |east one
alkali o al B sdditigpsly eHE’PQ’P“’BﬁSﬁbﬁtﬁ%ﬁbl moleulg Sieke, BAY, fothsgebt (R,
wat er, ehétadgized bpite)rat hk@paienBdE clasittnChifftticatpattg@ast one trival ent el ement
(X), the mxture having the following nolar ratio: Y:X2=10 to infinity

In further additional embodiments, the EMM-10 molecular sieve may further be

characterized by the unit cells streaking along ¢ direction.

-10 In yet further additional embodiments, the EMM-10 molecular sieve may further be
“ characterized by the double unit cell along ¢ direction.

In yet more embodiments, the EMM-10 molecular sieve is a crystalline MCM-22

family molecular sieve has a total surface area of greater than 450 m®/g as measured by the

Nz BET method. The crystalline MCM-22 family molecular sieve has a ratio of the external

15  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 some additional embodiments, the EMM-10 molecular sieve may have a
morphology of tabular habit, wherein at least 50 wt% of the EMM-10 molecular sieve having

20 acrystal diameter greater than 1 um as measured by the SEM.

In some aspect, the EMM-10 molecular sieve has a morphology of tabular habit,
wherein at least 50 wt% of the EMM-10 molecular 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
25  sieve followed by treating the recovered EMM-10-P molecular sieve by:

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

solution;
(2) calcining the EMM-10-P molecular sieve under calcination conditions; or




H20: Y=1 to 10000 01-1-:Y without trivalent el enent source
correction 0.74 to 2 and/or Of :Y with 10trival ent el ement source
correction 0.64 to 2 0.001 to 2 RY=0.001to 2 wherein Mis an al kal i
metal and i east one N,N,N,N N N -hexamet hyl-1 ent aned| am ni um
salt(s), N&{IZ@S@SR#N' hexamet hy1-1, 6-jgexanedi ami ni um fﬁ&ﬁsﬁ g’)’ Br any
conbi nati on thereof, wherein the G:F Y is calculated without trival ent

el ement sour ¢3) coloherthaaging ahel EMN-194D fioldeilag sietie withXdnUs@mahium salt(s)
crystallizatiaqn.conditi nstoforma ISI the desir d

Cyotal i oo e etk g oidacbingd EriETRP . Solt e

conprise a teﬂﬁﬁmﬂin%mmd;hst he range of from 100 Cto 200C a sti rr| ng speed
of 20rangi ng rom at ast 150 RPMto | ess. thap 5000 RPM and a

crystal | i zat | dpejeqular Wﬁ@t@%@a Holrs; P%HA@eycaPe%alper. ng the

cryssal I1I1;sg7933h§5 ulb%uﬁb SMEM-22 family MolBillarQidve ha Q&itﬁ%yﬁtheﬁlfb% oyt 10

famly nol ecul ar_sieve as disclosed in U S Patent Application No

11/ 827938 ¥ugy shifieine pytean daelndee copprl 8 sopesies s of 4833592bvi di ng a
m xt ur eA%ggﬂiHnasS b NstRbuilRBRpeAl & 8 AtpidindfnaRiin Pﬁ&&eém?z fﬂor @dﬁﬁ! ej7 el ement

(Y), | €éast one source of at |east one alkali or alkali earth netal

el errent Anaﬁﬁqn@a@si agma-difcrasepeaki gt agenecifeRpaxinmmeetveend. Hist 1 lodaestipmst | east
one SOULAEre éaﬁaﬁlftengﬂﬁf? é’%' ?&?%eln’ﬁﬂﬁﬁh (Bweeh 2. 57 %6 Whbut"B¥ {9 the

foIIovmngrmar atlo nit
10 Angstroms is less than 90% of the peak intensity of the d-spacing maximum at 12.3340.23

Angstroms,

In some 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:

(@) providing a mixture comprising at least one source of at least one tetravalent
15 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 ¢lement (X), the mixture having the following molar ratio:

Y X, = 10 to infinity
CHOY = 1to 10000
20 I OH":Y without trivalent element source correction = 0.001 to 0.59, and/or
OH":Y (with trivalent element source correction) = 0.001 to 0.39
M"Y = 0.001 to 2
RY = 0.001t02
wherein M is an alkali metal and R is at least one N,N,N,N’N’N’-hexamethyl-
25 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
30 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
(c)  recovering the crystalline miolecular sicve.




30H20: Y=5 to 35 Ot:Y=0.001 to 2 :Y=0.001 to 2 RY=0.001to 2 WO

2008/ 088659PCT/ 1 1 S2007/ 088395 - 15 - wherein Mis an alkali nmetal and Ris
at least one NN, N, N N N -hexanet hyl-1, 5- pentanedi am nium salt(s),

N, NN N N._N.- t hyl- 1, 6- hexanedi am nium salt(s), Qr j_nation

t her eof \R/ﬁé?@?ﬁ&?%e OT:Y is calculgged with or wt h%&?ﬂ:{gﬁo\/ﬁ%ﬂﬁt el enent
source correction; and 5(b)submtting the m xture at crystallization

condi tions t @n §érothen eiboditeiits,ccherEMMI 10daimite nidulae siewr assdistldsedin USl ecul ar

si eve, erein.the cr | zatiqn canditions .conpri.se,a tenperature in the
e, oft denbhpitsaeon Nt JoRerssh it rfad ok p othog COPRIRTE e PPBIar | oast 150
RPM to | ess than 5000 RPM and a crystallization tinme fromabout 1 hour to
400 hour s; (apand ptd(idihg @ orintene icomptidinge &t daast ank lsouree ofizk astloas tetraialent In
yet ot her enbodj nen the EMM 10 fam nol | ar . si.eve as, di.scl osed in
(55 “Pat ent  Ap STPER (1ot st oy seumon St ok S Skl & iGh 2i BRsleIdBemt, i ng
the steps of (ajlepstoud dirsdfingadenX(R)) watErO 8 dptibtidlyat lchst and sourte of aleze of at

| east one tetraval enf el emenhag , .at Ieastlﬂ?qrie source, of at |east one

alkali or al kalo"e BYAlent slempen ture bpxing the fallawying molag ratige ¢ j ng- agent (R),

water, at |easty:wpe seed, and omjfo@mfalilyy at | east one source of at |east
one trivalent element (X), the mxture having the follow ng nolar ratio:
Y: X2=10 to infithPY H20: Y=T to 1®0®8°G00w=0.001 to 2 :Y=0.001 to 2

OH;Y without trivalent element source correction = (.74 to 2 and/or OH:Y with

107 trivalent element source correction = 0.64 io 2
RY = 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
15 salt(s), or any combination thereof, wherein the OH:Y is calculated without
trivalent element source correction; 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, a stirring speed of
N 20 _ .. 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 faniily molecular sieve as disclosed in U.S,
Patent Application No. 11/827953 may be made by a method comprising the steps of:

25 (a) providing 2 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
30 H0:Y = 510 35

OHY = 0.001 to 2

M"Y = 0.001 to 2

RY = 0.001t0 2




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

N, N, N, N N N - hexanet hyl- 1, 6- hexanedi am nium 25 salt(s), or any conbination
t her eof W{gr@i n t;;e 011-:Y is calculated with or w thﬁu}u trival ent el enent
source cort@d P’gﬁf wherein the seed _has a concentrat i S VOPHPt ure
ranging fromabout 0.01 to 10 wt % based on the wei ght of the tetraval ent

el ement oxi de iwhetd®Mnisxh alkeli mettlafdR issdy Dsabttone INON, NI NTNX-henatethlyl-1,5-

crystallization conditi.ons to farm , conprisi 30 t.he desired
crystalline rmlpﬁ%tﬁﬁlegl‘angﬁl’@%, SW‘@I’ ei ﬁ’lﬁﬁg\g%sﬁﬁf’%&%ﬂg‘ﬁf’% TUOEES
conprise a tenpgEy, Wi ek conibthation @ersdf, Whedinl@e ©MoY 30Qkiculaed with or

crystallization tinme from gpnout 1 hour to 400 hours; and (0) recovering the
crystal | i ne nolMdtgptiivalentglementsoyrce ciraqtions 8A%odi nents, the EMMV10 family

nol egul ar () evguiasitttigSthé BFAGreial ciystallizatlOR SRNB6IAASE GRS Jrbddce 2687AGRB 395
Patent Application No. 11/827953 may be nmade by a met hod conprising the
steps of : (a) pcodesired Freptathine: mplscHynsieyesiwhyrei thee grystallimtion oepndisiop at

| east one non- id.lﬂgh&, I Tig=Yane ’ b t,-n%?}e e of
germani um ( Ge) ?G%Pi%l%east glﬁg@%iﬁrtggﬁn%-gagentmpg Toaév\%)t(g’?a,sg an ?op%?fgﬁal ly at
| east one sour smgbi feam pllgast 1FhRPKE tpilesa than 15000 aend Kyrystaliization|timest one

source of at | 4 | i earth netal elenent, the m xture
havi ng the fol ?‘g%ar?gﬂﬁlo (:#?Jr 6(1}9%{8?1%’(@+Y):X2=10 toinfinity H20: Y=1 to 10000

