- 1- AMM22 FAMLY MOLECULAR SI EVE COWGCSI TION, I TS METHOD OF MAKI NG
AND USE FOR HYDROCARBON CONVERSIONS 5 FIELD This invention rel ates
to a novewolidi@d2ssfiam |y nol ecul ar sieve conposition, aproetusea7oisosaki ng

t hereof and the use thereof for hydrocarbon conversions. In particular,
this invention relates to a novel MCM 22 fam |y nol ecul ar sieve conposition
conprising greater than 50 wt % of the nol ecular 10 sieve having a crystal
diameter greater than 1 um as neasured by the SEM a nethod of making

t hereof and the use thereof for hydrocarbon conversi ons. BACKGROUND OF THI S
Dl SCLOSURE Mol ecul ar sieve materials, both natural and synthetic, have
been 15 denonstrated in the past to have catal ytic properties for various
types of hydrocarbon conversion. Certain nolecul ar sieves eql | tes, Al POs,
nmesopor ous nat AMECM-22 BAMILY, MOLE RSLEME GOMP QAL O aving a
definite crystal | MerEOH S VEARINGS WNDIUEE FOR XY BROCARBON on (XRD) .
Wthin the crystalTine NMolrecurar sieve naterial there are a Ilarge number of
cavities which may be 20 interco®2NVERSFONShunber of channels or pores.
These cavities and pores are uniformin size within a specific nol ecul ar
sieve material. Because the dinensions of these pores are such as to accept
for adsos pt FBELi#D| ecul es of certain dinmensions while rejecting those of

| ar ger di nensions,, .these materials have ¢ no. " ecyl.ar

si eves” and are ufhy iDUIHOR ACloR; o ¢ Wvﬁméﬁ‘r‘?% kaﬁ?’&e@é%gméng&ch

mol ecul ar sicem@ssitibal & nidhod alf mikdng Yitdrbef awd thaabaldeereofidod ehyderdagion of
positive ion-containing crystalline siljcates. These sili can.pe
descri bed a§°‘PYed?189i'hﬂ‘e@gﬁ%ﬁ?ﬁsiﬂﬁﬁdpwn}%rﬁgﬁﬁs dpP ;Sip@&’egﬁ\gé&gi?p FBQ'TabI e
Goup 13 el eBradulXéié EmPositibh @opriding fiehien iRl 80 a4, GTakSe nhdlbkfar by t he
sharing of oxygen atons whereby the ratio of the total G.oup 13 el enent
(e.g., aPunisieyp)haying aicrystalrdiametes esepter: hapxy yah anmesasuied by the Fhil, a

el ectroval e ; sl %é%&‘lf’onlgb ekapat (e.g.,

al um num i y%%?%%%‘ggkl%‘g%%ggﬁ%tggp%%@{néa?ﬁéehﬁﬂyst al of na cation, for
exanple a proton, an alkali nmetal or an alkaline earth netal cation. This
WO 20081013644, / Q15058 - - %‘%ﬁgﬁe expressed wherein the ratio of
the G oup 1%—1&&#&%@;&}9& . nPﬁ%ﬁ}Jotu ttte nunmber of various cations,
such as Ht, Ca2+/MpleSuldt 2sieNat malérialsor batht nahwsalecandl syothetict yhavébbeoul ar
sieves that find application in catalysis i.nclude any_of the 5 naturally
occurring oﬂeglﬂﬁ‘t“‘ﬁg‘gﬁli ciic R (PRFY it?lgh%I SUAVES RIORGHS” Bl VBIAE HP etsh(éf;le

zeol i tes i NGlydgiRaltdnOenverstorZ E0drtai € Solédill T siedisakeol iy, A PORe nesoparbes, and
smal | pore zeolites. These zeolites and their i %g% es ahrﬁ descri tfgd in
"Atlas of ZeBAPHYSFRERIASICE PRTS crydiyne ywatgfialgdiaying # deinite B ANy Ch.
Baer| ocher, sELsRYS &fs, dEtefthiheBdbY | RBay 28 actithi CXRDS. hRTERBY th¢oyspana ed by
reference. A large pore 10 zeolite generally has a pore _size of at {me)ast
about 7 A argoleadpygisye | rrpterightherggre afamge opmber mfacavitigs pibRehr Fgreior k
type zeoi t gl HdRAGe £ S8Ry OF A8Rleld 8r NorBNahalERkticsEXRITPORS ¢ | arge
pore zeolites include mazzite, offretite, zeolite L, VPI-5, zeoliteY,
zeolite X, omifpam insizeBethin aAnesifie aroleiilatsicvsopaterply Bepause thedigi®RsiPRs | y has

a pore size f E%t‘ t J ioh©r
exanpl e, I\/Fla,(f t%‘_g,&b% ) éﬁﬁﬁlh %9%}%é?&@ﬁ&%%ﬁ%ﬁo‘é%?m&%;%&Q
framewor k t ywisile midcting shqsk UPAGzCodmiessioos thfseZuakiia ¢ & own
Exanpl es of intennmediate pore.size.. i - 11, ZSM 22,
Vo 2 st | i e B eh e BeOi 4 Sy B MR Broce AL 1T TN 2
pore si zs from ab®uth Bokcular lsesss,tHualn natvealtans. Ynshetied inchalelrdwsde Yaiety o
exanpl e, CHAf ERI, KFI, LEV, SOD,  and LTA fr wori%t%ge zgohgstcei% élayPAC
Conmi ssi on df %B}‘ietIBHWH@%P%FWF@WG@Q%P% S7° IS 581 &° Z85T1°Fed

i ncl ude ZK- 4rigid SMed.dinbitibdt , fripARidrR Df 567 bid PeABMIcAPabl IGrap 1Z Kleddknt ZK- 5,

ZK20, zeolite A, ,chabazite, zeolite T, gnel.inite, ALPO-.17, .and
clinoptil ol i ade (e.g., AlOa). The tetrahedra are cr%ss—kmﬂec} gy the sharing of oxygen atoms

A
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whereby the ratio of the total Group 13 element (e.g., aluminum) and silicon
30 atoms to oxygen atoms is 1:2. The electrovalence of the tetrahedra containing the
Group 13 element (e.g., aluminum) is balanced by the inclusion in the crystal of a

cation, for example a proton, an alkali metal or an alkaline earth metal cation. This



U S. Patent No. 4,439,409 refers to a crystalline nolecul ar sieve 25
conposition of matter nanmed P51-1-3 and its synthesis from a hydrot her nal
reacti on woxbesrma3&ent ai ni ng hexanet hyl enei m ne, an or garCt/usesnpouseds whi ch
acts as directing agent for synthesis of the MCM 56 (U. S. Patent No.
5,362, 697). Hexanethyleneimne is also taught for use in synthesis of
crystalline nol ecular sieves MCM 22 (U.S. Patent No. 4,954,325) and MCM 49
(U.S. Patent No. 30 5,236,575). A nolecular. sieve conposition of matter
referred to as zeolite SSzZ-25 (U.S. Patent No. 4, 826,667) is synthesized
froma hydrothermal reaction m xture containing an adamant ane quaternary
ammoniumion. U S. Patent No. 6,077,498 - 3 - refers to a crystalline

nol ecul ar sieve conposition of matter_nanged I T and iits synt.hesis froma
hydr ot her %%y R e¥RrasseriWheisia the Aty af ﬂlfn%ﬁ)é‘pog é]eﬁ}em -8t 6‘?m8?%3?1i c

addi tives. the number of vafiusi@tiBhs, Vet 221" a0a 2, BE 2L Nal,"K{,@r LiTTas equadl  of
the MCM22 5 fam |ly" or "nol ecular sieve of the MCM22 famly"), as used
herein, incloud8y- (i) nol ecul ar sieves nade froma common first degree

crystal line buil dyg.ploGKved' ot HRl lapPRVAiRE {rheaMO¥ys! [RITOAKy oepaEogy”. A
unit cell is a spatial arrangenent of atonms which i's tiled in

t hr ee- dismensitorsdly eqvaving or dgsheticherystallingr poleghlan siayescxaserles of these At | as
of Zeolite Fr Wor T N~ P | L : I gnt of
whioh s nEsne R g SRR Birs ssRlieh el o fee JeBcE M IR
comon secopeblileyrEeesd uiebliten garkdl tekr, ismtybes diraedeserdimeal in i“Atlg off Zseoltth MWV

framewor k type uni ell,s, .f 1 a " | ayer of, 4An i1, ce .

t hi ckness", 1\5%;%?\;&9%&%@%“5%%%&1%rfi.gﬁh@c/ H@gg;&('%% nlo%% réi(:?ius BFsi eves
made from cpEdSEs)Ibodesiteeh Byihkbbpginbbpokaed byayeferenad. Arlerger porer e t han
one unit cell thickness", wherein the | ayer of re than. one it |1

t hi ckned® i $cHHaEPFgHY é@é&?%@,sli?aeﬁﬁhg%ésb?b%t %%@“gf“‘i“é‘{}étﬂmﬂ?ﬁ

nonol ayers giagnerNpit OFgl | *BRiackagd MOR GRIhSvRVithEE 2&olike NMWPACamewor k

t opol ogy. The si.ac.kl ng of such second degree buil ding bl ocks, can be in a
regul ar  f askosumisaien; ofy ephite Nopanglabire)- Examplehrf SEBF dRre 8FolUes NCAHeSi nat i on

phereol s Of pldzike, MBS, SkofileON COPIBIS Dl APY 2EtBI SR ofiEed, ARAOBRa, An

2-di mensi onal or "3- dimensional” conbination of unit ‘cellS having the MAW
framewor k 2$ttommddiafy pore size zeolitregevienalpohdsanpdry sizgdeam abautay 2 te hesp haer i zed

by having an, X-r 1 ffr I Ny AHAC i - RPRE] i

12. 4+0. ég §b%¥+€ﬁog‘ua{?8[%§l%tggﬁgg#ﬁééglgltlﬂrioms (’e@'gﬁér cdllgl?:ﬁggﬁ&%@’

as- synt hesi iy, FERe MW 22nd A@N Yrametverrk ayse meolites §@/RAC dbemmissin ofed by
havi ng an X-ray diffraction pattern 30.incl.udi - F0d -TBXI _

12/ 1+0. 25, éeﬁﬁf?%%?’e%&%t%%: g’?a’%%ﬁs ggﬁir&eg?qiﬁgge?sr%%%&g%tlgglﬁshggsﬁ ned or
as- synt hesi zed@sMIhe 26N, dMEM-a2} sitinalitat 3 andledllitalite Parachetli paetdie

nol ecul ar sieve are obtained. b t angdayr echni ques i the K- - 4 -

al pha doubl é?o%?a*@é&p%qfe égze?fﬁ‘gxiaﬁwtdg?t g"r 5 daRoRha A Arrinslefie fos
equi ppedoW teRampRGIiOHA | ERL, iIKFI, CEUNSOD aid BA Teinsdvestk agpeppdctitesa§UPAEC

col |l ection sar/Pstem _Material s_bel on9 to tEe 2}21 fgﬂ%ﬂllb% i ncl.ude 22
(descri bed iGPrynissionpaf Zeqlyge Noraenglaguusy. Exsgpples ofj suial); pitg Zepliies anclly o
4,439, 409) , 4864, 285M-IesAPOIM SAPM-3Y, BK-PAISAPD-42478261,66722, £RBS, ZK-

(described in European Patent No. 0293032), IT&l (desg{ri bed . in U S. Pat.
No. 6,077, Z29gyeolityd, shytgaiie el T. gmeliniienALY L, apdclnerwaliie: cati on No.

W97/ 17290) , | TQ3% (Beest 1106 4l AorrBRL oRaly RAeAlinPUbbiceata ORichy.
W2005118476), MCM 36 (described in U S, Pat. No. 5,250,277), MM 49

(descri bsd icempositionap! raster 512086] FBE}-3 amnsl MEMBRheBI dlosera bydrathermak, pat .
bNg- 5.362, 690crioh ikl ESmbAM Rl Rarlin RARAAE P oRidhid RERHBRAR LA DT &l N
acts as directing agent for synthesis of the MCM-56 (U.S. Patent No. 5,362,697).
Hexamethyleneimine is also taught for use in synthesis of crystalline molecular
sieves MCM-22 (U.S. Patent No. 4,954,325) and MCM-49 (U.S. Patent No.
30  5,236,575). A molecular sieve composition of matter referred to as zeolite SSZ-25
(U.S. Patent No. 4,826,667) is synthesized from a hydrothermal reaction mixture

containing an adamantane quaternary ammonium ion. U.S. Patent No. 6,077,498



It is to be appreciated the MCM 22 fam |y nol ecul ar sieves described above
are distinguished from conventional |arge pore zeolite al kyl ati on

cat al yst swoenia@4nor denite, in that the MCM 22 mat er i acs/usane/015d56 i ng
surface pockets 15 which do not communicate with the 10-ring internal pore
system of the nol ecul ar sieve. The zeolitic materials designated by
the 1 ZA-SC as being of the MAWtopol ogy are nulti-layered materials which
have two pore systens arising fromthe prgsence of both 10 and 12 nenbered
rings. The Atlas of Zeolite Franmework 20 Types classes five differently
naned materials as having this sane topol ogy: MCM 22, ERB-1, 1TQ 1, PSH 3,
and SSZ-25. The MCM 22 fam |y nol ecul ar sieves have been found to be useful

in a variety of hydrocarbon conyersion processes. Exanple 2 famly
mol ecul ar sTe&&re typETYtalipo m %Q}evﬁlﬁﬂpﬁ’é’?‘tllo’?@%ﬂa@éﬁa@,egégé'g/gl\?ﬁ iﬁd 25

ERB- 1. SUCh?__)‘Hﬂllé%Fsuﬁ@ﬁl §ih%Hﬁﬁh§ﬁﬁl wselivh mhiRturd!ckitadlih®dneforar pRedlitg of
conpounds. For exanple, U S. Patent No. 6,936, 744 discl oses a process for

produci ng acigewsadiitivesed aromatic conpound, particularly cumene, _
conmprising the sggp Qf,C Liufng%r?ilg?ﬁz%ﬁ%h%}"l S&ed‘n?a'ié}fg_i‘t of yEomeNngaw th an

al kyl atabl e aromati c conpoun east partial |iquid phase
condi ti ohs famaily rort‘meolpeulaenicoe afthaMBIMt22afasal kY. astusedhhergimainadwdeso produce
t he nonoal kyl at ed_aronmati.c co und. wherein the, t.ran i Qn: al yst
conpri ses akllbn' xt U< e%ﬁlara?leYeéarrsﬁFQ? WOy FEFRRE %F%S%%F?% ie%Y 2!rlr@lt‘ ée%tq}lgl?&si eves,
wherei n each of bhekrfaingtcedllakavingthesMEWs Glaasehedk ftopriogy”. A unizeelliis @ bet a,
zeolite Y, nordenite . and a materd al hayinag. X-r diffraction pattern
i ncl udi ng d- spac PR3 EPREEEEN 25 Jrps ?é“élglsgtﬂ@d i%%ﬁ?ﬁﬂﬁ‘?wagﬁagfitﬂzm. 07
Angstroms. It isdkagide iHeatrysta) sadesoBbqtheh aBy ,“/SiaeofRbolite Framework
aggregation/aggl gneriation 5 can_affect catal yst behayior, especially
regardi My cat al ydPsss Fufth ﬁ‘?‘é‘ﬁ& WYy the enpire eaBLeRt P ‘,”%H]i‘e'tsé? ora %rf’éed for
novel crystalling.faplpgeul ar sieve conpositions and nethod of naking such
novel crystalline nolecul ar sieve conpositions” especial ch/l' mol ecul ar sieves
1

of di ffer enfidnor prIPeY siaes sudviom eronipe: preged dseree building blogh, asgsme
enbodi ments, thi g;dLSGLAFUNR &F RRSMWVA hySidk! iype MR, kamihy a

nol ecul ar sieve having, In Its as-synthesized formy a platelet aggregates
mor phol ogy, pr ef &naivolayeheofploatebrit egjhrtbisiness” mmplerablyyores owieteedl habi t
nor phol ogy. 151 n sope aspects of this disclosure, the platelike crystal of
t he nol ecul ar ’

(iii) 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

20 the MWW framework topology. The stacking of such second degree
building blocks can be in a regular fashion, an irregular fashion, a random
fashion, or any combination thereof; or

(iv)  molecular sieves made by any regular or random 2-dimensional or 3-
dimensional combination of unit cells having the MWW framework

25 topology.

