CHABAZI TE- CONTAI Nl NG MOLECULAR SIEVE, | TS SYNTHESIS AND ITS USE I N THE
CONVERSI ON OF OXYGENATES TO OLEFINS FI ELD OF | NVENTI ON [ 00011 This
invention relates to a novel chabazite-containing nolecular sieve, its
synthesis and its use in the conversion of oxygenates, particularly

met hanol, to olefins, particularly ethylene and propyl ene. BACKGROUND OF

| NVENTI ON [0002] The conversion of oxygenates to olefins (Cﬂ() is currently
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manner. Whereas steam cracking relies on non-selective thermal reactions of
naphtha range hydrocarbons at very high temperatures, OTO exploits catalytic and
niicro-architectural properties of acidic molecular sieves under milder temperature
conditions to produce high yields of ethylene and propylene from methanol.
[0003} Current understanding of the OTO reactions suggests a complex
( sequence in which three major steps can be identified: (1) an induction period
leading to the formation of an active carbon pool (alkyl-aromatics), (2) alkylation-
dealkylation reactions of these active intermediates leading to products, and (3) a
gradual build-up of condensed ring aromatics. OTO is therefore an inherently
transient chemical transformation in which the catalyst is in a continuous state of
change. The ability of the catalyst to maintain high olefin yields for prolonged
periods of time relies on a delicate balance between the relative rates at which the
above processes take place. The formation of coke-like molecules is of singular
importance because their accumulation interferes with the desired reaction

sequence in a number of ways. In particular, coke renders the carbon pool



identified as being useful for carrying out the OTO reactions. Crystalline
m croporous nmaterials are the preferred catal ysts today because they

si mul t aneously address the acidity and norphol ogi cal requirenents for the
reactions. Particularly preferred materials are eight-nmenbered ring

alum nosilicates, such as those having the chabazite and AEl franework
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al um na  control of the silica to alumina molar ratio is a key requirement for the use of

aluminosilicates in OTO reactions.  Nevertheless, aluminosilicate zeolites
continue to be explored for use in OTO and appear- to have yet undiscovered
potential.
[0005] Chabazite 1s a naturally occurring zeolite with the approximate
‘ formula CagAl;2Si2407,. Three synthetic forms of chabazite are described in
"Zeolite Molecular Sieves", by D. W. Breck, published in 1973 by John Wiley &
Sons, the complete disclosure of which is incorporated herein by specific
reference. The three synthetic forms reported by Breck are Zeolite "K-G",
described in J. Chem. Soc., p. 2822 (1956), Barrer et al; Zeolite D, described in
British Patent No. 868,846 (1961); and Zeolite R, described in U.S. Patent No.
3,030,181 (1962). Zeolite K-G zeolite has a silica:alumina mole ratio of 2.3:1 to
4.15:1, whereas zeolites D and R have silica:alumina mole ratios of 4.5:1 to 4.9:1
and 3.45:1 to 3.65:1, respectively.
[0006] U.S. Patent No. 4,544,538, incorporated herein by reference,
describes the synthesis of another synthetic form of chabazite, SSZ~13, using N-



nolar ratio of 8 to 50, but it is stated that higher nolar ratios can be
obtained by varying the, relative ratios of the reactants in the synthesis
m xture and/or by treating the zeolite with chelating agents or acids to
remove alum numfromthe zeolite |attice. However, attenpts to synthesize
SSZ-13 in 011- nedia at silica to alumna nolar ratios in excess of 100
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N, N, N-t ri met FYQab raP®4i2dmdspending An Hpar dksly angtely patipst prgsent.  Moreover,
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Struct ure of 1iRly & 1 &Rcesghabazite: the Si 2 Pol ynmorph with the Lowest
Framework Density", Chem = _Common. 1881 (1998).@&0009] More recently, an
al umi nosi | i BTN t h t HagrEARart ek s beey gend rBVPS gs@ of SSZcE &b aal uni na
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i ncorporated herein by reference. [0010] Ml ecul ar sieves of the AEl
f r amewor k- t ypeales HHFO3G stSep.nfongxamele, Yeshederl,, Zominbed., §famis, T. V.,

al um nophos p@flggos?ﬁ% S %ul.u:l ﬁgﬁ:lug,m;ﬁn,QPPO%@#@&E&W@@% "WMethanol to Hydrocarbon
Conversion for Isostructural Compositions of AFI and CHA Molecular Sieves”,
Microporous Materials 2, 105-117 (1994) and Dahl, 1. M., Mostad, H., Akporiaye,
D., and Wendelbo, R., "Structural and Chemical Influences on the MTOQO Reaction:
A Comparison of Chabazite and SAPO-34 as MTO Catalysts", Microporous and
Mesoporous Materials 29, 185-190 (1999).

! [0008] A sihica crystalline molecular sieve having the CHA framework

type has been hydrothermally synthesized using
N,N,N-trimethyladamantylammonium in hydroxide form as the structure-directing
agent at neé.rly neutral pH in the presence of fluoride. See Diaz-Cabanas, M-J,
Barrett, P. A., and Camblor, M.. A. "Synthesis and Structure of Pure SiO,
Chabazite: the SiO, Polymorph with the Lowest Framework Density”, Chem.
Commun. 1881 (1998),

[0009] More recently, an aluminosilicate with the CHA framework type
and having a silica to alumina molar ratio in excess of 100, such as from 150 to

2000, has been synthesized again in the presence of fluoride ions. See U.S. Patent



t he AEI

framewor k type have been synt hesi zed,

i ncl udi ng SAPO- 18, ALPO- 18

and RUW18. In addition, U S. Patent No. 5,958,370, incorporated herein by
ref erence, discloses an alum nosilicate zeolite having an AEl framework-type
and. a silica to alumna nolar ratio of 10 to 100. Alum nosilicates having a

silicato

with an AEI framework-type have so far not been reported. [0011]
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type, e.g., both AEI and CHA, are present. In addition, for certain molecular

sieves, the building units can exist in mirror image forms, which can result in
stacking faults where a sequence of building units of one mirror 1mage form
intersects a sequence of building units of the opposite mirror image form.

[0012] | U.S. Patent No. 6,334,994, incorporated herein by reference,
discloses a silicoaluminophosphate molecular sieve, referred to as RUW-19,
which is saicI to be an AEI/CHA mixed phase composition. In particular, RUW-
19 is reported as having peaks characteristic of both CHA and AEI framework
type molecular sieves, except that the broad feature centered at about 16.9 (26) in
RUW-19 replaces the pair of reflections centered at about 17.0 (26) in AEI
materials and RUW-19 does not have the reflections associated with CHA
materials centered at 26 values 0of 17.8 and 24.8.

