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conpounds, for exanphgoeiRy RNz NGe AGHBNRAMETRECHNUNG DaRzeNe, using a
nol ecul ar sieve conposition designated as EMMI3 which is an 10 MCM 22
famly material having uni que XRD features. BACKGROUND OF THI S DI SCLOSURE

[ 0003] Mol ecu@os%@ﬁﬁEN@@% ReLRaED Qﬁl‘l&!@iﬂ@'&@ synthetic, have been
denonstrated™in cataly roperties for various téges of
hydrocar bon ¢¥lbler si ﬁfmwﬁ$@§uﬂ@ﬁw§h@b@§ﬁt V.S iPreyiagsl Pepltcaém SHiakavoal ysi s
I ncl ude agy @I/owﬁnnﬁww by 26’(5‘8%{1&1 108e:y iRMORIJRRLD ref%én&rlm aldrdcpe

nol ecul ar si eves anpl s of these zeoli'tes inclu | arge pore zeolites,

i nt er medi at e FHEEIR OFf PRE INNENIEAN and smal | pore zeolltes These zeolites
and their is es r I 0 I

eds. W H. I\/gdlﬂg?l D?ﬁelcil.pg%ég oérlllpcgng}e Ie.lﬂsagf aocfloégsg %} S%lg(?l%lrﬁwq( arﬁ)ﬂég?%f ion,
2001, which esetidbepns-pkdrpmets semppndseflar exewle phylhegency spaencewld sas-
generally ha t a , ,
2 20 Gpr MEROPLE, TEE Lol RS AR el bR YR b 5 M
Zeol i te NOMeNEINRe fas)ily watesisbbavinzomiaua X§O fpasetes- zeol i tes i ncl ude mazzite,

offretite, ZﬂRkh&ﬂR [mﬁﬁﬁF 1S9 165 zeollte X, omega, and Beta. An
i nternedi ate ner a has a pore size fromabout 5 Ato

| ess than ab&993 7 AMawgulmrﬁeﬁvaa@senalrsOboﬂemw aad syptheticNpye bEpydempsiratef/os,
AEL, AFQ  HEL, jEER, p M0 TOOL BIRMBLKL BURE 19 R SRS okl BACM AR ular
Cbnn155|on of féo l1te hbnencF ure Exanples of "i nternedi ate pore size
zeol i tes i nchieita UREKNG aptcpiontin caalysip nclygeppp ! thejnafugdlyqcenming gngynthetic
silicalige Zcryﬁalﬁﬁwlnllol&gfa? stivéE BeRlblek CofNBRscd RS §1'cl%1§e flﬁx@én l__lﬁgpliteol;%esp‘ to

| ess than abodt 5.0 A a i ncludes, for exanple, CHA SOD,
and LTA frarr@mrxkdlqtvp@ez@@nzﬁoﬂ@g 20fl AP e Aprlisss| Hﬁsweozx%mct@ewwwlam ure).
Exanpl es of §é§@x#ﬂed99F‘§tla%Q9|7eBﬁ§ Mﬁ?év&b?ke}ﬁég’4edsz$!>*}2 MEAPS: B 019ARRY 35,
30ZK- 14, SAPO- 42, ZK-2 zeolite A, chabazite, zeolite
T, grelinit eBaciope: ﬁsevxahalftﬂ Fr%m 2000} whigh H[*@@bnmmsoraraétbéﬁ%fewe A 1489, 409

refers to a dr¥ $dof ééeﬁ&al@ﬂa@%lﬁhérsm‘%'aﬂégﬁt GRIPOH Md(?ﬁbllﬁfes Rt ber, IU@WE@ABSH 3
and its S% esis froma reaction mxture for hydrothermal reaction WO
4

2010/ 014294 PRHY. USBBOO/WB0VER  fxavavaithi gy HexEere tHIHAh rarmiesion Pl o et ¢
conpound whi ﬁ@m%ﬁ&r@s Egdrﬁp%%tdf Mo ARR0LediRh iRYAE R8sk, OficliBe MAHD &Y, S.
Patent No. 5,362,697). Hexaneth y%enelnlne is also taught for use in
synt hesi's of zehigst é‘?qhi% gsizecaf Hetas e EampERE pore sige geolihgapil s a pore
4,954, 325) apg MVA: GUA S 1B2HBALLNG -7 8,288 Gachiliey, -forfexaR) ECMF@-VMELGE@O

conp05|t|on of matter referred to as b5 zeolite $SZ-25 (U.S. Patent

4,826,667) | ¥MTdyMiRedFred O} dHita FEaNPdh alxkUY é”f“ﬁ}”mll?y‘éﬁ"’o???é@ﬁémpﬁéact i on

cont ai ni g a@orﬁx@lﬁﬁ@i@%ﬁﬁ&)hmrﬁéﬁﬁﬁlﬂe) ARTIRNHI B i meiate. poRadiRMeolNSs inbiudly 7, 498
refers to a crystalllne nol ecul ar sieve conposition of matter nanmed | TQ 1

and its synth&¥i’s ZPMohh £SMete MOH-% sticalits bond maist het mapll paig stz geplite

cont ai Ni Ng ORE aPbreiRidhbbikty Do 10:URA 6012 @'ﬂ hnagSoludbO[fOQABhMe S:H RLatrant
Application No. 11/823,129 discloses a novel nolecul ar sieve co osition

desi gnat ed aSFENNEOS®D. malildg, frmewars e egltmedPPAH FORMSSAR o Fegite

diffraction mﬁér@raan@nmame@gf anﬁp;ﬁlﬁé Ml:t@ﬁ?ﬁblﬁi&e Bk -41 25 NiB+ B A2D- ”ﬂnQAF!@ 3330. 23
Angstrons, wherein the peak intensit spaci ng . maxi oum

13. 18+0. ¥ ARyt HMRO#S, %%2FéQ§@2a§K§r§§fﬂ)§“§@@@oﬂ“?ﬁ@cﬁ@@%eﬂhﬁ@ﬁgp?y of
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characterized by diffraction streaking fromthe unit cell arrangenent in
the c direction. The crystalline nDIecqur sieve is further characterized
by the arced hkO patterns of electron diffraction pattern. The crystalline
20 nol ecul ar sieve is further characterized by the streaks in the electron
diffraction pattern along the c* direction. U S. Patent Application No.

11/ 827,953 di scl oses a novel crystalline MCM22 fam |y nol ecul ar sieve
having, in its as-synthesized form an X-ray diffraction pattern including
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at a d-spaci ng maxi mrum between 12.57 to about 14.17 Angstrons and a
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random fashi on, or any conbination thereof; or (iv) nolecular sieves nmade
by any regul ar or random 2-di nensi onal or 3-dinensional conbination of unit
cells having the MWW framework topol ogy. [00071The MCM 22 fa mat eri al s
are charact erW?é&lOf3§/4“?14aV| ng an X-ray diffraction 15 patptcggﬁzqo?{gqoz;di ng
d-spaci ng nmexinma at 12.4+0.25, 3.57+0.07 and 3.42+0.07 Angstrons (either
cal cined or as-synthesized). The MCM 22 famly materials may al so be
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di sclosed IS and | SE- FER rraterlal , the former made from MCM 22-P
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| anel | ar precursor. J. Ruan, P. Wi B. Slater and O. Terasakl di scl osed
detailed structure of Ti-YNU-1 (Angew. Chem Int. Ed., 2005, 44, 6719)
simlar to 1SE- MW Anot her report by P.-2Wi, J. Ruan, L. Wang, L. Wi, Y.
Wang, Y. Liu, W Fan. M He, 0. Terasaki and T. Tatsum disclosed a

met hodol ogy for synthesizing crystalline 30alunm nosilicates with expanded
pore wi ndows through nol ecul ar al koxysilylation of zeolitic |anellar
precursors (J. Am Chem Soc. 2008, 130, 8178-8187). [00121These cl osely
related material may further be distinguished by conparing XRD diffraction
pattern for d-spacing maxi ma corresponding to (002), (100), (101) and (102)
WO 2010/ 014404PCT/ 1JS2009/ 050724 refl ections for both as-synthesized and
cal cined materi al S. The d spaC| ng maxi mum correspondl ng to (002) reflection
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(002) (100) (101) (102) MM 22-P MCM 22 Yes Yes Yes Yes No Yes Yes Yes
Al'l four peaks are resolved. A valley Peak corresponding to (002) is not
exi sts between 1012 and (102), wherein visible. Al other three peaks are
MCM 22 the nme¥&dPBE 4t ensity corrected for resol ved. ARAYEYPER%t s

bet ween (101) background at the | owest point being |less and (102), wherein
the neasured than 50 % of the Poi nt at the same XRD intensity corrected
for background at thedAdlpael Agplisntrmeverk nypresonhiEh g mfli e erse Iconedtolpoi nt
bei ng I ess than 5Qu¥ isfiorfolfd)as ¥peedc02) . of the point at the same XRD

d- spaci ng on the line connecting maxi ma for

(1)  molecular sieves made from a common second degree building block, a 2-
dimensional tiling of such MWW framework type unit cells, forming a “monolayer of

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

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

10 such second degree building blocks can be in a regular fashion, an irregular fashion, a

random fashion, or any combination thereof; or

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

combination of unit cells having the MWW framework topology.

[0007] The MCM-22 family materials are characterized by having an X-ray diffraction
15 pattern including d-spacing maxima at 12.4+0.25, 3.57+0.07 and 3.42+0.07 Angstroms
(either calcined or as-synthesized). The MCM-22 family materials may also be characterized
by having an X-ray diffraction pattern including d-spacing maxima at 12.4+0.25, 6.9+0.15,
3.57£0.07 and 3.42+0.07 Angstroms (either calcined or as-synthesized). The X-ray
diffraction data used to characterize the molecular sieve are obtained by standard techniques
20 using the K-alpha doublet of copper as the incident radiation and a diffractometer equipped
with a scintillation counter and associated computer as the collection system. Materials
belong to the MCM-22 family include MCM-22 (described in U. S. Pat. No. 4,954,325),
PSH-3 (described in U.S. Pat. No. 4,439,409), SSZ-25 (described in U.S. Pat. No. 4,826,667),
ERB-1 (described in European Patent No. 0293032), ITQ-1 (described in U.S. Pat. No. 6,077,
25  498), ITQ-2 (described in International Patent Publication No. W097/17290), ITQ-30
(described in International Patent Publication No. W0O2005118476), MCM-36 (described in
U.S. Pat. No. 5,250,277), MCM-49 (described in U.S. Pat. No. 5,236,575) and MCM-56
(described in U.S. Pat. No. 5,362,697). The entire contents of the patents are incorporated
herein by reference.
30 {0008] It is to be appreciated the MCM-22 tamily molecular sieves described above are

distingnished from conventional large pore zeolite alkylation catalysts, such as mordenite, in
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(101) and (102). EMW10-P EMH 10 Yes Yes Non-di screte Yes Yes

Non-di screte Both (002) peak and (100) peak are Peak corresponding to
(002) is not _resolved, wherein the peak intensity for visible. Peak

cor r espondi ng"P3" PP i s EMM 10 (002) is at least as gri&atUSA¥"8Yetof the
wel | resolved. peak intensity of the d-spacing maxi rumfor (100). And,
Furt her, peaks corresponding to (101) an(102) r on-di screte ar exhibit
a val l ey but thahBsRdCdy2dsiglidimg! 43 sro49e p&ﬂﬁts("%t’f;‘)dgvﬁ"f FPOHRULG ey th e
intensity conuemkafeth@pore sysWR SQAOLOL4AD 4T/ US20091050724 [0013] It is

known that crystal norphology, .size and aggregation/aggl gneration, or new
x-ray di ffraé{qoah cahc éﬁo#lté%ﬁwea%laflwmts%mgxﬁﬁé*sgsaaé)&ﬁngpf) e MYAY trplgey

catal yst act iap thofti ¥y trdRtihik Wich have two pore systems arising from the presence of both 10
S 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, PSH-3, and SSZ-25.
[0010] The MCM-22 family molecular sieves have been found to be useful in a variety of
hydrocarbon conversion processes. Examples of MCM-22 family molecular sieve are MCM-
22, MCM-49, MCM-56, ITQ-1, PSH-3, SSZ-25, and ERB-1. Such molecular sieves are
10 useful for alkylation of aromatic compounds. For example, U.S. Patent No. 6,936,744
discloses a process for producing a mono-alkylaromatic aromatic compound, particularly
cumene, comprising the step of contacting a polyalkylated aromatic compound with an
alkylatable aromatic compound under at least partial liquid phase conditions and in the
presence of a transalkylation catalyst to produce the mono-alkylaromatic aromatic compound,
15  wherein the transalkylation catalyst comprises a mixture at least two different crystalline
molecular sieves, wherein each of the molecular sieves is selected from zeolite beta, zeolite
Y, mordenite and a material having an X-ray diffraction pattern including d-spacing maxima
at 12.4+0.25, 6.9+0.15, 3.57+0.07 and 3.42+0.07 Angstroms.
[0011] A report by I. Ruan, P. Wu, B. Slater, L. Wu, J. Xiao, Y. Liu, M. He, O. Terasaki at
20 the 15 IZA Conference in Beijing in 2007 disclosed ISE-MWW and ISE-FER materials, the
former made from MCM-22-P material as starting material. U.S. Patent Application
Publication 2005/0158238 to Tatsumi et al. disclosed MWW type zeolite substance. U.S.
Patent Application Publication 2004/0092757 to Oguchi et al. disclosed crystalline MWW
type titanosilicate catalyst. A report by W. Fan, P. Wy, S. Namba, and T. Tatsumi (J. Catalyst
25 243 (2006) 183-191) disclosed a new titanosilicate molecular sieve with the structure
analogous to MWW-type lamellar precursor. J. Ruan, P. Wu B. Slater and O. Terasaki
disclosed detailed structure of Ti-YNU-1 (Angew. Chem. Int. Ed., 2005, 44, 6719) similar to
ISE-MWW. Another report by P. Wy, J. Ruan, L. Wang, L. Wu, Y. Wang, Y. Liu, W. Fan. M.
He, O. Terasaki and T. Tatsumi disclosed a methodology for synthesizing crystalline
30  aluminosilicates with expanded pore windows through molecular alkoxysilylation of zeolitic
lamellar precursors (J. Am. Chem. Soc. 2008, 130, 8178-8187).
[0012] These closely related material may further be distinguished by comparing XRD
diffraction pattern for d-spacing maxima corresponding to (002), (100), (101) and (102)
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5[ 0014] The al kyl aromati ¢ conpounds, for exanple ethyl benzene and cunene,
are val uable commodity chem cals which are used industrially for the
production of st e nmononer and co-production of phen one
respectively.wﬁﬁxpﬁgﬁ?Pg common route for the productioﬁkgﬁﬁgﬁg%§%4
conprises a process which involves al kyl ati on of benzene with propylene to
produce cunene, f.ol | awe y oxidation of the cunene to the correspondi ng
WD 2010/ 01440‘2%’1*?‘?1%%%@ o’%ﬂﬁﬂ%ﬁﬁ@ r B8 e FEIYe MalsHst s, ‘gfpé&%g*é%@“@he
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t enzene roguc unber of .different chem cal processes.
On ey process vﬁ%%gﬁ gge%gﬁi (Z‘{/ 58}/ ﬁ% ig@ﬁ?cfrigc‘&?ﬁ‘mﬂ‘@g@g%s%?d‘%‘ﬁﬁé?@ irgfilecg‘tfbﬁes s

is the vapor tpfiasle ialikytaagd B6maR. Ibenzesseamdstibme tiyl-eoe déd2-bhey RugseRrce of a
solid, ackgic ZSM5 5zeolite cafal sh} Egﬁ | es of ﬁgch et hyl henzene
product i ot priJtEEsBEIgPE qREEPIdned (K hredlectsn is fpralip @ the rapgq figgl O ddgwn) |
4,547,605 (Kriesgejgsants @,7016 &L2-¢ Haaw). TH.QObadiMhabheumpbae®ssdivhioqod)as
achi eved significant comrercial success is the liquid Phase rocess for
produci ng et H@éaﬁgﬂ‘z‘é%’m@ i ‘b%f“’f‘fé‘?lg‘”&r‘?o“éf) H{}iléﬁ\é‘ggi"m’?é 4-4-8dsle 2t0%Su K- a

| ower t enper athdrislldwWiag tdbhee(TRPON spRasAzca0ue tdatpakss Bdtedancs-tenden .

result in |ower yie of by-products. For exanple, U S. Patent No.
4,891, 458 (| m@)“’dg@%gégé E*’r?é“?‘}oaﬂf%e PRgEd reRnsieh b latsgni ehiahyaprdnoethe wi t h
zeol ite BetaexislRdeandotthSicaltiad GIKRNQffiB:ti3B hateBblor ERpIcidasaihbesrebiaduse of

| benzene. 100161Cunene has for

MCM 22 in th I.qui e synthesis. of eth : _

many years bz‘é%()%)r 8@@25@%@6@&@?2{6 Fetiontfor Y"ﬁ%aﬂ"?y&WFW‘fﬂﬁ%‘éﬂ%‘}eﬁﬂf’éﬁt’fiﬂﬁn of
benzene with propyl ene over a Friedel -@Galds catal yst, particularly solid
15 phosphoric acid or alum numchloride. Mre recently, however,

zeol i t e- based catal yst systen% haye .been found fo be rmrecaftl e and

sel ective for propyilati on of DERPENE“¥% cunene. | For exanpl é,“‘"@‘gs. Pat ent

iyl atton gt Beererte GOh o eyl ont ' 01 PPRE ki e ot k)P orf BodcAtas

for producing al kyl gromatic cogpqupsds, for 20 exanple ethyjhenzene and
cunene, inherently produce polyalkylated species as well as the desired
nmonoal kyat ed product|. ¥tsis thgreforggnof makto| tngnsal kyl.atg tke Ves
pol yal kyl at ed speci gs—wi-thladditional aromatic feed,  flor exanple sbpnzene,
to produce apldi ti onaIAmmmq@!aﬂ@ék@,@wmaj&vareg)duct ,pefaggorg:g@mhgt@@by)lipﬁﬂzepe
or cunene, either by ekigeypeteag1dhanpabyalkytiat edviSPecAieshdahtdgeard ky! ation
reactor or, | mace-£ equandabited Bnfigeokagditbe 25 palwal Kviiry edsSBast&169 a
separate transal kyl abhkgrouf@aties lowEsx poTR Mg Ofss Caetnal(m?,svh\mlrﬁbe Rhayereheen
used in the|al kyl at i| @anGh YQ6QRBIJIE aSBESnRSKRIS UCin@ssilchdcatitgbablerhpnzene
with ethylene or pro@ysbangonaRdineRoddRetidemaRgad Kythalowed poiht ReoMads uh 3t ed
speci es, such as pol yat(hylh benzenes and pol vyi soplr&mél}ﬁ@,mg@ﬁ@@meaﬂ@hjsﬁkgg in