The MCM-22 family materials are characterized by having an X-ray
diffraction pattern including d-spacing maxima at 12.4+0.25, 3.57+0.07 and
3.4240.07 Angstroms (either calcined or as-synthesized). The MCM-22 family
materials may also be characterized by having an X-ray diffraction pattern

30  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 using the K-



sieve is multiple layer plate. In additional aspects of this disclosure,
the platelike crystal of the nolecul ar sieve conprises nmultiple

sub- cr ystwb008/013644 I n sone enbodi nents of this disclraswsego7gimas er t han
50 wt % of the nol ecul ar sieve having a crystal dianmeter greater than 1 um
preferably greater 20 than 2 pm optionally greater than 5 pm as measured

by the SEM In sone aspects of this disclosure, greater than 50 wt %
of the crystalline nolecular sieve having,a crystal thickness of about 0.04
m as neasured by the SEM In additional enbodinents, this

di sclosure relates to a nethod of 25 manufacturing the crystalline MCM 22
famly nol ecul ar sieve, the nmethod conprising the steps of: (a)conbining at
| east one silijcon source, at |east one sour ce of at

J t )
al kal i or allRhA MoBBlt AT GRPREF %) BRdRRidenirafiation pAc dEectomAts: SGuiPet Ry |

water, and gahi 'Qrééinlu}'laﬁ&n l.6asitr QRE aﬁ,gdﬂﬂté’&'@o Eé}eas e toMettion J9pfexd ur e
havi ng the foll ovmggi nol e conposi tion: toinfinity H20:Si1 to
i

10000 - 6 Magergdy @ngtweMGM@@famdyznqk@ WMO%? fdgseribed in U. S. Pat.
wherein Mi o lect t
| ' ﬁy[ B 9%*5@556 yﬁglﬁ-g &@%mb& PUSEIRE 68l 4 &m&@esszozsp(démas ing

of cycl open aim ne am ne, cycl oheptylarin hexanet hyl enei m ne,
hept amethy| endiSriRae Ncho4r82)6 peHaERMR] (desdribeshin Batopears Patent Nof 02939$2),

submitting tur.e K I t
compri i ng TGl G RRR 6 FEH 1R hoRD T FRecch Bel 2 By BrufliGEMC
c(:: ryst gISBiCz aPheht Bﬁnllebahloﬁ N$o.CHMORV 5298),t Higpa0 deyceibed in ﬁmterxangnaloﬂ’atémom 100
to ' crystal Li 1 hour, t.0.20

optionally §u215?v%tﬁopnlg* é*é@gf)%ltqﬁé%)awgé (5{‘]??‘611%8 Igng?hLaHr?%a out 60;
and (c) recg\agt)lm)th@cmhmukﬁmbaaemeu 45pddi Nborajzmsmhaﬁd cM@Mdsure
relates to a_process for rocar bon conver si on, r’%lsm t he ste%

m | y

(a) cont &2t i kepssribgey Ffb(%ﬁbgﬂt MRS EBERI N tHher sRITE, VBRS¢
mol ecul ar Slnf‘c\bgp&gtegwegelﬂb:??éf@%&@ under conversion conditions to forma

conversi on product. 20These and other facets of the present invention shall
become apparent flf énto be appreciated the MCM-22 family molecular sieves described
above are distinguished from conventional large pore zeolite alkylation catalysts,
such as mordenite, in that the MCM-22 materials have 12-ring surface pockets
15  which do not communicate with the 10-ring internal pore system of the molecular
sieve. )

The zeolitic materials designated by the IZA-SC as being of the MWW
topology are multi-layered materials which have two pore systems arising from
the presence of both 10 and 12 membered rings. The Atlas of Zeolite Framework

20 Types classes five differently named materials as having this same topology:
MCM-22, ERB-1, ITQ-1, PSH-3, and SSZ-25.

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

25  ERB-1. Such molecular sieves are useful for alkylation of aromatic compounds.
For example, U.S. Patent No. 6,936,744 discloses a process for producing a
monoalkylated 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

30 transalkylation catalyst to produce the monoalkylated aromatic compound,
wherein the transalkylation catalyst comprises a mixture of at least two different

crystalline molecular sieves, wherein each of the molecular sieves is selected from



the follow ng detail ed description, Figures, and appended cl ai ns.

DESCRI PTI ON OF THE FI GURES FIG 1 shows the X-ray diffraction
patterns wo 2068013®4synt hesi zed MCM 22 25 fam |y nol ecul acTaisewe/opsoseluct s of
Exampl e A FIG 2 shows the SEMimage of, the as-synthesized MCM 22
fam |y nol ecul ar sieve product of Exanple A FIG 3A shows the X-ray
diffraction patterns of the as-synthesized MCM22 fam |y nol ecul ar sieve
products of Exanple 1 at 120 hrs. 30FI G _3B shows the X-ray diffraction
patterns of the as-synthesized MOM 22 fanmily nol ecul ar sieve products of
Example 1 at 168 hrs. - 7 - FIG 4 shows the SEM i mage of the
as-synt hesi zed MCM 22 fam |y nol ecul ar sieve product of Exanple 1.

FIG 5 shows the X-ray diffraction patterns of the_ as-synthesjzed MM 22
fam |y nol eeolity bstagvzeokieody dperdenitangys material hagings an Shonks FHBRCEEM | nage

of the as-s |l ac Lo 9keV ugts79bH. oxanwl e 2.
FIG 6B sho e?’ﬁ:"“é@l\/h mag%é %gn#a&g{?s%n?%gsp?gd %A%gﬂ ?asr?‘lgl y nol ecul ar

si eve produg#é260.0E engstroms. FIG 7 shows the X-ray diffraction

patterns of the as-synthesi ucts of
Exanple 3 at 48 ﬁ( S% %agggé\% %ﬁh ){asge 4@%%1%@ a%hﬂ%r%lgg
as-synt hﬁsi Z&daff@ﬂ-&?alj'ﬂmbdhﬁvfml espatially segardingr cdalgst ativiyaand! saldility.

FIG 9 sho t he diffr i on patterns of th as-synt he

fanily nole ?rﬁrlsép TBT%BE%C}@’[@PV%%&?‘(%?I ng mojeqy ﬁsy‘iv(?y c%rréﬁ’/\éitﬁ?g M | rrage
of the as- smtmswe%dl&ﬁé 28uch amiohs mmnh@rnﬁi&uEtrpsleductomﬂ)osﬁxmpl e 4

DETAI LED DESCRI PT1 ON OF THL.S DI oduction 20AIl patents,
patent appl FEPsERRY¥olpeder Sﬁ‘?‘f?é@?% entrﬂ‘?‘BBP{Dﬁ Ydocument's, articles,

publications, manuals, and other docunents cited herein are fully
i ncor por at ed by reference to the extent such disclosure is not inconsistent
with theo pr SUMMARYQF BHIS IISCLOSVRE, 1 sdi ctions in which such

incorporation is Ilﬁ’esroFHet E:l%godiments, this disclosure relates to a crystalline MCM-22
family molecular sieve having, in its as-synthesized form, a platelet aggregates
morphology, preferably the platelet aggregates morphology is rosette habit
morphology.

15 In some aspects of this disclosure, the platelike crystal of the molecular
sieve is multiple layer plate. In additional aspects of this disclosure, the platelike
crystal of the molecular sieve comprises multiple sub-crystals.

In some embodiments of this disclosure, greater than 50 wt% of the
molecular sieve having a crystal diameter greater than 1 um, preferably greater

20  than 2 um, optionally greater than 5 pm, as measured by the SEM.

In some aspects of this disclosure, greater than 50 wt% of the crystalline
molecular sieve having a crystal thickness of about 0.04 pm as measured by the
SEM. 4

In additional embodiments, this disclosure relates to a method of

25 manufacturing the crystaline MCM-22 family molecular sieve, the method
comprising the steps of:

(a) combining at least one silicon source, at least one source of at least

one alkali or alkali earth metal element, at least one directing-agent

(R), water, and optionally at least one aluminum source, to form a
30 mixture having the following mole composition:

Si:Al = 10 to infinity

H,O:Si .= 1 to 10000



25When nunerical lower limts and nunerical upper limts are listed herein,
ranges fromany lower limt to any upper limt are contenpl ated. As
used i n tWo0espasdsfti cati on, the term"framework type" | ®cuamsdoo7miiose sense
described in the "Atlas of Zeolite Frani ewrk Types," 2001. As
used herein, the nunbering schene for the Periodic Table Goups is 30 used
as in Chem cal and Engi neering News, 63(5), 27 (1985). The term
“rosette habit" norphol ogy as used hereingmeans a platelet mneral conposed
"rosette stacked thin platelike crystals.” Crystalline materials WO
20081013644PCT/ US2007/ 015056 - 8 - having rosette habit norphology are
illustrated in Figure 4 and Figure 5 of the American M neral ogist, Voi. 66,
pages 1054-1062, illustrate the photom crographs of mnerals with rosette
nor phol ogy. The entir&§:¥f the Zner i G8H g:her al ogi st, Vol. 66, pages

1054- 1062 is incorporajed; herein-by repergnee. 5 Figure 6 of this

di scl osure shows the crystalline MM 22 fam |y nol ecul ar sieves of this

di scl osure with roset ®eShorphol ogy. 0.001to2Zhe term"platel et" m)rphol ogy
as used herein means q,g0ghgks SOARAP Rbial GHRK RBHElliforf Sdihs. " These
thin platelike crystal's may aggregate together to rtorma mat havi ng

pl at el ets aggr egat es mophﬁntg;qfcyf@enﬂyﬁxﬂhé@cmhysylahnn&my 10 aI so conpose

of multiple |ayers. .t hi,s dIS sure s stalline
MCM 22 fanmily nol ecul 59%?@%@ I’W‘? ﬁ’eﬁ‘l‘r&f’ e%P%ﬂbq\]g’gameq B gurrné’%Af, 8, and
10 of this disclosure wwh@spdrivane ayd cambinatioMiHerdff ami |y nol ecul ar si eves
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DESCRIPTION OF THE FIGURES
FIG. 1 shows the X-ray diffraction patterns of the as-synthesized MCM-22
25  family molecular sieve products of Example A.
FIG. 2 shows the SEM image of the as-synthesized MCM-22 family
molecular sieve product of Example A
FIG. 3A shows the X-ray diffraction patterns of the as-synthesized MCM-
22 family molecular sieve products of Example 1 at 120 hrs.
30 FIG. 3B shows the X-ray diffraction patterns of the as-synthesized MCM-
22 family molecular sieve products of Example 1 at 168 hrs.
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family molecular sieve products of Example 4.

15 FIG. 10 shows the SEM image of the as-synthesized MCM-22 family

molecular sieve product of Example 4

DETAILED DESCRIPTION OF THIS DISCLOSURE

Introduction

20 All patents, patent applications, test procedures, 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.

25 When numerical lower limits and numerical upper limits are listed herein,
ranges from any lower limit to any upper limit are contemplated.

As used in this specification, the term “framework type” is used in the
sense described in the “Atlas of Zeolite Franiework Types,” 2001.
As used herein, the numbering scheme for the Periodic Table Groups is

30 used as in Chemical and Engineering News, 63(5), 27 (1985).

The term “rosette habit” morphology as used herein means a platelet

mineral composed “rosette stacked thin platelike crystals.” Crystalline materials
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di stingui shed fr amettéxen Dp\lhteﬂ!efmmdif)hcﬂb@eﬁs kedRrdin yisdaak himimershtenpaded by t he
lines listed abl.e | 00 3644PCT/ US2007/ 015056 .Tabl e
| nt er pl anar @“’S;?!%’é?lﬂij’ f’?i();takel ;PFQ? %Ifgi:ktefryﬁt? £ JR%Y f@%reél S%getbe 8 M vs
12.38 + 0. 2@ yﬁlalérial%avﬁg%ﬁat%gaggré@té’s BoidhoWsS. The platelike crystals may
10 also compose of multiple layers. Figure 2 of this disclosure shows the crystalline
MCM-22 family molecular sieves with platelet morphology. Figure 4, 8, and 10 of
this disclosure shows the crystalline MCM-22 family molecular sieves of this
disclosure with platelet morphology and/or aggregate platelet morphology.
It will be understood by a person skilled in the art that the MCM-22 family
15 material may contain impurities, such as amorphous materials; unit cells having
non-MWW framework topologies (e.g., MFI, MTW); and/or other impurities
(e.g., heavy metals and/or organic hydrocarbons). Typical examples of the non-
MCM-22 family molecular sieve(s) co-existing with the MCM-22 family
molecular sieve(s) of this disclosure are Kenyaite, EU-1, ZSM-50, ZSM-12, ZSM-
20 48, ZSM-5, Ferrierite, Mordenite, Sodalite, and/or Analcine. Other examples of
the non-MCM-22 family molecular sieve(s) co-existing with the MCM-22 family
molecular sieve(s) of this disclosure are molecular sieves having framework type
of EUO, MTW, FER, MOR, SOD, ANA, and/or MFI. The MCM-22 family
materials of this disclosure are preferably substantially free of non-MCM-22
25 family material(s). The term “substantially free of non-MCM-22 family
material(s)” used herein means the MCM-22 family material of this disclosure
preferably contains a minor propottion (less than 50 wt%), preferably less than 20
wt%, of non-MCM-22 family materials (“impurities”) in the MCM-22 family
materials, which weight percent (wi%) values are based on the combined weight
30 of impurities and pure phase MCM-22 family materials.
The MCM-22 crystalline material has a composition involving the molar

relationship:



6.89 + 0.15 WM 4.47 + 0.10 WM 3.95 + 0.08 WVS 3.56 + 0.06 WM 3.43 +
0.06 MVS 3.36 + 0.05 WS A particul ar exanple of such an

as- synt hesozeas/orad4eri al is the material of Exanple 1 of pchassadognesveat i oned
U S. Patent No. 4,954,325. This material of 5Exanple 1 of U S. Patent No.