{0013] U.S. Patent Application Publication No. 2002/0165089, published
November 7, 2002 and incorporated herein by reference, discloses a
silicoaluminophosphate molecular sieve comprising at least one intergrown phase

of molecular sieves having AEI and CHA framework types, wherein said

X-ray
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silicas, conprising CHA/ AEl intergrowths have so far not been reported.
SUWARY [ 00151 I n one aspect, the invention resides in a crystalline
material substantially free of franmework phosphorus and conprising a CHA
framework type nol ecular sieve with stacking faults or at |east one

i ntergrown phase of a CHA franework type nol ecul ar sieve and an AEl
framework type nol ecular sieve, wherein said material, in its calcined,

anhydr ous fo{d{&m ?tfa%m%' A HRYERBO MGt ﬁr@mmﬂbé\ft S@:Safd WD Ps

(n) X203: YO2 X1s a trivalent elenent, such as alum num boron,
i ron, indi umietanuined bygaIHFaXnanalﬁ/SISsu%IDg dhe pywilerX-ray dfnttonuattersoba| i con,
o about 0.5, convenlently

tin, titani um,and/or erma.H |sf %
from 0 to abttifingd samp! fa&sal éﬂﬁhﬂ}l@n‘fquﬂ,?p% BCYRISIEE- about 0.1, such as
from about OpRQ4y to abauipH8nfidree ﬁﬁ%ﬁﬂax@@é@nbmt by alififoSBtAédand

crystalline mat erial cont a| ns from about to about 100 ppm for exanple
f rom about 5s1hoasabcmpn5ﬁ°ﬂ§h§/Aﬁame@s0WTh®havembﬁat ngttbetwrepoged. 20 ppm by
wei ght of a halide, preferably fluoride. [0017] In a further aspect, the
invention resides in a crystalline material which conprises at |east a CHA

f ramewor k tyﬁmml ar sieve and which, inits as-synthesized form
contains in ntra-nol ecul ar structure a first directing agent for

directing th@03§ht hesi & aheaasPeirt, fhanswartiont ygselespine autmystalinevmatend] a
second direct for |rect esis.af a f.ranmewar k-t ype
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conprises a ¢yclic amne or anmoni um conpound. Mbre par riy, the first
di fecting agéH®A ﬁvanpwosie$y11e nmlelculacy%mlvecandrmmekﬁir frameworku tppe onpleculdr and t he

second directing conpri ses. a, rm i m ne. or anmoni um conpound.
Conveni ent | I€¥n & “E‘l ﬂl@%ﬂ%a atf ﬁ%c myam”éofﬁﬁﬁu TEMPPIYL g 5
tricyclic or,t& hiofard .amoni um conpound, such as at |east one of
an N-al kyl 1% qwr%qxf 3?350%{?&15%@ N, N-tri al kyl - exoam nonor bonane and an
adamant yl am ne or ammoni um conmpoundn)XDs: ‘é@a,rrpl e an N, N, N-trialkyl -

adamant yl anmpni um gQnpaun typically an N N N-trimethyl-|-
Samant J1 anTORATEHm LGBt Ren SHER Siibi o A R Ry 14, e, mdfor

gallium; Y is a tetravalent element such as silicon, tin, titanium and/or
germanium; and n is from 0 to about 0.5, conveniently from 0 to about 0.125, for
example from about 0.001 to about 0.1, such as from about 0.0017 to about 0.02.
[0016] Conveniently, the calcined crystalline material contams from about
1 to about 100 ppm, for example from about 5 to about 50 ppm, such as from
about 10 to about 20 ppm, by weight of a halide, preferably fluoride.

( [0017] In a further aspect, the invention resides in a crystalline material
which comprises at least a CHA framework type molecular sieve and which, in its
as-synthesized form, contains in its intra-molecular structure a first directing agent
for directing the synthesis of a CHA framework-type molecular sieve and a
second directing agent for directing the synthesis of a AEI framework-type
molecular sieve, said first and second directing agents being different.

[0018} In one embeodiment, each of the first and second directing agents
comprises a cyclic amine or ammonium compound. More particularly, the first
directing agent comprises a multi-cyclic amine or ammonium compound and the
second directing agent comprises 2 monocyclic amine or ammonium compound.

Conveniently, the multi-cyclic amine or ammonium compound comprises a



anmoni um conmpound conpri ses a substituted piperidine or piperidinium
conpound, for exanple a tetraal kyl pi peridi ni um conpound, typically an N, N-
di et hyl - 2, 6- di net hyl pi peri di ni um conpound. [0019] In yet a further aspect,
the.invention resides in a nethod of synthesizing a crystalline nateri al
conprising a CHA framework type nol ecul ar sieve and having a conposition

i nvol ving the nolar relationship: (n)X?03:Y02, wherein Xis a trivalent

el ement, Vpb§ele beleh@ValiRNmigk 8FBRincaNtn GompoliidBubh hoat RRPWhe @f2n the
met hod conprising: (a) preparing a reaction mxture capable of formng said
mat eri al , Naikyl-Irixinueldisolnprasi Mg NN alkykexfanyinorarbormanouragd ofan oxi de

f t et I | t Y d opti | ide ,of
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stacking faults ‘or at |east one intergrown phase of a CHA framework type
nol ecul ar slasestydammenivaEl conipamdwor konkepientipl dbel swoneiyslie; aming ©Ot)
recovering said crystalline materi al frgrp‘sbé. h)oogg% Conveni.‘?ntl , said
reaction rACRPORLTL| CURRYIE, CORDTSES, 4 SHRSIICG PRSFAEE. ObnPRFY 1fﬂj“r‘v{orrpound,
such as a bhHRRhESfd exdndpld QY tedgamomiRRinitn SRERAIMAT tyiQR31d RoRveni ently,
said reactiornn mxture also conpriseS a first directing  agént for directing
t he synt heletbyll,6alibethyipipensdinink: congeoundl ecul ar si eve and a second

di recting t for directi the s ?tg‘%sis of. a AEl, framework-t

e
mol ecul ar | e. [00%27¢CanHENER P i RVERURR 6 lfrg:‘etal?ogo%gorrpri ses
seed crys izihR% ESRAIETVRRELS CRAGprlh o CISA Wk 13 Mlegimst ruct ural
with sai dtsﬁl‘?lgsr%rgmé%g phgse.- I'n on enbggdi ment, the sefe;ﬁde crystals conprise
al cryst al Isieve amdthevingla comgpoisiignamvoleihg theHAplaOFdtatoonshiEy f r amewor k-t ype.