Mt: Y80 t 0 (@ 10Rcyw@ing@lie drystdlline 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 aikali or alkali earth metal element,

15 at least one directing-agent (R), water, at least one seed, 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
- HOY = 1 to 10000

20 OH:Y = 0.001 to 2
M"Y = 0001to2
RY = 0.001 102

wherein M is an alkali metal and R is at least one N,N,N,N’N’N’-hexamethyl-1,5-
pentancdiaminium  salt(s), N,N,N,N’N’N’-hexamethyl-1,6-hexanediaminium
25 salt(s), or any combination thercof, wherein the OHY is calculated with or
without trivalent element source correction, whereiz} the seed has a concentration
in the mixture Tanging 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
30 the desired crystalline mblecular sicve, wherein the crystallization conditions
comptise a temperature in the range of from 100°C to 200°C, 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.




wherein Mis an alkali nmetal and R conprises at |east one NN NN NN -
hexanmet hyl- 1, 5- pent anediam niumsalt(s), N, N,N,N N N - hexanet hyl-1, 6-
hexanedi am nium salt(s), or any conbination thereof; and (b) submtting the
m xture a Ll zation conditions to forma produ | Sing 15t he
desired cry@%%?'f"?nge nol ecul ar sieve,-igherein the crystq’ F&%g&wo%hﬂcondi tions
conprise a tenperature in the range of from 100C to 200C, and a

cryst al [Pateat ApplichtioneNd. 10/82 2056 whaybelmaude by @ nikfiod lkomprisingthd stepyoft ecovering t he

crystalline nDIecuIar Si eve. As used herein, an "alkylatable
aromat i C " 2 i QIRg t r and an
"al kyl ati n@ &dlhg a conpoﬁlﬂgsl%\ggﬂﬁmgne glgl%gtggatﬁ%sg at{OEéF he term

"wppnt  as used téteavelent elsmdﬂf(YI),eat hastpmbtwuquerofrgetﬂmmmnt(ﬁemtgbast one Al l
wei ghts of nol r V, of bi.nder nd vve tal yst
conposi ti on, agﬁgcs@ %en% @p’SV\%I §c naun g % lea nﬁesa Zaa? gﬂf‘c (at 510C
in abr for at |udeaddnt elemeiit(IKI))md aTZEﬂ'dﬂené arume"cﬁ‘ranllmstlcﬁié aﬂ&huﬁe&ahemﬁi nisto

be understood in,accordance its r.ec d scope which includes
al kyl - subst i t ut®% ]Cﬁal E’ﬁﬁ‘g‘#f‘f[}? Fhf’r{%u mggﬁ??‘i‘ﬂcl ear conpounds.
Conpounds of agGeryymati c character, nfipssess a heteroatom are also

useful provi deghé f| cient activi ty cag &@ achieved if they act as catal yst
poi sons under eaction condTti odd®d8W®cted. A non-excl usive list of

exanpl es of areqeyi c conpounds 30 i gahgdes benzene and tol uene. WO
2008/ 088659PCT/ L52007/ 088395 - 17 - Cat al inSt The catal yst conposition of
t hi $0di sclosurg%onprlses (a) a Vet ly material, such as a

crystal l'i ne MOndRin"® @C bk Alkakil AYSI @ﬁ@k%o%:r%@’*a??ea@i%&cwﬁ’Nﬁ*W and (b)

a bi nder corrprlsmgéatltanlumcorrpou eralge fromabout 1 wt.%
to about 35 wt hexemethykbd-rertanadiamiginght wit(s)he NANNNNCchmposhyl bér.

- hexanediaminium salt(s), or any combination thereof: and
(b)  submitting the mixture at crystallization conditions to form a product comprising
15 the desired crystalline molecular sieve, wherein the crystallization conditions
comprisc a temperature in the range of from 100°C to 200°C, and a crystallization
time from about 1 hour to 400 hours; and
(¢)  recovering the crystalline molecular sieve.
As used herein, an “alkylatable aromatic compound” is a compound that may receive

20  analkyl group and an “alkylating agent” is a compound which may donate 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
uscful 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.




It wll be understood by a person skilled in the art that the MCM 22 famly
material nmay contain inpurities, such as anorphous nmaterials; unit cells
havi ng non- MAW f ramewor k t opol ogies (e.g., M, MIW,; and/or other
inmpurities {)e‘.ﬁﬁ.“ heavy netal s and/or organic hydrocarbons). The MCM 22
famly matePrPYPE86Y this disclosure are preferably 10 BTSN y free of
non- MCM 22 famly material (s). The term"substantially free of nonMCM 22
fam |y nwdgydgtal (s)" used herein neans the MCM 22 fam |y material of this

di scl osure preferably contains a mnor proportion (less than 50 w.%,

preferably |l ess than 20 w.% re. preferably | ess . % .even nore
D of or abl 3 | A2 AR o&mppiaof HR fisBbSis Espiites (F E MRl sl of
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FERys 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:

30 (0.005-1)M,0:(1-4)R:X,03nYO;




20 MOR, SOD, ANA, and/or MEI. The product of the synthesis may conprises
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Groups 2-12 of the Periodic Table of the Elements.

30 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




(USY), Deabuniniaed Y (Deal Y), nordenite, 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 i s descri bed in WD 2008/ 088659PCl M52007/ 088395 U. S. Patent No.
3,972, 983 s)oéﬂgﬂlbeta is described in U S. Patent Nos, 3,308 069, and Re.
No. 28, 34™ lum U trastable Yol ecul ar sieve (Plﬁ‘gﬂsz?"g’”@é%scrl bed in
U. S. Patent Nos. 3,293,192 and 3, 449,070. Dealum nized Y zeolite (Deal Y)
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may be utilized to steamstabilize the catalyst. Reference is nade to these
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use with the present catalysts eam s Iza con |ons 25
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pressurtgp? 8? g?efg[ ?ﬁfu?éﬂwe%%&eﬁnw Pﬁén%ff’ﬁ‘i’%?‘mng g&@ Sﬁp‘ﬁcepunder
conzi ti mdﬁnénftd ﬂie&:ﬁﬁalyts&oﬁﬁ;oslmd fuethtr\cotpEis A Radt 5otk BhamyRbaler @évet he

catalyst, .the sig |f|ca f which i s discussed bel ow,  and produce a
st eamed?AVHER @Aﬁ WQHE@WW‘@&&E%SF‘EF%‘YMI"P“@%%‘F%d st eani ng may

be continued to subsequently reduce the Al pha Value fromthe higher Al pha
Val ue to an Shilemddinthepordtinelacilsr siavbshavitgl AConstrhiiCindenss 282 ahdcileaha Val ue

of the utdg I?a%eql?glocg E)i% %ISSS mch\{g) z&&% %§§/I6? %—%%,3%5/298 I\?J)I?ZSS, ZSM-
35, and ZSM-48. ZSM-5 is described in detail in U.S. Patent Nos. 3,702,886 and Re. 29,948.

25 Z8M-11 is described in detail in U.S. Patent No. 3,709,979. ZSM-12 is described in U.S,
Patent No. 3,832,449. 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.

30 Suitable large pore molecular sicves 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




The al pha value test is a neasure of the cracking activity of a catal yst
and is described in U S Patent No. 3,354,078 and in the Journal of
Cat al ysis Vol . 4, p. 527 (1965); Vol. 6, p. 278 (1966); and Vol. 61, p. 395

(1980), £ orat ed herein by reference as to t tion. The
experi nment a{; dé’glﬁ lons of the test -used herein incl u%@‘fﬁi@?{@# r?t 5
t enper at ure of 538C and a variable flowrate as described in detail in the
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t he wei gbmwﬁétn&eca&taleﬁ@ﬁangwmomvpﬁs described ) LISt PAédi o, eRHRERNENT S,
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MCM 56. ~The cat al yst prepared by the Instant invention cpan be aped into a
wi dé0v atricerpgragd heegin byoeterasiczes. General | y speaking, the particles can be in
the formof a powder, a granule, or a nolded product, such as an extrudate.
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for the steam stabilization of zeolite catalysts which may be utilized to steam-stabilize the

catalyst. Reference is made to these patents for a detailed description of the steam
stabilization technique for use with the present catalysts. The steam stabilization conditions
25  typically include contacting the catalyst with, e.g., 5-100% steam at a temperature of at least
about 300° C (e.g., 300°-650°C) for at least onc hour (e.g., 1-200 hours) at a pressure of 101-
2,500 kPa-a (kilopascal-absolute). In a more particular embodiment, the catalyst may be
made to undergo steaming with 75-100% steam at 315°-500°C and atmospheric pressure for
2-25 hours. The steaming of the catalyst may take place under conditions sufficient to
30 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 Aipha Value of the unsteamed catalyst.




enbodi nment, the catal yst conposition has a shape of quadrul obe. In one
enbodi nent, the catal yst conposition used has at | east 60 w.% of the

MCM 22 fami |y material based on the weight of the catalyst corrposition
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30 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

prefetred embodiment, the forming step comprises extruding. In another preferred
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The advantage of the catalyst composition disclosed in this disclosure is the high
activity for alkylation reaction. The manufacturing process of the catalyst composition is
simple. Use of the smaller particle, spherical-shaped titania solids also aids in the forming

20  process used to produce extrudates. In some embodiments, the catalyst composition may
further comprise a material resistant to the temperatures and other conditions employed in
organic conversion processes. Such materials include clays, silica and/or metal oxides such as
alumina. The latter may be either naturally occurring or in the form of gelatinous precipitates
or gels including mixtures of silica and metal oxides. These materials may be incorporated

25  into naturally occurring clays, e.g., bentonite and kaolin, to improve the crush strength of the
catalyst under commercial operating conditions. The materials, i.e. clays, oxides, etc.,
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.