4,954,325 has the X-ray diffraction pattern given in the follow ng Table
I1: Table 11
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X503:(n)YO,,
wherein X is a trivalent element, such as aluminum, boron, iron and/or gallium,
preferably aluminum, Y is a tetravalent element such as silicon and/or germanium,
preferably silicon, and n is at least about 10, usually from about 10 to about 150,
5  more usually from about 10 to about 60, énd even more usually from about 20 to
about 40. In the as-synthesized form, the material typically has 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:X203:nY O,
wherein M is an alkali or alkaline earth metal, and R is an organic moiety. The M
10 and R components are associated with the material as a result of their presence
during synthesis, and are typically removed by post-synthesis methods well
known to those skilled in the art and/or hereinafter more particularly described.
It is to be understood that throughout this detailed description, common
characterization techniques were used to describe molecular sieve materials.
15  These common techniques included ascertaining:
(a) structure and the degree of crystallinity of the molecular sieve
material by X-Ray Diffraction (XRD);
(b) morphology and crystal size of the molecular sieve material
measured by Scanning Electron Microscope (SEM);
20 (c) chemical composition by atomic absorption spectrometry and/or
Inductively Coupled Plasma Mass Spectrometry (ICP-MS or
ICPMS);
(¢)] adsorption capacities and surface areas measured by Brunauer-
Emmett-Teller (BET) method; and/or
25 (e) catalytic activities and catalytic stabilities measured by probing
reactions.

X-Ray Powder Diffraction Pattern of Known MCM-22

The MCM-22 crystalline materials may be distinguished from other

crystalline materials by the X-ray diffraction pattern.
30 The interplanar spacings, d’s, were calculated in Angstrom units (A), and
the relative intensities of the lines, 1/l,, where the intensity of the strongest line

above background, I,, is counted as 100, were derived with the use of a profile
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12. 85 WO 2008/013644 PCT/US2007/015056
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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
5 understood that diffraction data listed as single lines may consist of multiple
overlapping lines which under certain conditions, such as differences in
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.
10 - 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,
15 MCM-56, and PSH-3.

It should be understood that this X-ray diffraction pattern is characteristic
of all the species of the present crystalline composition. The sodium form as well
as other cationic forms reveal substantially the same pattern with some minor
shifts in interplanar spacing and variation in relative intensity. Other minor

20  variations can occur, depending on the Y to X, e.g., silicon to aluminum, ratio of
the particular sample, as well as its degree of thermal treatment (e.g., calcination).

In its as-synthesized form, the known MCM-22 crystalline material has an
X-ray diffraction pattern which is distinguished from the patterns of other known

crystalline materials by the lines listed in Table I below:
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Table 1
Interplanar d-Spacing (A) Relative Intensity, I/I, x 100
13.53+0.20 M-VS
12.38 £ 0.20 M-VS
11.13+£0.20 W-S
9.15+0.15 W-S
6.89 +0.15 W-M
4.47+0.10 W-M
3.95+0.08 W-VS
3.56 £ 0.06 W-M
343 +0.06 M-VS
336+ 0.05 W-S

A particular example of such an as-synthesized material is the material of
Example 1 of the aforementioned U.S. Patent No. 4,954,325. This material of
5 Example 1 of U.S. Patent No. 4,954,325 has the X-ray diffraction pattern given in

the following Table II:
Table 11
2 Theta Interplanar d-Spacing (A) | Relative Intensity, I/, x
100
3.1 28.5 14
3.9 22.7 <1
6.53 13.53 36
7.14 12.38 ) 100
7.94 11.13 34
9.67 9.15 20
12.85 6.89 6
13.26 6.68 4
14.36 6.17 2
14.70 6.03 5
15.85 5.59 4
19.00 4.67 2
19.85 4.47 22
21.56 4.12 10
21.94 4.05 19
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WO 2008/013644 PCT/US2007/015056
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22.53 3.95 21
23.59 3.77 13
24.98 3.56 20
25.98 3.43 55
26.56 3.36 23
29.15 3.06 4
31.58 2.833 3
32.34 © 2.768 2
33.48 2.676 5
34.87 2.573 1
36.34 2.472 2
37.18 2418 1
37.82 2.379 5

Scanning Electron Microscope (SEM)
The SEM image of an MCM-22 molecular sieve produced according to the
method of manufacturing of USP 4,954,325 is shown in Figure 2. The MCM-22
5  molecular sieve according to method of manufacturing of USP 4,954,325 has a
thin layered less defined hexagonal platelets morphology and an average platelet
diameter of less than about 1 pm, determined by the SEM (Figure 2). The
majority of the platelet crystal has an average platelet diameter of less than about
0.5 micron (pum).

10 The SEM images of the crystalline MCM-22 family molecular sieve of
this disclosure are shown in Figs. 4, 6, 8, and 10. A majority, preferably greater
than 51 wt%, more preferably greatér than 75 wi%, of the crystals of the
crystalline MCM-22 molecular sieves, has an average platelet diameter greater
than 1 pum, preferably greater than 2 pum, more preferably greater than 3 pm, in

15 some instances greater than 5 pm. In addition, a majority, preferably greater than
51 wt%, more preferably greater than 75 wi%, of the crystals of the crystalline
MCM-22 molecular sieves, has an average platelet thickness of about 0.04 to
about 0.05 pm.

The SEM images of a crystalline molecular sieves (after calcination) of

20  this disclosure (Figs. 4, 6, 8, and 10) have a platelet morphology aggregates,
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wherein the plateliké crystals compose of multiply layers or multiple platelike
sub-crystals. The crystalline MCM-22 family molecular sieve (after calcination)
of this disclosure (Fig. 6) further shows a rosette habit morphology.

Surface Areas and Adsorption Uptake

5 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 may be calculated
using t-plot of the Brunauer-Emmett-Teller (BET) measurement. The external
surface area is calculated by subtracting the internal surface area from the overall

10  surface area measured by the Brunauver-Emmett-Teller (BET) measurement.

The crystalline molecular sieve (after calcination) of this disclosure may
be characterized by a preferred total surface area (sum of the external and the
internal surface areas, as measured by the BET method) of greater than 450 m?/g,
more preferably greater than 475 m®/g, more preferably greater than 500 m%/g, and

15 more preferably greater than 600 m?/g.

Formulation of the Hydrothermal Reaction Mixtures

Synthetic molecular sieves are often prepared from aqueous hydrothermal
reaction mixtures (synthesis mixture(s) or synthetic gel(s)) comprising sources of
appropriate oxides. Organic directing agents may also be included in the

20  hydrothermal reaction mixture for thé purpose of influencing the production of a
molecular sieve having the desired structure. The use of such directing agents is
discussed in an article by Lok et al. entitled “The Role of Organic Molecules in
Molecular Sieve Synthesis” appearing in Zeolites, Vol. 3, October, 1983, pp. 282-
201.

25 After the components of the hydrothermal reaction mixture are propetly
mixed with one another, the hydrothermal reaction mixture is subjected to
appropriate crystallization conditions. Such conditions usually involve heating of
the hydrothermal reaction mixture to an elevated temperature possibly with
stirring. Room temperature aging of the hydrothermal reaction mixture is also

30  desirable in some instances.

After the crystallization of the hydrothermal reaction mixture is complete,

the crystalline product may be recovered from the remainder of the hydrothermal
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The sources of the various elements required in the final product may be

any of those in commercial use or described in the literature, as may the method of

preparation of the synthesis mixture.

Y is a tetravalent element selected from Groups 4-14 of the Periodic Table

of the Elements, such as silicon and/or germanium, preferably silicon. In some
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residue of the organic directing agent which may be occluded in the pores
of the crystals, possibly occupying ion exchange sites therein. 10The
crystalline nolecular sieve material of this disclosure my be pre ared
from a hydremhedimentsy efcthisrdisdlesun. etheosowicni A ¥Qur eBPrETes a3qbisl (g?r

al kal i ne ea ;C@CTQ?IE’%]JO(I%O v@t; solid %2%@ orr 1% S e eﬁ?&u@%f%'sde of

trival ent e , um num- an oxi tetra t el enent YV,
e.g., sili cdrsploamreoN@aaml UQzFi)s sificag ttei nsg a@emllcammmmanlm@ferably

par ] o S BT B, A6 AL SHREET RO b

foll owi ng r aRESSl: orl AiMrasiX(a Pesipititdds sprsf dhecPl’sﬂfoarcfcenhlf{ﬂg/ a&ﬁﬁﬂ@Ol@t%o

infinity 1551 ?:a H%.g/aq\lgggusl éo 101<?a? susp:s:ns10nC]?/sﬂ}lcaz”}oroex(gl(r)nji)le2 one solg‘l by razce
Davison under the trade name Ludox, or HiSil (a precipitated hydrated SiO;
containing about 87 wt% silica, about 6 wt% free H,O and about 4.5 wt% bound
H,0 of hydration and having a particle size of about 0.02 micron) favors crystal

10 formation from the above mixture. Preferably, therefore, the YO, e.g., silica,

source contains about 30 wt% solid YO, e.g., silica, and more preferably about 40
wit% solid YO,, e.g., silica. The source of silicon may also be a silicate, e.g., an
alkali metal silicate, or a tetraalkyl orthosilicate.

In additional embodiments of this disclosure, the source of YO, comprises

15  acid of the tetravalent element (Y). When YO is silica, the silica source may be
silicic acid.

X is a trivalent element selected from Groups 3-13 of the Periodic Table of
the Elements, such as aluminum, and/or boron, and/or iron and/or gallium,
preferably aluminum. The source of X>03, e.g., aluminum, is preferably aluminum

20  sulphate or hydrated alumina. Other aluminum sources include, for example, other
water-soluble aluminum salts, sodium aluminate, or an alkoxide, e.g., aluminum
isopropoxide, or aluminum metal, e.g., in the form of chips.

The alkali or alkali earth metal element is advantageously lithium, sodium,
potassium, calcium, or magnesium. The source of alkali or alkali earth metal

25  element is advantageously being metal oxide, metal chloride, metal fluoride, metal
sulfate, metal nitrate, or metal aluminate. The sodium source advantageously
being sodium hydroxide or sodium aluminate. The alkali metal may also be
replaced by ammonium (NH,") or its equivalents, e.g., alkyl-ammonium ion.

In some embodiments of this disclosure, the M:YO,, e.g., M:Si0; molar

30 ratio ranges from a low value of 0.001, preferably 0.01, and optionally 0.1, to a
high value of 2.0, preferably 1, and optionally 0.5. The M:YO,, e.g., M:SiO;



0.001-2 0.1-1 R/'Y02 0.001-2 0.01-0.5 Seed** 0-25 W% 1-5 % R HM HM

* The OH YO is calculated without correction of trivalent el enent source.
**The weiwbtogszrsant (wt % of seed is based on the wei glrcTafs2e0he166 1 d
tetrahedral 20el enent oxide. The sources of the various el enents
required in the final product may be any of those in commercial use or
described in the literature, as may the nethod of preparation of the

synthesis m xture. Y is a tetyavalent elenment selected from
G oups 4-14 of the Periodic Table 250f the El enments, such as silicon and/or
germanium preferably silicon. In sone - 15 - enbodinments of this

di scl osure, the source of YO2 conprises solid Y02, preferably about 30 wt %
solid YO2 in order to obtain the crystal product of this disclosure. Wen
Y2 is siliowlarttatolidealbf falssin p gangeoapmprising taay n¢aippipaiédre phBe ab®Sat 30

wt % solid sj]i RN Yy g e trade nanes 5
Aerosil or He {ﬁg%?(ﬁbgravapl)l?ééga%?ttggég?J%s%r ay ??Ié%psiﬁf‘?sgg'cont ai ni ng about 90
W% silica), an &guseoigserabddiviedts of tlapetislonregfthsi HiQ:X 0f erg.eXa@pti®:20ne

sold by Gace,Davj.son under the trade_.nane.. Lydax rH Siil recipitated
odr at vd S B EIHIS e SRBLEIo s FE Bf & Perrs 1R, aehe sy 10 PHBRAN
about 4.5 wwitubound 0biB0, prefbiaBlyationn, and bptvinadlyaspar thel B,01¥®,,0€.ggbout
0.02 mcron), favars crystal. 10 fqormation fromthe. above m xture.

o ot or ot o RSO Spelal B iggay B Pkt S ot e a0 we 06
solid Y02, @b@ve-mShiidied low\AluBpd)enBikd ssklierainet hikh Wifless9l i d Y02, e.g.,
silica. The source of silicon may_al so be a silicat al kali netal

S ] . e.g., an
silicate, or a tdiheddHkyOzpphdH Pt wolar ratio as “SFﬁﬁ ‘%(‘.’I]%fﬁtdi“&ﬁ%ipree di ment s

of this di sghpgifiRle chEcHRAELRIPH hORyRMRIaPRadfomituf 1tifealkalbicaval ent
element (Y). When YO? is silica, the Silica source may be silicic acid.