10023] In still a further aspect,@bge i_?&enti on resides in a process for

producing ol efins conprising the %53 . é’pnt acting an organi c oxygenate

conpound Mf—:fi %xg%ﬁaﬂrsl_eﬁpem&{eﬁtmis_cgrff&aw Rie eﬂgﬁé#xt%&%ﬁ'ﬁ‘o‘th E@TPrising a

porous crystalline material substantially free o r amewor kK phosphorus and
about 0.5, the method comprising:

(a)  preparing a reaction mixture capable of forming said material, said
mixture comprising a source of water, a source of an oxide of a tetravalent
element Y, and optionally a source of an oxide of a trivalent element X;

(b)  maintaining said reaction mixture under conditions sufficient to
form crystals of said crystalline material comprising stacking faults or at least one
intergrown phase of a CHA framework type molecular sieve and an AEI
framework type molecular sieve; and

{ {(¢)  recovering said crystailine material from (b).
[0020] Conveniently, said reaction mixture also comprises a halide or a
halide-containing compound, such as a fluoride or a fluoride-containing
compound. |
[0021] Conveniently, said reaction mixture also comprises a first directing |
agent for directing the synthesis of a CHA framework-type molecular sieve and a
secoﬁd directing agent for directing the synthesis of a AEI framework-type
molecular sieve.
[0022] Conveniently, said reaction mixture also comprises seed crystals.

The seed crystals can be homostructural or heterostructural with said intergrown



conprising at | east one intergrown phase of a CHA framework type and an AEI
framework type. [00241 It is to be understood that the term"in its

cal ci ned, anhydrous fornm is used herein to refer to a material which has
been heated in air at a tenperature in excess of 400C for 0.1 to 10 hours
wi thout allowng the material to rehydrate. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 00251 Figures la and | b are DI FFaX_ sinmulated diffraction patterns
for intergrohrseCHM ABE apbddimeniiths ssechaiSy gemyrisey 2 GHipstalline moatedal. [ 00261

Figure 2 is the X-r i Lfr i tter sthe cal ci ned product of
Exanpl e 1. [36‘2?53&%@#?@@%%‘%@2#%&6& 't of the X-ray diffraction
pattern of ﬁim;e 2 withhihe fkhEaXsfeciiuthatigtentioacRsiabd ah efraassst fig sum of

56% of phase” (a), a randomintergrown AElI/CHA phase having an AEI/CHA ratio
of 15/ 85, angrodadiigoplefinaseoripr)sing thengdem afnc@rtaptiogn 2REQERINC phyggenidigvi ng an

AEI/CHA ratio of réglz . The ww%i ht ed .aver age AEI ltgHA rtalfyi o for.exanple 1 is
cal cul at ed . SURAAYISUAGES Py genaTe SoRasipY CRitRene VI ot cr R SRR ) on
el ectron m C{é&%_@paygﬁume hgnaRbRAUGhsiitidiye 7bd 33 Fupiehest SpiRbplerdime 2.

[00291 Figure 5 i1s a high resolution transm ssion el ectron m crograph of

t he product ofmgEnsinglakbledst ariseintangrowni phase FbaGibA fMamavedrriypeoind fre Alilgh

resol ution I:Ir ansm,ssi on el ectron m crograph. [00301 Figure 6 is a
bright-fiel dTPPEKEH §8Fon el ectron nicrograph of the product of Conparative
Exanpl e 5. 7;do§@f51] Fi gUfseto’ bé Uinfefdodthaf HR @rhranS sAkiABd, CARGHIRSE

m crograph of the natural chabazite of Conparative Exanple 6. [0032] Figure
8 i s the X-rfoymdiiffusad theomn patreter o of maktariat avloeindds peedbestedfin aixampl e 7.

0] 0 el S SRS PR (T E S S BRaTEe2

present inveptipmriel ates to a novel crystalline material that is

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Figures 1a and 1b are DIFFaX sumulated diffraction patterns for
intergrown CHA/AEI zeolite phases having varying CHA/AEI ratios. |
[0026] Figure 2 is the X-ray diffraction pattem of the calcined product of
Example 1.

[0027]} Figure 3 is an overlay of part of the X-ray diffraction pattern of

Figure 2 with the DIFFaX sumulated trace obtained as the sum of 56% of phase

(a), a random intergrown AEV/CHA phase having an AEI/CHA ratio of 15/85, and
( 44% of phase (b), a random intergrown AEI/CHA phase having an AEI/CHA

ratio of 75/25. The weighted average AEI/CHA ratio for example 1 is calculated

as 41/50.

[0028] Figure 4 is a high resolution transmission electron micrograph of

the product of the 175°C synthesis of Example 2.

[0029] Figure 5 is a high resolution transmission electron micrograph of

the product of Example 3. The inset is a Fourier Transform of the high resolution

transmission electron micrograph.

[0030} Figure 6 is a bright-field iransmission electron micrograph of the

product of Comparative Example 5.



substantially free of framework phosphorus and that conprises a CHA
framework type nol ecular sieve with stacking faults or at | east one

i ntergrown phase of a CHA framework type nol ecul ar sieve and an AEl.
framewor k type nol ecular sieve. The invention also relates to the synthesis
of this novel crystalline material in a halide, and particularly a
fluoride, nmediumand to use of the material, such as in a process for the
conver si offo@$1joxy gensigase 7ﬁ§rat11rrgm-&eldytrmhﬁ@mi ele&@olphﬁrfﬂoéﬁlﬁh dgiah¢i cul arly
et hyl ene and prop%lene 0035] Intercromn nol ecul ar si eve phases are
dlsorderedmﬁnéh&ﬂ agiter e (BRArpivedix @Eﬂ%@ular si eve franemorks Reference is

di ted t " Editi
oubl 1 shed B HIhe ot FRufs & B PLERHEyOR Rk b SR proEP By ' 1 O
Associ at i mamlmlg o the "Collection of Sinmul at ed XRD Powder Patterns for

Zeolites", M J. Treacy and J. B. Higgins, 2001 Edition, published on
behal f of (er"]St r uct Kigarecd iark ighoreselution fansmission al¢canon) mzseaarle ofs soci at i on

for a det pl on intergrowmn nol ecul ar sieve phases. [0036]
Regul ar c%?/es?rgfiﬁ? noéaﬁrg]%ﬁp%g?'are built fromstructurally invariant building
units, called Periodic Building Units, and are periodically ordered in

t hr ee di nensi ons. Struct ural I di sordered struct ures show periodi c ordering
in dinmendiahs s OF BHE EMBODIMENTS zero di nensions. This

phenonmeno cal 0 f ctu nt_Periodic
Bui | di ng E%’jﬁi e@[ aér%%ep’} ngeﬁ'é';o feg I’i% afﬁ%vrﬁlf ag{dl?élm@%nl%&k %6 Wnits are
cal | ed endohreidRlly ﬁ&ierdfCﬁM@&arth@@hbﬁﬁlaﬁd@m% V\Eﬁséssa e gumdwbrk al | three
di mensi ons. Disordered 8 structures are those ere the stacking sequence