U S Patent No. 5,557,024 (Cheng) and include B iV ingRRlRinga fopSZ- 25,
zeolite X, reolite Y, zeolite Beta, acid deal ummogags3omordenite and
i 5

TEA- nor deni fe—Fransal-kyl-at+oen—over—a—smabl—erystal—(<0-5-m-cron)—form-of
TEA-nordenite is al $so di scl oseeMMAIOPS. Patent |6, 984, 764 £Ret-hoet al).
[ 0018] Wher e t he al kytatt+onystep—t+s—perforredin—thetgu-d-—phase,—it—s

al so desiraple to condst {hefdasr ansaNkydatieon st efeunder Ybd qui dN@hdisecte
condi tions.| However b% O(gé.l'd[i ng “at—WO2010/ 014404PCT1+3S2009/- 050724
 Paip®3 p 3{1

relatively | ow tenpd eakjagdif 190)tsals e pr oc e Fsalscarspronding fed PR seudt

requi rements on the| EaelEidyshereipdetneglumignsity foin  t|ésitle. Radatokygipandiemtogt @pis
where the bul'ky pol Y &Oﬁwa&leaﬁt@%@rwm thepe gorllepsobddt o addi ti onal

nono- al kyl arornatic drieriong khodrtpaping S@sINg: Unwant ed byproducts. This has
proven to be a sign| fir€¥{t problemin the case |6f"%cunmene production 5

wher e existjing catalysts have either |acked theg dei(gi‘r.e.d acti vi Qﬁ or dg Ve

resulted in the protdt®bn of significant quant|i’} §°‘6§?Sp?§1f‘§ll% (':)[‘13[’ ¢h as
AL SO S R
with measyred it ‘ectad

ethyl benaenfe and 1oy gyl benzens,, LOYSLIneRs | <. HHEISHE

new process-—of—prodt
nol ecul ar sieve. 10 SUWARY OF TH S DI SCLOSURE 100201l n sone enbodi nents,

this disclosure relates to an al kyl ati on3process of produci ng nono-al

kyl aromati ¢ conpounds using a catalyst conprising EMA 13 nol ecul ar si eve,
wherein the EMM 13 nol ecul ar sieve has, in its as-synthesized form and in
calcined form an X-ray diffraction pattern including peaks having a
d-spacing maximumin the range of 15 14.17 to 12.57 Angstrons (-6.15-7.05
deg 2-0), a d-spacing maximumin the range of 12.1 to 12.56 Angstrons
(-7.3-7.05 deg 2-0), a d-spacing maximumin the range of 10.14 to 12.0
Angstrons (8.7-7.35 deg 2-0), and a d-spacing maxinumin the range from
8.66 to 10.13 Angstroms (10.2-8.7 deg 2-0); wherein said peaks having

AN oA v AN N A P - _




WO 2010/ 014404PCT/ US2009/ 050724 11. 06+0. 18 and 9. 25+0. 13 Angstrons; wherein

said EMM 13 nol ecul ar sieve has less than 1.6 w.
t he nono-al kyl aromati ¢ conpounds conpri se at
51002311 n yetP@tUsM09eWddi nent s,

enbodi nent s,

et hyl benzene, WOUAEAEHYNd sec- but yl benzene.
t he process of this disclosure conprises contacting an al kyl ati ng agent

% Ti. [002211 n ot her

| east one of

with an al kyl atable aromatic in the presence of a catal yst conprising EM3
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described in the "Atlas of Zeolite Franmework Types," 2001. [0034] As used
herein, the nunbering schene for the Periodic Table G oups is used as in
Chem cal and Engi neering News, 63(5), 27 (1985). 25 X-Ray Powder

Di ffraction P&@%%FHH*TﬁOBS]The i nterpl anar spaci ngs, d' sECRER@EH Ul at ed
in Angstromunits (A), and the relative intensities of the lines, 1/10,
where the intensity of the strongest |ine above background, I, is counted
as 100, were derived with the use of a profile fitting routine (or second
derivative aljgorithm). The intensities are uncoethitedidydnt diormagiedan
pol ari zation {30 effects. The rel ative intensiti esndtyeogicied foribickpetdig: of| t he
synbols VS-very strong (greater than 60 to 100) the ®vwsttpoinge(ngmedtsethat ftan 40
to 60), Mnmedium (greater than 20 to 40) and W WexdikepOintath2@me XRD ¢houl{d be
understood that diffraction data |listed as si ngbrecihg mebe limyorvening sbxioh
mul ti pl e overl appi ng Iines whi ch under cert ai n| ®o@itand82). such as

differences iiln WD 2 01440 9/ 05 /14 Crys ||o raphi c changes,
may appear as resolve ?“ﬁ%férg%fygégg #%e %"Wi qqo 8238 Fig. 2)
crystal |l ographi c chang can {pel ud N ha1g cel ar tlers
and/or a change in ¢ vg%ﬁl qvgmet'vey it hou% chanq |2 % he é*? 3??
These minor effects, An@duupaamr&la@ng@swaneyr el af %ftﬂréatp%hxfe'réémdcmalf%kso
occur as a reswiwwof diidiSRARACE@E!) it G6) HdrefONT &itks befwlea B hkd (

conposi tion, | natwie amndmeageertcadityp@reted il i Ng m&h&ém&dm@i}

hydr ot her mal | hi st or y| backdi®ind ethind19@St poiht Bdifigf 1E8.CT doDBet@Ib L REKDTOuEDA (] Qowcst
i ndi cative of inport athtn Wi% bhepiest thebmeERDNA] @it 8disg ledsitiag B0 Vo i @oigRS €
for conparing MCM 22| dvebingsenthd lae cormt@ing mh:gma e| @ the sdANKRI9 d-spdchdk bbthe Aid
PSH- 3. [0036] The i nt gfop(l8hand @pAci ngs, d's, wer@nsotigingdainedoli@add f t hey
exhi bi ted peak width 10 of about 1.5 or nore af(lfi@l f height det er ni ned |as
50 %intensify valueffromthe peak maxi num to he basetime {0037 The—term

"XRD di sti nghi shabl e peakmrecél§°rd§éﬁtah’e1;aalt‘:ﬁ) i s def CAEHeGESHRIN TSR Nig- th

clearly defined peak i mim iich at J east I nes o aver age
background npi se |ev rr%9(15 4%?] heY%er11-%%n-dFé%$%t o HJ(gsah s

“unr esol ved"| peaks) | Ay %quaé YR fae:nmamgeansAlpﬁmm%&g &1 AIP@AG onil ¢
profile in-bptween them (successive points elthglwpggﬁmstentiy i ncreasi ng

(or staying even) or| decreasing (or staying even% Wi thin noise). [00391The
term "di scref &-Mgagks (al so "resol ved" peaks) |ioniyiRbe askusesi/heseham 0EANS

XRD peak(s) whi éh arle not non-discrete (unresolv%%). 20[ 00401Fi gure 1
graphi cal |y [denonstrjates the XRD pattern betweehvaley existsbetiser @8)2nd) of |t he
product of ETanple 1. The neasured intensity cdfZectheginftymesaridgriensiid at

the | owest ppint betpmeen d-spacing maxima in t]feTseEAGE bagkerppndiaite pwest o
Angstronms and in the range from8.66 to 10.13 |RGEP9H Sﬂ?%ﬁ}é§éﬁ?gﬁm B,
is the distance bethen the | owest point (pointa‘t ?“t%HPn1 b)

\*2J

on the line of the Hackground correction |ine Egeﬂ@g§3W§”§ggf ﬁﬁ d- spaci ng
of the | owest point [(point a). The distance between the point b and the
point (point ¢c) on the line connecting d-spacing naxima in the range of

10. 14 to 12. QoAspst ftqmoafﬂ Ghat E}r:;teh ok AVLEy, gwé)md%gt@@gaﬁ&/z;gglo;n%a%g §XI f® at
t he same XRD d-sp owest pornt is represented as A Conposition

n
Matter of EMUFT3 %?%%f“?foe%lff%wﬁéw §’e}3§“"ﬁbv9*m‘7ﬁﬂ%’ﬂ>2 eeprdiRg | ptalyelt wHYIEN 2 t h
unpr ecedent edtaXRD. pattern i ndi cating expanded structure and increased
access toth mh erﬁﬁ e &gncn mmJ1 q e distinctive conmbination
of XRD featu SRRl ?d?n1co£%r?%fﬁ q%@% KHadPhg U 8ey: *€paci ng
maxi mumin t Heluquépngenlmdltﬂ%ejﬁcatsowmﬂl &7 vAnigstusoriy (orBhdl produc@on degyree0), a d-
WO 2010/ 0144%?&;{&9&2&3@4&%%%4 1§9§Qhﬁ&em o e
12.56 Angstrons (- % ng Xi mim 1 n e range of
10. 14 to 12. Grepneleigms pégloirsoznps%%ore@@sw wlamolaeswﬂgﬂﬁaeq\ AfbevestE mith i n t he
range from 8pﬁ)§ylf:lﬁb t&Q)r(ﬁiaceAﬂgﬁﬁd’ QB wldL Oy driBuidn dLGBe %mgén:e tm%rc%hgs Sald peaks
havi ng d-spacing maxi numin the range of 10.14 to 12. Angstrons (8.7-7.35
deg 2-0) and d- 5. maximumin the range from8.66 to 10.13 Angstrons
(10.2-8.7 deg 2-0) exhibit a valley in-Between, wherein the neasured
intensity corrected for background at the | owest point of said valley is
| ess than 50 % of the intensity point at the sane XRD d-spacing on the line
connecting said peaks having d-spacing maxima in the range of 10.14 to 12.0
Angstrons (8.7-7.35 deg 2-0) and in the range from8.66 to 10.13 Angstrons
(10.2-8.7 deg 2-0); wherein 10 said EMM 13 nol ecul ar sieve has | ess than
1.6 wt.% Ti. [0042]1In sone enbodi nents, the conposition matter of EMM 13
has, in as-synthesized formand in calcined form an X-ray diffraction
pattern including peaks at d-spacing maxi ma at 13.510.5, 12.330.23, and
exhlblt a vaIIey in betmeen t he peaks at 11 050 2 and 9.310.2 Angstrons

b1 o N 1 oy " T Y [T N 1 o, M Ty 1 o

D




synt hesi zed formand in calcined form an X-ray diffraction pattern

i ncl udi ng peaks at d- 20 spacing maxinma at 3.57 0.06 and 3.43 0.06
Angstroms. In yet further enbodinents, the conposition matter of EMW 13
further has, YRZBYOWM hesi zed form and in cal ci ned for rRCTAF2000/p4y2+
diffraction pattern including peak at d-spaci ng maxi num at 6.910. 15
Angstrons. In yet further enbodinents, the conposition matter of EMM 13
further has, hydionRgseidenile&en dervegsr oh thinky draperoaide ith seedias remyal awplx-amaynts of
diffracti on palbeidl sddeht!dimgiREAK: Ay deSRARIA0L 9 08
Angstroms. 8044 I n_ot her eﬂn%odl rre%t sfly teﬁ;g cgrrpog?ﬂug}rl:)mrrgit ?lgfrlél%n QEKI)MQ‘%L

has, in as- SPWPWE@ QrecPrpesssy kipthas achieved  isdifitont degresrpiXomayregl fceas ts tbm
pattern incl ugdingnReakSaRin o RRAGE HemMERIITR iR €

13.5+0.5 (M V %0 Bl e g b s antdr%yh‘ggu‘tﬂg‘%%ﬁ% ot ol SRR VS 8 peaks
at 11.05072 enfils)caigiyat oExamples of elspthplheprencapradustion Wp@ehsesre@si@scexhe@@l U.s.

i ntensity copianieh 5951 RAGKasANGSAL0S el QYFRL AGLIE aheno 1 ess than 50 %
of the point at the samg d- Spaci hg on i he con ech ng d-spacing
maxi ma at ar B4R 114080er Proserd vaichihpe achioxadsipniGenst conwreial success is the liquid
2010/ 014404P, 0Q9F PS84 d il o) ive
Intensity, |%y§%100 1% dnd d B ?%&%Af %l\ﬁg’r%%%‘éﬂ §§f% e {f %B%E%t

>d>10. 14 W Joyer tI@Pwtﬁfeﬁwnebe Vapsy ghage copnigpaving heppecotantis3o eBult O 108 WS,

broad 3. &7 & BEWMs3 H3ex B0 UM ¥oen[ 0045

conposi tion rra@?%r ofS EM\/lealQIp further e Fﬂglggghﬁ&% ﬁ%%?%%g%f oq?nr%é{lr%

cal ci ned f or¥fithgsis Xt ethylbegnsng a/@h@ﬁhtpd?ee@?erwhermllb&l H@eqbé‘&ksi 34,795 (Shs)pam ng
Maxi M at 3. &dcribds A6 udWMCNARY i Bind Baui oG In yet further
enbodi nent s, tchne %orrgom tion rrét tlerq%(?p egyw%&f% ﬂgﬁ%ﬁ in

as- synt hesi Z@M& or rfywrrae ihas &l rednsegals deen preduokd rcaymmdaﬂlvdm thehiqpidt thesen

i ncl udi ng pealy1afon dorSRACIHR Iw RGP Eh&tovs 9 kel ( 0

yet further%?bodlnnents nt he c)(g)kndp?gm tlo(‘)/n mat t g? ogﬁstE Sis. }%%%Q[ry %q?d

as- synt hbsi Zbgsmhetimagiddon plumiiee Akleriden ivipre ancextly. aljoveivérf rzawii-based atakysin 10

i ncl udi ng pegkedns hﬁj&/esﬁé@ﬁ'f&ﬁd WE)GCWH&E abtive G segacg\% {ép%%;[l?’ﬁ)iﬂ&n 6 Pend {ooad) '

[0046] I n sone preferred enbodi nents, the X-ra attern t he
crystal | i ne HBrecdicasxagiply - SERaEnL Blof 4P (Ka@ng@&k@smbwﬂls pme)CMébZl ma

and i ntensi tlhﬁ}%hlqhxﬁtpﬁgehmyﬂ_@&! cﬁbgnzelliqu n%l)ﬂflélgma enbodi ments, the X-ray
diffraction E@tgtern of the crystalline ['‘ecul ar 15si eve of th| s di scl osure

further incllf¥ds a Eéﬂ%b%cﬁ“ﬁ@“ﬁ&xﬁ“ﬁi?ﬁﬁcat fopgrodusipst plspsromp00 48 phundst Ker
embodi Memt S exhhiflc CAPBOSELd £ AREAEL 'fnh@xfcntl@vg{lbé&e %lé/al??lfa\g@ fs%éa%g aDWell b 1" yS][ |a|

structure. The crystal structure of ts unit ce
which is thdledid hesplkeatsd prodical Tu thersdme alprrmhgo éliansdtmbtesthp u?@!xa&alated

el ement s of spdres WRlLLddRIonal THEAHRI thed ¢ exglfnpl'g%ﬁc h@%rfa@éé Qm&glaﬁlgncgr oup

and atonic coordinates of tetrahedral atons oxygen atons |isted
in Tabl e 3 &hlafniaye ypipquct efor edﬁrﬁ@ﬁsqﬂ@ﬂfsené@rneaor—cwaenm,gmﬂzs) Bndecacling the

27.647(7) Apowhieyigled padic w&-?ﬁlﬂﬁklgﬁ%ﬂorsblevrﬁmlaaﬁeciu@r?tigy than egl?lg we- % i

Si nce tgg tet r%hedral atons may nove about due to other cry sta rces
(presen polyplisylatat precigs too‘rsﬁ%ﬁﬁ?t?:”@‘b@lﬁ’lé@n reasor.eRospmllas of C%ial}’ﬁéﬂn‘g@dohavg 05 nm
is inplied fb&fn BECH BOAKAMIALL RARLE bRBies, such as alkylation of benzene with ethylene

or propylene, and in the transalkylation of polyalkylated species, such as polyethylbenzenes

and polyisopropylbenzenes, are listed in U.S Patent No. 5,557,024 (Cheng) and include

MCM-49, MCM-22, PSH-3, SSZ-25, zeolite X, zeolite Y, zeolite Beta, acid dealuminized
30 mordenite and TEA-mordenite. Transalkylation over a small crystal (<0.5 micron) form of

TEA-mordenite is also disclosed in U.S. Patent 6,984,764 (Roth et al).

[0018] Where the alkylation step is performed in the liquid phase, it is also desirable to

conduct the transalkylation step under liquid phase conditions. However, by operating at

-8 -
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WO 2010/014404

relatively low temperatures, liquid phase processes impose increased requirements on the
catalyst, particularly in the transalkylation step where the bulky polyalkylated species must
be converted to additional mono-alkylaromatic product without producing unwanted by-
products. This has proven to be a significant problem in the case of cumene production
where existing catalysts have either lacked the desired activity or have resulted in the
production of significant quantities of by—products such as ethylbenzene and n-
propylbenzene.

[0019] There is, therefore, a need for a new process of producing mono-alkylaromatic
compounds with crystalline molecular sieve.

SUMMARY OF THIS DISCLOSURE

[0020] In some embodiments, this disclosure relates to an alkylation process of producing

mono-alkylaromatic compounds using a catalyst comprising EMM-13 molecular sieve,
wherein the EMM-13 molecular sieve has, in its as-synthesized form, and in calcined form,
an X-ray diffraction pattern including peaks having a d-spacing maximum in the range of
14.17 to 12.57 Angstroms (~6.15-7.05 deg 2-6), a d-spacing maximum in the range of 12.1 to
12.56 Angstroms (~7.3-7.05 deg 2-0), a d-spacing maximum in the range of 10.14 to 12.0
Angstroms (8.7-7.35 deg 2-0), and a d-spacing maximum in the range from 8.66 to 10.13
Angstroms (10.2-8.7 deg 2-0); wherein said peaks having d-spacing maximum in the range of
10.14 to 12.0 Angstroms (8.7-7.35 deg 2-0) and d-spacing maximum in the range from 8.66
to 10.13 Angstroms (10.2-8.7 deg 2-6) exhibit a valley in between, wherein the measured
intensity corrected for background at the lowest point of said valley is less than 50 % of the
intensity point at the same XRD d-spacing on the line connecting said peaks having d-spacing
maxima in the range of 10.14 to 12.0 Angstroms (8.7-7.35 deg 2-0) and in the range from
8.66 to 10.13 Angstroms (10.2-8.7 deg 2-0); wherein said EMM-13 molecular sieve has less
than 1.6 wt.% Ti.