X is a 9ivapeadtonetherieini mol¢ e hrdroxidsaddedipthediypizothermal gequsion SPKE Fabl e of
bref oranty. aPSrniaRasROHT) Blee SR RREARly AHORAMLAD LG 18, O
al unmi num 20 NewDphids@, Rb20y dEaedFallunbnany Ocombirationi themofpatiedis matell ude,
I A T G L i L
of chips. thereof; ammonium hydroxide, alkali earth metal oxide, e.g., BeO, MgO, CaO,
15 SrO, BaO, RaO, or any combination thereof; alkali earth metal hydroxide, e.g.,
Be(OH);, Mg(OH),, Ca(OH),, Sr(OH),, Ba(OH),, Ra(OH),, or any combination
thereof; oxide(s) or hydroxide(s) of any element selected from Groups 3-17; and
any combination thereof.
In some embodiments of this disclosure, the OH:YO,, e.g., OH:810;
20  molar ratio ranges from a low value of 0.001, preferably 0.01, and optionally 0.1,
to a high value of 2.0, preferably 1, and optionally 0.5. The OH:YO-, e.g., OH"
:SiO; molar ratio ideally falls in a range comprising any combination of the
above-mentioned low value(s) and the above-mentioned high values(s).
Directing agent R is selected from the group consisting of
25 cycloalkylamine, azacycloalkane, diazacycloalkane, and mixtures thereof, alkyl
comprising from 5 to 8 carbon atoms. Non-limiting examples of R include
cyclopentylamine, cyclohexylamine, cycloheptylamine, hexamethyleneimine,
heptamethyleneimine, homopiperazine, and combinations thereof.
A factor affecting the cost and the product quality of the synthesis of a
30  crystalline molecular sieve is the amount of the directing agent (represented by the
R:YO,, e.g., R:SiO, molar ratio). The directing agent is generally the most

expensive reactant(s) in the hydrothermal reaction mixture of many crystalline



The al kali or alkali earth nmetal element is advantageously lithium sodium
potassium calcium or magnesium The source of alkali or alkali earth

met al 25 wbenwntidé4s advant ageously bei ng netal oxide, necalusedizonsode, netal
fluoride, netal sulfate, nmetal nitrate, or netal alum nate. The sodium
sour ce advant ageously bei ng sodi um hydroxi de or sodi um al um nate. The

al kali nmetal may al so be replaced by amoni um (NH4+) or its equival ents,
e.g., alkyl-ammoniumion. In sonme enbodi nppts of this disclosure, the
MYD2, e.g., MSi 02 nolar 30ratio ranges froma | ow val ue of 0.001,
preferably 0.01, and optionally 0.1, to a high value of 2.0, preferably 1,
and optionally 0.5. The MY02, e.g., MSIQ2 - 16 - nolar ratio ideally
falls in a range conpri si n% any conbi nati on of the above- nentioned | ow

val ue(s) aneoldsulazisisves. Fdwtlpweicdremmeriny af heslisepting agent in the hygrthearmabddi nent s

of this disgl ?Mfo ?%‘F‘er ¢ b(W éﬁf%ﬁd% O%t R &0 Iﬁb% aanbﬁrthé %Hegperratﬂee@naﬁr om a

| ow val ue o ionally val ue of
10000, prefembetmh!ax!iiweprcahded)ptl onal Iy 500. The H20 Y02 e. g., H20:Si 02

nolar ratio ideally fal ara r|S|n a ngf he
above- ment i oned :[IB\R/OWSI@OS | i g ve:ment o%)e%léﬁl g% ‘?‘ Sa&
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i ncl ude cor ion of acid_i e r ot her ngl acti ixture, Jt.iS

cal cul at ed E’@% ‘ééj‘é%l b2 tm%fef%’tl%l ?ro‘%@reoP“%fg&gxé'ge%baggﬁ% etgﬁ’eR:élb2

hydr ot her rmhonﬁaehbomeamwfmsem Ihﬁn%é’dbﬁaghﬁiﬁ (40 cabinggon Sf al abbageous! y
al kali metal oxide, e.g., LiZ2Q 20 CsZO Fr20, or any

conbi nat i onmentpacst lo“avaéafr(ﬁ) sk the ahgtr-mendeneddigh valpiess). NaoH, KOH, RoOH,

CsOH, "FrOH, or a'i‘ﬁ/s}fd?{@'b@q{aél%dttﬂgtrﬁ@fhyd@m%d!%w%%lﬂﬁre @nien@ar t h
metal oxide, e.g BeQ, MO 15 SO, _BaO RaO or any conbi nation

t her eof 10 al kan be supnliedrist mprmt})gnm geurce. Bhe hpirpthaymal mgein mixtaze ) 2,
Sr(OH) 2, Ba%é?%&iars%‘él %atcﬂ% bt C%g{[?{} ! Gr §t£‘lesr1£é)£nd Q¥kdeladoRtime

hydrOX|de(s any el ement se ecte ps 3-17; and any conbi nation
t hereof. |no$§ dmecwstatimermntesulaf Steme S)f dhlsailsséczﬁ‘uee ntayevaQpWithy O, nagurg, of

OH Si 02. 20 l &y r(it%t Irgalrrg‘n es uree ?‘gr é%a%h Oelygtﬁxﬁ(%;timpg& (ﬁg y 0.01,

and opti onal )61 pre optl onal |y
0.5. The OH: Y02 Te.wgll, b@dn&ex@ﬁodw}ara patow skdled| 1Ir1ytHea:hrt ghamnthe syathypsis

conprising an i.nation of the t| oned
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group consi shdtNBe epntxés@ yeikat ky hianbidsducogRaykihgahdding, redétigaoy dyaalykane,
and m xtures thereof, alkyl conmprising from5 to 8 carbon at ons.
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cycl ohept yl 3iiHig, thB ex e Ay RNR UisiBsscl AboRBEITRY | RB@LdT Jfe mikiapDREMAEAZI Ne,
and conbi nations thereof. A factor affecting the cost and the product

quality of FPRSUSENERBY a8y dneans 3G RIPYMRE Fiche? FUKREDMAY i W% HO§ CPM@im punt
of the dyr e‘}ﬁdxogiuﬁgﬁ@iec(l&ﬁprvﬁﬁﬁﬂh@@y%e&@?mﬁtu\{g AvasprBpared FhOBrotatoss

ratio). The directing agent 1Is %enera y the nost expensive reactant(s) in
t he hydr ot henipig, aé@z@gi mﬂctme(tou ¢ a9y meany of Pyaigingjspeh a mixture, may even

contain reaction product of individual ingredients when the synthesis mixture was
prepared by mixing, adding, reacting, or by any means of providing such a
mixture.

25 Optionally the hydrothermal reaction mixture may contain seed crystals. It
is well known that seeding a molecular sieve synthesis mixture frequently has
beneficial effects, for example in controlling the particle size of the product,
avoiding the need for an organic template, accelerating synthesis, and improving
the proportion of product that is of the intended framework type. In some

30 embodiments of this disclosure, the synthesis of the crystalline molecular sieve is

facilitated by the presence of 0 to about 25 wt%, preferably about 1 to about 5



nol ecul ar sieves. The | ower the anobunt of the directing agent in the
hydr ot hermal reaction mxture (low R Y02, e.g., RS 02 nolar ratio), the
cheaper twe 2bésmaBesnol ecul ar si eve produced. |In some enbedirmaseds/oodoss hi s

di sclosure, the RY02, e.g., RSi02 nolar 5 ratio ranges froma |ow val ue
of 0.001, preferably 0.05, and optionally 0.1, to a high value of 2,
preferably 0.5, nore preferably 0.4. The R Y02, e.g., RS 02 nolar ratio
ideally falls in a range conprising any ¢ gblnatlon of the above- menti oned
| ow val ue(s) and the above-nentioned high values(s) It should be realized
that the hydrothermal reaction m xture conponents 10 can be supplied by
nore than one source. The hydrothermal reaction m xture can be prepared
ei t her batchw se or continuousl Crystal size and cry stalllzatloqﬁéine of

the cryst al Mtheseasl @Mﬂﬂ‘érbaque%%/%?l wéight of tsbahedml elemgntxide @ig 598 nat ure
of the hydr Bf&%rh%}ot SAGH L QRBL Kikkuge empl oyed and the crystallization

condi ti ons. e understood by a person skilled in the art that the
synthesi s 15 ni xtUsuellhdhe sgeding cmpwals taro dragn t the rsynthesisosimilar 40 ¢bs ons

di scussed aboye. tﬁ%g g %&seat I %Ene?ax QB? eSins oﬂ&fétc'll{'sqal!hﬂ e WMl 31@1?6 mﬁ%ﬁm xi ng,

addi ng, reactl ng ans of “providing suc m Xt erein such
product has imfaeiitptisg iylnd’(bslMdrhlhEan@hHSﬂ ar ranges as di scussed above. The

product of m xing, add'bn reacting, or by any neans of providing such a

m xture my%&&?ﬁ%—%@m 20 individual ingredients when the synthesis
M xture was prepar§stallibitod b eiecdry Sthllife Xhdlgeuladslengof tteadistlogyre atn e any
means of providing such a m xture, even cqntain reacti oduct
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crystalllnem)ec ar S|ee|s to about 25
wt % pref erauhqmad»abmmjzot)dnoabout 5 .18 - wt% seed crystals based on

total weight of tetrah nt OXId silic

hydr ot hérmal reac ﬁlﬁ{?gﬂf”g Zaction” ot %sé ac} ?dost e lSee |%ég %:Jrlyg?tg S are
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aut ocl aves. The t bsapafifsethg crysiplgeare sepasaipd fxam tag liagid eV al Fon is
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to occur at the tenperature use e.g., from about hour to about 400

hours. Pref aralsraplys 96 & angdcrafelt aip@ist (pBseRBre.c rbﬁgqrﬁl fhe; Ry drother@at ¢ om
about 140C .. 3RO (- %@%&ﬂe%aﬁegét%”§ﬁﬂ( fbfd BIRVatb@terfpotafudl. ITéaki@mkP occur

at the tenperature u g., fromabout 1 hour to ‘about 200 hours. 5The
hydr ot her malinelede eipsriodbf ghidualdirstdpydse eariation Ap fnerprafure- wi t hout agitation

(static) or with Ikl e
Veseel mbout = notl By B8RSl Mg Auaft et o B noleObBl LRk bEF
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The 20 pr ocdFEoMRy PR drdChR 22, BRASLEITA. ARAERCHAM el ey U7 27

(-25C) or, pfVIEeN{Ry andibr MIONICHSY, aﬁ&byl\/ﬂtl‘ﬂvﬁ ed t enperature, before the

hydrot hermal tre nt (" hydrot her eaction") at nor
t enper at ure. Thea‘ltrg“f3 f'é’rlécr'r‘é% 74 H’Eﬂ)ga ugt % SPgPEdUAY %6‘%' ;%Spﬁkgrgged
variation i nyhdheBewahWater, and/or dried. The crystalline molecular sieve formed by

30  crystallization may be recovered and subjected for further treatment, such as, ion-

exchange with ammonium salt(s) (e.g., ammonium hydroxide, ammonium nitrate,

ammonium chloride, ammonium sulfate, ammonium phosphate, or any



I n sone enbodi nents, the crystalline MCM 22 fam |y nol ecul ar sieve of 25
this disclosure conprises at | east one of MCM 22, MCM 49, MCM 56, an

i nt er gr owwb-2pésaass4af MCM 22, and/or MCM 49, and/ or MCM BET/UsR008/0m30%6 phase
of MCM 22, and/or MCM 49, and/or MCM 56. The nol ecul ar si eve product
fromthe synthesis may further be filtrated, washed with water, and/or
dried. The crystalline nolecular sieve fornmed by 30 crystallization may be
recovered and subjected for further treatggnt, such as, ion-exchange with
ammoni um sal t(s) (e g, amoni um hydroxi de, “amoni um ni trate, ammoni um

chl ori de, ammoni um sul fate, ammoni um phosphate, or any - 19 - conbination
thereof) and/or calcination in an oxidative atnosphere (e.g., air, gas with
an oxygen partial pressure of greater than 0 kPa-a) at a terrperature of
great er t hagombinatiop tkgreefd teing/oz calcimsipn 30T, oxigative papenhgh (e-&it alred$t 400G,
and nost pr r

summary of 'ﬁ@ £P+,é,§§flghﬁ%? Seggggﬁgg%{eggo |(t§1<§ggg %dfgh%k@e of ?Jaéetzrﬁon,
modi fi cat i othaan2DRapeaftreblyzatt least 3O0°Gpmecuprefergblyvadeast §06Kécﬁmdb@dsti n the
book "Ml ecul ciples of Synthesis and Identification"; (R
Szost ak, Bl &€ %@%c%g%arﬁt fc’g)@‘cgr of essional , London, 1998, Second Edition). In
addi ti onst o Chéhlyaib eedihdsorptienes, anor phous materials, chiefly silica,

alum numsilicate and alu r% xi de, .have 8}3 sed .as ads rbecr § and
catal yst suppor t & SAORGEDEF S PIBreiiEst POIRTRY CodhiT GEEL ProqUeBopr ay
drying, prilhhddifcatRfl et blzafa@elaihdloamw@le@mar haates bEedhsarnEEcﬂfrﬁt}QEbdtg: used
to produce macrostructures in the form of spheri cal

particles, Hegresieveel Brigciglkes qfa§b’%tt}‘§s‘6fa‘15‘o{dr?ng§°?ﬁ "opBr ezosfak: ot her
types of po'mh@qé@tcﬁﬁérﬁics&fﬂbféﬁsml”LSﬁ&cﬁ{ 3199§ S&@ﬁ&'ﬂﬁﬁ&&%dlﬁh to
exchange. A summary of these techniques i s describ "
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are those whifcHort whmpld; hepherital particleac ekridafed, opeliver taad nT;tt)lehs ocfirbodn
conversion reactions se i nclude h dro eﬁ rare ea{ﬁtl g St and C{TEt al s
of G oups 1“1}?r°pﬁf%sfaé’rda(3 é’ofmi Friglidon By dp; Sitysisy AfsPien

El ements. Then c&yhhngd.i pe srm{rﬁﬁyl ar. th&seweclﬁﬁqlhém $s ddesclisurig, “Caﬁryet ably

s a cat al y SR Gah SUESRHS A KORDCVE oL pRbte SEVaRaM A0R% gencr al |y

dehydrated, at |eP§tth@%&¥dn@|de¥1redT%§ Srégindlemd @ alyn VAt the GslsPnthesized
tenperature in the range of ., 200C 30 to 595C in an at m)sphere such as

air or nitrcadarialgam ba re@i%@pﬁeﬁq%dmwwﬂambgw wellgmosyy thgtase ehher i ¢
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dehydration is measure t he percentage of weight loss -
include metal ions, ydrogen ions, hydrogen precursor, e.g., ammonlum 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 mectals of Groups 1-17, preferably Groups 2-12 of the
25  Periodic Table of the Elements.