of( the Pet)rp@dinelesuiar giavg With ﬁ@Cklaé\fﬂ‘dtSe@T aty lsastpanei m@hrgroamphamgvfuqo to
statistic % sgquences gf[0037] g?‘: se of . requl ar, AL? and CHA

f ramewor k %?Vé ll.fl rg?gg/%l SFhe aﬁgﬁno (! ‘TV&?rﬁg iPOPEH qoubl e si x
ring | ayekievd NERE irdleBtibNvalsh YelBks t®thel spBESs ofthidAsvel ersta\lﬁlieclﬂa@flﬁl

t opol ogi cal Ig%ll dentical except "b" is the mrror inmage of "a". Wen |ayers

of the saimeahalpyis, m@mmadmﬂ)o@ﬂwn@mmednm aret to use ef themmcms mbbbbbbb,

the f k t [ I "a | t t ie,
abababab, S (REY SHENER CoPYREoR oasEMEr dedaot bt ‘aplsfEba mol oeul ar
si eves coppfib®ary etydde 1éfeamewor k type sequences and regions of AEl

framewor k' t ype sequences. Each change froma CHA to an
' {0035] - Intergrown molecular sieve phases are disordered planar

intergrowths of molecular sieve frameworks. Reference is directed to the
"Catalog of Disordered Zeolite Structures”, 2000 Edition, published by the
Structure Commission of the International Zeolite Association and to the
"Collection of Simulated XRD Powder Patterns for Zeolites", M. M. J. Treacy and
( J. B. Higgins, 2001 Edition, published on behalf of the Structure Commission of
the Intemational Zeolite Association for a detailed explanation on intergrown
molecular sieve phases.
[0036] Regular crystalline solids are built from structurally invariant
buildiﬁg units, called Periodic Building Units, and are periodically ordered in
three dimensions. Structurally disordered structures show periodic ordering in
dimensions less than three, i.e. in two, one or zero dimensions. This phenomenon
is called stacking disorder of structurally invariant Periodic Building Units.
Crystal structures built from Periodic Building Units are called end-member

structures if periodic ordering is achieved in all three dimensions. Disordered



AEl framework type sequence results in a stacking fault. In addition,
stacking faults can occur in a pure CHA phase material when a sequence of
one mnor inmage layers intersects a sequence of the opposite mrror inmage

| ayers, such as for exanple in aaaaaabbbbbbb. [0038] Analysis of intergrown
nol ecul ar sieves, such as AEI/CHA intergrowhs, can be effected by X-ray
diffraction and in particul ar by conparing the observed patterns with

cal cul ated pat h,ﬁ&%ﬁgene at e&'rhéi"é'tf‘@ % asedﬂﬂﬁgsﬁhﬁgf et s of

st acki ng di sor a corrp mat 1 cal

nmodel for cal Qi&bﬁtdsr@omip*eﬁaéﬂctormgmpm @tatyﬂtcal sacﬁ@ig giqnéemgs.pl anar  faults
(see M M J. Tracey et al., Proceeding AB{D t he. Royal Chem cal Society,
.London, A [1949¢3 "ol . 4@3thep<i§*53 29 gegylay) Pﬁ‘iké;Hf\sff@H%W%ﬁl\niYPétm%‘ﬁmg?rogram

lected b I t
il ate ) he B ahaar ok PR AT L B S Rl TR AE AP s

.(see " Col | ectoif Qﬁye@ﬁ " aRd albe&fm@DarEamplrﬂbglE’@ﬂ}t efenticdl axcefrobl iedie yrdd M J.
Treacy and J. B. H ggins, 2001, Fourth Edition, published on behalf of the
Structure COWS%Pénaof When Iavewsrofalbe sAmE 7RO Stack oRstoBfaeneotiothert 1eias al so

been used to 35%%%15 ﬁ%ﬂ%bﬁtMQ% %Elg%%aﬁe &{atéﬁ‘El psd..JﬁFl as

reported by K erud et al s in ace CI en e and

Cat al ysis", 1984:bVakern®4, Iepababamsﬂéfﬁhme{»ﬁﬁm}pecwy Eseg:‘enleﬁte’ﬂndn{ebgﬁhzgw t he
sinmulated diffraction patterns cal cul ated by DI FFaX for single intergrown
zeol i te phas es\E{é@Hﬁgmlﬁcm@wemE}oywe regionssof &Hésﬁarpawetlcr fiYge fequences

cal cul at ed usi n the f v bel Wt ch pattern
bei ng nor nal i ?3 r?%m:& P#& earr{ev&% }éégofsgglne%cg FI rheChs Qﬁron%l %
patterns, i.eAHRIhRaReRkrkat @b.:@d}llen&a estRg i € StatRirfgOfautt henO4dHbn, éﬁlckﬁﬁA

pattern. Normal i zation of intensi values allows the intensity of an X- ray
di ffracti on pé&ultsaangocsar traamumcxb%/ﬂ phasegngferigloyrpen edcheantead aefmarant

Compr | ses.an’ IHEIRRFBIR BT & et kiR SRR Brerdisnl RS kR o aEr

f ramewor k ty@,@m@b@@u&@ﬁa}ﬁjbam the materi al can possess a w dely varying
AElI /CHA ratio of fromabout 99:1 to about 1:99, such as from about 98:2 to
about 2:98, fHI038kanpl e Amalysif bointergm™s meplecls. sigyesnaudntss dAFMEHA wher e

the material 117§ex'gr0v&lr3 s usazel%eaeffected by X-ray diffraction and in particular by comparing

the observed patterns with calculated patterns generated using algorithms to

simulate the effects of stacking disorder. DIFFaX is a computer program based on

a mathematical model for calculating intensities from crystals containing planar

faults (see M. M. J. Tracey et al., Proceedings of the Royal Chemical Society,

London, A [1991], Vol. 433, pp. 499-520). DIFFaX 1s the simulation program

{ selected by and available from the International Zeolite Association to simulate

the XRD powder patterns for randomly intergrown phases of zeolites (see

"Collection of Simulated XRD Powder Patterns for Zeolites" by M. M. J. Treacy

and J. B. Higgins, 2001, Fourth Edition, published on behalf of the Structure

Commission of the International Zeolite Association). It has also been used to

theoretically study intergrown phases of AEI, CHA and KFI, as reported by K. P.

Lillerud et al. in "Studies in Surface Science and Catalysis", 1994, Vol. 84, pp.
543-550.