30 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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25  Alkylation Reactions

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

30  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 ethylene, and the alkylated aromatic product comprises
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30 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,




8 polyal kyl ated aromatic conmpound is supplied to a transal kyl ati on reactor
whi ch may be separate fromthe al kylation reactor. The transal kyl ati on
react or produces an effluent which contains additional nonoal kyl at ed

product b ' t he pol yal kyl at ed species with an _al kylatable aromatic
corrpound.xx{)g@@g@?ga portion of thesegeffluents may bé’q@%%(fﬂa’f’@as’sto 5
recover the al kylated aromati c conpound (nonoal kyl ated aromati c conpound
and/ or pehtaddckitdiadnedetaranpbiien atioate isublained as a highebollingfadfiorCiarnetiéh ags f or

carrying,out the al kylation of benzene. wth ethylene at ]east partially in
li quid %H%Z§°H%§“4‘ELW%‘° et"é%a&“é'flﬁlﬁ‘és‘@rw%%fﬁegfﬂaﬁﬂm %Wa@%a- pref er abl y,
a tenperature of fromabout 150 to 260C, a pressure of 689 to 4601 kPa-a,
preferably, ahdélkynteseactionfs b duowdth #ié dliRdetsble aoMbiRMconapesd & thet al

et hyl enejyand total .catalyst for overal eactor of 0 .1 to 10 . hfl

pr ef eral?’ky?a g 2898 lﬂa‘h‘? Iryacﬁ‘ﬂ"r é"‘ﬁr'é‘%g’f Q%P’(?t,“"b.o%tr?%sag‘yﬁfm} %?dQEOW based on

bot h5t otalkylatibiyt €a8alkylstidacsdnditions iadlodd DietperambaadVIOD td 285°0\8d abpless@aict or  of
50 hi mpl ar ratio of benzene to

10 to 10 .- preferab 20 to t. an

et hyl en89169%ﬁ? ﬁﬁ%[ﬂg aIa’tRfetlﬁéam 2IRISSPE i]égpéﬁ’%egqﬂ? tPohVHRY kashd 91 ng out
the at -hRgBtingagdnt g yalkdhe) foil wveral Ra@s@r aF ) Bt10G7! OfrefbRbRED268€ Mt h
propylene may _include a tepperature of from about 80 to 160C, a pressure of

about 681 BrefaRhly, Oton! pa-052 WHSVebased gn peibralisiating agers and alkyintbla d
pressur ﬁroﬁ‘fati@ﬂ#tov&@ﬁ%écﬂ)rgﬁol@ #%PR0%h " ap iR aned U h 9RY Ee from

about 0.1 about 10 hfl, and a nolar ratio of benzene to ethyl éne Trom about

1 t 60 abaigmatieycomppapd is dlleylatpdcyith themtkdating @gent (ot ualkenchinrthepresence gfer d bed,
it is ng;'yipl ' &qﬁﬁ?ggjr [ ' WelTY! ﬂ??&i i+d 0ns. The
7 guard bed \téflvlﬁ‘(lhfI pre ere{%ﬁl%%lfgfﬁ?rgt%gﬁtzghn%%%a lt'lj%ghg? ro%l%gﬂo%g'tﬁiem to

. 285C; - prea¢tiongaong(s) aretpeefprablatlosatedoh 4 siogle atpotor veHdl, but @aY Gichule pnetbsur e of
689 to ! = . A - 7 -a VWHSV
based o%g%g)otng% ﬁ%%@%ﬁéﬁgﬂgﬂ%%%w égﬁtﬁ)ﬁ%@y%t& %g’aliogﬂtédéﬁ SF%arI? ﬂf’ Hsssglver al |
r eact or which Gnay eoa bpphesable pndivbichrhay, opéraie 402 Peabfive, guant bedp Taé eatalybty, 0.5 to -
1 hge1, . . V. b d . hot h .t.ot.al et hyvl.ene and total 25 benzene, and
t hei§ ot %q%pé’n%lﬁgr?tﬁsegfﬁég a é}g’{% gpand qeﬂén%&éer éh?re?teg%‘?éﬁe @?al)lsg COPPAEHPY |
pr ef er aimey jn @6 rtaoticDzdnie. Thearathlyat covhpsitiorused io thehrenzien gudrd bed iyy gae from
about 1 t bo 0. The tragnsal kyl ati gn reacti.on t ake pl ace under at
foast  pabiel Pyt cimmnnighe, AL kst s e eoncapt oLl o FraPHRORES o1
carryi ng mafhtaine@ vatierl @agitiopa effectivt Yo i daudel Alky15toRNGHS thet dIRNRMIK Ykothden Of

pol yet hyl benzene(s) or 30

| yal kyl at ed. aromat i d(; _ .
Dol 1 oy B e (TR R SR gyl e AU b dmataoBion f 1 om

‘aboxg 1&&igse about 300C, ‘a pressure of 696 to 4137 kPa-a, a WHSV based on
the wei ght of the polyal kyl ated aronmati c conpound(s) feed to the al kylation

588;; IoggGé(g) %ﬁhﬂ%ﬁ g%g‘%@gér? zc;[ng ogl?lg#;[es %%eshllreld alk\éf\gted aromatic product,
unreacted alkylatable aromatic compound, any unreacted alkylating agent (e.g., alkene,
alkene conversion is expected to be at least 90 mol.%, preferably, about 98-99.9999 mol.%)
and the alkane component and the other impurities. In one embodiment, at least a portion of

25  the effluent is fed to another reaction zone where an alkylating agent is added for reaction
with the unreacted alkylatable aromatic compound with an alkylation or transalkylation
catalyst. Furthermore, at least a portion the effluent from any of the reaction zone(s) may be
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.%,

30  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.




and a nolar ratio of benzene to pol yal kyl ated aromatic conpound(s) of from
1:1 to 30:1, preferably, 1:1 to 10:1, nore preferably, 1:1 to 5:1. I n
anot her enbodi nent, the transal kyl ation reaction nay take place under vapor
phase con artlcul ar conditions for carrying qQut the vapor phase
transal kqug{)lz‘g"%’%%ﬂﬁ % pol yal kyl at ed amgmatic corrpound(%cmléz'g"ms

pol yet hyl benzene(s) or pol yi sopropyl benzene(s), with benzene nmay include a
tenperature Gf addiviohabowuhd Iplirdam b otié réddxtion z@n@[&sb‘yl{)&sﬂ:ﬂe G%nt;eo 01601
kPa-a, a WHSV base t he wei.gh f the poI al k | at ed aro c. conmpound( s)
feed to Uflfﬁgct}vga@{artghe e Wm’?ltg'of’ﬁ 2‘19853{‘) Eﬁate26° lefign ap) v,

f r om abaedctot. smagaﬁm bekiOmby also aaqt)aaemtaranramylmmﬁforbaﬁa tfbﬂ cﬁalymal kyl at ed
aromatic ¢ ?é of lef%ml 1 to 5: 1, 10preferahly 1 1to 3:1,
Industrl"%hl% Sihe pgpRor different fiom sfaat%tls%ﬁﬂwam%zw@ rﬁvghaeag@ osure

i s ugef ped iOhaiidiicd ERHPAHYC AR ThRtitidHs 060 §a&b1efa«nty1af6arap kBnsalkGRASHE

al kyl ation with ethyl ene or rop lene. 1n sone enbodi nents, the catal yst

conposi cPuhtioNs. Akileasty pertion gf & cAgORicerompepnd ja8d @pHonslly ot éﬁﬁﬁtaﬂ) has a
catal yt Eﬁnﬂaﬁ ol a‘ﬂi‘ﬂéﬁn@%g&ﬁ,aﬁé pa!sse@thﬂﬁ?i e %Q}e)(ctﬁrt‘: ok BAsfived
preferably at | east nost preferably | east 2 %h| er than a

cat al yt & By iigptthe ct@aca%a@%ﬁ yidiesec gupsd deds oot mtsy setve teaaffechthsudasired t he
MCM 49 Ry Rlacidi® 86 WaldWbg o ¥embid Badd0f Ehp il HPE Mot UIEH B4 ONS.