The crystalline molecular sieve of this disclosure, preferably the MCM-22
family molecular sieve, when employed either as an adsorbent or as a catalyst in
an organic compound conversion process should be generally dehydrated, at least
partially. This can be done by heating.to a temperature in the range of e.g., 200°C

30 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. The degree of dehydration is measured by the percentage of weight loss



relative to the total weight |oss of a nolecular sieve sanple at 595C under
flowing dry nitrogen (less than 0.001 kPa partial pressure of water vapor)
for 48 howooosdabeadr ati on can al so be performed at roompcengsesausoss (- 25C)
nmerely by placing the silicate in a vacuum but a longer tinme is required
to obtain a sufficient 5 anmount of dehydration. When used as a
catalyst, the crystalline nolecular sieve of this disclosure, preferably
the MCM 22 fam |y nol ecul ar sieve, shoul d,pe generally subjected to thermal
treatment to renove part or all of any organic constituent. The crystalline
nol ecul ar sieve of this disclosure, preferably the MCM 22 fam |y nol ecul ar
10 sieve, can also be used as a catalyst in intinmate conbination with a
hydrogenating conponent such as tungsten, vanadium nolybdenum rhenium
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benefi ci al | y,gQ0uKer iesk e tﬁ&oﬁﬂgfos&rg{)'E}é:iyrat)ﬁﬁrtﬁgalMCl\lF«Qﬁ NBRily tdlculdrer mal

treatment is 25 generally perforned heati'ng one of these forns at a

t enper atr esigve,zan jaksgdte Brd@sfacratalyst i iimate gpmbinatign qvited BYHORSNAHBE | onger
than 1000 h i L&iuRf, 638 B R Axed, feBbait,he

t her mal tre‘gl‘%i!&l %?emgkl%?g%%gggérg?ggsu?e ‘i's fjrle)sfre. " P%rn re’aspns’gf i
conveni encechbhgumh eramghndsecat Awwblecantabsugheas platmdgmaer paliadhpervehane € up to
about 925C., The thermal .treated. product i i cul Y. i,n the
catal ysis opycré) réal%r? " %7'3 r 8rc° CB{%}]G%Cgﬂélt’eornsllsicr’l%(rgéyggoyg%ﬂ %ecoﬁﬁ%%%a (133
treated prodectn thspeamabsition nby t ayredfil co-drysmbimtioandxamamged umtd othes, i s

particularly useful in_.the cat si s ,of certain qrganic,. e.g., hydrocarbon,
VO 2008/’?313%2‘29‘&5?7‘%%8*?/?3‘1%’65?‘6%?02‘2-51.3 Qe Sigr PR g & gﬁoﬁ%#ﬁlrrﬁ”ti ng
exanpl es of isprBniteacidremsor inGhattey phasally RatiRed Bepswit.a8eH doaipehentby
reference as to the description of the cg{%{aeleéti reactions. . __The
crystal's pr&paPeHTBIFERMEd kSt o it Avahis: P Byniplg it el RiaRvRe

variety of partrLlif sliz@s wideneidhdoh snfakingda plditnpdnidigllRst@agheni n the
formof a 10 powde a granul e, or a nolded product, such as an, extrudate.

.r .
In cases whdes. matable plFfiagm; comasads forsishpugoss inekideudIemPlaifie &igst al s
can be gxtr F)ga‘%ﬁimg?f Q16riG YARO AR donMdubhddll Esiflainly RS Mpigkdurk d&dine
The crystalfine MCM22 fam |y nol ecul ar sieve of thi's disclosure nay be
used as an adwokdxent such as for separating at |east one conponent froma
15 mixture of CORPRANGRISallifle tM%MQEO%aﬂRﬂy' ﬁﬂk&'cﬁlaﬁ’ hasee havirng disfibsrenti al
sorption characteristi'’cs with respect to the crystalline nol ecul ar sieve(s)
of this di sebpmialky. ihtsr efatale hydtogeraztd emenedmpodenms cam Usebpeaficialyl y or
substantial | y_t ot al separ at ed o) i f ESE LNg:
differenti alcxg%eﬁ%?i E)n a@ﬁglreéc T fs[? itcrﬁggv\nﬁ]t ﬁ%#trengeﬁlg'cg% ? 0 e L%%?é{alﬁ}l he
nol ecul as sigewefBy peffotihed byi seitiag wne AOthysec fortrascati agerhpeatiex biiae laast h t he

crystalline_mplecul ar sieve(s) of,this disclosure to clti W sorb the
one corrponer?t%3 Clor at lealsﬁg IE‘("-S’%QI aq ge,pgrq!ﬁm@o?%%ﬁw ﬁ@@eﬁ%‘f%r%?ﬁ&?fe}%'s) of
thi s di scl osthésphafie pregutd cas beadmplyséd ifor eheMmigemahngainddnt,PARRBPRE
i ncl udi ng separation_processes and hydrocarbon gconversi on processes.
Speci fic exd@HpPeE Bf deRGHoRAMBRBIPIE MV YFRIRNSS ﬁ%é‘é@g@é IRt £28 be

effectively eabahyd e abinidegatblcy s & labb@ M2 HeaiRelntalRERE ppddust ey e( s)
of this disclosure, by itself or in conbination with one or nore other

cat al yt i3¢al Ipprtedarbie ugafis im theesatplyeis (i argiaby hedrogaipen opyprelopatcardss,
i nclude the #l 1#191\%513; treated product, especially in its metal, hydrogen and ammonium

forms, is particularly useful in the catalysis of certain organic, e.g., hydrocarbon,




(i)al kylation of aromatic hydrocarbons, e.g., benzene, with |ong chain
olefins, 30e.g., Cl4 olefin, with reaction conditions including,

i ndi vi duabyoewo1Bsr4any conbi nati on, a tenperature of fr ecralsee/0808C to
about 500C, a pressure of from about 101 to about 20200 kPa-a (absolute), a
wei ght hourly space -22 - velocity of from about 2to about 2000 hr- and an
aromati ¢ hydrocarbon/olefin nole ratio of from.about 1/1 to about 20/1, to
provi de |l ong chain al kyl aromatics which gan be subsequently sulfonated-to
provi de synthetic detergents; 5(ii)alkylation of aromatic hydrocarbons wth
gaseous ol efins to provide short chain al kyl aromatic conpounds, e.g., the
al kyl ati on of benzene with propylene to provide cunene, with reaction
conditions including, individually or in any conbination, a tenperature of
from about d@ersiom peastionesondimitiagseramples fof ochbtractiar incden pse 3030
kPa-a_and alchBal aR € @X%%PP@?QOH 98RI398! O J91.SBBES 61§l AChde/s(AHSV)  of
from5 hi' 10 about 5 r-; (1ii) alkylation’of 'reformate contai ni ng

subst ant i al 4,862860;1 #&82@033 b N5 Tart 96 1R HEnd. OPR OA6S deRS4efetd; b2adihsng C5

olefins to ide, ,i ciJli NP di+ a 4 jon
condi tions ?’% g?{’ggg’n 8’&?2%0 vi%%%’%%y?olg%giﬂgzﬁyg’9§b’l§§gb}5§§'§tl¥§o§r§,’ %31 éé%gr ature
of fromsabos0BLSE; 3,0080831t5,AB5033;3, (oA 580106651 5.0 J6645 artiC)01 3,423 bout
6000 kPa-a, a, WHSV-ol efin of, fromabout 0.4 hi' to about hr -

HSV- r ef or nEAd B?COWOG?H“%BI&E?ml[’Y o’eg‘HS’ﬁﬁe 35 Hp: thﬁnéesﬁr 1g4en r‘%c@“fl 8at%lry%]c rom
about 1.5 t@adudngvol /vol fuel gas feed; (iv) alkylation of aromatic

hydr ocar bons, with | ong

e.q., benzene, toluene,  xyl ene and 20napht hal ene,
chain ol efins, e%_@? crystals @F@aﬁﬁi P?( éh‘i)ﬂﬁénﬂé‘_w&PR?Pé:?%a’eaﬁE“ﬁﬁﬁe}rﬁo AuBEehase
stocks wi t hyf&a0tiroRr e ditd QithetdlS! 4dbinfg, the HartiddtaddnVbodin he 8RN of a
conbi nation, a tenperature of from about .gL6OC to about 260C and a pressure

of from@bopewdene aremdsoniePmokied mrpdugtisuchtas & Bfrudatenbr sases vHheeR BFi ns or
equi val ent é‘&%ﬁ@?kss nidlady, Os‘{:kgeas' ﬁg%x?rﬁ.%ﬁ,' &eakiébén%lsob&rﬁ‘%esemcﬂadrﬁe’f&&' on
u vi dual or

condi tions 1ncluding, I ndi I'nany c i nation, a tenperature of
from about @604 bopabelly dA&D&yd thepresgsdede of from about 1500 to 2300 kPa-a

ond e Lo al WSV gL LA PR By 0 AR el s B g ©
i ncl udi ng, usei ws dmahdsprisent,i suchnys donisepaastingn at dease mper atmopanent fformom about
425C to 15a bo‘f‘r&ixt{l@g %f %g%pg'ngr{tse M the vggorf&oﬁ'&u‘?‘g’ %H%sel}zgvirt)g di grléxtltia]ISS%(Pp ioi%Pa_ a,
characteristics with respect to the crystalline molecular sieve(s) of this disclosure.
Therefore, at least one component can be partially or substantially totally
separated from a mixture of components having differential sorption
characteristics with respect to the crystalline molecular sieve(s) of this disclosure
20 by contacting the mixture with the crystalline molecular sieve(s) of this disclosure
to selectively sorb the one component. |
The crystalline MCM-22 family molecular sieve(s) of this disclosure, are
useful as catalyst in a wide range of processes, including separation processes and
hydrocarbon conversion processes. Specific examples of hydrocarbon conversion
25 processes which are effectively catalyzed by the crystalline MCM-22 family
molecular sieve(s) of this disclosure, by itself or in combination with one or more

other catalytically active substances including other crystalline catalysts, include

the following:
() alkylation of aromatic hydrocarbons, e.g., benzene, with long chain olefins,
30 e.g., Cis olefin, with reaction conditions including, individually or in any

combination, a temperature of from about 340°C to about 500°C, a pressure

of from about 101 to about 20200 kPa-a (absolute), a weight hourly space



WD 20081013644PCT/ US2007/ 015056 - 23 - (vii) conversion of light olefins to
gasoline, distillate and | ube range hydrocarbons with reaction conditions

i ncl udi ngyoizneb/adeaal [y or in any conbi nation, a tenper @Cures2@f7/0i3006n about
175C to about 375C and a pressure of from about 800 to about 15000 kPa- a;
5(viii) two-stage hydrocracking for upgradi ng hydrocarbon streans having
initial boiling points above about 260C. to premumdistillate and gasoline
boiling range products in a first stage ugjng the MCM 22 fanm |y nol ecul ar
sieve of this disclosure in conbination wth a G oups 8-10 netal as
catalyst with effluent therefrombeing reaction in a second stage Using
zeolite Beta, also in 10 conbination with a G oups 8-10 netal, as catalyst,

the reaction conditions including, individually or in gny conblnatlon a
tenperature of fvelasighoelt TRt abobf  435abous BP%%S%Freaﬁ‘fi PR oFCHBEGE 3000

to about 1 8000 C [ Wo/iL 7@ previdgout
1760 liter/li term/: 8@"‘“?“’3 O&g{}r %lbs%aﬁhﬁogillgb%% of fr%mvabout

0.1 to 10 h-; 15(qng)d1auoaihyha~omnchyfmthqaachq hsemsaiy fgferaikdetospropidehe

presence of t he IVCI\[E@Zt éeqer ea/t nol ecul ar sieve of this disclosure and a
hydr ogenati on coﬁ)ﬁb ht “G8 SEatal yst, or a m xture of such catal yst and

zeolite Bet@i) W htkyt&mtafoaromﬁdlﬂydmmomlmm gaseous dilafirgutal provide shortany

conbi nat i on, ate e of from abou ' ressure of
fr om about 201006 gl%%%&fmﬁ%(fowaua S, a‘?‘ing—éel %F(YFEIS% 3%136{12%‘64‘7\?% about
0.6 and a hydr og@fbpg:uéxﬁultat iRoviak fcﬁﬁﬁhabowith528adh@nabjauﬂltﬁ)89 indleding,i t er ;
(x) reaction of alcohols with ol efins to provi de m xed ther@? quCtthe
reaction of met haMBYidipky, of B0V SRNRIRHBY 3 CBIRSFRIECt HoBt 807We

nmet hyl -t-butyl ethsk {IMPBEL Ils'“}@&yu?é of -frsmY lablBE Iyl t8tdbent §0AMkPWal And an
u

conversion conditions 25 including, individually or in any combinatjon, a
t enper at@re of fﬂmﬁiamdrew@%wa&&ﬂwmb@%@ W%B’u?%ﬁ)qu(fmﬁéohﬁ 0
about 20000 kPa-q% go,ﬁ\@@%rlgram ol efin per hour gramzeolite) of from about
0.1 hi' to about 200 hi.' and an al cohol to ol efin nolar feed ratio of from
about 0.1/ 1(iiid abBotatiin]of (rrfoymatsl centainities prizstrstinl swantitins of bancne and
aromati cs as cof ed Wt i i dj U y or
in any conbinati onuene tﬂ {{lgl urcgggg’qgg Orl outofﬁf@égg e 5}61? EQC %eé
pressure of fromd&ladqtlat&i)]wﬂtlo rafdidn cendmons A@€0dika- lac;hvadually or in any

hyd [ hyd bon mole ratio of f
About 10° and o WESTRH PR SBRIE S 1 HPE T2 ABBIE MDURE SCHrF IhE? 2t on

of the phar maceutdfdaimh yibaﬁ:tt3006 tcmm%RﬂalﬁmyLméﬁmpf from about 0.4

propionic acid, i ut z apyl ene
Soxi de to provi déit ﬁ%ag t 2ir‘rg é’tb%(}gﬂ? tJPE‘gT} @?%%ﬁ??‘?q tf%h owed
by oxidation of tihe aaéa@%@'cletéfﬁcﬁﬁ aﬁ&ﬁtrmmdmw/v@laﬁiapgaslﬂeed am d (xiii)
use as an aci d-binding agent in _the reaction of am nes vvlth het rocg}imslc

fiber-react e cowpdnem ofi HoPpEpAVAIIGHBE. Gytes PERFPPe AP AT
sal t-freg reacti vgpHirareneNivithNbRg BBnUSILARs, A8, 0], GRIIR RO Paswad amlataE

aromatic lube base stocks with reaction conditions including, individually or.
in any combination, a temperature of from about 160°C to about 260°C and a
pressure of from about 2600 to 3500 kPa-a;
4% alkylation of phenols with olefins or equivalent alcohols to provide long
25 chain alkyl phenols with reaction conditions including, individually or in any
combination, a temperature of from about 200°C to about 250°C, a pressure
of from about 1500 to 2300 kPa-a and a total WHSV of from about 2 hr™! to
about 10 hr'';
(vi) conversion of light paraffins to olefins and aromatics with reaction
30 conditions including, individually or in any combination, a temperature of
from about 425°C to about 760°C and a pressure of from about 170 to about
15000 kPa-a;