[0021] In some embodiments, this disclosure relates to an alkylation process of producing
mono-alkylaromatic compounds using a catalyst comprising EMM-13 molecular sieve,
wherein the EMM-13 molecular sieve has, in its as-synthesized form and in calcined form, an
X-ray diffraction pattern including peaks at d-spacing maxima at 13.18+0.25, 12.33+0.23,
11.06+0.18 and 9.25+0.13 Angstroms, wherein said peaks at 11.06+0.18 and 9.25+0.13
Angstroms exhibit a valley in between the 11.06+0.18 and 9.25+0.13 Angstroms but with
measured intensity corrected for background at the lowest point being less than 50 % of the

intensity point at the same XRD d-spacing on the line connecting d-spacing maxima at

9.
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11.06+0.18 and 9.25+0.13 Angstroms; wherein said EMM-13 molecular sieve has less than
1.6 wt.% Ti.
[0022] In other embodiments, the mono-alkylaromatic compounds comprise at least one
of ethylbenzene, cumene and sec-butylbenzene.

5 [0023] In yet other embodiments, the process of this disclosure comprises contacting an
alkylating agent with an alkylatable aromatic in the presence of a catalyst comprising EMM-

13 under alkylation conditions to form mono-alkylaromatic compounds.

[0024] In other embodiments, the as-synthesized crystalline molecular sieve EMM-13 is
further calcined under calcination conditions to form calcined EMM-13, wherein the
10 calcination conditions comprise a temperature in the range of 300 to 700°C for a time in the

range of 1 min to 500 hours.

[0025] In some aspects, the EMM-13 molecular sieve further comprises, in its as-
synthesized form and in calcined form, an X-ray diffraction pattern including peaks at
3.57£0.07 and 3.42+0.07 Angstroms.

15 [0026] In other aspects, the EMM-13 molecular sieve further comprises, in its as-

synthesized form and in calcined form, an X-ray diffraction pattern including peak at

6.9+0.15.

[0027] In yet other aspects, the EMM-13 calcined molecular sieve has a composition

involving the molar relationship:
20 X503:(n)YOo,

wherein X is a trivalent element comprises at least one of aluminum, boron, iron and gallium,
Y is a tetravalent element comprises at least one of silicon and germanium, and n is at least
about 10. In the as-synthesized form the EMM-13 molecular sieve has a formula, on an

anhydrous basis and in terms of moles of oxides per n moles of YO, as follows:

25 (0.005-1)M0:(1-4)R:X>05:nYO,

wherein M is an alkali or alkaline earth metal, and R is an organic moiety. In a preferred
embodiment, n is from about 10 to about 150, more preferably from about 30 to about 60. In
some preferred embodiment, X is aluminum and Y is silicon.

[0028] In some embodiments, the EMM-13 calcined molecular sieve has a collidine

30 adsorption capacity at least 150 umoles/g, prelerably at least 250 pmoles/g.

- 10 -
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[0029] These and other facets of the present invention shall become apparent from the
following detailed description, Figures, and appended claims.

BRIEF DESCRIPTION OF THE FIGURE

[0030] Figure 1 shows the XRD pattern between 5 to 11 degree 2-0 of Example 1.
DETAILED DESCRIPTION

Introduction

[0031] All patents, patent applications, test procedures (such as ASTM methods, UL
methods, and the like), priority documents, articles, publications, manuals, and other
documents cited herein are fully incorporated by reference to the extent such disclosure is not
inconsistent with the present invention and for all jurisdictions in which such incorporation is
permitted.

[0032] When numerical lower limits and numerical upper limits are listed herein, ranges
from any lower limit to any upper limit are contemplated. While the illustrative embodiments
of the disclosure have been described with particularity, it will be understood that various
other modifications will be apparent to and can be readily made by those skilled in the art
without departing from the spirit and scope of the disclosure. Accordingly, it is not intended
that the scope of the claims appended bereto be limited to the examples and descriptions set
forth herein but rather that the claims be construed as encompassing all the features of
patentable novelty which reside in the present disclosure, including all features which would
be treated as equivalents thereof by those skilled in the art to which the disclosure pertains.
[0033] As used in this specification, the term “framework type” is used in the sense
described in the “Atlas of Zeolite Framework Types,” 2001,

[0034] As used herein, the numbering scheme for the Periodic Table Groups is used as in
Chemical and Engineering News, 63(5), 27 (1985).

X-Ray Powder Diffraction Pattern

[0035] The interplanar spacings, d’s, were calculated in Angstrom units (A), and the
relative intensities of the lines, I/l,, where the intensity of the strongest line above
background, I, is counted as 100, were derived with the use of a profile fitting routine (or
second derivative algorithm). The intensities are uncorrected for Lorentz and polarization
effects. The relative intensities are given in terms of the symbols VS=very strong (greater
than 60 to 100), S=strong (greater than 40 to 60), M=medium (greater than 20 to 40) and
W=weak (0 to 20). It should be understood that diffraction data listed as single lines may

consist of multiple overlapping lines which under certain conditions, such as differences in

-11 -
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crystallographic changes, may appear as resolved or partially resolved lines. Typically,
crystallographic changes can include minor changes in unit cell parameters and/or a change
in crystal symmetry, without a change in the structure. These minor effects, including changes
in relative intensities, can also occur as a result of differences in cation content, framework
composition, nature and degree of pore filling, and thermal. and/or hydrothermal history.
Other changes in diffraction patterns can be indicative of important differences between
materials, which is the case for comparing MCM-22 with similar materials, e.g., MCM-49,
MCM-56, and PSH-3.

10036] The interplanar spacings, d’s, were considered broad if they exhibited peak width
of about 1.5° or more at half height determined as S0 % intensity value from the peak
maximum to the baseline.

[0037] The term “XRD distinguishable peak™ as used herein is defined as XRD peak with
clearly defined peak maximum, which is at least two times of the average background noise
level.

[0038] The term “non-discrete” peaks (also “unresolved” peaks) in XRD as used herein
means peaks having a monotonic profile in-between them (successive points either
consistently increasing (or staying even) or decreasing (or staying even) within noise).

[0039] The term “discrete” peaks (also “resolved” peaks) in XRD as used herein means
XRD peak(s) which are not non-discrete (unresolved).

[0040] Figure 1 graphically demonstrates the XRD pattern between 5 to 11 degree 2-0 of
the product of Example 1. The measured intensity corrected for background at the lowest
point between d-spacing maxima in the range of 10.14 to 12.0 Angstroms and in the range
from 8.66 to 10.13 Angstroms, represented as B, is the distance between the lowest point
(point a) and the point (point b) on the line of the background correction line at the same
XRD d-spacing of the lowest point (point a). The distance between the point b and the point
(point c) on the line connecting d-spacing maxima in the range of 10.14 to 12.0 Angstroms
and in the range from 8.66 to 10.13 Angstroms at the same XRD d-spacing of the lowest
point is represented as A.

Composition Matter of EMM-13

[0041] EMM-13 is a new MCM-22 family material with unprecedented XRD pattern

indicating expanded structure and increased access to the interlayer region. It shows a unique
distinctive combination of XRD features in the calcined form comprising peaks having a d-

spacing maximum in the range of 14.17 to 12.57 Angstroms (~6.15-7.05 deg 2-0), a d-

-12-



022 0.2928(8) 0.1464(4) Extra-framework: T23 0.4499 0.1812 0.0686 0.025
0.355 T24 0.2477 0.1232 0.0360 0.025 0.160 Approximate 025 0.663 0.452 0.0
0. 025 0. 099 004911 n Table 3, x/a, y/b, z/c are the fractional coordi nates

of the atons WRAPWEMIM t cel |l referred to the unit celACTAREYYEIRY, ¢,
Usois the isotropic tenperature factor for each atomin 5A2. The quantity
‘occ' is the occupancy factor for each atom i.e., if less than 1.0, there

is a stati stipadingdngtiminout thenagk odi DIk B 56vACANQLLE7a8t7. Gakly FBCu8-spRinghe
crretal -, 10 Ao CERRSL AL e 10 B BOLEHPIR PRI B
greater than @26@nimd @stgge frond.qoref @t Bhhystgmneatoers.7 baie-85 heioil said/pgakseven
than 350 1, st agr g Bl PR PoLBB5 T 108! 200 s ieora § Fop Bmio iFE "
© 5. spacing maximum in the range from 8.66 to 10.13 Angstroms (10.2-8.7 deg 2-0) exhibit a
valley in between, wherein the measured intensity corrected for background at the lowest
point of said valley is less than 50 % of the intensity point at the same XRD d-spacing on the
line connecting said peaks having d-spacing maxima in the range of 10.14 to 12.0 Angstroms
(8.7-7.35 deg 2-0) and in the range from 8.66 to 10.13 Angstroms (10.2-8.7 deg 2-0); wherein
10 said EMM-13 molecular sieve has less than 1.6 wt.% Ti.
[0042] In some embodiments, the composition matter of EMM-13 has, in as-synthesized
form and in calcined form, an X-ray diffraction pattern including peaks at d-spacing maxima
at 13.5::0.5, 12.33+0.23, and exhibit a valley in between the peaks at 11.05+0.2 and 9.31+0.2
Angstroms with measured intensity corrected for background at the lowest point being less
15 than 50 % of the point at the same XRD d-spacing on the line connecting d-spacing maxima
at around 11.05+0.2 and 9.31£0.2 Angstroms, wherein said EMM-13 molecular sieve has less
than 1.6 wt.% Ti.
[0043] In further embodiments, the composition matter of EMM-13 further has, in as-
synthesized form and in calcined form, an X-ray diffraction pattern including peaks at d-
20 spacing maxima at 3.57 + 0.06 and 3.43 + 0.06 Angstroms. In yet further embodiments, the
composition matter of EMM-13 further has, in as-synthesized form and in calcined form, an
X-ray diffraction pattern including peak at d-spacing maximum at 6.9+0.15 Angstroms. In yet
further embodiments, the composition matter of EMM-13 further has, in as-synthesized form
and in calcined form, an X-ray diffraction pattern including peak at d-spacing maximum at
25  3.96 4 0.08 Angstroms.
[0044] In other embodiments, the composition matter of EMM-13 has, in as-synthesized
form and in calcined form, an X-ray diffraction pattern including peaks at d-spacing maxima
and relative intensities at 13.5+0.5 (M-VS), 12.33+0.23(M-VS), and exhibit a valley in
between the peaks at 11.05+0.2 (W-S) and 9.31+0.2 (W-S) Angstroms but with measured
30 intensity corrected for background at the lowest point being less than 50 % of the point at the
same XRD d-spacing on the line connecting d-spacing maxima at around 11.05+0.2 and

9.31+0.2 Angstroms.
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believe that WD 2010/ 014404PCT/ US2009/ 050724 the EMW 13 cal ci ned has
c-unit cell paraneter fixed in the expanded form as the Pprecursor when

cal ci ned. CheWP241"&3fpositi on of as-synthesized EM 13 B&A@SZUPE0Red EMV 13
[ 0051] The as-synthesized EMW 13 nol ecul ar sieve material of this disclosure
may be prepared froman MCM 22-P precursor, which can be obtained froma
reaction m xture for hydrot hennal reactTabte Zont ai ni ng sources of alkali or

al kal i ne eargth—met v um-or—pot-assi-um—cati-of oxi-de—of
: terpla o
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parti cul ar | d seri-be : ]2:' t-he reaction-m YfIII"M YS\I’ h\[dr ot -her mal

gﬁﬂg‘ﬁwﬁ"i n-10ternsl of —nople rmlmsnf mu des:

reaction hawi 3 M
Y02/ X203 in th o 1913 7l 3866 nfinity or in the rang®-8f 10 to 50 M X203

in the rang of Iﬂ Hﬂ‘-_\- El6f9‘:£’Qa'§'i R/ X203 I n it he range ()WJM @93@0 [00521 The
cal ci ned EMVA13 rrnl ecul };96%‘)@&9 material jof this dl SKHVEs froad nmay be
15pr epar ed by _cal cini ngd-2&%80ft hesi zed ENM 13 under_caPeMnation condi t{ons
to renove at least the h#j®PP8y of the orlganic tenpl atM-¥8 from the
as- synt hesi zed EM\4 13. [0053] The as- synt hesi zed or cal ci ned EMV 13
mol ecul ar si 5 @L %@J% [ rably |ess
than 1 wt.% @nbgre pre erra di"g‘“’?% %}E m%) gu(}’[\{f mgj&e& g Mn% R'ftg Ig}? Sl ess
than 0.1 wt . S5fesized o and nzgal@n@icé)gs onmkdlﬁ@cmmmm {nemauﬁgg Ipnakscaltrﬂ
enbodi mengs, ki e AsWe t GlUfi ng -an as-
synt hesi zed ?:l;ra%/ ?é 'l ne nol eicgl%gr SI tal?d EN?/FE g 1\? %{ﬁﬁ&g’ ?gsﬁilﬂlﬁ t he
steps of: (ayp Wﬁ@ﬁ&wéleazompwtmnem&@mirﬁl\éMﬂ@ mwz@s; =} eawdnth@lzcld form and in

t , | t.
Cr ot ment _conailanah o xiaf BREAh ARl AR 2t WL L8R AR ATHSHEET .5
and (c)recovAngstgms RW-Mchrdadr I@a}t@éﬁn@amygm@ﬂimmg ﬂmlcemmsamnsmaavreof FI0BE] | n
some preferr ﬁ&ith@r”f?é%d 'xﬁ%@%ﬁxthe&% ?o?msé/rfat hesigsd & @){Z%ygﬂﬁxg cé?é'n [OCEess

corrprlsm(():; | )providing a m xture conprising V|ng 7nA|2|n
the rangé fr@%ﬂdlwmﬂhﬁlt frbraging prastiremeds B &6 f-ridid Atgeams1W-V 8, bi&@). and aci di ¢

conposi tion ris tord SRS on QY 3 c
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sai d aci d hagolscutsriieya iyl Ignfurher| has peakh ah depaceguaixing ald ifgnsiieetigedibl y

| ess than 1INpppptionally a spacing agent conprising at |east one of

di met hyl di et hoxy sil ane, diethyldiethoxy silane, and tetraethyl silane
(TECS), pref WP4B| e IrEome coherinemy, ttheegtrasnglf@mompmem@f th¢ ciytelping plevdar
treat menis cogdi b MSHscWRRE ﬁ{rt'ﬂettlnﬁu&eg Q@tsﬂﬁrh%; n?aQHgln]i ht%@a%l RQ&E&B&?E a

tenperature in the range of - for a range of
1-24 hrs, opfPPHhal I1§ oftier ﬁn@d@@qnﬁs; rhﬁgoxyp@é@nmtt@mfm\éhviglé rody 1@-de006! RAM

[ 00561 The Nkl 5 @uclre. SIHE Rryb@) st RIRY brSivMaMhL 226 derRGd ?U frs GRARY lgfncf? R, and
optionally a spacing agent, wherein the weight" ratio o he soli d cont ent
of the MOM 2be migdlgestrpghaal upi captpiging alt heppasterplovenzonts of He rw@qrght’l“ he awit eellof t he
spaci ng agenjr pweL13tike r&s nlnﬂ %{egfgﬁoﬂ% afd a&)ﬁlﬁ‘c Mo Br fiSnddl$ LS @ @bl e 4.

The treatnment conditions of g i ncl ude treatnent tenperatur
treat ment? tigrEgenUEERListethin Bl & rapd vithandfees!lofimeisions rOéatﬂéﬁtl%(%)r@elr atur e

?gﬁgter eat menty. g4y AakBeleinSLROEMM-TRBloR clar SAR! 18s Foss tldgaf dilve 2709, BL gf.er r ed

tetrahedral atoms may move about due to other crystal forces (presence of inorganic or

organic species, for example), a range of £0.05 nm is implied for each coordinate position.
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Most preferred range Solid content (w) 0.001-1000 0.01-100 0.1-10 Acidic
conposition S sacing agent (wt) 0-2 0-1 0.01-0.5 Solid content (w)

Acid concentration N% 0.001-10 0.001-5 0.01-2 Tenperature (C 25-250

50- 200 90-170W@PHQN§H~5 0.01-240 1-48 1-24 100571The f QIATGRENYOVEM d
content over acidic conposition weight ratios are useful lower limts: _
0.001, 0.01, 0.05, 0.1, 0.5, 1, 5, 10, 50, 100 and 500. The follow ng solid

content over acidic conposition weight magie®s are useful upper limts:
0.01, 0.05, tl 05—t —5—10—50—100—500-and-1000. The solid content
over acidic c}c\)r?glosi ti on“dei ght ré'zho falls f’n ? rﬁ Jé‘s‘betv\een‘:efo azy ane of
- -oned—o HA-t9—and any-—-one-—o t L one upper

i o A “’&ﬁéﬁg s 2 RO or 1ERa0 1o LS. upper
limt. The s %ld cont-en @@9 adi 0%326(2‘)‘\rrn’1gll?5i4m wej nhf rati nay be
present in 3 3190%@1‘”91% 01 Tn 9.0897(49 ane enbodi nent , _
al ternati vel \/ ‘h 1.-to-1 8%71‘ er n’1013\33’3 y 0 024936”) f 00581The foll ow ng rlati os
are useful |loWer spaci n‘b66,§ﬁpnt aPeB3X%0l i d| ¢&HEENt vei ght ratjo 25 | mfts:
0, 0.001, 0.0 0. 05__(0-38%@) 5 9.0 and 1. 5030886 folll owi ng ratios are usef ul
upper spaci ngl/agent oviet4238(5)d ¢OALEHD wel @hIBGatig linits: 0.001, 0.01,
0.05, 0.1, OB "1, 1. 5020052, TRA2SNci n0.456 over solid lcontent wei ght
ratio falls |it? a rangd b®6heen afp3dne of | @.be above- WO
2010/ 014404ROIOUS200910665824 nmenbiddited | omeds6a@aci ng.cagent oves solid
content wei gflratio I[ii426(3and|anyiogne ofo.tase2aboye- menti oned upper
spaci ng agentOl@ver solioB8gewEs ent owei7ght riat.igsif4ym s, so Tong as the Tower
spaci ng agentoldver soljiob4080) ent 0@@d4ght riad22gof3ym ff is T'ess [than or equal
to the upper, dgaci ng ggeisb7 over | 88533d contembi@ei ght ratio TimT. The
spaci ng over (a6l id contogreswel ght.o 0.2473(3)

016 0.5 0.0 0.176(1)

017 0.5 0.0 0.318(1)

018 0.3951(6) 0.1062(3) 0.3279(3)

019 0.5453(3) 0.2727(1D) 0.3786(4)

020 0.3519(7) 0.1759(4) 0.4087(3)

021 0.1806(5) 0.0 0.4320(3)

022 0.2928(8) 0.1464(4) 0.5

Extra-framework:

123 0.4499 0.1812 0.0686 0.025 0.355

124 0.2477 0.1232 0.0360 0.025 0.160

Approximate

025 | 0.663 | 0.452 0.0 [ 0.025 | 0.099

[0049] In Table 3, x/a, y/b, z/c are the fractional coordinates of the atoms in the unit cell

5

10

referred to the unit cell axes a=b, c. Uiso is the isotropic temperature factor for each atom in

A’. The quantity 'occ’ is the occupancy factor for each atom, i.e., if less than 1.0, there is a

statistical distribution of atoms or vacancies at each locus in the crystal.