[0039] Figures la and 1b show the simulated diffraction patterns

calculated by DIFFaX for single intergrown zeolite phases having various

AEI/CHA ratios. These patterns were calculated using the input file given in



catalyst in the conversion of oxygenates to olefins, the intergrowh is
preferably CHA-rich and has AEUCHA rati o ranging fromabout 5:95 to about
30:70. In addition, in some cases the intergrown material of the invention
may -conpri se a plurallty of intergrown phases each having a different
AEI/CHA ratio. The relative anmounts of AEl and CHA framework-type materials
inthe intergrowmh of the invention can be determ ned by a variety of known

t echni quesrabRCh UsHleW, whithaeehi fﬁkﬁﬂb@hgmmlm%om@qaghﬁ%m afdhdl FFaX
anal ysi s, using the powder -ray diffraction Eattern of a cal ci ned sanpl e

of the moleatite 3¢ of ﬁl@véate@ pataps, Wﬁfeﬂ@ neRk abaBoyt 816 dageeaseddor te B10Q he

|nvent|on ag=A%e) r..sik.eve.but h stacking
faults, rEIEJl{eU\fsﬁcenﬁf ?Weafé% I%WOELI?teE]XIB?aﬂﬁ%SSEﬁ%a tP gag[elfl tyboé” agfe“{{erm ned by
transm SSIerI deffieti 6l ek Cdt 05 GoRYin 24 vaiug ﬁoowa:oamafeact)men tdigreat acki ng
faults may not be present in every crystal of the CHA material but

generallydwﬁmaptl@tapmnt |n at least 5% such as at |east 10% of the

t al 42] | d d th tall
Ll in ORE2) N e Biel PRI B O Shd bR e " o
rel ati onsmitBigrovh) a@QQ:mQZﬁrmﬁs@m' t?panh@eauﬁzr sivel & agl SFEeRhmeRUAN as

al um num boron iron, indium and gallium typically alumnum Y is a
t et r aval etypeshelgeier sisvgs theamaterip] eaprpossasna widely aaiyimg /CdiAg@rqmﬁn um

typlcally S|I|con om0 to ab ut con nt | omOto

about 0. 158m ghgut 8223’8 go?tsld%?’as%lb?s aggh?b%lt%edyi X’ﬁlge‘from about
0. 0017 t0%9955011@9@3'(0%959Iﬂoﬂ@-'eir%dﬁl%ﬂt%ﬁére%&ﬁﬁ%ﬂijstoths hRd dbeen used
in the synthesis of the material, the calcined formof the material of the

present i naxeltysn iorthe sonversien| gf dwaer@msotocqinﬁraﬁ, ﬁihet mercmbusnpsefenaybu cally from

P om aboul FRAES HJHE SBVGHr T VoepRLOr BRE. Au Bcopt 892Paby 11 uori de.

(0043] | naaalﬁo@%%sﬁlteft%szm ihRFgFdwh m@atsﬁmsifahé iRnfigy ﬁraszadon%sé he present
i nvention typical 'y has a conposition involving the nolai relationship:

(n) X203: YaRrality RE( sueFgrows Ghasel ezagh rhaxingya adifferentirAEldSHde tatioed The t he _
D ecect 19, Rat A% SR L5y ghe L BRG b A8 e S S5 BRTBP 00,0 0L
ranges frgm abaiionOcan b @RGHlindDBy £4aReSof kAN techniques including

transmission electron microscopy (TEM) and DIFFaX analysis, using the powder

X-ray diffraction pattern of a calcined sample of the molecular sieve.

[0041] Where the crystalline material of the invention comprises a CHA

framework @pe molecular sieve but with stacking faults, the presence of these

stacking faults can readily be determined by transmission electron microscopy. It
( is to be appreciated that stacking faults may not be present in every crystal of the

CHA material but generally will be present in at least 5%, such as at least 10%, of

the crystals.

[0042] In its calcined and anhydrous form, the crystalline material of the

present invention has a composition involving the molar relationship:

(1)X;03:YO,,

wherein X is a trivalent element, such as aluminum, boron, iron, indium, and/or

gallium, typically aluminum; Y is a tetravalent element, such as silicon, tin,

titanium and/or germanium, typically silicon; and n is from 0 to about 0.5,

conveniently from 0 to about 0.125, for exampie from about 0.001 to about 0.1,

such as from about 0.0017 to about 0.02. Where a halide-containing compound
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( about 2 to about 20 and x ranges from about O to about 2, such as from
about 0.01 Jo about 1. The R and F conponents, which are associated with
the material as a result of their presence during crystallization, can be
at least partly renmoved by post-crystallization nmethods hereinafter nore
particularly described. Typically, in its as-synthesized form the
intergromh of the present invention contains only low |evels of alkali
met al , geneihas bgersused ih izt syntteessefitiamateralp tet cabfinahfprpotf dlesiheterialadfd sodi um
is less than 50% of the X203 on | ar basis. For this reaso fter
removal of @hfePTSF“Ef&rfP&erﬂiqﬂééﬁoﬁﬁgQ’ggWPd (RFONETe T3t FRPUS: dgﬂ%aﬂré'l E?/mexhi bits
catal ytic aghhif Yo Whblorfo gorR! Rl iehdigleYirdi ubBUCHAN B APphiA, HRADKE al Kal |
nmetal cati gtr’légﬁ ]{0%\4%%? As \/\f‘ftﬁ’ g)gedi sggssed bel ow, th% Ieagl%1 one organic
di recting agent abquR)l 0tty pbawt|20yppeg bpwesgls ofithe lmhide, maferdbily Storaiegani ¢
directing agent for directing the. synthesis of CHA fr rk-type
material an®48l| east BAS & SEEG AP tiﬂiquésé‘ilﬁﬂegn};?é%?ﬁ\gﬁe errsé@ti ng the
synthesis o ; ; L Ko hbRSHIRERb I e thktnolhSrel ¥Ag;4-hat  t hese
directing agnéﬁﬁéég#ﬁléay i cal Il&)?h%set a{i n{éﬁ }ntgaclt trr|1(?1%uts??ea@l| nt rl% nmol ecul ar
structure of the nolecul ar si@Y&GRroduoh)R:G8pedtitng on the conposition of
the directing agents it will noynal ossible to determne the relative
amount's of W%éfet‘ﬂ P‘Fé{’éﬂ@ lldffrP&t#@ﬁﬁ%ééﬁ%ﬂ?@@&%%ﬁﬁﬂ& 1%@-@9‘?&‘31’?8& zed
mol ecul ar  sj - j j 961 gk gnaRgl e
k/%g&fb&r&ﬂggxgerggggg}ﬂrﬁggﬁ GHfRecSHER ARl 361 W ahdBoLknalol

spi nning) N hus, I ment, ere the Tirst organic
di recting agent abcutdnl i hbdutt I,i 2mehhsd FbmaatannbtSy teatbom 100 swwhmediom ( TMVAA)