In sone ments, this disclosure relates aragr ap al yst
conpBsi tutmafﬂt: @mppmmdmgwh@b(m)ﬂd MDiewd2 Paisonl the mamainderl Qf ﬂmdal(sﬂ)tambomder
corrprl Si h 459 about 35

W . % bas &P{Ia hlg%\%\tgg%th?ﬂg% Hﬂgfﬂdﬁc% ar c@?ggf)%%g%ntvgﬁgr d be\ﬁt lﬁar%raftoaeph 2: The

C at al ys tsubg:mrpnnom |fmguent re@arwegna pind/dr, repbh@mnﬂhaaﬁhel remaimier offthe aikylationd
conprises, at si, Q ani oXi a m_h titani um
25sul f aPe trattsab%( Ry c%ﬁlg pﬁ’a‘{ éem"%glma @%ﬁ% é?’ ?F%’P‘{fg H’Pﬁr"adt'%h 3: The
cat al ysmrmﬁ:trmmhm the afkybition faed3y maybe fag dﬁ‘aﬁl?@di theReridd cbMtbted EsaptidnSdones

“addi %I on c Jﬂ&ﬁ% fam cul ar, sieve, wherein said

crystal I %r g SO °8v SIS Srepetyegpard beganayr  vowm 22,
MCM 36, bé\@&ﬁ&jmwﬁé}t #ﬂ_&&ydd“;ﬁﬂ&(%peﬂaﬁ_@' 30, or any conbination thereof.
WO 2008/ 088659PCT/ US2007/ 088395 Par agraph 4. The cat al yst conposi t [ on of

any precedi Par agr a urther, co a npl ec ar si eve havi
f r amewor k t?%? 8‘?°%§’t‘ Z&”@éét’“&rt%m&fpr AL, o cseippnye 150%‘8‘?*6’ Wstts nat i on
thereofso as to achievPadsg@tialph cbmpitiee caiveRlonSbf GRTRREAd. | Bowdkr, afty fPhRCedi ng
Par agraé)h Whereip sai q)
PP 1cat10ns, it may be desn’able to operate at below 100% alkene conversion. The
20 employment of a separate ﬁmshmg reactor downstream of the reaction zone(s) may be
desirable under certain conditions. The finishing reactor would also contain alkylation or
transalkylation catalyst, which could be the same or different from the catalyst used in other
reaction zones in the alkylation or transalkylation reactor(s) and may be maintained under at
least partiaily liquid phase or alternately vapor phase alkylation or transalkylation conditions.
25  The polyalkylated aromatic compounds in the effluents may be separated for transalkylation
with alkylatable aromatic cotnpound(s). The alkylated aromatic compound is made by
transatkylation between polyalkylated aromatic compounds and the alkylatable aromatic

conmpound.

The alkylation or transalkylation reactor(s) used in the process of the present

30 invention may be highly selective to the desired monoalkylated product, such as
ethylbenzene, but typically produces at icast 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




5MCM 22 fam |y material conprises at |east one of MCM 22, MCM 36, MCM 49,
MCM 56, EMW 10 fam ly nol ecular sieve, ITQ 1, 1TQ 2, and I TQ 30. Paragraph
6: The catal yst conposition of any precedi ng Paragraph having at |east 65

wt . % of sgj WB% famly material based on the weight ' at al yst
conpositi 3&1&2 ar%graph 7: The catalzgst conposition %FT%ﬁ%P%S%di ng

Par agraph having at | east 60 w.% of said crystalline MCM 49 nol ecul ar

si eve baebulkyhtaiheomitih tornfoundiid sumfiad wsta tasplkglatioroteactor whicRamagbaph 8:
The cat al yst. . conpesifi of an recedi.ng .Paragyr aph,, wherei,nh sai d binder
nas | eseRn S8 B8 ally AP sad T SRSliD et et Fredui gt atisacelBn ¢ he
15wei ghtconthins aidditioml ailqmg]kpleﬂ&ﬂ(;ﬁd)ddcﬂb)rr] rE%\E/tmﬁﬁQrtl@dDbol%llaﬁt’@d @ﬁc&h wsl‘thl an ]
conpositi.o an recedin ar agr aph,, rein i i nder has | ess than
or equalalkp’g“ﬂ%" W&’@g‘bfmg%ﬂ"a&tﬁgi %#W%SEW%Q e i W@tﬁ@ f said
cat abystreco0ftPefi hikPRted aromafflcdfhpaRid lMonohll§lAa atonitic CQMREN aadoPf any
pr ecedi gg]tyﬁg;@%r aph further 20conprising at least 1 wt.% al um num conpound

based o i gromage campyndlat o) yst conposi ti on. Paragraph 11: The
catal yst conposition of Paragraph 10 wherein said al um num conpound

colrr]Pri ses Flthrﬁaﬂir dﬁﬁdl'tiﬁtfs fot ¢climtyingo wmechm;ynb leﬂioﬁfﬂfhbtﬁbﬁﬂ?l@wgg%ne alleu3 Eurln2
sul fate, al um num, sphate, or any conbi_nati on thereof. ar agr ap :
The cat B8 yE‘o‘rﬁ%@P’%}S ﬁ“aéfﬁ‘a %?Wé&ﬂé@?r‘?ﬁ gt 3borb 0 1o i85 Ke PredamRiY:i%i ng at

| east Steipefin®é of iR Sout 350 0 SHPCha\PrddGurd of B8 th IBUEWPL, gﬂé&?abl?ﬁ}saEd on the
wei ght of said cat aI%st conposition weight. Paragraph 13: fgrocess for

al kyY at PrEUE PR8N 1167 karocWHSYbased o tatl ethigneand ifalsgielyst ovoysralduce an
. al kyl at gdlctdF @1 k¢ 10O prefera -,iO‘EﬁﬁrPEI_-ei,SﬁloféoﬁpfefaﬁlyPE.SQﬂ@t@@,tdrr&gWﬁ@W' d

aromatic g%dr ocarbon and sai d al kyl ati ng agent w the catal yst

" conposi Pasediombothingalsthyleae pripeppamgcand iotal patabrst far ryarall teagtoroflBlie 109k’
. effecti verdeQa@l k901656 n52htl a molar ratio of benzene to ethylene from about 1 to about 10.

~ Particular conditions for carrying out the at least partially in liquid phase alkylation of

15  benzene with propylene may include a temperature of from about 80 to 160°C, a pressure of
about 680 to about 4800 kPa-a; preferably from about 100 to 140°C and pressure of about

2000 to 3000 kPa-a, a WHSV based on propylene of from about 0.1 about 10 hr’, and a

molar ratio of benzene to ethylene from about 1 to about 10.

Where the alkylation system includes a reactive guard bed, it is maintained under at

20  least partial in liquid phase conditions. The guard bed will preferably operate at a temperaturc

of from about 120 to 285°C, preferably, a temperature of from about 150 to 260°C, a pressure

- of 689 to 4601 kPa-a, preferably, a préssure_ of 1500 to 4137 kPa-a, a WHSV based on total

ethylene and the total amount of catalyst for the overall reactor of 0.1 to 10 hr, preferably,

0.2 to 2 hr’', more preferably, 0.5 to 1 hr'', or a WHSV based on both total ethylene and total

25  benzene, and the total amount of catalyst for the overall reactor of 10 to 100 hr', preferably,
20 to 50 hr'!, and a molar ratio of benzene to ethylene from about 1 to about 10,

The transalkylation 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

30  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™




WD 2008/ 088659- 31 -PCT/U32007/ 088395 aromati c hydrocarbon with said
al kyl ati ng agent to forman effluent conprising said al kylated aromatic
product . Par agraph 14: The process of Paragraph 13, wherein said

aromatic n conpri ses benzene, said al kyl ati ri ses
et hyl ene, % é‘gg@&%} | kyl at ed 5ar omat.izg¢_ pr oduct conpri 3’%@?’%@?’8@3 ene.

Par agraph 15: The process of Paragraph 13, wherein said aromatic

hydr ocarahdm moia:pra'ﬁeeﬁ‘ bersene e polgakylatad lastinatic rgmpopaid(s) @b fjpri 52 StoBOcpyY! ene,

and said I‘Oﬂ'&tIC ri se cunene. Paragraph 16: The
process pfﬁ%l k%‘l} f Pare: ?fg'ﬁﬁguligmlﬁ wherein the ampunt of 10 said
alicyl ated aromatlc product produced is at least 1 w.%greater than the
al kyl ated ar bnetother gmbuwiiirotnt, the trimsalieylationeadctipn mely exkel playe amiet eafor pigpsan

al um na nd- c Lal yst co 03| |on havi n bi_nder ons' | of al.um na
and hawcglgdiltéoé]sn‘e%vve%[ﬁrt Cf"é‘glg t%fymﬁ é’gtu ¢ EPU 8"V e a”fﬂ%q 3%

a: Errlﬁnapbwﬂtﬂlﬂtgatawmaic cfgﬁmﬂﬁd(i)t o, \iﬂ;swu/i:@mﬂmn&@b t?rnﬂﬂm@myylbamﬂé(s) |

al kyl ati condi ti ons cess arin e catal yst
cormos PIBTeHERSTRY BrdtT ERpryroraos o8 ot flrC  disurod dPiy 2a o
MCM- 22 fi 6o lkBé-dTBthﬂiSV:cbas%ﬂ @n St ‘delﬁht ol ﬁfe p@@ﬁ&ﬁ(laﬁaﬁ ﬁﬁ)n@dhc'c@ﬂgéuna(sweeal(t@f a g
titaniu ound t orma m xt ormng said m xture nto sai
cat al ysgﬁ 66‘{%6%1“{“136’ fropabautfey 10 °‘f§0hThé’r ?1'6}3,1&3@0 gb%F&b? O, wherei n
sai d f oufd BGncidraRtis 8fMBédzeRStoSpdlyaleigl aloRkAd uiaS(s Ihﬁoﬂrpf%&% Qf any one
Par agraphs 16-17, wherein said catal yst conposition as a shape of

quad uIBE@fablY=21lja?dgraph 20: The process of any one Paragraphs 16-19,
‘wherein said catal yst 25conposition further at least 5 wt.% of a nol ecul ar

o steve h@_gh@gla\mfﬁﬁoﬁgarremrk type -based on the wei ght of said catal yst

conposi ti on.