| D3, 625, 693, incorporated entirely herein by reference; (xiv) as the
absorbent for separating 2,6-toluene diisocyanate (2,6-TDI) fromisoners if
TDl as i nwD.2808/Rad4ent No. 4, 721,807, incorporated entirecy/usescionsoby
reference, whereby a feed m xture conprising 2,6-TDI and 2,4-TDl is
contacted with the present MCM 22 fam |y nol ecul ar sieve which has been 15
cation-exchanged with Kions to absorb the 2,6-TDI, followed by recovering
the 2,6-TDl by desorption wth desorbent_sgterial conprising toluene; (xv)
as the absorbent for separating 2,4-TDI fromits isoners as in U S. Patent
No. 4,721,806, incorporated entirely herein by reference, whereby a feed

m xture conprising 2,4-TDl and 2,6-TDI is contact wwth the present MCM 20
22 fam |y nol ecul ar sieve which has_been cation-exchanged 't{l"'?Na, Ca Li
and/ or Ny i 648 t eortssven ©helighty-qlpfins { ) | gasetingy 4@8@8@&% & Z2LCTDl by
desorption with (=1 Yo} £154430; ene; Vb ih M
process for decrgggfl%%gl%teh%%&?éﬁ%tlggn%ﬁ%% gcgigfl%ogfﬁggﬁwgm frag?i on
obt ai ned from t heordimatiphj 6 tcowemtetorf Fbnmebetnd75°Cotyabent A&5°Csanhiach
conprises contacting thedurene- L] 5. fraction with hydrogen
over a catal yst gfcsg‘hr °§r‘*’"’é’§"e§?‘” %‘gh@équnglseeérr% %%UI ar sieve with a

hydr ogenat i oviiijretrab-stak penairhdking fomepgrading, hyideatiavbatu stréaynsohaving amijial

conmbi nation, at erature of from 230C to t. 425C and ssure
of from about 45%%8‘%&? agﬁ‘(ﬁ)@b%ggg&& é%Pﬁe%ﬁ%%gg?tﬁgﬁg,ga?cﬂge%ro @érf I'line
MCOM 22 fani |y nokgcgd godsdte ueh FirstatadehismedineaVionaze famylyhrolesddr sieve of
processes that co-produce phenol and ketones that gﬁgceed throﬁ%} bepzene

al kyl ation, fol | dWEclisglosuEs AP RAtion Wit A (rems, 8718 metabgs ca JPEY oxi de

and cl eavage of tdg,gk h&é&l‘?&ﬁ%&%ﬁ’&%ﬁﬁ%é&xd dhg phenadolidBetscilont | n
such processes, the crystalline 22 fam |y nol ecul ar sieve(s) of this

di scl osufe are usembipationewith asGraiws$-14 meatal; as cyalyseibe s¢aelipacorgftions
Exanpl es of such; S Rl i fi6h, W iettbepRiReste &R hbout
propyl ene are coﬁgée@fﬁ@g’ g@%%ﬁ%ﬁ"ﬁ%&%@é?@%, ’ber?gﬁejpne and Cérl ol efoiuns are
converted to pheri#i0°Qro dbomst4hyprC.ca prigssikepbfriom shmts 3890 thabeutd8889 kBaw: f or
exanple in internation j [ / 00 : n pyl ene
and C4 olefins araehx%r?gé? t% glgutagg%hogrq%ﬁ édégl'? g(r%g ,%n%t%@? lgtlt%ﬂgfer%{él? one,

whi ch, i'n this cagmid¢hourbesgact veleily ByHB8YNwé freiroabout Oghteri®h’and acet one to

bi s- phenal - s described. in international 10 applicatign

PCT/ EP2065/ ®B§554"@} BEIRAien; E‘y@8ﬁ{?§€‘f“§§’%¥v8x}5’ﬁeRg&eéﬁnd“cy& BISSSARoRE By
benzene and et hyljenmiarefaeny efdlechiirosiphe rdl thisndisoieting| arel hyhydcegematon as
descri bed for exanple in PCT/EP2005/008551. he cryst.alline I\/I@/L 22
fanm |y mol ecul ar ITRRADERY a%?ati‘ﬁP{Fts O AJPIXILE A sugh §aﬁ‘gy§$ gpd %ﬁ(’lggr}‘iﬁeé?few’

al kyl ati on react i RRGioM RIoBIZBLE CircMiding, t hdiviguaBnoal k| henzemnebiddiidrs a
required. Furthermore, the crystalline NCM 22 fam’cj&y3 nol ecul ar .si eve(s) of
this disclosure ismpsrtyenidriy abeuk 0 LJoRORLER) e paiFTsyat §t from about

sec- but yjbenzene {qopm:BeB3&NE080%Pet, AheHOV (Fern bBakt B € bbdifi Oi@lahd Aear
but enes, as described in international application PCT/ EP2005/008557.
Preferably, this koshoganstitmlgtionofdyomeabai52Byo abeytS84iliiey/ Hefhzene and the ¢4
olefin feed with fhe; Y ith RFrAQ (D PRIEN (MO, ¢ BheGedcBiBROFAL UT €
of about 60C to a%gﬁ%&géég%%éf&gxanpl e .o% about. 100C, t0 2%()C,e ;\)(Ellr essure
of 7000 kPa-a or methenolawithdsstawehesidion ishpeniene tpprewideemstivi-bpihstherbased
on C4 al kyl ating of . 4 Lo 11 r ahbhfidk
benzene to C4 al k@?ﬁpﬂggngégernphlﬁpg%ﬁ%g}gu% % SSA%%%%%Q%{QB& yst aI1 1 ne
MCM 22 faami |y nol eclddarg, Shdiveiuslly of in hhp cdinbilatiouy & temperaBad¢ o fionefbdut
catal yst for tran | ati ons,~such as r e I _Depganey
transal kyl at i ons.%aebk% a%ollhimg’%ggeés%f © rr?fln é% a;“é()tugab?f(?d fléps(al esired to

i ncorporate the nepamrolsfimbemhdilr gantivelitclal drdnalabows). s thahto tloout2O0 hr

tenperatures and other conditions enpl din ani.c_conyer sion ocesses.
Such materials ingt al&@i“?%%"&’%& IP%E?‘%égéa%oﬁég’é‘rqbgf%&éédmﬁyﬂ?@'r c or
natural |y oGGHN I'i RBuc@Okish@poRfondEbh Wih I OSF gadtharidiBAE cbaked spah rasctiohays,
silica and/or 'metal oxides such as _alumna. The |latter may be either

nat ur al 139 occur ri eRpdétionsninglydines indigrduglly £ RS GHmkingians ademperatiae of

from about 315°C to about 595°C, a pressure of from about 101 to about



-26 - including mxtures of silica and netal oxides. Use of a material in
conjunction with the new crystal, i.e. conbined therewith or present during
synt hesi swofodsnaszsaew crystal, which is active, tends toPchasg®7in®se
conversion and/or selectivity of the catalyst in certain organic conversion
processes. Inactive materials suitably 5 serve as diluents to control the
anount of conversion in a given process so that products can be obtained
economni cal ly and orderly without enploying,other neans for controlling the
rate of reaction. These materials may be 1 ncorporated into naturally
occurring clays, e.g., bentonite and kaolin, to inprove the crush strength
of the catal yst under comrerci al operating conditions. The materials, i.e.
10 clays, oxides, etc., function as binders for the catalyst

desirable to prod?@@ kBa@a@éw;ﬁsqgeﬁ/évﬁﬁ@atj@adnehedgﬁo of rfé‘ﬂ’gtaﬁo‘bte‘&é‘ﬂ%éd‘?eﬁl
conmer ci al use | tﬂ%‘a[%grl A SEBL@IG&)@JW&%&%&&D% hif " @MbBLERKRTY down

into powder-1ike These cl ay binders have been enpl oyed nornally

only for thé&ipur pogerasfoni qﬁ)t}mmhvgmmtwurghctsxter esrgponnsk 24(Aasabatdpienyl)

15Nat ural |y occur rd I

i ncl ude the nont Hnrpqﬁgl?lgr?? é an i{%&?ﬁ Q’?r&gﬁ};g?%%blﬁg’%mfg‘?ﬁ#ﬁggﬂﬁ\g%ﬂ%%the
subbent oni t es, aodidehe pravitle s incmmodiate kn@i'ambatsylpiliemyb Jpropeatidloveddnyi a
and Florida cl ays ({a .ot h?ﬂ'ts iln hwﬂgcth t he nai § r al lconsdtl tuent is

hal | oysite, kaol PAIEEO™SF His qleohoh g e cgrrepon Wgucfu EYUEFER” ¢l ays can be
used in the(tHy sbétag ASad@-bindihgiagehd &1 menmchn ofiidmiaéd wlmuhq:temtcgdld o
calcination, acid treatnment or chem cal nodif ﬁ% on. Binders usg

conposi ting wit h PRETSREEYS APMPPYRIS, N BIeRAraAnR of §¥eS 10 PERACLBYIFLY Salr"iot abl y

al um na. treeadstictivOndi@cédiginfiy @8RItIHE, "B 9h 1 Gefmai hPatd@WNG.Y BRI can
be conposited with aé)orous matrix material such as silica-al um na,

si | i ca- Mgnesi a, 3s935@H. inpgrporpted GRtingly Rerpindey. BRBPICE: silica-beryllia,

silica-titap;g)agsWak! a@%rbteﬁf Q‘@lr Yo SR IRRS bid-RigertUdisR§anate (2,6-TDI) from
silica-alumna-thoria, silica-alumna-zirconia silica-alum na-nagnesia and

si | i ca- magnesi a- 2$Q‘rn@ﬁll’éTDI as in U.S:Hatens N iy B [t G inaoreaistedfenfiraig hgredt vi ded
crystalline nol eg xae‘feréh&v%l?é?gorx Q%&?H&thgc%( gﬁ?ﬁh? %g‘"ﬁﬁyan’{& dalypryth
ro

the crystal content Ttangi ng about percent” by wel ght
and nore usual ly copaznteldcxwltlanlhwpmm MGM- ébrfgoéy eol¢aular speer whiichrhas theert or m

of bead in the ra 0k 27 -
These ari?j ot her fcgé%‘?s?x%fangﬁgwnrh glgen n\ggonp ?g%%sfﬁifeégﬁwgggg?%&&ng

Fol | owi ng Exanpl ake 2Exmpb52$iesorptxon with dleﬁbrbélﬁ ritaniyl| casgprisiveg t&R[énel; ffraction
patterns of the as-synthesized 5 materi al r.e recarded on .a Bru

B Ry, Powdelb 1 Ao 0t GHETRRE F ARt p RET PRt 56 Ptrars B 35 FagE or 2
to 40 degrees. No|472'n80§1|\54Mcbfm%Sd Wi(iﬁtél)ﬂlhbwﬁmeﬂ mferarlldtﬂ , MAGtby5 48/@6d Fi elj d
Em ssi on Scanni ng El ectron cro e (S The crysta i ze was sure
by averaging the 8PS SOMREISEt Wg@ Fl‘i‘"thh © BERFED ﬁﬁﬁg"
crystal bpnity is ﬁeﬂ‘ahﬁﬁydmafechmsreaé hhi€H hésh%eﬁlhﬁh@ﬁ—ekhlﬁnfgwmﬂilﬂap@@m 7.1
and 26 (20), to the ratio of the sumof the sane peaks in the standard

(reference Exanplagf/oryetipns teabseyb tso2.4-TDL fOllOW%bYBE@"@HPS&E%zé‘rEQI was
measured by Mcr Wés&l‘pﬁﬁnmhhsﬁ@gor&qg%a\é@:a@@&n&%ﬁé QoREMd lagg Corporation,

Norcross, GA) using standard procedures 15 with heat gr etreatorrent at 350C
The ext er nalX%r fince papesss doedeergasing |theEpreng: eepientapba P2PY Gindottoms

cal culated from tfpfctltonp&lﬁgmgﬁnﬁ teﬁlgoﬁﬁa@% ted fveltsm?l @ET-? Rl Mon8hdoBie PY

ni trogen sorptio OW ng arrp es illustrate exenﬁl ary
preferred enbodi ntehmpb:ccﬁm)raearq@mmcﬁng the durene-containing bottoms fraction wit
hydrogen over a catalyst of the present MCM-22 family molecular sieve
with a hydrogenation metal, at conditions including, individually or in any
combination, a temperature of from about 230°C to about 425°C and a
pressure of from about 457 to about 22000 kPa-a.
30 In an embodiment, the crystalline MCM-22 family molecular sieve(s) of
this disclosure may be used in processes that co-produce phenol and ketones that

proceed through benzene alkylation, followed by formation of the alkylbenzene



In this exanple, MCM 22 was prepared according to the method of US Patent
No. 4,954, 325. A hydrothernmal reaction m xture was prepared from
wat er, hewearetsnabemei m ne (HM) (Sigma- Al drich Conpany) pCEiUS2@a/015056
(Utrasil(tm, 25 Degussa Corp.), 45 w % sodi um alum nate solution (25.5 %
Al 203, 19.5 % Na2Q, USALCO, and 50 wt % sodi um hydroxi de sol ution. The

m xture had the follow ng nolar conposition as shown in Table XIl: WO
20081013644PCT/ US2007/ 015056 -28 - Table 41 Exanple A Ml ar conposition
Si 02/ Al 203 30 H20/ Si02 19.8 OH Si02 0.17 Na+/ Si02 0.17 HM/Si 02 0.35
Crystallization conditions

hydroperoxide and cleavage of the alkylbenzene hydroperoxide into phenol and
ketone. In such processes, the crystalline MCM-22 family molecular sieve(s) of
this disclosure are used in the first step; that is, benzene alkylation. Examples of
such processes includes processes in which benzene and propylene are converted

5 to phenol and acetone, benzene and C, olefins are converted to phenol and methyl
ethyl ketone, such as those described for example in international application
PCT/EP2005/008557, benzene, propylene and C, olefins are converted to phenol,
acetone and methyl ethyl ketone, which, in this case can be followed by
conversion of phenol and acetone to bis-phenol-A as described in international

10  application PCT/EP2005/008554, benzene 1is converted to phenol and
cyclohexanone, or benzene and ethylene are converted to phenol and methyl ethyl
ketone, as described for example in PCT/EP2005/008551.