and the second grganic directing agent is an N,N-diethyl-2, 6- 11

di fret hyl pi p&qua?ﬁpam@&%wdarﬂ@mﬁp}xw foEatigBt gmc iat fopabeat 0.01
correspondi h ek i el i : : m r ange
o ther 1acreth, efshgelgtg%gqCO\&R}%%%R%%SHEF?%%%‘?&@ﬁpgﬁ]&?ﬁrﬁga%c MAS NVR
spect r um of rekiiie o Midr priehersce diyrinyeagstallingtidnh eap dakat Hedsy pauslyirembhed Byt o 20 ppm
range of the 13C MAS NVWR spectrum, the relative anmounts of TMAA and DEDWVP
in the as- s@?ﬂﬁ@@?éh@“ﬁﬁﬁ%&h‘é‘ﬁs qu@raarepﬁﬁtwea.rlde%éqr&eabﬂ‘yPICfi% ol ar

amount of di [ i F et RvaAn; ' ,al to the
fotal ol o SepEfeklzpd (HAE The WEORIAIR of I e A nEUAR Itk IRY RV
as- synt hesi zegls offatlatiimttal, gehatle suchGhit thadofbied[Diim} o anyt pretassikingnt
desired and dependi ng, on t he X2C113/ YQ2 nolar ratio | i
and sodium 1S less than 50% of the X;05 on a molar basis. For this reason, after
removal of the organic directing agent (R), the. material generally exhibits

catalytic activity without a preliminary ion-exchange step to remove alkali metal

cations.
[0044] As will be discussed below, the least one organic directing agent
{ (R) typically comprises at least one first organic directing agent for directing the

synthesis of a CHA framework-type material and at least one second organic
directing agent for directing the synthesis of an AEI framework-type material. It
is found that these directing agents are typically retained intact in the intra-
molecular structure of the molecular sieve product. Depending on the
composition of the directing agents it will normally possible to determine the
relative amounts of the different directing agents retained in the as-synthesized
molecular sieve by analytical techniques, such as C MAS (magic-angle
spinning) NMR. Thus, in a preferred embodiment, where the first organic
directing agent is an N,N,N-trimethyl-1-adamantylammonium compound
(TMAA) and the second organic directing agent is an N,N-diethyl-2,6-
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of the material, any cations in the as-synthesized intergromh can be
replaced in accordance with techniques well known in the art, at least in
part, by ion exchange wth other cations. Preferred replacing cations

i ncl.ude netal ions, hydrogen ions, hydrogen precursor, &.g., amoniumions,
and m xtures thereof. Particularly preferred cations are those which tailor
the catalytic activity for certain hydrocarbon conversion reactions. These
i ncl ude hy(gﬁ@qg)}%- S Rar |Sﬁ}j§£ﬂ§1\@ljl%t S unsS,ihitA pdakkk A, 1 VA,
VA, 1B, 11B, 1T 1pEﬁV§/i%n§1?/ch&n E, VIIB and ’\/Itﬂ3 I?)]%D?%ie) %g?%lggg\i%a'krgbl e of the
El enent s. dob@4mindingetd the & pudeitin thef CHl saieties i e ta20 pyempargssefdbe f rom a

reaction 1L U, taining a,source of water .SOUr ge., Qf jde of the
tetraval ent YPeg oW&}‘ﬁyP%?Eﬁ&Er agt B“res?iﬁ IB%H%Ie Q)Mﬁm val ent
el ement  XgnabnlBFhOTRMAR 9, %y%éa%ﬁimgmeq&%mt11eigh&%n%§@rtb bedphe! ow. and

typicall y’sg hal'ide or a halide- Containinhg conpound, such as a fluoride or a
fiuori de- camgeaiofithg '¢6ndduth NMBasmectmmadhe oelativ tamoentsavf TVAAcemposi ti on,

e ul Ty BV i Bievepyainesiis Batest il iyt B0y BEOOR (o |
R YR 0. 0Lpfne O?Ahltdﬁektmw Yétkinfd 'iIPtl‘P-a'é-sgnﬁleiQedl?‘ta@%ila[ fPdélotiper e the

tetraval ent elenent Y is silfcon, suitable sources o 1 con I nclude
si | i cat es malay amouet piadHyindoCHAo dlirettireg egent frevapetd sinl the aas-synttlasiasd  Aer osi |

(avail able fro Dg ussab, %B%P_gqueous col | oi dal suspensions of silica, for
exanmpl e t FAACRYIY %V'GET.‘ .1 nt de Nenours under the tradename Ludox.

Were the iayal ent ROk L.S-a U S 0 m num

i ncl ude A?%dnil\i num saﬁ S, es%%(((:i:c%r y%%?h%@?ﬁbﬁgé gé@f@@?ﬁ‘é’ﬁ“ gddél um num
nitrate, a$thehlaterad dnydradbedimthendsreynthesizet: mtergttovth agan heealeplatal and
pseudoboel unite. Where the haljde is fluoride, suitable sources of fluoride

i ncl ude hyeRBeRITerTibterapauet YHbRAT™ Hhe 2Beilenst SorAre 8Y i e%ahaRes de such as
o L) ool A P alls Bk b g a0 agen
herei n cohyémigemtorycurse,Tp/gl, seamanivnx iorse anfl miphres ahéreyf. ofPaidulatyent or ganic
direct] ngplz% ggéds'cations are those which tailor the catalytic activity for certain

hydrocarbon conversion reactions. These include hydrogen, rare earth metals and

metals of Groups ITA, IIIA, IVA, VA, IB, IIB, IIIB, IVB, VB, VIB, VIIB and VIII

of the Periodic Table of the Elements.

[0046] The intergrowth of the invention can be prepared from a reaction

mixture containing a source of water, a source of an oxide of the tetravalent

element Y, optionally a source of an oxide of the trivalent element X, at least one
( organic directing agent I as described below, and typically a halide or a halide-

containing compound, such as a fluoride or a fluoride-containing compound, said

reaction mixture having a composition, in terms of mole ratios of oxides, within

the following ranges:

Reactants Useful Typical
H,0/YO, 0.1t0 20 2to 10
Halide/Y O, Oto2 0.01tol
R/YO, 001to2 0.1to1l
X204/YO, 0to 0.5 Oto 0.1
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Preferably, the m xture conprises at |east one first organic directing agent
for directing the synthesis of a CHA franework-type nmaterial and at | east
one second organic directing agent for directing the synthesis of an AEl
framework-type material. [00491 Suitable first organic directing agents for
directing the synthesis of a CHA framework-type materlal i ncl ude