The catalyst composition of this disclosure is useful for hydrocarbon conversion
processes, for example, benzene alkylation with cthylene or propylene. In some embodiments,
the catalyst composition of this disclosure {MCM-49 molecular sieve and titania) has a catalytic

15  activity at least 1 %, preferably at least 5%, even more preferably at least 10 %, and most
preferably at least 20 % higher than a catalytic activity of a catalyst composition for the same
amount of the MCM-49 molecular sieve without the titania under equivalent conditions.

. In some embodiments, this disclosure relates to:

Paragraph 1: A catalyst composition comprising:
20 (a) a MCM-22 family material; and

{b)  a binder comprising a titanium compound in the range from about 1
wt.% to about 35 wt.% based on the weight of said catalyst composition.

Paragraph 2: The catalyst composition of Paragraph 1, wherein said titanium
compound comprises at least one of titanium oxide, titanium hydroxide, titanium

25 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, whercin said
crystalline MCM-22 family molecular sieve comprises at least one of MCM-22,
MCM-36, MCM-49, MCM-56, 1TQ-1, ITQ-2, ITQ-30, or any combination thereof.




These and other facets of the present invention are exenplified by the
- foll ow ng Exanpl es. WO 2008/ 088659 Testing Procedures Feed Pretreatnent -
32 - PCTMs2007/ 088395 Benzene (99.96 wt.% was obtained fromthe

ExxonMbbi | Chem cal plant. The benzene was pa a
pretreat rrewnﬁgiylotg@é%?g (2L Hoke vessel )-3gont ai ni ng absor%@ﬁ‘fbsg&?r@#g% als from

inlet to outlet. Al absorbent feed pretreatnent materials were dried in a
260C oven f oParkgrahivdr sTheefaatalystusiongposition of Moy y peecedinga dRarggraphy |fentter was

obtained fro tt Speciglt ses asade TX. . ,USA) . P I was
passed throu%ég%a%gﬁS@?s%vec%n %\é%‘ﬂ%wo gg@?ﬁfﬁftlgm ?ecq{r%gﬁgﬁi’ ed in a
260C oven f oMBEIMIEY)ros atiyedombdnatien thgreoflOUl t ra hi gh purity grade N trogen was
obtained from Scott Specialty Gases. Nitrogen was passed through a 300 m

vessel cont aPmiaggplais cFhsecuadysiitbmpositinheofarye preeddin2oP&agraph bdeteinusadd bef or e
usi ng. Cat al Rrepat.ati on. and Loadi MCM: 2 t ar.ed
nocordi g+ oM AR el Formfas slflastione oF MGV MR, MM Ch o

i ncor por at ed MCMS6NERIM-1 ¢ faptiBfidecuMchiedd TTRLAITYE R, avdSTQL30Par ed according to
U. S. Patent No. 5,236,575, the whole content of which is incorporated

herein as rePangmples: The catalybticatipositidhcofaby picteiihof Fa@iprdph diuGing atdedspgs at i on
(PEgUa52. 10 R B S ey v b 5 RGN o Sl P

composition.

10 Paragraph 7: The catalyst composition of any preceding Paragraph having at least 60
= wt.% of said crystalline MCM-49 molecular sieve based on the eight of said catalyst
" gomposition.
‘Pa“ragraph.S: The catalyst cémpbsition of any preceding Paragraph, wherein said
binder has less than or equal to 30 wt.% of said titanium compound based on the
15 weight of said catalyst composition,

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

weight of said catalyst composition.

‘Paragraph 10: The catalyst composition of any preceding Paragraph further
20 comprising at least I wt.% aluminum compound based on the weight of said catalyst

composition.

Paragraph 11: The catalyst composition of Paragraph 10 wherein said aluminum
compound comprises at least one of aluminum oxide, aluminum hydroxide, aluminum

sulfate, aluminum phosphate, or any combination thereof.

25 Paragraph 12: The catalyst composition of any preceding Paragraph further
comprising at least 5 wt.% of a molecular sieve having a *BEA framework type based

on the weight of said catalyst composition weight.

Paragraph 13: A process for alkylating an aromatic hydrocarbon with an alkylating
agent to produce an alkylated aromatic product, said process comprising contacting
30 said aromatic hydrocarbon and said alkylating agent with the catalyst composition of
any preceding Paragraph under alkylation conditions effective to alkylate said




20 was obtained fromUOP LLC (UOP LLC, 25 East Al gonquin Road, Des Pl ai nes,
L 60017- 5017, U.S. A ) as Versal-300 or Versal-200 al um na.

Ext rusi on was perforned on Bonnet single screw extruder (The Bonnot
Conpany, ate Whods Par kway, Uniontown, OH 44685 U S A ).

Organi c ei‘?ﬁ%@?@%&%d, poly vinyl alcyghol (herei nafterPCTlg{ﬁ’a\““)”"o ¥ obt ai ned
from Cel anese as Cel vol 603. Scanning 25 El ectron M croscope (SEM i nages
wer e obt ai nedronmtia hiylirbédrthin wiiBSid kikglatdngngens iooforrdan Bffivaat dohpeibing Baid

M croscope (S One gram of catalyst was dried in air at 260C for 2
hours. The cﬁ@?ﬁ&%"?@%@%d i medi ately after drying. The bottom of a
cat al yst basket agked with artz chips,followd by |oading,of 0.5
grans of cat ?f‘?ﬁva\%ﬁ h{%gfb&ag'i?g ss o TBpEh E#rewaffﬁ?’t ?ﬁﬁf"ﬁéﬁc%@m"g@n

2008/ 088659- chimprided bekmz2é) 7suith Sk9ating tagént SdomiwiSest Giyleep\aad adidbyticaadd t i onal
quartz chips. The catdal yst ba;ﬁgihecont ai ning the catal yst and quartz chips
was dried at 2PBHHEC produgt comprise IZ¥Chours. Before each experiment the
reactor and gll lines were clea wth a sujtabl e, sol vent (such_ as

t ol uene) fol ?W%"&Ptb f V\Prﬂ‘@esﬁfg}géjafa%ﬂhe?id”hgﬁ‘f‘nﬁl‘fGrqn@ﬂﬁ\}ﬁd‘é’ﬂc?rb%? eani ng
sol vent. 5 Themgriskabyiend)aeideiikylaiicod hﬂ&)rﬁﬁ}ﬁespﬁioﬂ%&%% Oaﬁ%@aﬁwlite&h' ps was

pl aced in reactor. i medi ately after drying. Parr(r) batch
reaction ves&@mapeprofyd comprise spmeneRanch top reactor with a static catal yst
basket, Parr_Instrunment Conpan Mol ine, 1L USA) equipped with a stir rod
and static cg?fm%l%l%éiﬁﬁonqgﬁsgf@@&@dﬁfpﬁﬁgaaﬁ ?‘3/4%9”%2‘65@ gequnt, pf y
meagyr ement Sgaid fRylhRAGidnRic RIYQDIIucHPS af lchdt §GuiWh fbaleVhah AEONBME Vessel s
for the introduction of benzene and Er&pgl ene respeéecti velvgé Catal ytic

¥

Activity and3TSBpECPogpgtyn the cffiyens A by contertisg jag alymina-housd-catalyst al yst
TS Pt i o i S

activity was cal cul ated Using the second of¢
f or mati on of the upeleralag ripyve aviie theealumingrbouushetitalysy sompesitigpe whenucamp@8iC and

pressure 217 : ’E@ﬁﬁ f.at e-constants were cal cul at ed usi ng
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met hods known art. See "Principles and Practice of

Het ¢ ogeneous, | sty I’%%ii] ) t Ltionh, 1997,
t he di scl osur é%%ﬁv% &Pfoéeéglnf(‘:%r a g\é&%eﬁaél@%{r@mpée/%neéggy;% al'yst
sel ecti vi t y Reaagraphb ¢tlRzomprismdg:ng t he wei ght ratio of cumene produced over

di -isopropyl 20 benzenes produced under the reaction conditions
(tenperature 130@andprovitgsasl MCM32X Rawly. material and'beéd biedertcomprigisg gur ged

with 100 nil/m n,of tr L.tra hi urity nitrogen, N2, for 2 hours
at 170C. Then, tﬁ%‘gtrlte‘ggo%’rfg?ﬁeaﬁgug?‘éc.m&%n%g’goﬁgaJE"e“clrret%ldBOC under nitrogen
flow - Al inlets qand ts..of. fhe react re cl.osed of f afterward.
Pretreated benzer@ 25?0 .S%dglﬁ%&nﬁfe]ﬁ%ssg{%rcg{ﬁlgm%oglgamﬁ%'o t he reactor under
791,kPa-a ul §.gh. ' i ter I T reactor. was st.irred at
500 b or PR I8 BhE photedd o AR B Bl NBg BRHE bk Bmbih 1 7o

| ePa-a ul traxtradjhg.purity nitrogen is then transferred to the reactor. The

reactor was nmaintained at 2170 kPa-a by the 2170 kPa-a ultra high purity
ni trogen. LiPgragthpbdfpTies proecs ofalemn oat HavagrddBs ¥6017, hiiereid 8@id emalys240 min

after additign of:t NG RLARYLEASurulobe. |

Paragraph 20: The process of any one Paragraphs 16-19, wherein said catalyst

-

25 composition further at least 5 wt.% of a molecular sieve having 2 *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.