[0050]

In some embodiments, the EMM-13 calcined exhibits an extraordinary high

collidine number greater than 150 pumoles/g, preferably greater than 200 pmoles/g, more

preferably greater than 250 umoles/g, even more preferably greater than 300 pmoles/g, and

most preferably greater than 350 wmoles/g, compared to about 120-200 pmoles/g for EMM-

10 and 120 pmoles/g for MCM-22. Not intended to be limited by any theory, we believe that
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5 ratio may be present in an anount ranging fromO to 2 in one enbodi nent,
alternatively 0 to 1, and alternatively 0.1 to 0.5. [0059] The foll ow ng

t enper at ures 80) are useful lower treatnment tenperature limts: 25, 50, 60,
70, 80, 90, 1B820WPH#Mo0 130, 140, 150, 160, 170, and PSASIPNESTH) | owi ng
tenperatures (C) are useful upper treatnent tenperature limts: 50, 60, 70,
80, 90, 100, 110, 10 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220,
230, 240, anic Z50M-1Thdcinedbdsrramit ctié ppemettiized (IChefeapdnded forma ag thia pesclaedrveen
any one of t%ﬁen%?l%‘ﬁ@ mentioned | ower treatnment tenperature limts and any
one of the ove- ITEI’]%I oned upper treatnment tenperature limts, so long as
t he | ower tr@_mnﬁithﬂ,mmnﬁtwanﬂhemwn\/mﬂésm¢ahamd<EMMdaal to t he upper

treatnent te rat nt, te y present in an
amount rangi frlqgéalf)r olrjrlﬁ%gts%g%emi‘ggw n (r)nneemél?rlbsée ?ﬂa {% dr‘nsc OS\f@I”S’/ay Cto
200C, and> al prefarit frone iy MEDG 220 00 8or, Bhfhﬁ:ﬁ@}m Bhebthiodd dwh ngedctioremixthe Yorar e
useful | ower for treatnmen .5, 0, 50,. 100,

and 150. Thehyt]gl c>|%Feanal reac&S on contd Ihrlgg) sources %fsa(eﬂnglo’r algg(hlénre eta?tl(rljn'ranefa?w & gr C?Pdlum

treat ment: 1gr pbtasshi@y, 02t0),n, dkﬂqxuﬁﬂ;f tr?@lenﬂﬂﬂnenlﬁ(()e g 26l0mimnd a2 40de aihetratvhlﬁiﬁ (hr)

for treatnen faI naranebetwe one o e. above- rrent oned | ower
time linmits elt‘l ment éat%fe R %n Ao Zﬁ%?‘l 13g Z'@erébg\f mﬁ%ﬁt ’in8li‘?e8a time

limts for tdeeaibedntd waer, them@ctam rmlsmnd fonsrdrdthenmaall reagiién Ba@ingtarcemperitivh, inS | ess
t han or u o] e msllmt for treatnment. The tinme for treatnent
may be pfdgsgex%nwt&o%ré{%guﬁ?“# anging from1l to 100 in one enbodi nent,

alternatively 1 6»430; ankt rahgeef h@toi indlity ot intthe @dge (f1) MCNE 22- P 25] 0061] The

MCM 22- P product Iosed atent No. 4,954,325. The entirety of
whi ch is incor poM/%%é(51 eranﬁeghp?oleslgedr:‘en%e [ 0062] The MCM 22-P as di scl osed

by US Patent No. R@iz%mtﬁéﬁngenﬂ‘y)(bdmmde by crystal lizing a mxture having a

conposi tion I ratiq |nT 30 . o s
5010, 01440R P Ie0 Obe) BlhBe RMEF bRiERR Bk ilral'or s Fisions 9050203
10 to i niSi niprgpaitd-byScaldjdg ¥O{nthedixzd JEMM@BSurSEr CHEina0R *cofdif@k-10.r&80v3. & - 0. 35

OH7 Y02+ * OEl)Qagt]t@/e mg’ gntg o%thg o?gamc XcmplaQe Q(Prom%he 4s=3yi hesxzeg %NR?I qg’l 2 0.01-0.5

Seed*** 0-2
[0053] The as-synthesized or calcined EMM-13 molecular sieve material has less than

1.6 wt.% titanium, preferably less than 1 wt.%, more preferably less than 0.5 wt.%, and most
preferably less than 0.1 wt.% of titanium.
20 Process of making EMM-13
[0054] In some embodiments, this disclosure relates to a method of manufacturing an as-
synthesized crystalline molecular sieve EMM-13, the method comprising the steps of:
(a) providing a mixture comprising MCM-22-P and acidic composition,

optionally a spacing agent; and

25 ) treating the mixture at treatment conditions to form a product comprising as-

synthesized EMM-13; and

{c) recovering the acid treated crystalline molecular sieve.

[0055] In some preferred embodiments, the as-synthesized EMM-13 is made by a process
comprising:

30 h providing a mixture comprising MCM-22-P having Si/Al, in the range from

10-infinity, preferable from about 10 to 150, and acidic composition

comprising at least one of nitric acid, sulfuric acid, hydrochloric acid; oxalic
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1-5 M% R HM HM [0063]After crystallization, the MCM 22-P product has a
conposition in nolar ratio listed in Table 6. 5Table 6 Reactants Usef ul
Preferred Y02/ X203 10 to infinity 10-150 M X203 0.005-0.1 R/ X203 1-4 R
HM (2) Aci dPVO 8WfHBY ti on [ 0064] The aci dic conposi ti orP USEPUPOPEH t hi s

di scl osure conprises an acidic solute and a solvent. The acidic solute
conprises at |east one of inorganic acid, such as, nitric acid 10 . .
hydrochl oric acid and asidl fvhertio saidi adjd basch amgainiatonaet idss miétcbr agual @xad g acid
and acetic acid, or a anbination of .inarganic acid and.organic acid.
Preferably, the acidi g}yesfﬁ u Eaessi %’annﬂflT?pélo%@?' SPHE ?8&&8‘3{’“3 f{astae g

| east one of water, nelilandictheyhinel dichygldictney shde, dhdratrbthys uilinemBE(()@,VBO%.
0065] The acid concent Lan-ef .t he acidic conposition is in the range o

E). 001 to 10. 15 The fgh?%!\}&qenlg@élsc’iaagconcentrati ons are useful lower limts:
0. 001, 0.61, 0.05Q2)0. reatlgBhe dhixtu@e ofZtep4)) ©, treBtmeit, coBditiamgdwlereih hig: tf&{nli&wzngs
acid concentrations are useful upper Ilimts: 0.01, 0.05 0.1, 0,5, , 3,
205 6 7 8 o andcTuitiEEnREe R i P A P 290 e gl ebscen
any one of the above- magt dioin2hr,oneenally with & staFinlg @i@@di@lﬂ_&r@@getolhal()OO%PM.
above-nentio upp limts, so long.as Joner. limt js |ess than or
equal to theﬂﬁgger ﬁ;enl‘P ix.mml'?'nfes teggf’)ac © gﬁ%eém&&gt%z%\g § BRSPS Apuqnalg
armount rangi mgpdcingragtitOBlertio e weiglamnetie abhdisaid tonteat bemeaﬂcmei%% g\éei?_llgtﬁet o 4,
and al terpat] keto 2.0 0. 2010/ 014404PCT/ US200910507 e

vei ght - of 0 aci it Colocbiubf of e R T 60k rerC Ol i Soi‘*@ec%ma@i dite”
conposi ti on WEMBE-Prag ilisted iis Tatad ¢ulTad echtihasadnditiodshd stcpt @) ir\!&ﬁl_dghieaﬁfenﬁm dic
solute and s ing, nt .[ 00 7%5 tionally, the acidic treatment
step al so co{rg#p?}s%g%ge’ %é%ggrgﬁlrﬁrg ‘ é%%ﬁlt a.'ndﬁ%fg@ adl'$g © g’%‘éeéﬁ’i‘enﬁéeé‘fpﬁ‘f‘mﬁr% ey
agent capabl ecathenptiov hdilistgd & Tabliedt y t hat can stabilize the pr ecursor in
expanded form (i.e. having the disti ncltralgo 2) peak at 13.50.25 in both
as-synt hesi zed and cal cined forns). Fo %anmpl e, the spacing agent may be a

silylating mgent which is capable Gfipraygs dij Rrefrrad dahg@oh MuBY RéYrddtad e(i?n
stabilize the—pr rsor —t-n-expanded—for-m—-0068]-bxanpl-es—of —conpounds-|{f or
spaci ng i ncjude %O;If'da(fﬁr\{?%én‘)‘cund:‘ ob.oal-t@wor aval endi1-10b0 el emento,1-go tri val ent
el enent, angtor é‘actl DEREROEIhy e onpounds—sudh-as, organp-silicon_conpdund,
or ganoger mani-um é’%. ot ..?f(,j{w rgnaot I t aniam corpoungs;,  or ganobog enogonpoynds,
or gan0a| um Rrym C‘_O, 58,-81}.(%};:1 or qangnhnr hous._comound. The or ganosi Lidon

EO

silicon conpeuRd é-%Q‘?“W%N)SH nn(iom%lonxanp L 80latle silicoldd-2 g

si | oxane, @ ing di SPPa%hes and A0RMkysi| anes90-170
15

Time (hr) ] 0.01-240 1-48 1-24

[0057] The following solid content over acidic composition weight ratios are useful lower
limits: 0.001, 0.01, 0.05, 0.1, 0.5, 1, 5, 10, 50, 100 and 500. The following solid content over
acidic composition weight ratios are useful upper limits: 0.01, 0.05, 0.1, 0.5, 1, 5, 10, 50, 100,
500 and 1000. The solid content over acidic composition weight ratio falls in a range between
20  any one of the above-mentioned lower limits and any one of the above-mentioned upper
limits, so long as the lower limit is less than or equal to the upper limit. The solid content
over acidic composition weight ratio may be present in an amount ranging from 0.01 to 100
in one embodiment, alternatively 0.1 to 10, alternatively 0.1 to 5.
[0058] The following ratios are useful lower spacing agent over solid content weight ratio
25 limits: 0, 0.001, 0.01, 0.05, 0.1, 0.5, 1, and 1.5. The following ratios are useful upper spacing
agent over solid content weight ratio limits: 0.001, 0.01, 0.05, 0.1, 0.5, 1, 1.5, and 2. The

spacing agent over solid content weight ratio falls in a range between any one of the above-
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15[ 0069] Si li cone compounds that can be used in the present invention
include the followng: RS -OR2 wherein RL is hydrogen, fluoride,
hydroxy, alkyl, aral kyl, alkaryl or fluoro-alkyl. The hydrocarbon
substituents YRR contain from 1 to about 10 car borPH{IERYWY AR
preferably are nmethyl or ethyl groups. R2 is selected fromthe sanme group
as R, and nis an integer at 20 least 2 and generally in the range of 2
t o about 1000menfioaedriplvec shaging wgding kwermblid h«mtesit Iv&ecghnmnodnm&wmd ea;mlney)emei s

general |y bet 80 10 about ref 150 to
about 107 000, MEECRARRHG bRt SaBRP dhenSied SisCinReRt TPt SRR Ky 1L UG,
diethylsili colnwf;r qph@ng/hgmt dwz batidl aomemnes;lglmtimyﬂmxhysdessgmrldqﬁzom@xhe upper

et hyl hydr oge h dro ilic fl uor.o I|cone
ethyltrifl uor%%%“g%p%% ' E(S)ngeé coptent, \g%%ﬁ S, lﬁ%ﬁy"{he sggcui;é ¥0h content weight
met hyl et hyd sithiicomebe phenyihet hybait kinginp dond pheeinywhs ehbadnay, alternatively 0 to

methyl trisili rophenyl et hyl -si li cone, nethylvinylsilicone and
et hyl vi nyl si Ilfgxg(ledlte"‘?‘{ﬁve?ym ?cogsge conmpound need not be |inear but may be

cyclic as f or{0e59hnplTde fidhoairgtténypecarotof ) B¢ boRilwdver treatment temperature limits: 25,

oot apeeny oy oEEE: PRk 58 DTS el b el i o

t hese conpou rtdspememyresad"@})arb eselis @ppeagcan@bit taSpesinlré ﬁfmne$0y\w; ho,aoher; 160ined,i onal

Ohones e LR TORbEEhLbeb oD R BT MOk e I P T bt

decanet hyl cycd:rxmmmraﬁ(]) gxdane a lh@eaaaﬁstehyhz@l &del mmﬂ;ov@mmtmémwer gtdu@xane,

decat net hyl t e, ndigxaet hyl.cycl ot ri
oct aet hyl cyclq%)r?p% ? " 5%?‘ o>S<§1”rr’1Cie1‘?‘n "hexX %ﬁh@ 2\3’ %’t@?é‘fﬂ%&%ﬁ%"e&ﬁ fgroperature Limits,
oct aphenyl cycb tonges tiasibvaxaneen( t@ﬁiér]xth&elfnut 1sslesls a3y edliab tol tAf @per Batment

al koxysi | ane rgani ¢ substi t ted si.l anes havi ng the general_
fornula: R %M%%:I-igggﬂq e g’feer‘lt tq em SO Ve PSrBLE a&&%‘ﬁ“‘&é%&@?@g@?,c
al koxy, Hhal ognel’ﬁ,O"(bardmoxmbocmmmmtemmeie@modeto 2000, ahdatembiivedxy0C &I 1,702 and R3

can be the s S 0 or radi.cal. whi.ch may i ud Kyl
of from1 tol anout TBe f:ogrggm H{LS ﬁg) ar “I?hﬁ Iowerépﬂ?llmgtélﬁbrgg?%"?éat' Q@kdlﬁhgd"el n
t he organi c Bor30i h 166, aadl kyd. Toofilawing nilne*.; er)ad?@uieﬁﬁﬁlppbaltlbﬁmm GétRreatitdnt: he

Cubst Pt ot e, oot 2 P Shabbf BRl: GRS RSl R meB e £ s out

30 carbon at @Weerﬁmefoec abthy pbdvlaen@ahmﬂ lgren mmeﬂmmsém fﬁdakl)dnt &id aanent sf daet ween
about 1 : at th ur.es .may. al s

ased. [o002) ThatnetiGREOGR: BheRud Be fRthy 8 Mo s PR R il

di net hyI phenysl lsis| thanegr thértytﬂna mmabhgrms ihhan@r trt:atmertthylhﬁmhafre teAithent may be

hexanet hyl di . Si I 0ah & tho at l.east. o
si |'i con-hydr g%geﬁggloanda%o%a % éﬁ% r|m(1)1n rocenslsne hf‘@?th‘ie?yaf' Eniy ifgd

reference toaltm@tiadﬂkylt(ai‘?abl e aromatic corrpounds Whl ch may be useful as

f eedst ock hefg %@Mt%_ge understood in accordance with its art-recognized
scope. This T'nc yl substituted and unsubstituted nono- and

pol ynucl 8ar E’Qﬁ’dounﬁl@ MChhpblpdguafis drclard malts Cateliadiadoss, 32hahe posagss a
het er oat om f gd 25sufficient catalytic activity is
mai nt ai ned Lr% lé? 5? gpp%édg%[?}e% % %%e 1ons selected. [0074] Substituted
aromatic conﬁ’@ﬁﬂdds thraM@&AZ Beasadibopdsad &gl UiePeion Nust,9po¥Sessy die haksby one

hydr ogen ato h aromatic rings
can be WD 2 lﬁﬁ%%%%gggg%ggﬁﬁ'f@ggy%%ggﬁbb H?ﬁ%égy%Ja gne or nore al kyl,
aryl, aIkaryI al koxy, aryloxy, cycloal kyl, halide, and/or other groups
that do gt |nterfere with the alkylation reaction. [0075] Suitable aromatic
conmpounds i ncl ude benzene, napht hal ene, ant hracene, naphthacene, peryl ene,
coronene, and phenanthrene, with benzene being preferred. 5 100761
Generally the al kyl groups that can be present as substituents on the
aromati ¢ conpound contain from1l to about 22 carbon atons and usually from
about 1 to 8 carbon atons, and nost usually fromabout 1 to 4 carbon atons.
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[ 0077] Sui t abl e al kyl substituted aromati c conpounds incl ude tol uene,

xyl ene, isopropyl benzene, n-propyl benzene, al pha-nethyl napht hal ene, et hyl
benzene, nesitylene, 10 durene, cynenes, butyl benzene, pseudocunene,

o- di et hyl benz¥R2998iHp%et hyl benzene, pdi et hyl benzene, | sd&HHSBUNINFR.

i sohexyl benzene, pentaet hyl benzene, pentanet hyl benzene; 1, 2, 3, 4-
tetraet hyl benzene; 1, 2, 3,5-tetranet hyl benzene; 1,2,4-triethy|benzene;
1,2, 3- trinethylbenzene ntbutyltoluenéhbmeutyItoIuene

nnnnnn |4y

3, 5- di et hyl ol uemne llyl t-ot ene; }JCL n ot teRe, T Pr-oP) H-t-ol Hene;
4- et hyl - m xyl ene; By W yl naphtlhal enes; Séu yl napht hal ene; refegred