N, N, N-tri net hyl -1 -adanmant ammoni um conpounds,
N, N, N-tri met hydgaZy adanar\xzﬁéwmﬁ@lta%@wmwaﬂﬁﬁ W, i) dicon, suitable sources of
trimethylcycl ohexyl ammoni um conmpounds, N, N-di net hyl - 3, 3-

di met hyl pi per siticon uimclndepsilicates, d\gN-tmaHSMI eQrthisilBates,dfmmeet IniHicpi Seehi disi uum

conpounds, NN-di net eri di;nium co
. pem)anet hy! - 65555 %X‘H}%lffgﬁ éﬁ%“‘g aé,cetngna@ g H@FSLNPW“ODS o stlica, for
di met hyl cycl O&eafaéﬁs@%%soia% He ctu PoANde tNém&MG'dnﬁeP |\9f o RESRaRRNL iU, NY

organi c conpoun cited in (1) Zeolites and Rel ated croporous Material s:
. State of the Where fiRdiyalShtalementf isSuwhapem, Seitahle sowroat (TahahipsinsincMde. 84, p

29-36; in (2) No el I\%‘erlal n Het rogenegu t al SIS (ed. Terr . Baker
& Larry L. MAPBPRYm sa a’r’ﬁP%ﬁlab’WEtfﬁsomg‘g Saﬁﬁ ug; %auﬂﬁn‘(rs)m@at%&% ¢
sSoc. , 2000, gszl%d}algé%h%zlﬁumadﬁd#ludhrhs%oaunﬁetaﬁ@bs Ebo{f‘mﬁé‘l \@%grealﬁg

6, 709 644. Suitabl e conpounds incfude hydroxides an such as
hal i des, es pelmla]elay ﬂcuhhdnf |sdﬂd)1amihrf:¢smfrﬁmb®sle uhﬂﬁcffdiydfmgehdhioelds,edmodgbr gani c
dlrectlng agents f or dlrectl? t hesi nAEI rk-type
material i nclBQE RENEHFWMIGHS O] %‘18” \f ag?ag‘éf‘ eiﬁn‘%gHﬂg@ﬁ]% %xt ure
or either of t‘h@% %dn?é&ﬁ'& a 333?%%%“ di net hyl - 2 6- di et hyl pi perdniium
conmpounds (mXxture or eit § cl s trans |sorrers) and the directing
agent s cited 048] Am CThentlcasboae prgaffd0iretddg agen? B3us2d BerdiitcddvEnientPat ent

. 5,958, 370.. Suitabl e compounds inc]ude hydroxi des and salts, such as
hal i des, espé&nﬁ}'ﬂ%‘?’s ch| BNtEEs OAnd PINIANLY dels . ffgegl]”@#ﬁ/éiﬂeém‘g yageElF’Fe mol ar
ratio of the r r ecting
hgent in tho eiihigy SRNhpele Gihii BB b ST aREP ULkl 2T TS
about 0.02 t ofisdedtp tidsynftesisefarGiig fampswahavihe Makdal md Abeidt ord3secondth as
from about 0.03 to about 3, for exanple fromabqut 0.05_to about O0.3.
(0052] |n onerewyediifsieg agpe Br glircingithe sYnthgsiagérin ABApFamBeROTE-tyRE xt ur e
of cyclic am NESLHar ammoni um conpounds, particularly a m xture where

[0049] Suitable first organic directing agents for directing the synthesis of
a CHA framework-type material include N,N,N-trimethyl-1-adamantammonium
compounds,  N,N,N-trimethyl-2-adamantammonium  compounds, N,N,N-
trimethylcyclohexylammonium compounds, N,N-dimethyl-3,3-
dimethylpiperidinium compounds, N,N-methylethyl-3,3-dimethylpiperidinium
( compounds,  N,N-dimethyl-2-methylpiperidinium  compounds, 1,3,3,6,6-
pentamethyl-6-azonio-bicyclo(3.2.1)octane compounds, N,N-
dimethylcyclohexylamine, and the bi- and trni-cyclic nitrogen containing organic
compounds cited in (1) Zeolites and Related Microporous Materials: State of the
Art 1994, Studies of Surface Science and Catalysis, Vol. 84, p 29-36; in (2} Novel
Materials in Hetrogeneous Catalysis (ed. Terry K. Baker & Larry L. Murrell),
Chapter 2, pl4 - 24, May 1990, in (3) J. Am. Chem. Soc., 2000, 122, p 263-273
and (4) in U.S. Patent Nos. 4,544,538 and 6,709,644. Suitable compounds include
hydroxides and salts, such as halides, especially chlorides and fluorides.
{0050] Suitable second organic directing agents for directing the synthesis
of an AEI framework-type material include N,N-diethyl-2,6-dimethylpiperdinium
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one conponent is a nmulti-cyclic amne or amoni um conpound and nore
particularly a m xture where one conponent is a multi-cyclic am ne or

anmoni um conpound and anot her conmponent is a nonocyclic am ne or anmoni um
conmpound. Conveniently, the nonocyclic am ne or ammoni um conpound conpri ses
a substituted piperidine or piperidiniumconpound, for exanple a

t et raal kyl pi peri di ni um conpound, typically an N, N-di et hyl -2, 6-

di met hy| pi genpalinds U (fnB@iRe0 o tsithGo i ethiee i ityans t 3emets)t N, KNydilethydditae or
amoni um conpound, conpri ses a tetracyclic am ne_or ammoni um conpound, such
as an adan@fiSMUpIPsEdiBiuT, eRIPQURYS CHRIYE 98 cither ofths iy ansrisamaysiand

trialkyl -1 I I (o] ya0]e} ; i Y1 3N L Dot L aetdyl -1 -
adamant yl a%%%ggp&ggﬁgw%%s gjﬂtgighgxﬁij??bé’c%/%’ P?dgﬁ%egﬂldrs@i%ed herein

t 0 i ncl udeparetttNio.c3,05 8,870 OrRaitaibld Sompoints dhclbdehMrakder hsd eifseduthlast o t he
rings. Suitable ammoni um conpounds i ncl ude hydroxi des and salts, such as
hal i des, kelidssicapeqjalbnelipridrsend fluoBags- Conveniently, the reaction m xture

has a pH out 4 . - about. exanpl e
about 6 tgfogggut 8. F@f}%%]%@y;é{eaﬁl?ﬁ%“??ﬁ%%ﬁ} tg)r%agl%cr‘igé%E%ét% g% tQ{éi t her
static or thbisedoRd organmdidifertifg aferd is tid Rbbteon faciuey isVviesis elbousioh tas for
exanpl e, pol ypr&ﬁ)yl ene jars or Teflon-lined or stainless steel autoclaves,