The crystalline MCM-22 family molecular sieve(s) of this disclosure, are
useful in benzene alkylation reactions where selectivity to the monoalkylbenzene

15 is required. Furthermore, the crystalline MCM-22 family molecular sieve(s) of
this disclosure is particularly useful to produce selectively sec-butylbenzene from
benzene and C4 olefin feeds that are rich in linear butenes, as described in
international application PCT/EP2005/008557. Preferably, this conversion is
carried out by co-feeding benzene and the C, olefin feed with the catalyst of the

20  present invention, at a temperature of about 60°C to about 260°C, for example of
about 100°C to 200°C, a pressure of 7000 kPa-a or less, and a feed weight hourly
space velocity (WHSV) based on Cy4 alkylating agent of from about 0.1 to 50 h'
and a molar ratio of benzene to C4 alkylating agent from about 1 to about 50.

The crystalline MCM-22 family molecular sieve(s) of this disclosure are

25  also useful catalyst for transalkylations, such as, for example, polyalkylbenzene
transalkylations.

In the case of many catalysts, it is desired to incorporate the new crystal
with another material resistant to the temperatures and other conditions employed
in organic conversion processes. Such materials include active and inactive

30 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



Tenperature (C) 150 Stirring speed (RPM 250 Time (hr) 72 XRD Result Pure
Phase MCM 22 Crystallinity (% 100 S102/ Al 203 (nolar ratio) 23 Total
Surface Aveaoqaidsgy 653 M cropore Surface Area (nR/g) 5BoTHst@7madosSurface
Area (n2/g) 123 Mesityl ene uptake (ng/g) 29.8 Mesitylene sorption rate
(my/ g/ mn) 68
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including mixtures of silica and metal oxides. Use of a material in conjunction
with the new crystal, i.e. combined therewith or present during synthesis of the
new crystal, which is active, tends to change the conversion and/or selectivity of
the catalyst in certain organic conversion processes. Inactive materials suitably
5  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 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.

10  clays, oxides, etc., function as binders for the catalyst. It is desirable to provide a
catalyst having good crush strength because in commercial use it is desirable to
prevent the catalyst from breaking down into powder-like materials. These clay
binders have been employed normally only for the purpose of improving the crush
strength of the catalyst.

15 Naturally occurring clays which can be composited with the new crystal
include the montmorillonite and kaolin family, which families include the
subbentonites, and the kaolins commonly known as Dixie, McNamee, Georgia
and Florida clays or others in which the main mineral constituent is halloysite,
kaolinite, dictite, narcite, or anauxite. Such clays can be used in the raw state as

20  originally mined or initially subjected to calcination, acid treatment or chemical
modification. Binders useful for compositing with the present crystal also include
inorgaﬁic oxides, notably alumina.

In addition to the foregoing materials, the new crystal can be composited
with a porous matrix material such as silica-alumina, silica-magnesia, silica-

25  zirconia, silica-thoria, silica-beryllia, silica-titania as well as ternary compositions
such as silica-alumina-thoria, silica-alumina-zirconia silica-alumina-magnesia and
silica-magnesia-zirconia.

The relative proportions of finely divided crystalline molecular sieve and
inorganic oxide matrix vary widely, with the crystal content ranging from about 1
30 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.



The m xture was crystallized at 150C in an autoclave with stirring at 250
rotation per mnute (RPM for 72 hours. After crystallization, the

hydr ot herwal2068/re@et i on m xture slurry was filtered, waghedseorioides oni zed
(D) water and dried at 120C. The as-synthesized material had an XRD
patterns (Fig. 1) substantially as shown in Table | and Table Il. The
resulting MCM 22 crystals had a Si 02/ Al 203 nolar ratio of - 23/1. The

cal cined MOM 22 crystals had a surface argp_of 653 nR/g (mcropore surface
area of 530 and external surface area of 123 10 nR/g). The SEM i mage (Fig.
2) of the as-synthesized product crystal showed a platel et norphology with
an average crystal thickness of about 200 to about 300 A The estimate

average platelet diameter was | ess than about, 1 m The cal cined erial
had a nesityl eneThptcapld otharpBests . Wenpiesrnt navePtings 1% ?’Feéﬂ%“fne(ﬁir Bﬁhﬁ rate

of about 68nggégﬁgiﬁk d€er calcination, the material exhibited an XRD
15according to that reported in US Patent No. 4,954,325. - 29 - Exanples
1-2 Thgarhplés ot her mal reaction nmixture was prepared from water,

hexanet hyl enei m i - ) C n | | JeCy Cithesized
(Si gma- Al dri ch cg’?rptga‘gi\/é%m&%g&&‘eyo K0 ot RERANaher of ﬁ"th?o?f*@ndesﬁ% wt
sodi um 55 hy dratetiatke wend wtdonded dhea Mrnkearr B4 XeRhyt Rewilet Dofliavtpmesensing

conpositions as own.in the follown ahle XI1l: Table X1l Example 1
Exanpl e 2 W?%Ffz%h%a@ﬁ‘dﬂ%ﬁ 7%&#%8:%2&2@@6%’267- Si02 19.5 19.5 ON Si 02
0.18 The SEM images were obtained on a HITACHI S4800 Field Emission

Scanning Electron Microscope (SEM). The crystal size was measured by

. %

averaging the size of multiple crystals as shown in the SEM.

10 The crystallinity is defined as the ratio of the sum of the two main peaks,
7.1 and 26 (20), to the ratio of the sum of the same peaks in the standard
(reference Example), multiplied by 100. '

The BET surface area was measured by Micromeritics TriStar 3000
V6.05A (Micromeritics Corporation, Norcross, GA) using standard procedures
15 with heat pretreatment at 350°C
The external surface area over overall BET surface area ratio was
calculated from the t-plot generated as part of the BET determination by nitrogen
sorption.
The following Examples illustrate exemplary preferred embodiments:
20 Example A |
In this example, MCM-22 was prepared according to the method of US
Patent No. 4,954,325.
A hydrothermal reaction mixture was prepared from water,
hexamethyleneimine (HMI) (Sigma-Aldrich Company), silica (Ultrasi™,

25  Degussa Corp.), 45 wit% sodium aluminate solution (25.5 % Al,O3, 19.5 % NayO;

USALCO), and 50 wt% sodium hydroxide solution. The mixture had the

following molar composition as shown in Table XII:



0. 18 Na+/ 5102 0.18 0.18 R/'Si02 0.35 0.35 Crystallization conditions
Tenperature (C) 149 149 Stirring speed (RPM 30 O Tinme (hr) 168 216
Char act erwpanesanse4XRD Result See Figure 3 See Figure 5 Sc0a’s20208066ol ar
rati o) 23.2
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Table XII
Example A
Molar composition
Si0,/A1,03 30
H0O/ Si0, 19.8
OHY Si0, 0.17
Na'/ Si0; 0.17
HMI/Si0, 0.35
Crystallization conditions

Temperature (°C) 150
Stirring speed (RPM) 250
Time (hr) 72
XRD Result Pure Phase MCM-22
Crystallinity (%) 100
S10,/A1,03 (molar ratio) 23
Total Surface Area (m?/g) 653
Micropore Surface Area (m?/g) 530
External Surface Area (n”/g) 123
Mesitylene uptake (mg/g) 29.8
Mesitylene sorption rate (mg/g/min) 68

The mixture was crystallized at 150°C in an autoclave with stirring'at 250

rotation per minute (RPM) for 72 hours. After crystallization, the hydrothermal

5  reaction mixture slurry was filtered, washed with deionized (DI) water and dried
at 120°C. The as-synthesized material had an XRD patterns (Fig. 1) substantially

as shown in Table I and Table II. The resulting MCM-22 crystals had a
Si0./Al,05 molér ratio of ~ 23/1. The calcined MCM-22 crystals had a surface
area of 653 m%/g (micropore surface area of 530 and external surface area of 123

10 m?%/g). The SEM image (Fig. 2) of the as-synthesized product crystal showed a
platelet morphology with an average crystal thickness of about 200 to about 300

A. The estimate average platelet diameter Was less than about 1 um. The calcined
material had a mesitylene uptake of about 29.8 mg/g and a mesitylene sorption

rate of about 68 mg/g/min. After calcination, the material exhibited an XRD

15  according to that reported in US Patent No. 4,954,325.



23.2 BET area (nR/g) 629 Not neasured Crystal size (SEM >1 pmx 0.025 pm
>1 pm w de Morphology (SEM (Figure 4) (Figure 6) The above m xtures were
wel | m xewownear3essgor ous stirring for 20 10 m nutes toProlusRev7OMKEOr M
honbgeneous pastes. The mi xtures were first aged at 45C at 30 rpmfor 24
hrs, then crystallized at 300 F (149C) in a 2-liter autoclave with stirring
at 30 RPM (Exanple 1) and without stirring (Exanple 2) for 168 hours
(Exanpl e 1) or 216 hours. (Exanple 2). Aftgg_crystallization, the

hydrot hermal reaction mxture slurries of Exanples 1 and 2 were filtered,
washed 15 with deionized (D) water and dried at 250F (120C). The XRD
patterns of the as-synthesized materials (Fig. 3A: Exanple 1 at 120 hrs;
Fig. 3B: Exanple | at - 30 - 168 hrs, and Fig. 5 for Exanple 2) shown pure
phase MCM 2Bxamples dekul ti ng MCOM 22 crystal s (Exanples 1 and 2) had a

Si 02/ /Al 203 nol ar raf | ?ycﬂt)th%mglt ?e%cgon mlxturJh%va‘%a:\}fﬂe pada M2 wadst al s
(Exanple 1) had a surface area of n2/ he i mage (Fig. 4) of the
as- synt hesi hednmtindemstimayey (HMI)( @gm@gldlyh Company), silicic acid (Sigma-

Aldrich Company.), 45 wt.% sodium aluminate solution, and 50 wt.% sodium
5  hydroxide solution. The mixtures had the following molar compositions as shown
in the following Table XIII:

Table X111
Example 1 Example 2
Molar composition
S105/A1,04 30 30
H,0/ Si0, 19.5 19.5
OH7 SiO; 0.18 0.18
Na'/ SiO, 0.18 0.18
R/Si0; 0.35 0.35
Crystallization conditions
Temperature (°C) 149 149
Stirring speed (RPM) 30 0
Time (hr) 168 216
: Characterizations
XRD Result See Figure 3 See Figure 5
Si105/ALL O3 (molar ratio) 23.2 23.2
BET area (m*/g) 629 Not measured
Crystal size (SEM) >1 um x 0.025 pm >1 pm wide
Morphology (SEM) (Figure 4) (Figure 6)

The above mixtures were well mixed under vigorous stirring for 20

10  minutes to obtain uniform homogeneous pastes. The mixtures were first aged at
45°C at 30 rpm for 24 hrs, then crystallized at 300 °F (149°C) in a 2-liter
autoclave with stirring at 30 RPM (Example 1) and without stirring (Example 2)

for 168 hours (Example 1) or 216 hours (Example 2). After crystallization, the
hydrothermal reaction mixture slurries of Examples 1 and 2 were filtered, washed

15  with deionized (DI) water and dried at 250°F (120°C). The XRD patterns of the
as-synthesized materials (Fig. 3A: Example 1 at 120 hrs; Fig. 3B: Example 1 at



5 showed a pl atel et aggregates norphology with an estimate average pl atel et
di aneter of greater than about 2 pm and thickness of 400 -500 A, which is

| ar ger aswoheogmBamence Exanple A The SEM i mage (PETQgIS2@4085088) of

t he as-synt hesi zed product crystals (Exanple 2) showed a rosette habit

nor phol ogy with multiple layer plate with an to estinmate average crystal

di aneter of greater than about 5 mand thickness of 400 -500 A, which is

| arger as the reference Exanple A Exanplgg_3-4 Two hydr ot her mal
reaction m xtures were prepared fromwater, hexamethyl eneimne (HM) :
(Sigma- Aldrich Conpany), silica (Utrasil(tm, 15 Degussa Corp.), 45 w.%
sodi um al um nate solution, and 50 wt. % sodi um hydr oxi de sol ution. The

_Irp'xt ures had the follow ng nmol ar cogggs(i)t i ons as smié}ohhe_ foI]I .OWi ng
abl e I Xv: Tebhes, 12r¢ Figy anfor &xanpie i SBOWN MBF S PRSS t i §511AN803 " 32
30 H20/ Si 0%y¥1-2leihthisIEREmBIRa HradB Hia/a RODAIL Hofkr #8io of about 23.2.
The calcined MCM-22 crystals (Example 1) had a surface area of 629
m?/g. The SEM image (Fig. 4) of the as-synthesized product crystal (Example 1)
5 showed a platelet aggregates morphology with an estimate average platelet
diameter of greater than about 2 pm and thickness of 400 -500 A, which is larger
as the reference Example A.
The SEM image (Fig. 6A & 6B) 61" the as-synthesized product crystals
(Example 2) showed a rosette habit morphology with multiple layer plate with an
10  estimate averagé crystal diameter of greater than about 5 pm and thickness of 400
-500 A, which is larger as the reference Example A.
Examples 3-4
Two hydrothermal reaction mixtures were prepared from water,
hexamethyleneimine (HMI) (Sigma-Aldrich Company), silica (Ultrasil™,
15 Degussa Corp.), 45 wt.% sodium aluminate solution, and 50 wt.% sodium

hydroxide solution. The mixtures had the following molar compositions as shown

in the following Table IXV:

Table IXV
Example 3 Example 4

Molar composition
Si02/ALLO3 32 30
H,0/ Si0; 34 21
OH7/ S10, 0.66 0.48
Na'/ 8iO, 0.66 0.48
R/Si0O; 0.15 0.15

Crystallization conditions

Temperature (°C) 160 160
Stirring speed (RPM) 30 0
Time (hr) 48,72 72

Characterizations
XRD Result See Figure 7 See Figure 9
Crystal size (SEM) >1 pm x 0.025 pm >] pm wide
Morphology (SEM (Figure 4) (Figure 6)




R/'Si02 0.15 0.15 Crystallization conditions Tenperature (C) 160 160
Stirring speed (RPM 30 O Tine (hr) 48, 72 72 Characterizations XRD Result
See Fi gurworo@aa3dEugure 9 Crystal size (SEM >1 m x 0. 0PETros2d7misesee

Mor phol ogy (SEM (Figure 4) (Figure 6)
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The above mixtures were well mixed under vigorous stirring for 20
minutes to obtain uniform homogeneous pastes. The mixtures were first aged at
45°C at 30 rpm for 24 hrs, then crystallized at 300 °F (149°C) in a 2-liter

5  autoclave with stirring at 30 RPM (Example 3) and without stirring (Example 4)
for 168 hours (Example 3) or 216 hours (Example 4). After crystallization, the
hydrothermal reaction mixture slurries of Examples 3 and 4 were filtered, washed
with deionized (DI) water and dried at 250°F (120°C). The XRD patterns of the
as-synthesized materials (Figure 7A: Example 3 at 48.hrs and Fig. 9 for Example

10  4) shown pure phase MCM-22. The XRD patterns of the as-synthesized material
of Example 3 at 72 hrs (Fig. 7B) shown MCM-22 topology with ZSM-35
impurities.