WD 2008/ 088659- - PCT/I11S2007/088395 34 Example 1 MCM 49 was extruded
in a5 08 cm(2") extruder according to the followng formulation: mxture
of MCM 49 crystal and P25 titania (weight ratio 80:20) extruded with 1 w.%

PVA (base 8?#0%@%5%0nbi ned wei ght of MCM 49 crystal, %ﬁnﬁ?@?@é&‘?y& and PVA)

to 5 0.127 ¢ ") extrudate. Thi-g2extrudate was t ned in
nitrogen at 510C, ammoni um exchanged with amoniumnitrate, and calcined in
an air/ \stingd®rocegurgy 538C. The catal yst of Exanple 1 was tested in the

bat ch autoclave |iquid phase benzene al kylation test and results are |isted
in Tabl 2 10MCM 49 was extruded in a 5.08 cm (2") extruder
accor di %ﬁﬁ%&m%% | om ng formul ation: m xture of MCM 49 crystal, P25

&Ani s, and Versal -300 alumina (weight ratio 80:10:10) extruded with 1 wt.%
PVA (based oBergsac (96 we'd) wes effivinest fropmvhesBrxonllobid Baytpws Ghiemigal plant.

Ver sal - @‘JZB‘E% , t Q" Qgﬂ‘tj : ' trudate
was t heﬁ(ﬂgPe- ca ‘gi&rﬁg%% ?rﬁlﬁ %f%lrac}g%%aé%ﬁgg%% az!fnﬁ%%i‘%%@xc éﬁgg}k}ﬁ?ﬁ%{amni um
ni t r at e matgmdls fonrinles knadlet. Allabsarbent K2d pretcatmentanat&BSCyerd ddedmtad6p  of

Exanpl e i %j i .ne batch autoclave |iquid phase benzene al kyl ati on
t est angg?n\g?ﬁ}%g aref+rgg%]g§ in Table 1. Exanple 3 (Conparative Exanple)

MCM 49 was extruded in a 12.7 cm (5") extruder according to the follow ng
f or mul at i on: Polimuen gradopropyismet wag obisined framdScpdrSpatialg0 Gases (RésadengEKght rati o

80: 20) ' P @Qgﬁl % nitri id.: .on t he
conbi ne?g \Il\kgl)%\gl‘?ﬂ%g WBQ%%?#%F‘! engfsg%%n%%@hyﬁ%?beﬁﬁt%éhb‘g%?gné;dqnd PVA)
to 0. 12 2000 paa"fpr BXlouockefeee vsig. s extrudate was then pre-calcined in
nitrogen at 510C, ammoni um exchanged with amoniumnitrate, and calcined in

an gyr/ N2 moplne 5;3 T ﬁ ' 0h EXPER : 8oL, the

bat ch aut ocl ave h?%‘ﬁéu ggel &%ggﬁg)‘l’g gﬁatl on It“?ﬁ%ma dGrL%E'uII@]?rsog%re listed
i n Tabl wagpasgd tEoagiph 001 ml/whdse] Sontaimingabsarbents whicla wireOBied mt 260°C farxk2r uder
accor di e followng formulation: m xture of MCM 49 crystal, P25
titani a?&égn%f%?g%g- 200 alum na (weight ratio 60:20:20) extruded with 1

wt . % PVA (based on the conbi ned wei ght of MCM 49 crystal,
Catalyst Preparation and Loading

MCM-22 catalyst was prepared according to U.S. Patent No. 4,954,325, the whole
15 content of which is incorporated herein as reference. MCM-49 catalyst was prepared
according to U.S. Patent No. 5,236,575, the whole content of which is incorporated herein as

_reference.

Titania was obtained from Degussa Corporation (Degussa AG, PO Box 30 20 43,

40402 Dusseldorf, Germany) as AEROXIDE® TiO, P25 (hereinafter “P25 titania™). Alumina

20  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.

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 Celancse as Celvol 603. Scanning

25  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




P25 titania, Versal-200 alum na, and PVA) to 0.127 cm (1/20") extrudate.
This extrudate was 30 then pre-calcined in nitrogen at 510C, anmmoni um
exchanged with anmmoniumnitrate, and WD 2008/ 088659- PCT/ US2007/ 088395 - 35

cal cined i | 2 m xture at 538C. The catal yst of was tested
in the bat‘gﬂagbﬁ't%%%#;ve | i qui d phase d3gnzene al kyl ati onp(ﬁ)é@&glﬁﬁﬁ?’sesul ts are
listed in Table 1. Exanple 5 (Conparative Exanple) MCM 49 was extruded in a
5. 08 cmdatiyst srs thedesovarsd diydiddifional quagz fobips.oWhe gat&lystvaskdt abnteiningnthxt ur e of

MCM 49 cy. nd.Ver.sal - lWpgna i ght. rati o 60:40) extruded into
0.127 crﬁa%%%d%“‘g%%ﬁf%%g%iﬁg%@x 1?3%2‘?% PR ORER: pr e- cal ci ned i n

nitrogen at 510C, amoni um exchanged with amoniumnitrate, and calcined in
an air/ N2 ni Beforeecach esBgimentthe reagton hydell lifes Breanpleaned withs sugailesblvent t he

bat ch I | QUi i est d.resul t re listed
n Tabi Qo el K p B B SOREC S et hisBlo MR BRI ReRer i zed <o
exanpl e The( cataldsd Obaskéfheontziing \the catalyst \ahd yquaftz eokdpsp was Jplwed inoroxetoi zed t o

exanpl e.% S s, A0Q).. . The results show exanpl es having titania have higher
activities ?‘ﬁtaeﬁ'agg)?é €5 without titania. Table 1 Benzene Al kvlation

Testing results for Exanples 1-5 Exanple 1 2 3 4
A 300 ml Parr® batch reaction vessel (Series 4563 mini Bench top reactor with a static

batalyst basket, Parr Instrument Company, Moline, IL USA) equipped with a stir rod and
static catalyst basket was used for the activity and selectivity measurements. The reaction

10 vessel was fitted with two removable vessels for the introduction of benzene and propylene

“'réspectively.
‘Catalytic Activity and Selectivity

The activity and selectivity of a catalyst were measured based on benzene alkylation

with propylene. Catalytic activity was calculated using the second order rate constant for the

15  formation of cumene under the reaction conditions (temperature 130°C and pressure 2170
kPa-a). Reaction rate-constants were calculated using methods known to those skilled in the

art. See “Principles and Practice of Heterogeneous Catalyst”, J.M. Thomas, W.J. Thomas,

_ VCH, 1st Edition, 1997, the disclosure of which is incorporated herein by reference. Catalyst
selectivity was calculated using the weight ratio of cumene produced over di-isopropyl

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

a).

The reactor was purged with 100 mi/min of the treated ultra high purity nitrogen, Ny,
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

25 (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.




5 MCM 49: Ti 02: Al 203 (wei ght ratios) 80:20:0 80:10:10 80:0:20 60: 20: 20
60: 0: 40 Normal i zed Activity 140 166 100 120 100 15 Exanple 6 MCM 22
was extruded in a 12.7 cm (2") extruder according to the follow ng

formul ati Qg »4H of MCM 22 crystal and P25 titani ' tio 60:40)
ext ruded ?goaﬁ&lugﬁgs\é%gren (1/16") extrudat3e- This extrudat 2%&@&@]&5&

pre-calcined in nitrogen at 510C, amoni um exchanged wi th ammonium nitrate,
and cal dxawgleiln an air/N2 mi xture at 538C. 20 The catal yst of Exanple 6 was
tested in the batch autoclave |iquid phase benzene al kyl ati on test and

results are Meied bis TeRlRdZn PAPLE &) RERRE Abiot@n 8 RE Gdllowing
formulation: mixture of MCM-49 crystal and P25 titania (weight ratio 80:20) extruded with 1
wt.% PVA (based on the combined weight of MCM-49 crystal, P25 titania, and PVA) to
5  0.127 em (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 1 was tested in the batch autoclave liquid phase benzene alkylation

test and results are listed in Table 1.