2, 3-di net hy anthra%@ﬁéhoﬁ ethylanthrd@em&mnﬁynnthy ant hr acanas

o- met hyl ant hr aceneg;, ., vid)- dlnethylpheqq@t@b§ne and 3- et hyj yphenanthriene.
H gher nol egutar v&igxb At kytarormratie ot mas—cap—also-—be—used—as
starting materi-als tnclude arnrmt ?) ganics slch as é)r’eoﬁﬁoduced by
the al kyl at] on onﬂﬁﬁﬁwTC organi cs woob1-65¢fi n ol | goners. 0.80ch produdt s
are frequently refqnngg to in the art g@opbkylate and 1 ncl yde, hexylber|zene,
nonyl benzeng;—20d cylbenzene,——pent .uenzen ; HCAyItG!ucnb,
nonyl t ol ueng,—dodecyl't8l uene, pent adm‘@nﬁ@l %ene tc. Very Offltdeh al kyl dte is
obt ai ned as| a hlghsbdﬁfﬁng fradtion i M-Ashittsh t he aIkyI gr dupwed t ached |t o
the aromatic nucIeusRyarles injsize frogN@bout C6 fo aboutfgag. Wien gunene
or et hyl benzene 75 tne desiTted product,—the plcae it—pr-ocess—produces
acceptably I r u enzene a enes ..
respectlvelyb&% sk P %gﬁg%%¥§ﬁ§ e |n:§% gﬁgt |n§f§ﬁ?8§gﬁhé' g9 B8 ¢ han
about 100 mﬁﬁﬁﬁnfﬁ®E$}Refornate containing a m xture of benzene, toluene
and/ or xyl ene constitutes a partlculanbﬁﬁu eful feed for the al kylation
process of this disclosure. [0079] The ating agents that nmay be useful
in the progess of Rdaetsntdi scl osure genepgdfhly i ncl ude any apkgﬁajlc or
aromati c or{gani Cc gIPE\d having one e avai fjableal (Y 36
al i phatic cgﬁups ca“augg of .uagtionlgfnlul e Q'V)'nfahlnﬁéli t?r
conpound, preferabM Xt h the | kyl at PR85-8doup possessing from1 to 5
car bon at ons. Exanﬁtxﬁbof suitabl e al kykating agents are ol efins suchjas
et hyl ene, propylene,Rthe but engs such ggyy fOr exanpl e, I-butemne; 2= byt ene
or i sobut yl-ene;—and-the—pentenes—al-ceohols—{i+nelusive-of —nonoalcohol s
di al cohol s WO 0&0/0144 APCT/ US2009/ 050724 trial cohols, etc.) such as
nmet hanol , e#ﬁano%*—ttEFQﬁé%%nols the butanols, and the pentanols
aldehydes s9edlas ﬁh¢mmhdehmﬂanmameﬁahﬂ@hyﬁ&ﬂmmﬁﬂﬂh@ﬂﬁkdﬁaMﬁesdumanda
butyraldehy n?nﬂFQ%g Ideh an aIk al i des sych as net hyl
chloride, efhyi ori %WB%@ﬁ“ i ?CH SMORSAUC By Fuc HFOPWH@%”dand
t he pentl9l bj?rlrmtﬂqzhesamdandjsﬂfmnf: a¢itl,hnd ngmums sath &sh&&ﬁc eqapeURdse s8Ry opal SO

be useful, [ exa pr ene pr ures.

[ 0080] M xt u? s‘”’%‘“% O‘tﬁf oY Cr*’i‘%‘dé‘t"gg%%ﬂé‘f tﬂl‘? 2&6 t%a&ﬁtatﬂgc sqlist Bitjopcidne

al kyl ation @h@@é@@t®mmmhh$t&msch@SMWam;ﬁ@ﬁm&@mﬂgﬁ@,mﬂmﬁéM&Bﬁm@ﬁﬂﬁﬂ@ﬁéene,
pr opyl ene, and/ or pentenes which are nmgjor constituents of a
variety of r |nery streans, e.g., fuel gas, gas plant off-gas containing
et hyl ene, pHlOpSIl enEhe e@tcbcopcamapdhmha the addée corofdsitigRss RAnt aingd HIY. d)(ilgtbtl()

olefins;cre ne/ pro I re usefu
al ky: at Htg fgféegtﬁﬁésfw&gaf%r}?;en‘?{g OnSg E‘tvgﬁ}(’we %&‘t gﬁ o(fl P Oﬁ’aoslt roéaﬁ’ngpéssesses
the fol | owi hg. 6.ohBomsiltd bim: fomeM eor%rﬁtahme&. t&&ullu;ﬁbxhlyrhwtefm 010520.1,

15Pr opane4. : r,opyl e£ne ut ut ane3. 32. 6
But enes22. 1?%5 §:P6 ﬁﬁfghgsﬁéﬁgjﬁ fﬁ% E@ﬁﬁ?t% ﬁﬁd@ﬁ@t?“?ﬁb?wﬁQQO%e
obt ai ned fr@ﬁﬁ@h@ﬂmnmueégn@ihnMeamtagemeoﬂﬁm@h@&ummumnﬂhmﬁﬁtﬁh@Mbbanene

fromthe re e with e h ene m the reaction of
benzene wi tﬁc%% gﬁ“f e’rrll]@ Q%{éﬂﬁ]apén i ua‘i %/ SrPPH nggg‘ﬁafjﬁ CREPEIHRB RIS h

et hyl en&) dyﬁﬁmesdﬁmnmmth@gng&omnumlmf5hohmem@oMmmm Preopytedn®@) | dridand

sec- butyl bepzeng fJpem the reaction of 25 benzene and n-butenes.
Partlcularly pref rred process nmechani sns of the disclosure relate to the
production of cunene by the al kyl ation of benzene with propyl ene and
production of ethyl benzene by the al kyl@t.ion of benzene w th ethyl ene.

[ 0082] The reactants can be partially or conpletely in the liquid phase and
can be neat, i.e. free fromintentional adm xture or dilution wth other
material, or they can be brought 30into contact with the catal yst
conposition with the aid of carrier gases or diluents such as, for exanple,
hydr ogen, net hane and/or nitrogen. [0083] The al kyl ati on process of this

di scl osure may be conducted such that the organic reactants, i.e., the
al kyl atabl e aromatic conpound and the al kylating agent, are brought into
contact mnth the presently reqU|red catalyst in a SU|tabIe reacti on zone

I o a o ~r- _1 1 1 Y LT o R Y L I Y o

Y




WO 2010/ 014404PCT/ US2009/ 050724 500C, preferably from about 10C to about
260C, a pressure of fromabout 20 to about 25000 kPa-a, preferably from
about 100 to about 5500 kPa-a, a nolar ratio of al kylatable aromatic
compound to aWWP’th"i‘r‘rb‘ agent of from about 0.1:1 to aboltcT8H200903872df er abl y
fromabout 0.5:1 to about 10:1, and a feed weight hourly space velocity
(WHSV) based on the 5al kyl ati ng agent of fromabout 0.1 to 500 hr-1,
preferably fHga¢labolite @eibht of abidigt cob@Osition is upd0BAThe Wokith doemazieneeri sidic

al kyl ated w L benz t action is
preferably c%lr}?q% é@X%ﬁ/t&EhttrQ R ﬁqggﬁwgga a%rethﬁﬁ) Z‘”"‘égt di |af15%r§§1 %er%‘fl EPSYSH a

t enper at ure G _f rSpacinhapant 150C to about 300C, nore preferably from about

170C to abou 0C, r b ut , 20400 . kPa a, . nore ef erably
fr om about 2@8 KPac 10851%721 lgu ldggﬁﬁmﬁ’% PO SOMRIIRER £ SR{CIng Gt pﬁ?pSB%Cé“g
vel oci ty {WHBI lralbib e aom apdne cetwhl;tloerpe)vaintg/dx atoiengthaigentstabflizé ﬂﬁmraiilﬂsbli in0.1 to

about 20 hr- r t o) ut . 6, hr- and a ratio
of benzene to %g?%rﬁle&:éﬁ{tﬁ%){hﬁ %(19[ (?{68% Regk (tf?’osht%?gﬁ’ébbql afrsgﬁli‘eélbbq.r‘[mdo 5:1
t o about 100cakimpdif@ms). poredfkemplb) tire @aﬁngtagemtxﬁ@b]aamﬂytantng algartevhp;lhei epadd yf from

about 1:1 to nol.ar referably from t 1:1 to about 10:1
nol ar . 15[Oolgg?%%ﬁt}geokz%oﬁ%wfﬁgt%XS{aFIB%C% r‘?\ﬁe‘f%%ﬁ)%eﬁt}‘fngﬁcg 8 produce cunene,
the reacti on[%@} dixsmpleakecqhmosdsufndgmcihg gielude pi‘gaﬁeCmdmdsldete&dwlbﬁtdl ng a

t enper at t,250C, efera p to abou e.g.,. from
about 10C to e(PJ odté %ﬂ%%% eten}eggsa&%) S P “g 1tutz C%a S or‘s I‘gg@,%“{éc.o@. ,
f rom about 1®Olpt>voldabotgtmo%élﬁfanilnﬁ%a @mpaunkei ghnadioaniny ecbalﬁﬁnwsel 0fplafiabofoHSV)

based on pr al g aoent of from,about Q.1 hr 0 about_ 250
hr-1, 20 p%@%’é?‘gﬁ &%oﬁt&g ut’ 1°He Ofm{ %ou%rgagﬁpq’ﬁ’rp}lf’?s hodnpé’u’i’(gt i Peof
benzene to prrgqnydﬂeqwe siligort t:mnrahxb@rInaatyrmmpnmdlyanomooelcmﬁe filiameghcibxade, 5: 1 tO
about 100:1 r 50:1 nolar, nore preferably from
about 1:1 toagg gl:ifme%ﬁf% %{% lgn,eqan%%mxwlf“eersabl y fromabout 1:1 to about 10:1
mol ar . [UOBd?an baivpeneompouatik yHaatcad bai tsad ain bt ene@eritOinpenmidil Geclude the

sec- butyl benz the 25 reaction may al so take place under |iquid phase
condi tions |ncI uo% ng a tenperature of up to about 250C, preferably up to
about 150C, e.g., fromabout 10C tofaRput 3#25C, a pressure of about 25000
kPa-a or less, e.g., fromabout 1t e;tbout 3000 kPa-a; a weight hourly
space velocity (WHSV) based on th Siereo yl ati ng agent of from about
0.1 hr -1 to about 250 hr-I, preferpblly frdgmabout 1 hr-I to about 50 hr-1;
and a ratio of benzene to butene inft e 30 @l kylation reaction zone of
fromabout 0.5:1 to about 100:1 nol ar, preferably 0.5:1 to 50:1 nolar, nore
preferably fhsifinaBout hydrogano fapiides hgdrony. nadkwdr arabis tallsryfar fivkry-aliylofhabout
11 to abouby&@caﬂboﬂ%b@s‘ﬁtue)ﬁ@g%@ 9&9&1&494‘? ol 1 kosgoggt?{d)élgt?%%tc[n% 841 Aééerubmmr y of
t he nol ecul ar si eves and/ or “zeolites terns of production, tation
and char act & el R 1! Fipinec iasclediehizn tesarie gonp beBijand nfivarbiowier at

"Mol ecubar fhg t i ol

Szost ak, Bl ac k?gﬁgcggg%%@ghgﬁiﬁgﬁ%f? tgnalagg‘ﬁ 1?8(?]‘ n%?&gfg; lN%gc o(r%{c}h(jliﬁirﬂ1 Orn% n). In
addi ti on toC?fﬁtt()é&%Prarb)sqdévee@elaléxmtw@@éout§0 maftberﬂr 281080 apchirefetaplysibpitd &0

al um num si |4 &Hake 006 F@elpfégan%% 9&&’1@ Loxﬂﬂ)\ﬁﬁdﬁﬁaﬂdé{ﬁﬁgllﬂ?ih@oqg Ocﬁ&%ﬁ%(ﬁcogpd
catal yst supports. A nunber of |ong-known formn ni ques,

dryi ng, pi |Pt%&m66@lsrbé?rrezr ng ahfﬂh}éxtrus}wéwgtlhd\?embeen atﬁli’fa/ri@gbeﬂlnglcused to
produce macpRelhWehinaSc r | es,
R B A
porous Aut ePFRYs mehylgbelsilisoneat ahgpyleghylsiligarsy ptiirbanydnkconsn rm@hlémhlamye A
summary of {heaserdetun L@t a r B.
Stiles and T. A Iéﬁ mlﬂmf@é&& Q&%IM%WN%\;\(}OB&% %g%%byl%{g%l}é%l%é’t eéi\tent
desired, thegRPYl Beaf npehedinepdny sxg bpeydkas éf§-%%lhttlhé@‘ia@e@wlﬁml@trlrlbzkar@an be
repl aCEd | NocRGE@y 306 & (ridi b Xant SEREINEME SydigtidilokNRMAd b&aﬂlﬁﬁyl@;fcro’tctx@ét ok%St in
part, by ion exchange w th other cations. Preferred replacing cation

i nclude netal ions, hydrogen ions, 15 hydrogen precursor, e.g. armonl um
ions and m xtures thereof. Particul arly preferred cations are those whi ch
tailor the catalytic activity for certapg hydrocarbon conversion reactions.
These include hydrogen, rare earth netals and netals of G oups 1-17,
preferably G oups 2-12 of the Periodic Table of the Elenments. [0089] The
EMW 13 crystalline nol ecul ar sieve of this disclosure should be generally
20 dehydrated, at |east partially. This can be done by heating to a
tenperature in the range of e.g., 200C to 595C in an atnosphere such as air
or nitrogen, and at atnospheric, subatnospheric or super-atnospheric
pressures for e.g., between 30 m nutes and 48 hours. The degree of
dehydratr on |s rreasured by the percent age of wer ght Ioss reI atr ve to the

o o o o N~ o



4,983, 276; 4,982, 040; 4,962, 239; 4,968, 402; 5, 000, 839; 5,001, 296;

4,986, 894; 5,001, 295; 5,001, 283; 5,012,033; 5,019,670; 5,019, 665;

5,019, 664; and 5,013,422, each incorporated herein by reference as to the
description oVO2AW/OEHEG| ytic reactions. 10[00911The EMWPLT/ISP4PEPHEIM ne

nmol ecul ar sieve of this disclosure can be shaped into a wide variety of
particle sizes. CGenerally speaking, the particles can be in the formof a
powder, a gr ahiluess afrtheae pohpleddspmadeied be aedhs aglian saxbidd dathothdr Fus@SES
where the cagﬁlu&t is nol ded, such as by extrusion, the crystals can be
extruded befdre drying or partially dried and then extruded. 15[0092]It is
desired to iiéfPpor dsefut helokhvk 13ndrobelgdilorinesi avRdM b8 anLliRRhe MRLELpR!
resistant to atures and other conditions enployed in al kylation
processes. SEI% r?%h?{ezp(ﬁéfflgpﬁxﬁ 5 udf anée&tiy?"\)’gl‘)@%“lf”f?&&t idgeanipHiy ks lapegtagiixane,
synt het i ¢ Sor heragthaldisjloxaoeur ri ng zeahicthesisdcane! | as i aggag@nlkﬁetfggiﬁ(%ﬁ@l S
such as clay k| and/ or netal, oxides such as alumna. The |atter may
be either na’?l fj}(ragt?]%c cgoéléslﬁl?)}rwfnﬁ’g 8?ta6|t}}¥?‘iyﬂgteﬁr?fﬁﬂxa8?’ geraptendrslopisdesaps t ands or
gel s 20 i ncl adaphgnyidyxlodetesilofansi | i ca and nmetal oxi des. Use of a material in
conj unction Yy th A3 mgl ecul ar sjeve, i.e. conbined therewith or
present duri Wé’ygy nt ﬁ%egf%l%?esgﬁgﬁﬁmﬁ, asll?\?i‘iyélf‘i‘n?ss inglugle \peganic egitgted shange t he
conver si on aha/frgrthesghest foxitly of the catal yst. Inactive materials suitably
serve as diluents to control the anobunt of conversion in a given process so
t hat products can be obtai ned economcally and orderly w thout enploying

ot her neans for 25 controlling the ratefof reaction. These materials may be
incorporated into naturally occurring cI’ays, e.g., bentonite and kaolin, to
i mprove the crush strength of the cdtaryst—Bnder conmercial operating
conditions. The materials, i.e. clays, gxides, etc., function as binders
for the catalyst. It is desirable to pr8&yide a catal yst having good crush
st rengt hypecguss, | QITRL G it.is desirable to prevent the catal yst
from br eaki ng d&(;r\;\ﬁq? %lt 0 po%tfgk-s 'I%?‘%%h%%on%ef‘ ’ea?ll(oﬁ’gl.alo%ﬁé§%r8%’ﬁya§f“189’rfﬂ%t?‘§‘dﬁ>ave
been enpl oyeddalypiliaky. 1ok gndfRyrcat he thesmposeR of cinnferavirgigictidicd WS ridyr engt h
of the catal; t urring chays which can be conposited

W th the EM s aRrlan oAb BE NGO Bh Y] SR b BthaRab tn
family, whi chgmgniariasof el gdeainhé to WRUR00 GADIA 4OAPGEE KESZA0RLQHEh2Ans
subbent oni t i I nown as _Di xi Me ,, Georgia
and Flor ] da o hoas artE2  ERhR SRR bk aE i ety P ed i g

hal | oysi¥e, cRéfapingiabait 7 eoit ) cartan efotme, Preferably attix hltcdl. gr&ipdbr alaly s sibadisbe
used in theu g ' . phitially subjected to

cal ci nati on, l?‘)rélgg%tﬁgﬁlt _Q%rag{;: tgr%&?!g} M(r)rrg%ﬁﬁ% g%ggeln%tﬁ._ M%?‘Hﬁ’é?%y { UFe or

conposi ti ng (W78h t Hée siknesantisilgnep snchide adsgonilindlingdeaiples, gamdtieylsheh € Bne,
notably al URh&BintddQR Ao} egoi hg mpterials, the EMA 13
mol ecul ar s{ﬁgé\;]zt c gn bgﬂ.né:egt ogilélg%nﬁd%e&gg%%ﬁgglgmﬁgg‘f@algr%’iyé‘bﬁnﬁﬁ ag B as

si |i ca- al uni"fifh at lspst pregsilivaphiedpeen beid.i ca- zirconia, silica-thoria,

si lica-berylaibdtiosbldc&a-titania as well as ternary conpositions such as
silica-alum na-thoria, silica-alumna-zirconia silica-alum na-nmgnesia and
silica-magndW¥73l 1859 fcenipamafigog 5t Ftrace ol the ilgatpblopomtationsmpdunfld Raicy

divi ded EM3 b6ty lonfodDleRilsal ol @ WISIARM Ful de. JBtilx vary

widely, with the crystal content ranging from a t'6 bl e FES cent
by wei ght aff@PfroFls inshydesiajkyl pabstitited b ynpubstieted nvmo conpolyntaea sopepas ed i n
the form of chagslsds bMntdiGndii u 29k, Lhe.