The SEM image (Fig. 8) of the as-synthesized product.crystal (Example 3)
showed a platelet aggregates morphology with an estimate average platelet

15  diameter of greater than about 2 um and thickness of 400 -500 A, which is larger
as the reference Example A.

The SEM image (Fig. 10) of the as-synthesized product crystals (Example
4) showed a platelet aggregates morphology with an estimate average crystal
diameter of greater than about 5 pm, which is larger as the reference Ex.ample A.

20 Example 5

A MCM-22/alumina catalyst was prepared from 80 weight parts of product
of Example 1 mixed with 20 weight parts of alumina (Condea SB3) on the dry
basis. Water was added to the mixture to allow the resulting catalyst to be formed
into 1/20" quadrulobe extrudates. The prepared extrudates were dried at 120°C

25  before use. The catalyst was activated by calcining in nitrogen at 540°C, followed
by aqueous ammonium nitrate exchange and calcining in air at 540°C.
Example 6 (Reference Catalyst)

A catalyst was prepared from 80 weight parts of product of Example A

mixed with 20 weight parts of alumina (LaRoche Versal 300) on a dry basis. The
30  catalyst was slurried in ammonium nitrate, filtered and dried at 120°C before use.
The catalyst was activated by calcining in nitrogen at 540°C, followed by aqueous

ammonium nitrate exchange and calcining in air at 540°C.



-31 - The above m xtures were well m xed under vigorous stirring for
20 m nutes to obtain uniform honbgeneous pastes. The m xtures were first
aged at 450 ad8/@84apm for 24 hrs, then crystallized at 20@/US200t49056 i N a
2-liter 5 autoclave with stirring at 30 RPM (Exanpl e 3) and wi t hout
stirring (Exanple 4) for 168 hours (Exanple 3) or 216 hours (Exanple 4).
After crystallization, the hydrothermal reaction m xture slurries of
Exanples 3 and 4 were filtered, washed w {j_dei onized (D) water and dried
at 250F (120C). The XRD patterns of the as-synthesized materials (Figure
7A. Exanple 3 at 48 hrs and Fig. 9 for Exanple 10 4) shown pure phase

MCM 22. The XRD patterns of the as-synthesized material of Exanple 3 at 72
hrs (Fig. 7B) shown MCM 22 topology with ZSM 35 inpurities. The SEM
i mge (Fig.E¥mR)E % he as-synthesized product crystal (Exanple 3) showed a
pl atel et aggregaffs ARHROGRIExNPR %va@&_égtémhﬁmvwmgmsmb@E&tl\ﬁ:ﬁd _

di ameter of greater than about 2 m and thickness of 400 -500 A, ichis

| arger as t pkase shgrean @ikyiationp| @5 grams of the walysEfppmBypnple; ywag fnadgd ¢ he
as- synt hesi ﬁﬁ? REQAKE badkeYSde@keh é%%%ﬁn‘}%yegé@m@niu%ﬁt BlRl-ndqgssnat es
nmor phol ogy w Aan “estinat e aver age crysta Ianeter of greater than about
5 pm W chgiassl) sangepropslenhe2B4f grasm) eweicatheheadded 20 Edahphelag ratio of A

MCM 22/ al unj,na_cat al yst repared from 8 j I f_ B of
Bearpl o1 nPRB R PRt Her TP A e BOBHED |0
basi s. Wat eand\valse ackdedn twast Aen forxd ticard. 0 @ffilow GRewagastd itognam@tal thet t o be
formed into 1/20" quadrul obe exirudates. .Th repared extrudates were dried
at 120C 25 '"HERR 8935@?%@%&%? g< V‘Wa@“daﬁﬁcﬁé{ﬁg&etgvngﬁﬁi icf ﬁ\er{ﬁfgelr 7“Fi t r ogen
at 540C, fohétgme?r@ggapﬁsr@mmmmtrate exchange and calcining in air

at 540C. Exanple 6 (Reference Cataly t?@\ A catal yst was prepared from
80 wei gh? parts of product of Exanpl d2®emf¥ed with 20 weight parts of

al um na (LaRoche Vers ) ON| a, 4k ST S. - was |slurried
i n anmoni um ni tratje, fl?t?lggted andA%wltd at 15’%%‘%1};; y’&%ﬁﬁ%%ﬁdﬁe at al yst
was activated by g¢alci-hinginA-nlirogen—at—540c—FeH-owed—by—aguequs

anmoni um nitrate gxchixayerladd chl ci™ng lin air at 540 - 32 - Hxanple 7
The catal yst from Exanple 5 was tested in the batch autoclave for liquid

phase cunene al kyl ation, O. r f the.catalyst f.rom Exanple 5 was
| oaded into a cat Wﬁtayégk%%gp&@gh R 2 rsggﬁ’:{lé{ﬁérgéo?% ﬁ’eefltzenc?uartz.

Benzene (15@ud1hidar@ad&onand propyl ene (28.1 grans) were then added in a 3:1
nolar ratio of Benzene. propyl ene. The reactjon conditi ?ns wer e, 130C at 2183
kPa-a (300 psig) Mhile threilusgrivegmbediments ofghisAisrdeee heys by flesesdas used
to noni yor tha, %&@i@maﬁ&qy%u 6L He RSB S thal RErises bitket Ynodncasidhe Ghill et Y
referenced to the reference catal yst are provided in Table XV bel ow

10Tabl e XV @RpaEyisto et ¢ap heyreagdilyy sradgbyythosroskiled ipthe art without departing

from the spirit and scope of this disclosure. Accordingly, it is not intended that the

scope of the claims appended hereto be limited to the Examples and descriptions
set forth herein but rather that the claims be construed as encompassing ali the
20 features of patentable novelty which reside in the present invention, including all
features which would be treated as equivalents thereof by those skilled in the art to

which this disclosure pertains.



[ DI PB/ Currene (%] Exanple 5 97 119 The catal yst showed both
ractivity and selectivity for the benzene al kyl ation reaction. Wile

the illustrative enbodi ments of this disclosure have been descri bed

15 with particularity, it will be understood that various other

‘nodi fications will be apparent to and ¢can be readily made by those
skilled in the art wi thout departing fromthe spirit and scope of

this disclosure. Accordingly, it is not intended that the scope of

the cl aiggapgended hereto be limted to the Exanples and

descriptTons Set forth herein but rather that the claims be construed
as encon(pg%% p9 all the 20 features of patentable novelty which

reside in the present invention, including all features which would

be treatled asA egustallaice MGMiA2efaedly tipldchlas eicskiHaliad, im ith he-sguithedized form, a
whi ch this disclosure rtaln -, 33 - Al W daim 1.

Crystal 1 ne. MSPSSFERIG AP debic HpbdomR TIREn Befs B S0 wik% of the
as- synt hesi zggh)f @4 siede Hé\iiﬁ/é?& @xtystﬁgtﬂﬁzﬁ&@f ﬁ%atéﬂﬁ?& i frRBhdasirRl BY Ui,
wherein greater than 50 w % of "the nol ecul ar sieve having a crystal

di anet er great er than 1 m as rreasured by the SEM 2. The crystalline

NCM22famI r claim .wher nthe atel i .
o verar 2 ¢ HuEReRERMEARLE bt hBl g IS Sttt i ftice rystal
The crystal | iofeheMidibctiZarfsiit bymprides edultiyle plarMeyesd. cl aim 2, wherein the

pl atel i ke crystal of the nol ecul ar sieve conprises nulti pI e
sub-crystal plates. 4. The crystalline MCM 22 fam |y nol ecul ar sieve

of claim3, wWheLRsRUHICR- 2@ fﬂol@cﬂfbpﬁe&eﬁﬁ' c’fﬂ?xlneé: W}@fcnﬂh%\sfﬁataﬂ(‘éicﬁﬁtal

a crystal diametéer greater than m as neasur ed the SEM

crystalline nf:bhemlmﬂﬁr|sgpvq9¢repreﬁeamu§:pé@/submmt¢lalms4 wher ei n greater
than 50 wt % of the nol ecul ar sieve having a crystal dianeter greater
than 5 pmas neasured by the SEM 6. The crystalline nol ecul ar sieve

of claim5, he bﬁ_/strallgneéﬁcm-zz Franilyafiolet flaralievie € clafny 31 whéreingreaérabat] 30 wt%.
si eve havi ng E Iéstal t hi cé%?ss of abOhlt 0. 04 m as neasured by the
SEM 7. The Of vaplesar sipicchaying 2 sieipldigmeier gremep thagad Migasameaspigrl by the
surface areaggpfsgreater than 450 n2/g as neasured by the N2 BET

met hod. 8. A method of manufacturing a crystalline MCM 22 famly

mol ecul ar sieve of any preceding clai mconprising:

5. The crystalline MCM-22 family molecular sieve of claim 4, wherein greater than 50 wit%
of the molecular sieve having a crystal diameter greater than 5 pum as measured by the
SEM.

6. The crystalline molecular sieve of claim 5, wherein greater than 50 wt% of the crystalline

molecular sieve having a crystal thickness of about 0.04 pm as measured by the SEM.

7. The crystalline molecular sieve of claim 6, having a total surface area of greater than 450
m?/g as measured by the N, BET method.

8. A method of manufacturing a crystalline MCM-22 family molecular sieve of any
preceding claim comprising:
()  providing a mixture comprising at least one source of at least one tetravalent

element (Y), at least one source of at least one alkali or alkali earth metal element,



(a)providing a m xture conprising at |east one source of at |east one
.tetravalent elenment (Y), at |east one source of at |east one alkali

or alkali earth netal elenent, - 34 - at |east one directing-agent
(1t), water, and optionally at |east one source of at |east one
‘trivalent elenment (X), said mxture ha 4n‘g the foll owi ng nol ar
conposition: Y:X2=10 to infinity H20: Y=Ito 10000 A f:Y=0.001 to 2
M+:¥Y=0.001 to 2 RY=0.001 to 2 wherein Mis an alkali nmetal and Ris
selected fromthe 0 consl st i fncy |Lkyl am

azacycl oal kane, diag;%’lgt;% eo@%?%}ﬁ%?g%{lg&Rﬁii%tgﬁg@lP ﬁ@arr{elgy,at \;\ﬁétr S SR fat
al kyl am ne or al kdewet ameptrivakat felenmnd (X), Saidanditinreahovisg he) following molar
submtting the mxture gt crystallization conditions to forma

product conprisi nGOPRESI®| red crystal line nol ecul ar sieve, wherein

the crystallizationxgonditians cogp/mBRit® tenperature in the range of
from100 Cto 250C, a crystallization tinme fromabout 1 hour to 200
hours; and optiondl2y¥a stiFringlépt¥§0in the range of fromO to |ess

t han about 60 RPM (C) recovghi he nol ecul ar sieve. 9. The

met hod of claim 8,O%tgr ein the tg'ppgg)a? ent element is silicon. 10.

The net hod of cl aivi:¥9, wherein td€0tti%al ent el ement is aluminum 11.
The nmethod of claim,10, wherein R i ncl udes cycl opentyl am ne,

cycl ohexyl am ne, alni{l ohept yl'am né’fash@xjanet hyl enei m ne,

hept amet hyl engicpdinen HOMRPRET a%EAE, andNH ¢ORBlesad | 6l hBepRAp - cobdisting of
The method of claim 11, wherein the R is hexamethyl eneimne. 13. The |
net hod of cl &veipaliylagine erasyelnelkinendiszanyaloelkpre, japd myaturesnigercof, veliserin said

150 to 180C. 1;3%%51' § rein the stirring
speed is Iess‘?lI annéérﬂ%%%%%ﬁ%ﬁ%ghﬁ%%ﬁ?tgﬁ% 14, wherein the
crystal li ne NV 22ulfaittingythendisoed arerystadiiating soifidmatte fam agopdegaoeprising

hol wh [ t th 50 % of .th talli 22 -
fam 1y mo ccutar SXedBRacriahys plell sy vRER B pifalitiecontdons

measured by the Stbpdé a Téiﬂ)eﬁﬁi‘ﬁlﬁ%tﬂé rﬁlgabmﬁ‘bﬂl 1060 &C &b N50°10% a crystallization
tetraval ent elenent source is silicic acid. . . i
time from about 1 hour to 200 hours; and optionally a stirring speed in the range

of from 0 to less than about 60 RPM; and
(¢)  recovering the molecular sieve.
9. The method of claim 8, wherein the tetravalent element is silicon.
10.  The method of claim 9, wherein the trivalent element is aluminum.
11.  The method of claim 10, wherein the R includes cyclopentylamine, cyclohexylamine,
cycloheptylamine, hexamethyleneimine, heptamethyleneimine, homopiperazine, and

combinations thereof.

12. The method of claim 11, wherein the R is hexamethyleneimine.

13.  The method of claim 12, wherein the temperature is in the range of about 150 to 180°C.



17. The method of claim 15, wherein the tetraval ent el enent source is
+silica. 18. The nethod of claim 17, further conprising a step of
formng catal yst particulates by at |east one of spray drying,
prilling, pelletizing, and/or extrusi on%S[ 19. A process for

“hydrocarbon conversion, conprising the $tep of: (a) contacting a

hydr ocarbon feedstock with the crystalline nolecular sieve recited in
any one of clainms 1-7 or manufactured by the nethod in any one of

clai ms 848, HRAGLLEPON&L P whHBREH tht ORSink Spdelid el HANYGREAMOD

product .

15.  The method of claim 14, wherein the crystalline MCM-22 family molecular sieve has a
platelet aggregates morphology wherein greater than 50 wt% of the crystalline MCM-22

family molecular sieve has a crystal diameter greater than 1 pm as measured by the SEM.
16.  The method of claim 15, wherein the tetravalent element source is silicic acid.
17.  The method of claim 15, wherein the tetravalent element source is silica.

18.  The method of claim 17, further comprising a step of forming catalyst particulates by at
least one of spray drying, prilling, pelletizing, and/or extrusion.

19. A process for hydrocarbon conversion, comprising the step of:
(a) contacting a hydrocarbon feedstock with the crystalline molecular sieve recited in
any one of claims 1-7 or manufactured by the method in any one of claims 8-18,

under conversion conditions to form a conversion product.