Example 2

10 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-300 alumina (weight ratio

o 801010) extruded with T wi.% PVA (based on the combined weight of MCM-49 crystal,

P25 titania, Versal-300 alumina, and PVA) to 0.127 cm (1/20”) exirudate. This extrudate was

then pre-calcined in nitrogen at 510°C, ammonium exchanged with ammonium nitrate, and

15  calcined in an air/N; mixture at 538°C. The catalyst of Example 2 was tested in the batch
autoclave liquid phase benzene alkylation test and results are listed in Table 1.

Example 3 (Comparative Example)

MCM-49 was extruded in a 12.7 cm (5”) extruder according to the following

formulation: mixture of MCM-49 crystal and Versal-300 alumina (weight ratio 80:20)

20  extruded with 2 wt.% PVA and 2 wt.% nitric acid (based on the combined weight of MCM-
49 crystal, Versal-300 alumina, nifric 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
nifrate, 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.

25 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 ecm (1/20”) extrudate. This extrudate was

30  then pre-calcined in nitrogen at 510°C, ammonium exchanged with ammonium nitrate, and




MCM 22 was extruded in a 5.08 cm (5") extruder according to the follow ng
formul ation: m xture of MCM 22 crystal and Versal -200 al um na (weight ratio
65/ 35) - 36 - extruded into 0.159 cm (1/16") extrudate. This extrudate
was t hen 3 Lped in nitrogen at 510C, ammoni um e Lt.h ammoni um
nitrate, %@@g’*’%}sﬁed in an air/ N2 m3zture at 538C. T?&%ﬁ?@?@é&gsof Exanpl e
7 was tested in the batch autoclave |Iiquid phase benzene al kyl ati on test
and r es@klcimediirean pisfNednixturd ato$38°Q. The catalysThEExampié Wiwas testéd ini thy batth exanpl e

Uit ani & SRR Efid B SRR syl e g polf e e B AR 12 € B Cer o

catalytic activities were nornmalized to the sane MCM 22 nol ecul ar si eve
cont ent Example &X@apparativeEixagpte) t ani a has sinilar activity to an exanple
wi thout titania. Table 2 Benzene Al kvl ation Testing results for Exanples

6.7 Examl euomhbe of 22 T2l 300 ikt hcok bl 258Gy 05: O 35

Normal i zed Activity 92 100 Nornmalil zed Activity (to sa ecu | eve

cont &nt formulation: mixture of MCM-49 crystal and Versal-200 alumina (weight ratio 60:40)
extruded into 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 5 was tested in the batch autoclave liquid phase benzene
alkylation test and results are listed in Table 1.

10 The catalytic activity of examples 1 and 2 were normalized to example 3 (as 100).
The catalytic activity of example 4 was normalized to example 5 (as 100). The results show

examples having titania have higher activities than examples without titania.

Table 1 Benzene Alkylation Testing results for Examples 1-5

Example 1 2 3 4 5

MCM-49:TiO;:AL,O; 80:20:¢ | 80:10:10 | 80:0:20 | 60:20:20 | 60:0:40

(weight ratios)

“Normalized Activity | 140 | 166 | 100 120 100

15 Example 6

MCM-22 was extruded in a 12.7 cm (2”) extruder according to the following
formulation: mixture of MCM-22 crystal and P25 titania (weight ratio 60:40) extruded to
0.159 cm (1/16”) 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.

20  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)




99.7 100 Exanple 8 Zeolite Beta was extruded in a 12.7 cm (2")
extruder according to the followng fornmulation: m xture of Beta crystal
and P25 titania (weight ratio 80:20) was extruded to forma 0.127 cm
(1/20") extrudate. This extrudate was then pre-calcined in nitrogen at
510C, ammoni um exchanged with ammoniumnitrate, and calcined in an air/ N2
m xture at 538C. The catal yst of Exanfle 8 was tested in the batch

aut ocl ave |iquid phase benzene allcylation test and results are listed in
Table 3 normalized to the catalyst from conparative exanple 10. Exanple 9
( Conpar atextradegipta@i1a9 cm (1/16") zsigidatee Tide exirudats wex thew pesebalcined inditrggennat (2")
extruder s35&9 raqﬁﬁ&i.ﬁlpe,zcﬁsngwﬁthﬂmniuﬂf mt@,tan%acmi%%gaigfgz piRlidte Gf YS! al

and Versal -300 al um na (wWel g rat1 o 80:20) was extru 0.127 cm

(1/20") R uddecatalyst of Bxampledhmas fasied tith the Yoich-avtoclove ahid phase tbewgesn  at

510C, ammpidiph R4GNARGRE WM idedarFRit ym nitrate, and calcined in an air/N2
m xture at "538C. The catal yst of Exanple 9 was tested in the batch

autocl ave liquid phase benzene al kyl ation test and results are listed in
Table 3. WO ThogsplyBe®syity ofzramplpCwes 1@e2iied 1O8@IS 7 (Falf0k The Bewlisene

Al kyl at i QR&S iexhiSId bavind Blanf ARG §29% BX HEIRLEG SR Dlafipl} PRloGedd:02: Al 203

(wei ght ratios) ] .
after the catalytic activities were normalized to the same MCM-22 molecular sieve content,

the example having titania has similar activity to an example without titania,

Table 2 Benzene Alkylation Testing results for Examples 6-7

Example 6 Example 7
MCM-22:TiO,:ALO; (weight ratios) 60:40:0 65:0:35
Normalized Activity 92 100
Normalized Activity (to same 99.7 100
molecular sieve content) '

Example 8

Zeolite Beta was extruded in a 12.7 cm (2") extruder according to the following
formulation: mixture of Beta crystal and P25 titania (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 8 was tested in the batch autoclave liquid phase 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.




80:20: 0 80:0:20 Normalized Activity 76 100
there is no activity enhancenent for zeolite beta with a binder

titani um conpound. 5 Exanple 10 (Conparative Exanpl e)
g4 0 the follow ng fornul ation:

ext ruded

and Versaﬁggg‘gﬂ)ﬂﬁgm na (wei ght
on the comnbi ned wei ght of I\/CMZZ
(1/20") extrudate. : ;

rati o-380: 20) extruded
crystal

The results show t hat

m Xt

and caIC|ned

havi ng
MCM 22 was

crystal

vtg(ﬁn%%m\%%%VA (based

Alum na, and PVA) to 0.127 cm
rgsules-forExampbed i N ni trogen at

510C, ammoni um exchanged with 10 ammnl um ni trat e, in an

ai r/ N2 pmrxtore at 538C—The ctatakyst F lplc test d—m t he batch
aut ocl gve quui d phase benzene al kyl a |o#]€est a1d resualn%s ar e I} sted in
Tabl e 4T EALD 22 ERTTUUERG. 5507 Tyt ot Hownhg

formul 4tion: m >%t uzré( %WZ 1b crys%ba?o‘and P2p Titanr a wei ght ratio

80: 20) [eXTT UORGITLER ActWity 70 P VA | Pased the coi ned ghit—of| MCM 22
crystall], Titania, and PVAj to 0.[L27 cm (@?/ 20") ektrudate. This extrudate
was then pre-calcined in nitrogen at 510C, _anmoni um exchanged Wit h anmoni um

nitrate,

and calcined in an air/N2 mxture at 538C. The catal yst of Exanple

11 was tested in the batch autoclave |iquid phase benzene al kyl ati on test

and resul ts &heresultssbgwithat thase is ne actipity prhancemeatipe Aeolifg ke with 8 bindst

resul t s ph@ho ESATR @mpethidl2 Exanple 10 11 MCM 22: Ti 02: Al 203

5 Example 10 (Comparative Example)

ting

MCM-22 was extruded accordmg to the following formulation: mixture of MCM-22
crystal and Versal-300 Alumma (welght ratio 80: 20} extruded with 1 wt.% PVA (based on
‘the combined weight of MCM-22 crystal, Alumina, and PVA) to 0.127 cm (1/20”) extrudate.

This extrudate was then pre-calcined in nitrogen at 510°C, ammonium exchanged with

10

ammonium nitrate, and calcined in an air/N, mixture at 538°C. The catalyst of Example 10

was tested in the batch autoclave liquid phase benzene alkylation test and results are listed in

Table 4.