CoNposi %ﬁ %%8%%6] The fQI_Ilg\?mgﬁgaéian%P%gsgge#fgéog %errg‘r]{:)’g%forrecn'fsg%f’mtv Ked

i nventi afiicisné csly e e s miintaingd etder the beclidnriondifignsoéledite scope of t he
i nvention. ri namksue o Xs | t ) 7] Powder x-ray data
wer e obt ai nggmﬁn a Br uke?_mD%d?%%{ u’Flrtlslarslttﬁa:E %&Bk{cglg(&[‘%(raglﬁ{eglnn&usg8036%’8Fréf‘?sﬁ/ with
monochr onat §% Rdragse piea ditdeln bordsd tpdhet wematissegldupr ot muntatic aings can be
characterization extended from1.2 to 80 in 20. Intensities for R etveld
refinement were extracted fromthe continuous scans. |ndexing of powder
patterns were carried out with the tool in the MD Inc. program JADE.

[ 0098] | ndexi ng of powder patterns were garried out with the tool in.the M
I nc.




25 program JADE. After construction of a trial nodel (facilitated by the
structure building nodule in Cerius2 (Accelrys, Inc.)), its fit to the
powder diffraction profile was nade via Rietveld refinenments with the
program GSAS %9 Wd¢tPhed in A C Larsson & R B. von DHEE{S&00908%r al
Structure Analysis System GSAS, Los Al anpbs National Laboratory, Los

Al anmbs, NM 1994. Sonetines the franmework woul d be optim zed geonetrically

with the 30 prisguarhvblbSresr descilkpedyl alkGhl, aBaey bOWRE! cycialkiie Ride Snlior M

Meier, Dista , uar. e ef i ne Program DLS-76. H, Zuri ch,
1977. El ectrgﬁlglbé§®|%§t§?§%ﬁ%°§‘nge eéer‘ﬁ‘?étgee&hlﬁ“ "¥oul d be used to |ocate
addi tional af®i8] i nStikbleunidmatiel kompamadse dndlides theitehd) GEsHHARRe, MOEBES O
ensure that %%)(/%Bgcvvoul d ble no colli s%on t\g}i;th f.rg}Fnemrk,atonB. Care was
taken WD 20 TR ASAF ESOB 0T 0Bl Posepitifenh gV ihFiasanRsine 8y oi d unusual
bondi ng géonmitiéles. GEarallyhbe hikgingomiskthatt dai. De WaSerdd ak tslibtkil Wnt€ 38 ULE FrolMtic

inposing a r int to the S -0 bopd di stances (1.61  0.03 A) and 0-0
t et r ahedr al %lﬁl[’ Oglﬁl&g%(’snt[aflﬁ?rgg £ t? %8“%%}. Cag\)oﬁéfoé‘ﬁﬁn%‘s‘fa{}ﬁé‘tof"oﬁ)oﬂbi tq fgarbon
f ramewor k r eftomemedhinovasually &dmabbyt 1 1€k sxk duss, after each refinement step,
t he chem cal sonab] enes f the bonding. 5 geonetry was ascertained. In
addition to [10:(1)?? ceﬁlédglgr 3%\‘4'? es?lés,n%lﬁ ¢ K olfid © ?P“ggsr dndpger ttolugpeef xylene,
functions weisepredySienzees,i ngebplyeimy, oMphathehyiReRhalbid  dlibehbena$SRABL] MES
seen tha?othg%rﬁn%u%lmgﬁe\s/ﬁé&e@ did not necessari,l% enote a cl ose match of
the nodel to the expermentdf “fit RGPSIMeps s diethyibenzgag, n-dicgydhenzene, p-
gdj ust gent ts thbczmd?, fSMm}ﬂbeiﬁflt:hE,r i@ﬂle@{lbﬁlﬁjﬂérﬁ;[ Eﬁ}fth?%&@%eggeﬁtﬁ{iethy%enﬁem;y
ragg- Brent a a r a platy crysta enbl y accordin o0 R A Young,
n: The 10 RStvel FRebrbEbe Asz’%ﬁﬁﬁ?ﬁgﬁgﬁ)ﬂm@(f drdf-sthyiPerperes s 1,25 or d,
1995, p. 11.tiGgthflheecar eadutG0RaEThehwM@LRN; $idfasRo@ERA PfihdolhECHI ar
sieve may be ed by t Bru r- Emmeti-Tel ler (BET) nethod using
adsor pti on- fé@%ﬁ%ﬁ%ﬁn %’p %lp(ﬁ%%e%%ggérﬁﬁgﬁ’é% dﬁi"@etg‘fl“qpf’%‘ie’a?sh Fhylgadthalepg, K) .
The i nt ebnal2,Bdinfethyntiraeenc( 2SMhylanginer@ymdiey GalrfddhAtedethfiifaten®l 910-.0f the
15 Br unauer-ﬁ-m -Teller (B urenent. The external surface area
(ZSA, n2/g) 1s c}g hetiie %@E)L‘PS{L?Q PHG e ‘%glteém culay veightallylasematicom t he
overal | sur frameowadecanimsiered ystdrtie Batettaer-RRR tonT®k bRiantBED) as are

measur enent . [0-pere,vol.ume. (Mpore in cnB/q).is. determned by nitrogen
adsor pti on/ &’é@éé‘geﬁg?ygtﬁe (%lrlﬂy{21 lr’%‘b%fnér?@%{choé?‘mc.s "% ‘%%ttﬁ HEBORGHD et chemdifement 20

[ 001001 The ficaidnilgirmeradinden thf agt asOhleglbtk adnd Sinelvé: Wl&ﬁzdﬁ&aﬁ&{yﬁ)@nééﬂeiTGA A
sanpl e i dry 00C t o, const ant wej gh wei ght change | ess than 1% for
the peri‘od éi? &%ylﬁ%nﬁfg © eé“aa%%y gﬁ:fﬁ?ze%ef’ th%‘yh?l}geé’ﬂ’ sé’ﬁﬁ'ﬁ@ﬁmf’%e deffepdtobiens. s t hen
measur ed. Tihrenlgetianine, @¢c.4Y6y obitd dlkdilneis obtindebs ¥ BlgR Goiliy RactiPRTORRich the

mai nt ai ned g l.idine partia ressure and carrled over the sanple
by nitrogen %{gg%élg)nﬁtggleflﬂtg t?%]e %m?’%{’c %le TP S&?S%"P’cﬁ%ﬂ‘ét doRott ¥ Masressed
as 25 mi cr onwhas cofthplieureizad theelesigd ardodt, thipressnr fratds ploli@ed 508ptAYIER@S COPY

and Di ffract. | ected area el ectron.diffraction experinents
were carri e}j)i' g{l}td U({éét)%gél ﬂ%ﬁ%nﬁeﬁe 'I‘:cﬁ‘)g?ﬂef feﬁ%ecf’j\%%o{}lﬁee St PBHCH B#dsdR ope

usi ng aZ8el suchétftaggasanaglibaived ban douOl0BSppm | n some cases, three-di nensional

tilts were pReg arpu .ned reciprocal lattice to map out a 3-D 30
reci procal at@i cegagr |ag?1?0%}a|méjll%aé e ‘“r‘gn “Wiey 68}?‘%{‘5@8%?1@6’1%‘?3?%@@ At
32,240 x di pateularkgsdtfl leslt foothe alfyiatichi pedodssloif thit disgpsaper t ur e passed

di ffracti ongykgor ' * = 0,08 .All exposures. were recorded on
Kodak 81 omale e 11 e PR okl s ol e Dbon B0 NS Rieleosss permly

prel i m nar yinFldemsidiphaiaoaaroohiieopidnongiofifd laeing one bi hom awenBle digiatihzed on
a flat d ey i, indexi the intensities_ of indilvidual
pot o uey e arr et ankfabbf i REREI e il T oy Wk
Sukhar ev & 8¢ alqpling wowr pevsessins Gopyl 63 ¢aii@84)ond7 IExinphi of §lieblCRIKPRIAS
described .S . tLramcroscopy,41 (1992) .5 121 ckage.
Synnetry-réﬁgﬁéaeré%?%%?pg%é&“ﬁggké e%ggﬁgbgﬁﬂgﬁ%%ﬁgﬁgﬁ?fm@%rFgﬁ?Wbﬁ“mas
appl i ed to Rurae derijobeldlest. rand ttr perfiamet; aircohwmlg itintludes of on@ORolE aBSohbls, Was
difficult to obtain suitable peak integration with ELD. In this case, filns
were scanned on a flat bed Joyce Loebl_ Jk. 111 microdensitoneter and the
peak areas used as an estimate of their intensities. For nerging data into
a three-di nensional set, conmon reflections fromseparate zones were used
10f or scaling one set to the other as discussed in D. L. Dorset, Structural
El ectron Crystall ography. Plenum NY, 1995. [00103] For el ectron
diffraction studies, structure factor calculations were carried out with
the Fortran program SF and one-di nensi onal electrostatic potenti al

di stributions were obtained with the Fortran program ZPOT after phase
approxi mates froma known structure 15were provided.
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[ 00106] The synthesis m xture was prepared with 184 g of water, 1.5 g of
Usal co 45, 22 g of 10 % NaCH, 17 g of hexanet hyl enei m ne and 23 g of
Utrasil. It was reacted at 150C 5 with 100 RPMin a 300 m autocl ave.
Pr oduct corrpo‘s"ptzl’@ﬁlﬁ?l‘d structural porosity characteri stB(d&Sa0¥03074t ed in
Table 7. Exanple 2: Synthesis of MOM22-P with Si/A 2 - 23 [00107] The
synt hesi s was anal ogous to Exanple 1, US Patent 4,954, 325. Product
conposi tion andcdblsuet.ysah a@@l’fe@&h&lyetﬁm{ Ql‘ié%x]ba%lsctﬁe %ﬁt@nohé %B@ﬁle'r{)%ntlﬁéﬂ e 7.
10 Exanpl e 3a; Q@dtreat nt of il
produce EMw £3° e%ﬂ’ﬁhh@ss %‘dldﬁm’&e Ew%hxs‘al Eﬁ"ﬁ’éﬁ?ldeﬂ“@@m’myf%\lﬂ@bwﬂﬁg a8 ngr ans
of 1 M HNOB saletatdebyile( oftatyNaidBysudd asini@hyd o, &m%ﬁ%&eath%‘i&m} hlcil ddME 27 9
of water) with Ogaé% '\7\% P@?m % ag%nt (silylati ngéagent et hoxy
sil ane, and 819" et iipRyyehipriges. apst’se yortth ddixiies Om%mowﬁmae of
Exanpl e 15 Thio bbudgtut tsidhas\WaSexa@igle! ﬁ'gpy%ne 3 D%op61 dubtsS. The product was
The as-treated materlal was

filtered, Wagbigbvmy] Mteélégdgeg“e
i dentified bjf TERIGE §51 At fesrtdds affplatingsagents dn e afetadien alocesas
further cal Cloflﬂiﬂs dlﬁbl@hﬂ’e %cc&@lﬂ@lyf Qﬁxtﬁ‘rei"f)ﬁetf(lf;ﬁé}ﬁ ﬁ%bﬁéxﬁegutgﬁ:g SRk pgit%l%g(arrpl e

3a was identi as EMM 13 cal cji ne Product conposition an
structural pd 5 af @ﬁracr"%‘l“é?ﬂsé’ﬂcﬁé’%m’éﬁf ef iefingre grepms, Fegblfiac! Bas, 265 Exanfiteess 3b:

Acid treat nen:tnt@fl'im@\/&h&la%— Prop %Rt Ena éhthﬁ Qramepgf'ﬂ%@s GEWN@ léﬁﬁ(ﬁmts %1?111‘%5? ¥ ai ned

and EM\/HIg &gl ned & 09] M xi ng rams of ution

by m xing 3 8 RIS AL ARY %{w&reﬂm atCWafChuSQf?ﬂ glkziﬁtlr\gaetg@rty Feinekamglel apdtalui t h
addi ng 3 g oFCasighyiifineséaaeshbsMeis 2R f8losaglotpefiidxanpl e 1. The mixture was
reacted at 170C for 24 hrs. The product was 1P|Itered washed 25 with water
and dri ed. E astreated materi al Ve&® identifie YRD as EMV 13

as-synt hesi z % he as-treated matefibal was furthe? calcined in air at 540C
for 4 hr§ i ci ned naterial of ngarrpl e 3b was ?-dentlfl ed by XRD as
EMM 13 ca? C|lt;|e Pr oduct corrp03| tiofrPand structurgp-3 por03| ty

characteri Stll 9% Tisted in Tabl é27, Exanpl*-33c: Acid treatnent of

MM 22- P ( Exa tfaé’ 1) with silica 189produce EM 18-3as- 30 synt hesi zed and
EMV 13 cal ci e%d ©00110] M xi ng 30 %éms of 1 M 11N sol ution (obtained by
m xing 3 'Shcentrated aci d wi 27gof wat et :'wth03gof f umed
silica (Cab-0-8'%), and fol | owed wi 71 adding 3 g dt4as-synt hesi zed MOM 22-P

npl e of X ewasr at 170C for. 24 WO
2010/01440%?:@%5 “8%%%’6"?‘5%5 Bt Ry e %l}eggi?&thmcqs?P tBs Bgsenhdisgiestireni t h
wat er and drinddle eftyébeamnt fremttbelrengtto roff aénzktﬁ&Swﬂt}dﬁﬂ:ilérfcl aghday rSROhascaMNF 13

as-synt hesi zgg [eri er calcined in air at 540C
for 4 hrs. Theengalpi ilgg%(tm g%t"i OB fafﬁﬁ%a deasHo %}Q&Wﬂ@ﬁﬁ%qﬂg&wymﬁ%s
EMM 13 cal cifrped thePle@tﬂimtof coimpregwﬂth @n)palaﬂb sihd Yed-biity@dbenP@ie OBdrh Yhe reaction of

charact exsi stL.¢s i a; Acid treatnent of

MCM 22- P~ ( Exanp 'ile%? &Ee%géj aP‘éCHlealY Sref f&éa&%‘ﬂw%wﬁsah@* © isRionse 1etstrlie 1 1

M xi ng 30 gr’ffafmm@fctleln M HNGBe D tht Blhyim@(ﬂlb(bfabeﬂmﬂe boyithnprghyit@e 3nd p&fduction of
concentr at edyagi 3 g of spacing agent
(silylating a 1% %}Jr}%%%lyﬂ(f%élto enzer% ng?eg and followed with adding 3 g
of as-synt hé¥k %bd Vihreagtares s’@zrmlrertmﬂy Ev(anmﬁ@elim 'Bhelqﬂiﬂ)@qhﬁ‘eemﬂ\@& beaet ed at
170C for 24;prgs, tIrJﬁ‘? R Ll Lgred hed er and dried. The
as-treated naterial &a‘glg?lg)g%?%ﬁng rbél‘FL wn\ﬁa%“fy;”g OF\,Iyﬁjﬁy 541 bg Bopehy

mat er i aPOwadid epntaevittc ik edtrlpd compaition aith SeQG! Sfowarridr brsss or Bilgeneaduei REr
material of rgp}] a d by XRD as MCM 22. Product conposition
and structur al por%dsr? n\,}@(ﬁ}g{rng%{;%rﬁng?lggns 15are listed in Table 7. Exanple
4b: Acid tr&‘Qﬁﬂent“@ﬁalK@MﬂZZﬂ@GS(S@’(ahrpﬂledds)mtmayphmdmdmd&@h/é}zﬁat tﬂ;@@llgﬂ-rﬂ@-

M xing 30 OfafEQfic uM S obLal,3¢d

concentrated acid Wt &%Mg%%)eff%\xg% er‘)%mgoun %f atvi?é'éam\ﬂﬁta e%écféﬁg ‘Pf@“%“@ﬂ%f

as- synt hesi %@@CN@W@QC mressaﬁbl v@quedamrmt én 2. quﬁhtﬁe méactior eoma&draeaﬁ&cﬁdc at
170C f oBs 24,1 1860n TG RERAUG washed 2 th wat e dried.
The as- trea%ig% At eri a vvasltdll\(lﬁyg]?lt|dfl cfhﬁdg ‘Wermﬁvﬂ%ﬁ ﬁbmﬁ'h éééa Yeat ed
material was further calcined in air at 54OC for 4 hrs. The cal ci ned
material of exanple 4b was identified by, XRD as MCM 22. Product conposition
and structural porosity characteristics are listed in Table 7. WD

2010/ 014404PCT/ 1JS2009/ 050724 Table 7 Exanple 1 3a 3b
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500°C, preferably from about 10°C to about 260°C, a pressure of from about 20 to about
25000 kPa-a, preferably from about 100 to about 5500 kPa-a, a molar ratio of alkylatable
aromatic compound to alkylating agent of from about 0.1:1 to about 50:1, preferably from
about 0.5:1 to about 10:1, and a feed weight hourly space velocity (WHSV) based on the
alkylating agent of from about 0.1 to 500 hr}, preferably from about 0.1 to about 100 hr
[0084] When benzene is alkylated with ethylene to produce ethylbenzene, the alkylation
reaction is preferably carried out in the liquid phase under conditions including a temperature
of from about 150°C to about 300°C, more preferably from about 170°C to about 260°C; a
pressure up to about 20400 kPa-a, more preferably from about 2000 kPa-a to about 5500 kPa-
a; a weight hourly space velocity (WHSV) based on the ethylene alkylating agent of from
about 0.1 to about 20 hr'l, more preferably from about 0.5 to about 6 hr‘l; and a ratio of
benzene to ethylene in the alkylation reaction zone of from about 0.5:1 to about 100:1 molar,
preferably 0.5:1 to 50:1 molar, more preferably from about 1:1 to about 30:1 molar, most
preferably from about 1:1 to about 10:1 molar.

[0085] When benzene is alkylated with propylene to produce cumene, the reaction may
also take place under liquid phase conditions including a temperature of up to about 250°C,
preferably up to about 150°C, e.g., from about 10°C to about 125°C; a pressure of about
25000 kPa-a or less, e.g., from about 100 to about 3000 kPa-a; a weight hourly space velocity
(WHSV) based on propylene alkylating agent of from about 0.1 hr' to about 250 hr,
preferably from about 1 hr'! to about 50 hr'’; and a ratio of benzene to propylene in the
alkylation reaction zone of from about 0.5:1 to about 100:1 molar, preferably 0.5:1 to 50:1
molar, more preferably from about 1:1 to about 30:1 molar, most preferably from about 1:1 to
about 10:1 molar.

[0086] When benzene is alkylated with a butene to produce sec-butylbenzene, the
reaction may also take place under liquid phase conditions including a temperature of up to
about 250°C, preferably up to about 150°C, e.g., from about 10°C to about 125°C; a pressure
of about 25000 kPa-a or less, e.g., from about 1 to about 3000 kPa-a; a weight hourly space
velocity (WHSV) based on the butene alkylating agent of from about 0.1 hr'! to about
250 hr‘l, preferably from about 1 hr'! to about 50 hr''; and a ratio of benzene to butene in the
alkylation reaction zone of from about 0.5:1 to about 100:1 molar, preferably 0.5:1 to 50:1
molar, more preferably from about 1:1 to about 301 molar, most preferably from about 1:1 to

about 10:1 molar.
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150 Time (hr) 76 60-70 Acid treatnent conditions T (C) 170 170 170
170 170 Time (hr) 24 24 24 24 24 Product Characterization and Properties

- i zed EMW 13 as- synt hesi zed
XRD MCM 22- szr) 2;[nrO /%E:EMZSM 12 EMH 13 as- synthesi ze F 13 as. syn

[0087] A summary of the molecular sieves and/or zeolites, in terms of production,
modification and characterization of molecular sieves, is described in the book “Molecular
Sieves - Principles of Synthesis and Identification™; (R. Szostak, Blackie Academic &
Professional, London, 1998, Second Edition). In addition to molecular sieves, amorphous
5 materials, chiefly silica, aluminum silicate and aluminum oxide, have been used as
adsorbents and catalyst supports. A number of long-known forming techniques, like spray
drying, pilling, pelletizing and extrusion, have been and are being used to produce
macrostructures in the form of, for example, spherical particles, extrudates, pellets and tablets
of both micropores and other types of porous materials for use in catalysis, adsorption and ion
10 exchange. A summary of these techniques is described in “Catalyst Manufacture,” A. B. Stiles
and T. A. Koch, Marcel Dekker, New York, 1995.
[0088] To the extent desired, the original metal cations of the as-synthesized material can
be replaced in accordance with techniques well known in the art, at least in part, by ion
exchange with other cations. Preferred replacing cations include metal ions, hydrogen ions,
15 hydrogen precursor, ¢.g., ammonium, ions and mixtures thereof. Particularly preferred cations
are those which tailor the catalytic activity for certain hydrocarbon conversion reactions.
These include hydrogen, rare earth metals and metals of Groups 1-17, preferably Groups 2-12
of the Periodic Table of the Elements.
[0089] The EMM-13 crystalline molecular sicve of this disclosure should be generally
20 dehydrated, at least partially. This can be done by heating to a temperature in the range of
e.g., 200°C to 595°C in an atmosphere such as air or nitrogen, and at atmospheric, sub-
atmospheric or super-atmospheric pressures for e.g., between 30 minutes and 48 hours. T he
degree of dehydration is measured by the percentage of weight loss relative to the total
weight loss of a molecular sieve sample at 595°C under flowing dry nitrogen (less than 0.001
25 kPa partial pressure of water vapor) for 48 hours. Dehydration can also be performed at room
temperature (~25°C) merely by placing the silicate in a vacuum, but a longer time is required
to obtain a sufficient amount of dehydration.
[0090] The EMM-13 crystalline molecular sieve of this disclosure especially in its metal,
hydrogen and ammonium forms can be beneficially converted to another form by thermal
30 treatment. This thermal treatment is generally performed by heating one of these forms at a
temperature at least 370°C for at least one minute and generally not longer than 1000 hours.
While sub-atmospheric pressure can be employed for the thermal treatment, atmospheric

pressure is desired for reasons of convenience. The thermal treatment can be performed at a
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temperature up to about 925°C. The thermal treated product is particularly useful in the
catalysis of certain hydrocarbon conversion reactions. The thermally treated product,
especially in its metal, hydrogen and ammonium forms, is particularly useful in the catalysis
of certain organic, e.g., hydrocarbon, conversion reactions. Non-limiting examples of such

5  reactions include those described in U.S. Patent Nos. 4,954,325; 4,973,784; 4,992,611;
4,956,514; 4,962,250; 4,982,033; 4,962,257; 4,962,256; 4,992,606; 4,954,663; 4,992.615;
4,983,276; 4,982,040; 4,962,239; 4,968.402; 5,000,839; 5,001,296; 4,986,894; 5,001,295;
5,001,283; 5,012,033; 5,019,670; 5,019,665; 5,019,664; and 5,013,422, each incorporated
herein by reference as to the description of the catalytic reactions.

10 [0091] The EMM-13 crystalline molecular sieve of this disclosure can be shaped into a
wide variety of particle sizes. Generally speaking, the particles can be in the form of a
powder, a granule, or a molded product, such as an extrudate. In cases where the catalyst is
molded, such as by extrusion, the crystals can be extruded before drying or partially dried and
then extruded.

15 [0092] It is desired to incorporate the EMM-13 molecular sieve with another material
resistant to the temperatures and other conditions employed in alkylation processes. Such
materials include active and inactive materials and synthetic or naturally occurring zeolites as
well as inorganic materials such as 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

20 including mixtures of silica and metal oxides. Use of a material in conjunction with the
EMM-13 molecular sieve, i.e. combined therewith or present during synthesis of the EMM-
13, which is active, tends to change the conversion and/or selectivity of the catalyst. Inactive
materials suitably serve as diluents to control the amount of conversion in a given process so
that products can be obtained economically and orderly without employing other means for

25 controlling the rate of reaction. These materials may be incorporated 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, ete., 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

30 materials. These clay binders have been employed normally only for the purpose of
improving the crush strength of the catalyst.

[0093] Naturally occurring clays which can be composited with the EMM-13 molecular

sieve include the montmorillonite and kaolin family, which families include the
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subbentonites, and the kaolins commonly known as Dixie, McNamee, Georgia and Florida
clays or others in which the main mineral constituent is halloysite, kaolinite, dictite, narcite,
or anauxite. Such clays can be used in the raw state as originally mined or initially subjected
to calcination, treatment or chemical modification. Binders useful for compositing with the
5  present crystal also include inorganic oxides, notably alumina.
[0094] In addition to the foregoing materials, the EMM-13 molecular sieve can be
composited with a porous matrix material such as silica-alumina, silica-magnesia, silica-
zirconia, silica-thoria, silica-beryllia, silica-titania as well as ternary compositions such as
silica-alumina-thoria, silica-alumina-zirconia silica-alumina-magnesia and silica-magnesia-
10 zirconia.
[0095] The relative proportions of finely divided EMM-13 crystalline molecular sieve
and inorganic oxide matrix vary widely, with the crystal content ranging from about 1 to
about 99 percent by weight and more usually, particularly when the composite is prepared in
the form of beads, in the range of about 20 to about 80 wt% of the composite.
IS5 [0096] The following examples reflect embodiments of the invention and are by no
means intended to be limiting of the scope of the invention.
Experiments

Powder X-ray Diffraction

[6097] Powder x-ray data were obtained on a Bruker D4 instrument in Bragg-Brentano
20 geometry with monochromatic Cu Ko radiation; the pattern used for structural
characterization extended from 1.2 to 80° in 26. Intensities for Rietveld refinement were
extracted from the continuous scans. Indexing of powder patterns were carried out with the
tool in the MDI Inc. program JADE.
[0098] Indexing of powder patterns were carried out with the tool in the MDI Inc.
25 program JADE. After construction of a trial model (facilitated by the structure building
module in Cerius® (Accelrys, Inc.)), its fit to the powder diffraction profile was made via
Rietveld refinements with the program GSAS as described in A. C. Larsson & R. B. von
Dreele, General Structure Analysis System, GSAS, Los Alamos National Laboratory, Los
Alamos, NM, 1994. Sometimes the framework would be optimized geometrically with the
30 program DLS as described in Ch. Baerlocher, A. Hepp, & W. M. Meier, Distance Least
Squares Refinement Program, DLS-76. ETH, Ziirich, 1977. Electron density maps generated
with GSAS could be used to locate additional atoms in the unit cell, tested first with Cerius®

models to ensure that there would be no collision with framework atoms. Care was taken
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for Bragg-Brentano data from a platy crystal assembly according to R. A. Young, in: The
10 Rietveld Method (R. A. Young, ed.). Oxford Univ. Press, Oxford, 1995, p. 11.

Surface areas

[0099] The overall surface area of a molecular sieve may be measured by the Brunauer-

Emmett-Teller (BET) method using adsorption-desorption of nitrogen (temperature of liquid

nitrogen, 77 K). The internal surface area (ZSA, m¥/g) may be calculated using t-plot of the
15 Brunauer-Emmett-Teller (BET) measurement. The external surface area (ZSA, m2/0) is

calculated by subtracting the internal surface arca from the overall surface area measured by

the Brunauer-Emmett-Teller (BET) measurement. Micro-pore volume {M-pore in cm3/g) is

determined by nitrogen adsorption/desorption (nitrogen isotherm).

Collidine number measurement

20 [00100]  The collidine number of a molecular sieve may be measured by TGA, A sample is
dried at 200°C to constant weight (weight change less than +1% for the period of 1 hour). The
weight of the dried sample, the sorbate, is then measured. The sorbent, 2,4,6-collidine, is
delivered by a sparger maintained at 3 Torr collidine partial pressure and carried over the
sample by nitrogen passed 200 ml/min for 60 min. The collidine number is expressed as

25  micromoles of adsorbed per gram of the sorbate.

Electron Microscopy and Diffraction

[00101]  Selected area electron diffraction experiments were carried out at 300 kV with an
FEI/Philips CM-30 electron microscope using a selected area diameter of 0.25 pm. In some
cases, three-dimensional tilts were made around a defined reciprocal lattice to map out a 3-D
30 reciprocal lattice. Bright field electron micrographs were obtained at 32,240 x direct
magnification. The field-limiting aperture passed diffraction information out to d* = 0.08 A™L.

All exposures were recorded on Kodak Biomax MS film.
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[00102]  For preliminary intensity data collection, diffraction films were digitized on a flat
bed scanner and, after their indexing, the intensities of individual spots were estimated with
the program ELD according to X. D. Zou, Yu. Sukharev & S. Hovmséller, (Ultramicroscopy
53 (1994) 271 within the CRISP as described in S. Hovmoller, Ultramicroscopy 41 (1992)
5 121) package. Symmetry-related reflections were averaged and no Lorentz correction was
applied to the derived structure factor magnitudes. In some cases it was difficult to obtain
suitable peak integration with ELD. In this case, films were scanned on a flat bed Joyce Loebl
Mk. III microdensitometer and the peak areas used as an estimate of their intensities. For
merging data into a three-dimensional set, common reflections from separate zones were used
10 for scaling one set to the other as discussed in D. L. Dorset, Structural Electron
Crystallography. Plenum, NY, 1995,
[00103]  For electron diffraction studies, structure factor calculations were carried out with
the Fortran program SF and one-dimensional electrostatic potential distributions were
obtained with the Fortran program ZPOT after phase approximates from a known structure
15 were provided.
[00104] Three-dimensional tilts around defined unit cell reciprocal axes (generally a*)
were plotted to give an undistorted view of the three-dimensional reciprocal lattice. Using the
usual gold powder standard for calibration, the dimensions of the complete unit cell could be
measured. From systematic absences in these plots, the unit cell symmetry could also be
20 estimated according to Th. Hahn (ed.), International Tables Jor Crystallography. Volume A.
Space-Group Symmetry. Kluwer, Dordrecht, 1995.
[00105]  Structures were found from a 3-D dataset using maximum entropy and likelihood
with the program MICE according to C. J. Gilmore, K. Shankland, & G. Bricogne, Proc. Roy.
Soc. London 442 (1993) 97. It is useful to utilize a typical zeolite density histogram as
25 described in Ch. Baerlocher, L. B.McCusker & L. Palatinus, Z. Krist. 222 (2007) 47 to
further discriminate among trial structural solutions culled by a maximum likelihood figure of
merit according to C. J. Gilmore, G. Bricogne & C. Bannister, Acta Cryst. A46 (1990) 297.
Instead of full factorial phase permutation of identified reflections, a Nordstrém-Robinson
error correcting code according to C. J. Gilmore, W. Dong, & G. Bricogne, Acta Cryst. A55

30 (1999) 70 was used to speed up the calculation.
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Materials and synthesis

Example 1: Synthesis of MCM-22-P with Si/Al2 ~ 60

[00106]  The synthesis mixture was prepared with 184 g of water, 1.5 g of Usalco 45, 22 g
of 10 % NaOH, 17 g of hexamethyleneimine and 23 g of Ultrasil. It was reacted at 150°C

5 with 100 RPM in a 300 ml autoclave. Product composition and structural porosity
characteristics are listed in Table 7.
Example 2: Synthesis of MCM-22-P with Si/Al2 ~ 23
[00107] The synthesis was analogous to Example 1, US Patent 4,954,325. Product

composition and structural porosity characteristics are listed in Table 7.

10 Example 3a: Acid treatment of MCM-22-P (Example 1) with silane to produce EMM-13 as-
synthesized and EMM-13 calcined
[00108] Mixing 30 grams of 1 M HNO; solution (obtained by mixing 3 g of concentrated

acid with 27 g of water) with 0.3 g of spacing agent (silylating agent) dimethyldiethoxy
silane, and followed with adding 3 g of as-synthesized MCM-22-P sample of Example 1. The
15 mixture was reacted at 170°C for 24 hrs. The product was filtered, washed with water and
dried. The as-treated material was identified by XRD as EMM-13 as-synthesized. The as-
treated material was further calcined in air at 540°C for 4 hrs. The calcined material of
example 3a was identified by XRD as EMM-13 calcined. Product composition and structural
porosity characteristics are listed in Table 7.
20 Example 3b: Acid treatment of MCM-22-P (Example 1) to produce EMM-13 as-synthesized
and EMM-13 calcined
[00109]  Mixing 30 grams of 1 M HNOj; solution (obtained by mixing 3 g of concentrated
acid with 27 g of water), and followed with adding 3 g of as-synthesized MCM-22-P sample

of Example 1. The mixture was reacted at 170°C for 24 hrs. The product was filtered, washed

25  with water and dried. The as-treated material was identified by XRD as EMM-13 as-
synthesized. The as-treated material was further calcined in air at 540°C for 4 hrs. The
calcined material of example 3b was identified by XRD as EMM-13 calcined. Product
composition and structural porosity characteristics are listed in Table 7.

Example 3c¢: Acid treatment of MCM-22-P (Example 1) with silica to produce EMM-13 as-

30 synthesized and EMM-13 calcined
[00110]  Mixing 30 grams of 1 M HNOj solution (obtained by mixing 3 g of concentrated

acid with 27 g of water) with 0.3 g of fumed silica (Cab-0-Sil), and followed with adding 3 g
of as-synthesized MCM-22-P sample of Example 1. The mixture was reacted at 170°C for 24
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hrs. The product was filtered, washed with water and dried. The as-treated material was
identified by XRD as EMM-13 as-synthesized. The as-treated material was further calcined
in air at 540°C for 4 hrs. The calcined material of example 3¢ was identified by XRD as
EMM-13 calcined. Product composition and structural porosity characteristics are listed in
Table 7.

Example 4a: Acid treatment of MCM-22-P (Example 2) with silane to produce MCM-22-P
and MCM-22

[00111]  Mixing 30 grams of 1 M HNO; solution (obtained by mixing 3 g of concentrated

acid with 27 g of water) with 0.3 g of spacing agent (silylating agent) dimethyldiethoxy
silane, and followed with adding 3 g of as-synthesized MCM-22-P sample of Example 2. The
mixture was reacted at 170°C for 24 hrs. The product was filtered, washed with water and
dried. The as-treated material was identified by XRD as MCM-22-P. The as-treated material
was further calcined in air at 540°C for 4 hrs. The calcined material of example 4a was
identified by XRD as MCM-22. Product composition and structural porosity characteristics
are listed in Table 7.

Example 4b: Acid treatment of MCM-22-P (Example 1) to produce MCM-22

[00112]  Mixing 30 grams of 1 M HNO; solution (obtained by mixing 3 g of concentrated

acid with 27 g of water), and followed with adding 3 g of as-synthesized MCM-22-P sample
of Example 2. The mixture was reacted at 170°C for 24 hrs. The product was filtered, washed
with water and dried. The as-trcated material was identified by XRD as MCM-22-P. The as-
treated material was further calcined in air at 540°C for 4 hrs. The calcined material of
example 4b was identified by XRD as MCM-22. Product composition and structural porosity

characteristics are listed in Table 7.
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Table 7
Example | 1 3a. | 3b 3c | 2 4a | 4b
Synthesis conditions
Si/Al, 87 29.9
Si+Al 8.7 13.9
OH/Si 0.18 0.17
R/Si 0.49 0.35
T(C) 150 150
Time (hr) 76 60-70
Acid treatment conditions
T (°C) 170 170 170 170 170
Time (hr) 24 24 24 24 24
Product Characterization and Properties
XRD MCM- | EMM-13 EMM-13 EMM-13 | MCM- | MCM- | MCM-
22-P+ as- as- as- 22-P 22-p 22-p
trace | synthesized | synthesized | synthesized
Z8SM-
12
ALO; 23 2.16 2.1 4.88
Na 0.4 0.0339 0.267 0.0789
Si0, 78.9 85.3 78.7 76
Si/Aly 58.32 67.13 63.71 26.48
Product Characterization and Properties after Calcination in Air at 540°C for 4 hrs
XRD MCM- | EMM-13 EMM-13 EMM-13 | MCM- | MCM- | MCM-
22 22 22 22
BET 410 485 463 396 436 472
ZSA 378 456 404 327 329 362
MSA 32 29 58 68 107 110
M-pore 0.152 0.18 0.16 0.13 0.13 0.15
Collidine 214 153 124

Example 5: Synthesis of 40/1 MCM-22-P

[00113]

The preparation was carried out like above but with a gel having the following

molar ratio of reactants: silica/alumina = 54/1, OH/Si = 0.15, water/Si = 35, R/Si = 0.58. The

mixture was heated at 170°C for 70 hrs and product isolated by standard methods.
Examples 6-16: Synthesis EMM-13 with 40/1 MCM-22-P

[00114]

Examples 6-16 were conducted by mixing concentrated acid with water to form

acid solution according to Table 8. Various amount of spacing agent (silylating agent)

dimethyldiethoxy silane, were added followed by as-synthesized MCM-22-P sample of

Example 5 according to Table 8. The mixtures were reacted at treatment conditions including

a treatment temperature and time according to Table 8. The products were filtered, washed
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Example 17
[00119]  Three 65 wt.% EMM-13 calcined of Example 3a and 35 wt.% alumina catalyst

were prepared. These three catalysts were tested for benzene alkylation with propylene to
form cumene.