Example 11

MCM-22 was extruded according to the following formulation: mixture of MCM-22

15

crystal and P25 Titania (weight ratio 80:20) extruded with 1 wt.% PVA (based on the

combined weight of MCM-22 crystal, Titania, 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 11 was tested in

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

20

Table 4 Benzene Alkylation Testing results for Examples 10-12

Example

10

11

MCM-22:Ti0;:AL,O3

(weight ratios)

80:0:20

80:20:0

Normalized Activity

100

135




(weight ratios) 80:0:20 80:20:0 Normalized Activity 100 135 WO
2008/ 088659- 38 -PCT/ US2007/ 088395 The data indicates activity
i rrprovenent for the addition of titaniumto both MCM 22 and MCM 49

catal yst. @fobdeyd ty inprovement is nore prof ound 4} @#ﬂt of
titani um or t e conbi ned about of ti{3nium and alunmna i's 'ess an or

equal to 35 wt.% or when the anount of MCM 49 or MCM 22 is nore than 65
wt. % Not i nfladeld indicates abdeerdyymanybrtthemddjﬁomné tﬂwﬁmwebatmmcmm

sur pri si gl I t vel i tani
corrpounda'ﬂ d M -ﬁé' cetang %l?lg ﬁ&i‘%’zi“@?n%%gﬁ%t %lgrlte Wg{lfg P\ﬁl S ﬁlimoo NCM 49
is rel attmnmm Ot ItlE qeebsnet mho fof ititanium ami:hlﬁmnpmMIesmﬁhsmona;uare Ysowt. Bemzene
cat ol yor i e Snlab Y VAT 4D B NREMCIa T i i 65 ot 20 ot tendb i B S04 ()
b| ndér dyrapy itiebng we bieli¢vartha thecsnrmisingly resulit dfactidygmpfovesie@ao liw kvallof% t 0 10
N .
% bag e O eSS WO en WL P MRS Aty rotera Sdth 2 MCM-22 or MCM-49

is related to the mass transfer limited liquid phase nature for benzene alkylation with

propylene and/or ethylene..




2. The catal yst conposition of Claim1, wherein said titani um conpound
conprises at |east one of titanium oxide, titanium hydroxide, titanium

sul fate, titanium phosphate, or any conbination thereof. The catal yst
conposition of Claim1 further conprising a different crystalline MCM 22
fam |y nol ecul ar sieve, wherein said different crystalline MCM 22 famly
mol ecul ar si eve conprises at |east ondof MCM 22, MCM 36, MCM 49, MCOM 56,
EMM 10 fam |y nol ecul ar sieve, 1TQ 1, IT @2, ITQ 30, or any conbi nation
thereof. 4. The catal yst conposition of Claim1l1 further conprising a

mol ecul arCEABMS having a franmework type of at |east one of FAU, *BEA, M,
MI'W or any conbination thereof. 5. The catal yst conposition of Caim1l,
wherein said MCM 22 fam |y material conprises at | east one of MCM 22,

MCM 36, MEgcleon: VoM 56, EMV 10 fanily nol ecul ar sieve, ITQ 1, ITQ 2, and

| TQ 30. 6. The catal yst conposition of Claim1l having at |east 90 wt. % of
said MCM 22 fam |y material based on the weight of said catalyst

conposi tibn. 7Acatplystcampgsiiop cempségi ti on of Claim 1 having at least 90 wt. %
of said crystahjine, MoM-49n0Rl aGiaF ai €Ve based on the weight of said
catal yst conmposition. 8. The Catal yst conposition of Claim1 further

conpri sing at (Peasta bindgr comnsisinga fitarivesepawd ip sheaangs fromrabowid wiite tof  sai d

catal yst conpositi olro-m.%bésgdant%ewﬁgﬁwfasiawa}ysteaﬁmﬁiohi on of daim S8,
wherein said al um num conpound conprises at [east” one of al um num oxi de,

al um num hydr oxi de, al um num sul fate, alum num phosphate, or any

conbi nat izon t hegkeRfiyst tompositfon SAERIY $wieRIPOR ditl Q$m1guﬁii E%%&fs%‘g diher
conprising at least 5 wt.% of a nolecular sieve having a * ramewor Kk
type based on leavongef tiamiugioxidy, tifanivin hydyexide; Biepigm suifae tiaaivghphospbate, A pr ocess
for al kyl ati ng, aky QuBMBlidLn¥s ocarbon with an allcylating agent to produce

3. The catalyst composition of Claim 1 further comprising a different crystalline MCM-
22 family molecular sieve, wherein said different crystalline MCM-22 family
molecular sieve comprises at least one of MCM-22, MCM-36, MCM-49, MCM-56,
EMM-10 family molecular sieve, ITQ-1, ITQ-2, ITQ-30, or any combination thereof,

4, The catalyst composition of Claim 1 further comprising a molecular sieve having a
framework type of at least one of FAU, *BEA, MFI, MTW, or any combiﬁaﬁdri o

thereof.

5. The catalyst composition of Claim 1, wherein said MCM-22 family material
comprises at least one of MCM-22, MCM-36, MCM 49, MCM-56, EMM-10 family
molecular sieve, ITQ-1, ITQ-2, and ITQ-30.

6. The catalyst composition of Claim 1 having at least 90 wt.% of said MCM-22 family

material based on the weight of said catalyst composition.

7. The catalyst composition of Claim 1 having at least 90 wt.% of said crystalline
MCM-49 molecular sieve based on the weight of said catalyst composition.

8. The catalyst composition of Claim 1 further comprising at least 1 wt.% aluminum

compound based on the weight of said catalyst composition,




an allcylated aromati c product, said process conprising contacting said
aromati ¢ hydrocarbon and said al kyl ati ng agent with the catal yst
conposition of any preceding C ai munder at |least partial |iquid phase

al kyl ation conditions effective to al kylate said aromati ¢ hydrocarbon with
said allcylating agent to forman effluent conprising said al kyl ated
aromatic product. 12. The process of -#aim 11, wherein said aronmatic

hydr ocar bon conpri ses benzene, said al kyl ati ng agent conprises ethyl ene,
and sai d al kyl ated aromati c_product conprise ethyl benzene. 13. The process
of O ai m%1, wHercaalystcompositionsd Claimi$y whesein paibalunbrpconpeund sAmpRSSS 2ls aj d

all cyl ating agest ofeQFRubifsn GiRPYhARMm HAdxida afhniinlny htRdaihMRL | ¢ product
conprise cunmene. 14. The process of Claim 11, wherein the anount of said

al | cyl at ed ar dihgtnhater gayeambinaonBegol s at | east 1 w.%greater than the
al kyl ated aromatic product in the effluent produced by contacting an
al um na- bound- cat al yst conposition having a binder consisting of alum na

and havi ng- sanke pircompesitionef Clajfa 1 fythseepmprisiag ahleashy wi- %4 af @ molecular

al um na- bound-g£at alay sl Emﬁm'éaﬂéﬁofﬁ‘%?ecl%ﬁ&ﬁ%ﬁ%ynﬂé Gt sMal Giyst
allcylation conditions. 15. A process for preparing the catalyst

conposi ti on ofSORRYsitimmeveght.Cl ai ms 1- 10 conprising: (a) providing the MOM 22
famly material and the binder conprising a titanium conpound to form a

m xture; and - 41 - (b) formng the mxture into the catalyst conposition,
wher ei n tlhe cétpaq’cwtf%@z%mtapaw%ﬁbﬂr@%@@ wéthtap pikeprlating egsaipe prdusen t he

range from abgiibiciaith - #orhficlSrodtct, 7%6aRP §Res? reoﬁlbﬁsi%g)fcaﬁta&ﬁ'g Qo4 Qbmbihe
catal yst conposition. 16. The process of Caim 15, wherern said formng

6
step conpri selydmeptbory ppdysaicdialkylating agenb with thegptalystgompasitiongfeane preceding

catal yst cOMPORi iRl R3S saRRPRGPhhaSd A IH10R BonditiAs TREVPILNG RS @fd O ai m
15, wherein said catal yst ‘conposition further conprises at |éast 5 wt. % of

a ol ecul ar stepichydrasyben witicaaid aloretieg sgentytp dopharcefilaent comprisiegid of said
catal yst conmpagjifrbPRematic product. '

12.  The process of Claim 11, wherein said aromatic hydrocarbon comprises benzene, said
alkylating agent comprises ethylene, and said alkylated aromatic product comprise

ethylbenzene.

13. -';The process of Claim 11, wherein said aromatic hydrocarbon comprises benzene, said
alkylating agent comprises propylene, and said alkylated aromatic product comprise

cumene.

14, The process of Claim 11, wherein the amount of said alkylated aromatic product
produced is at least } 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.

15. A process for preparing the catalyst composition of any one of Claims 1-10
comprising:
(8 providing the MCM-22 family material and the binder comprising a titanium
compound to form a mixture; and




19. The catal yst conposition of Claim1, wherein said titaniumconpound is
in the range fromabout 1 w.%to about 6 wt.% based on the wei ght of said

catal yst conposition.

-41 -

(b) forming the mixture into the catalyst composition,
wherein the catalyst composition comprises the titanivun compound in the range from
about 1 wt.% to 10 wt.% based on the total weight of the catalyst composition.

16. The process of Claim 15, wherein said forming step comprises extruding.

17. The process of Claim 15, wherein said catalyst composition has a shape of
quadrulobe.

18. .. The process. of Claim 15, wherein said catalyst composition further comprises at least
5 wt.% of a molecular sieve having a *BEA framework type based on the weight of

said catalyst composition.

19. The catalyst composition of Claim 1, wherein said titanium compound is in the range

from about 1 wt.% to about 6 wt.% based on the weight of said catalyst composition.