Test Sequence for Cumene Manufacture in a Fixed Bed Test

[00120] The experiment was conducted in a fixed bed 3/8” OD tubular reactor in a
downflow configuration with an 1/8” internal thermocouple. The reactor furnace was
controlled in isothermal mode. Two grams of catalyst sized to 14/20 mesh was loaded into
the 3/8” reactor. The catalyst bed was axially centered in the middle furnace zone. The
catalyst was packed with inert sand to fill the interstitial void spaces. Reaction conditions
were 130°C, 2169 kPa-a and the benzene/propylene molar ratio was 3/1. Weight hourly space
velocity was 1 hr'l ona propylene basis.

[00121] At reactor start-up, the reactor was brought to reaction pressure of 2169 kPa-a
with the ultra high purity nitrogen, and heated to reaction temperature of 150°C prior to
introducing the benzene feed for 24 hours. The catalyst was allowed to equilibrate for 1 day
prior to introducing the propylene to achicve steady state before data was collected. The
reactor was cooled to 130°C under benzene flow and then propylene was introduced.
Products were collected and analyzed for 13 days on-stream. Results shows that
Diisopropylbenzene (DIPB) over cumene (isopropylbenzene, IPB) molar ratios of the

products fall in the range of 12% to 18%.

Example 18

[00122] 0.9 gram of pellet of 65 wt.% EMM-13 (Example 3a) and 35 wt.% Versal 300
alumina (commercially available from UOP) was used for benzene alkylation with ethylene
to form ethylbenzene. The catalyst was calcined for 2 hours at 538°C

[00123]  Benzene alkylation with ethylene was conducted by charging a fixed weight of
catalyst to a well-mixed Parr autoclave reactor along with a mixture comprising benzene and
ethylene (benzene/ethylene ratio of 3.5 molar). The reaction was carried out at 220°C and
3893 KPa-a (550 psig) for 4 hours. A small sample of the product was withdrawn at regular
intervals and analyzed by gas chromatography. The catalyst performance was assessed by a
kinetic activity rate constant and diethylbenzene/ethylbenzene weight ratio after 4 hours. The
EMM-13 catalyst has an activity of 3 (hr.gmole/ce)” and a selectivity of 10.1 measured by

diethylbenzene/cthylbenzene weight ratio.
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0. 3593( 3)

T8 0.2502(5) 0.1251(3) 0.4450(2)

T9 0.6667 0.3333 0.0

0.6667 0.3333 0.0562(1) 0.010 1.0 011 0.5420(3) 0.2710(1) 0.1282(2)

0.3876(5) 0.1037(2)

013 0.5408(3) 0.2704(2) 0.2230(3)

0.1681( 4)

CLAIMS:

A process for manufacturing a mono-alkylaromatic aromatic compound, said
process comprising contacting a feedstock comprising an alkylatable aromatic
compound and an alkylating agent under alkylation reaction conditions with a
EMM-13 catalyst, to form said mono-alkylaromatic compound, said EMM-13
catalyst comprising a molecular sieve having a framework of tetrahedral atoms
(T) bridged by oxygen atoms (O), said tetrahedral atom framework being defined
by a unit cell having dimensions of a=b=0.14198(2) and c¢=0.27647(7) in
nanometers, wherein x/a, y/b, z/c are the fractional coordinates of each atom of
said unit cell, Uiso is the isotropic temperature factor for each atom in AZ
(Angstrom units)?, and the quantity ‘occ’ is the occupancy factor for each atom,

each unit cell having atomic coordinates in nanometers shown in the following

010
012
014

table:
Atom x/a y/b z/c Uiso occ.
T1 0.6667 0.3333 0.1126(2) 0.00649 1.0
T2 0.4652(5) 0.2326(3) 0.1754(3)
T3 0.3901(5) 0.0 0.1897(4)
T4 0.6667 0.3333 0.2403(4)
T5 0.6667 0.3333 0.3575(4)
T6 0.3894(5) 0.0 0.3050(4)
T7 0.4215(5) 0.2108(2) 0.3593(3)
T8 0.2502(5) 0.1251(3) 0.4450(2)
T9 0.6667 0.3333 0.0
010 0.6667 0.3333 0.0562(1) 0.010 1.0
011 0.5420(3) 0.2710(1) 0.1282(2)
012 0.3876(5) 0.1037(2) 0.1681(4)
013 0.5408(3) 0.2704(2) 0.2230(3)
014 0.6667 0.3333 0.2991(4)
O15 0.3725(2) 0.0 0.2473(3)
016 0.5 0.0 0.176(1)
017 0.5 0.0 0.318(1)
018 0.3951(6) 0.1062(3) 0.3279(3)
019 0.5453(3) 0.2727(1) 0.3786(4)
020 0.3519(7) 0.1759(4) 0.4087(3)
021 0.1806(5) 0.0 0.4320(3)
022 0.2928(8) 0.1464(4) 0.5
Extra-framework:
T23 0.4499 0.1812 0.0686 0.025 0.355
124 0.2477 0.1232 0.0360 0.025 0.160
Approximate
025 | 0.663 1 0.452 | 0.0 1 0.025 1 0.099
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0. 6667 0.3333 0.2991(4) 015 0.3725(2) 0.0 0.2473(3) 016 0.5 0.0

0.176(1)

017 0.5 0.0 0.318(1) 018 0.3951(6) 0.1062(3) 0.3279(3)

0.5453(3) 0.2727(1) 0.3786(4) ~ 020 0.3519(7) 0.1759(4) 0.4087(3)

2.

The process of claim 1, wherein said molecular sieve further has a composition

involving the molar relationship:
X203I(H)Y02,

wherein X is a trivalent element which comprises at least one of aluminum, boron,
iron and gallium, Y is a tetravalent element which comprises at least one of

silicon and germanium, and n is at least 30.

The process of claim 1, wherein said molecular sieve further has, in the as-
synthesized form, a formula, on an anhydrous basis and in terms of moles of

oxides per n moles of YO,, as follows:
(0.005-1)M,0:(1-4)R:X,03:nYO,

wherein M is an alkali or alkaline earth metal, n is at least 30 and R is an organic

moiety.

The process of claim 2, wherein said X of said molecular sieve is aluminum and

said Y of said molecular sieve is silicon.

The process of claim 1, wherein said molecular sieve comprising less than 1 wt.%

Ti.

The process of claim 1, wherein said molecular sieve further has, in its as-
synthesized form and in calcined form, an X-ray diffraction pattern including
peaks at d-spacing maxima at 13.18+0.25, 12.33+0.23, 11.05+0.2 and 9.31+0.2
Angstroms, wherein said peaks at d-spacing maxima at 11.05+0.2 and 9.31+0.2
Angstroms exhibit a valley in between, and the measured intensity corrected for
background at the lowest point of said valley is less than 50 % of the intensity
point at the same X-ray diffraction pattern d-spacing on the line connecting d-

spacing maxima at 11.05+0.2 and 9.31+0.2 Angstroms.

The process of claim 6, wherein said molecular sieve further has, in its as-

synthesized form and in calcined form, an X-ray diffraction pattern including
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021 0.1806(5) 0.0 0.4320(3) 022 0.2928(8) 0.1464(4) 0.5
Extra-franmework: T23 0.4499 0.1812 0.0686 0.025 0.355 T24 0.2477 0.1232
0.0360 0.025 0.160 Approximte 025 0.663 0.452 0.0 0.025 0.099 2. The

process of claim1, wherein said nol ecular sieve further

has a conposition

i nvol ving the rpehiayat 6@k-atls NSHND7 avdBA2L0DYAAgstagr ein X is a trival ent
el ement which conprises at |east one of alum num boron, iron and gallium

Y is a tetraval ent el ement which conprises at

germanium _ and n is at |east 30. The process of claiml1, wherein
nol ecul ar &i evelleuregsss ofhgaim i,nwlﬁqﬁ@n aaid aligtatahle promgtic Gpmpoundfis selgtted

anhydrous basi s;@0qnd B’ &ﬁls@tfmgm}“ ®enshe Oﬁgpqﬁxﬁlegg  arfth Q€S nﬂ;hthgg‘%e

foll ows:

10.

11.

12.

13.

perylene, coronene, phenanthrene, xylene, n-propylbenzene, alpha-
methylnaphthalene, o-diethylbenzene, m-diethylbenzene, p-diethylbenzene,
pentaethylbenzene, pentamethylbenzene; 1,2,3,4-tetraethylbenzene; 1,2,3,5-
tetramethylbenzene; 1,2,4-triethylbenzene; 1,2,3-trimethylbenzene, m-
butyltoluene; p-butyltoluene; 3,5-diethyltoluene; o-ethyltoluene; p-ethyltoluene;
m-propyltoluene; 4-ethyl-m-xylene; dimethylnaphthalenes; ethylnaphthalene; 2,3-
dimethylanthracene; 9-ethylanthracene; 2-methylanthracene; o-methylanthracene;

9,10-dimethylphenanthrene; 3-methyl-phenanthrene and mixtures thereof.

The process of claim 1, wherein said alkylatable aromatic compound comprises at

least one of benzene and naphthalene.

The process of claim 1, wherein said alkylating agent is selected from the group

consisting of olefins, alcohols, aldehydes, alkyl halides and mixtures thereof.

The process of claim 1, wherein said alkylating agent comprises at least one of

ethylene, propylene and butenes.

The process of claim 1, wherein said alkylatable aromatic compound comprises
benzene, said alkylating agent comprises ethylene, said mono-alkylaromatic
aromatic compound comprises ethylbenzene, said alkylation reaction conditions
include a temperature of from about 150°C to about 300°C, a pressure of from
about 2000 to about 5500 kPa-a, a molar ratio of alkylatable aromatic compound
to alkylating agent of from about 0.5:1 to about 50:1, and a feed weight hourly
space velocity (WHSV) based on the alkylating agent of from about 0.1 to 20 hr'.

The process of claim 1, wherein said alkylatable aromatic compound comprises
benzene, said alkylating agent comprises propylene, said mono-alkylaromatic

aromatic compound comprises cumene, said alkylation reaction conditions
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(0.005-1) M0: (1-4) R X203: nY0O2 wherein Mis an alkali or alkaline earth
netal, nis at least 30 and Ris an organic noiety. 4. The process of claim
2, wherein said X of said nolecular sieve is alum numand said Y of said

nol ecul ar sieve is silicon. 5. The process of claim1l, wherein said

nol ecul ar  si eveneledPs itshpegati@Set ttd]arabautvxtao%taiaboﬁ 250R€, PHesass odffropd ai m 1,
wherein said nolecul ar sieve further in its as- synthesized form and

in cal ci ned forapPuaO¥e pbapt P40 khack fiWleattt%?fﬁlkytﬁft%arﬁglabea%ep% & spaci ng
maxi ma at 13. 181045, a%gnt%gﬁrgmza%out]()% Q%oat and agdg%legv?e %ﬁ?g&url)p ce Wherein
sai d peaks at d-spacing maxima at 0510.2 and 9.3110.2 An stro exhi bi t
a vall ey in betvsosiy (W) Vt)nesed@aﬁltﬁr%blyltltmgetesﬁtwfremrabeett(bbtowﬂ Hnackground at
the |l owest point of said valley is less than 50 % of the intensity point at
the sane X-ray diffraction pattern d- spaci ng on the Iine connecting

d- spaci ng paxi n rocess of
claims. mqgr enﬁle %} r‘r%fls é%ﬁ ﬂerem sa aO alg)ﬁlpt 91% aromm%lc coEné)ound B MRS i 7 ed
formand in calbenmel, fad ralkyiznmg a@ytt d:bfni:)fl%t bulyllemt staﬁr mndnncﬁlkmhrmgahc 36 -
peaks at 6.90.15, 3.570.07 d 3. 420. 07?1€8 troms 8. Tﬂﬁ'l rocess .of claim
1, wherein sai ¢4 aYPﬁ‘IBP‘e“ rFORRIFE SEHPYYRENFeas-s St @ ‘Panftaﬁtéorbr oup
consi sting of khenzens, infla@hi kadRAGure N FBMALRNE 10°023 HHBACEIVEC, a pressure

peryl ene, cor onene, phenant hr ene, xylene n- propylbenzene al pha-

met hyl napht hal @dTom 2Pt hyp FEAYHD0 KRam.ed mMAlFertbiertd albyléI‘ia@Fh%FPfBetFerne
pent aet hyl benzepgpoRRiNtc24R &lQNA%Q%%@%?,fro% %bo%t‘bﬁ etbapbly bBENZRNG fedd 2. 31 5-
t et ranet hyl benzene 1,2, 4-triet benzene; 3-trinethyl benzene, m

but yl t ol uene V‘fflgmtlwtlbIsn@nevelqryltyE(VHﬁV)abwdtcml {herrdkylatingeageyt oblgane:

p- et hyl t ol uene,abgﬁt?rlo[gyégt)m uene; 4-ethyl-mxyl ene; dinmet hyl napht hal enes;
et hyl napht hal ene; I met hyl ant hracene; 9- et hyl ant hracene;

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

3- et hyl - phenant hrene and m xtures thereof. 9. The process of claim1,
wherein safd alAkytatabioe raatrmt‘mtdrmgcmmpmumdkydmmpaﬂuse&natlcIceagat)umhesamif

benzene and napht hal ene. rogfe E clai.m 1 ng t{)tl

al kyl ati ng ageRt°F¥ %OélTpéﬁtngde a8 ﬁfgg’ﬁ LBIREFDE R Kylal3 qur‘n@atlc

al cohol s, al debyepsundadndydn SRy IbGES agontl uidex tallty@dioh heddtioh .codditiodh@itRraocess of
claim1l1, wherein said al kylating agent conprises at |east ogne of, ethyl ene,

propyl ene and sﬂﬁl@(ﬁégmppgmg-ﬁhg FbcaWsEMM-¢ 45 mmolequips Sisve hading ig1iky | at abl e
aromatic COWDOUﬂ&n&PfH?M P X- aﬁn@fﬁa&o@@m@m%&ﬁmg 'p@&s%%%a&%%kl%ﬁas

et hyl ene, said nono-al kyl aromatic aronatic conmpound conpri ses et hyl benzene,
sai d al kyl ati o fheargngoaf d@ma.tp. 1By Angitioee @otlénpRy degiPeOofa dwsmrmbout
150C to about fiofir -a, a
nol ar ratio of ﬁ’g?'kyﬂngt“gé %egr?gt]izé tgginzg%ﬁnhg%%ggl ¢<§I3Z{)?%§e§ge t from
about 0.5:1 toslaibtmgtmmmm ianbe engeeotl 104 ghtl2 I@o‘mgssrompa&éﬂvﬁl drgi - (j))(V\HSV)
based on the al k ting agent of. from abo 0 _hr The process
of otarm 1. it bR nabEMBORER o oot b SRe o 1287 BEnbene.
said al kyl ati ng-@)garhbreﬁomim ipS&ks mmgyd-meingsm)ﬁlmﬁmnm 8¢ keytlgaroanat idctoar omat i C

conmpound conpri ses, cunene i | Kyl ti reactlon conditions - _ 37 -
include a t enpggtAtﬂge Tgps %&i?ﬁgﬁa SQB‘B’E& meKiHRIM dn Hedrangs foys £ om

about 100 to ape@gto 3009 AuBarcias(B. If@|73d rzaep @xtﬁ'[fnt alvkuéyaltlaiat»eeearnﬁatinc
compound to al kyl ating agent of from about O. to about 50:1, and a feed
wei ght hour |y Sgaeasiied BEnsiy eanpasipyl fnrd@aébgrawctqtéheatowttmrn@f sgenelleat from
about 0.1 10 2R0clrndn 59 of THE iRERRS FRirf ot HedlofelXRINELlcheSH thedlly! at abl e
aromati c conpound conprises benzene, said alkylating agent "conpri ses

butyl ene, sai deanpesingl skidl praksrhevicg drspacitg masonpoutd reagepef b4 to 12.0

sec- butyl benze | I cli t d t enper at ure
of from about }%g%trt%gl a gu’t(ﬂ ‘Lcécgrba? nt%e&sjst%lr qifrnl(’)(r}n%ibﬁé)wté gngstrgenﬁt 3000
kPa-a, a nol ar(102t8.9 ded 2@)kwhe1b1ab;h1el ENBREE molecolapaemchat esaithiey [l dtwitg agent
of from about 5 1 to about 50:1, and a feed weight hourly space velocity
(WHSV) based oh"the al kyl ating agent of fromabout 0.1 to 250 hr-1. 15. A
process for manufacturing a nono-al kyl aromati c aromati c conpound, said
process conprising contacting a feedstock conprising an al kyl at abl e

aromati ¢ conpound and an al kyl ati ng agent under al kyl ati on reaction
conditions with a catal yst conprising EMM 13, said EMM 13 is a nol ecul ar
sieve having, in its calcined form aBX-ray diffraction pattern including
peaks at d-spacing maxima in the range of 14.17 to 12.57 Angstrons
(-6.15-7.05 deg 2-0), a d-spacing naximumin the range of 12.1 to 12.56
Angstronms (-7.3-7.05 deg 2-0), a d-spacing nmaximumin the range of 10.14 to
12.0 Angstrons (8.7-7.35 deg 2-0), and a d-spacing maxi numin the range of
8 66 to 10 13 Angstroms (10 2 8 7 deg 2 0); \/\herel n sal d peaks havi ng
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