at a tenpeabaiti}@0,qgluch 98 dtors gputd. Ghvutbouspddor sitemplsiramabout 888 o about
185C, for t] fickent .f 4 C | 1 i L,. r.mati on of
the crystal PJhg? ’p%% u%:st h'gtgxnat{oﬁgﬂénty %’?&eg’ k#%‘?n*aﬁ{oiﬁ%%ngégﬁﬁ“n% %stoupI to as

much as 2 jwagks®3. such as from about 45 mnutes to about 240 hours, for

exanpl e fromabout 1.0 to about 120 hours. The duration depends on the
t eper at urf@08Hp| oyedln wing hembediment, cihp eorgamic e diresiigc 4240} comppisesi g shorter

hydrothermal .treatments. .[0055] Synthesis of.the new, nterqgrowt.h may be
G111 t ot CUPHNFe GhETE e SiiS o drmtfiima agppgiids, B PGy LEaE k™ o pom
for exanplgeaorhfstidnt 190 RRMM-cyERN \GeTthe Rk | ¥non @@ Sdonffdln® PaRdOmoseed
crystal s based on total weight of the reaction mxture. The seed crystals

can be homsgioulashig Blixture Wherh ene egmpeneant se mplit-eydliglamne ehanmpawiant

i nvention, far e&a&g{se tp}e pr oduct tof.sa preI\I/iCOléF s%ﬁtngesi S Qr. can be a
het er ost r FETHPEPC ¢ 5P eﬁecmoélrﬁpall,_asdgﬂ Wetdh RE EWF—‘%%A or ERI
f r amewor K-copipguii®! € CondénishtBy ethe CRIOMSIVcRO dnfinet BE HROGLIER @bmBbudd an -

comprises a substituted piperidine or piperidinium compound, for example a

tetraalkylpiperidinium compound, typically an N;N-diethyl-2,6-
dimethylpiperidinium compound.  Conveniently, the multi-cyclic amine or
ammoniun compound comprises a tetracyclic amine or ammonium compound,
such as an adamantylamine or ammonium compound, for example an N,N,N-
( trialkyl-1-adamantylammoenium compound; typically an N,N,N-trimethyl-1-
7 adamantylammonium compound. Thus the term multi-cyclic amine is used herein
to include multi-cyclic corﬁpounds in which the N atom is external to the rings.
Suitable ammonium compounds include hydroxides and salts, such as halides,
especially chlorides.
[0053] Conveniently, the reaction mixture has a pH of about 4 to about 14,
such as about 4 to about 10, for example about 6 to about 8.
[0054} Crystallization can be carried out at either static or stirred
conditions in a suitable reactor vessel, such as for example, polypropylene jars or
Teflon®-lined or stainless steel autoclaves, at a temperature of about 50°C to about
300°C, such as about 135°C to about 185°C, for a time sufficient for
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AEl -type nol ecul ar sieve, and particularly an AEl-type alum nosilicate. The
seeds may be added to the reaction m xture as a colloidal suspension in a
liquid medium such as water. The production of colloidal seed suspensions
and their wuse in the synthesis of nolecular sieves are disclosed in, for
exanpl e, International Publication Nos. WO 00/06493 and WO 00/ 06494
publ i shed on February 10, 2000 and i ncorporated herein by reference. [0056]

Typically, th L : . " coY !
%l'}%f;%lg%aglo B B0 dttfrnatidn oP H@%V%tglhﬁelp_%d&{‘ cﬂpﬁkgradg??/gﬁr-e o

recovered by st’an means, such as by cen ugati on or _
separ at ed pr oduwot aroand 3D suinies wpsh esinuele el weelds, Bychcasrrom hbigutt4 Sominytes

filtrati d dri 005 As I f.th L1 | ,
(Lt ratton and, ot o koo El AL Bl bngl L e AR 222 Bl RRSS
portion of tN@gehganie der GildcthRIGRploWEC Y HiBRrSYMRESLRs Hbidily

preferred enbodi nent, activation is péerformed 1 n such manner that "the

or gani ¢ di r ectéquuirepdwotter bydretiored tfeammentshe nol ecul ar sieve, |eaving active
catalytic sit i thin the m.croporous. channels o he.nol ecul ar si eve open
for contact Wﬁf{‘ﬁ f eed SYBHKSIS ‘?g&‘ee{’(?ﬁ 1pLererg axggiacglgar[eg%yctg? pipsence

acconpl i shed By ,C8a8i B INPpmOsus 387k I1ast xo%,i 29 BRI LE FAAN 06 IPUE
conprising the tenplate at a tenperature rom about 200C to about 800C

in the presencenvenfendn axiggpbdfoppmi of sepdgaystalsnbasedreoic anals weight neythbe
desirable to heat the  nol ﬁ,%ul ar_sieve in an_envi ronrreﬂt _&lavi n%ya {J'OW or
zero oxygen cHAEYAR PHXE. Theseehiceysapeape pPRossectiny i Heedyralingar ti al
or compl ete T alR¥al offhe e 0Bitfon, '8 5hbRUnABRRho! SRS synthesi
S, p arfTy wth's

intracrystalline pore system |n other cas rticu msﬁ’ler
organi c di r ecor ¢ag tegehdterostturiplab tiysmatlinpandterdd], suehay ah ABIDhEM)©OFH, €HA can be

acconpl i shed by venti onal desorpfion praogcesses. [0058] Once the
i nt er gr own crﬂ}rsﬁgflr%iaﬁl?“f?é 'éYReaﬁmgeFB{aﬁé‘q"ﬁv niVSWSFI%)g tgﬁé ed WpRRb4S 3Rd, it

can be formul aEed Jenh @R uGRtsd WS thng hded COPBLI AdhinRBilthdh her
mat eri al s, su%ﬁ ggdcb{nncfglrls and/ ’ornng{a??%'l ng?g&?igﬁll‘:s, t hat %l(raglv%e' aggi&ti onal
har dness or csedd yiaybeaalded itd yhet wattvn Mmixtiehwd cdlcddal stispehfiobh aNiqued i al s

whi ch can be blended with the intergrown crystalljne  materjal of fhe
nvent i on carPEUUSRALE PAEFt T B P%twiqfamﬁlg?lda&? Spasins 28d thethes o

For ms. of rar e bart Fonpr Al e oter Ry 8R4 B IRl Bl HEP R i ¢ e

cat al yst Intemational Publication Nos. WO 00/06493 and WO 00/06494 published on
February 10, 2000 and incorporated herein by reference.
[0056]) Typically, the crystalline product is formed in solution and can be
recovered by standard means, such as by centrifugation or filtration. The
separated product can also be washed, recovered by centrifugation or filtration and

( dried.

[0057] As a result of the crystallization process, the recovered crystalline
product contains within its pores at least a portion of the organic directing agent
used in the synthesis. In a preferred embodiment, activation is performed in such
a manner that the organic directing agent is removed from the molecular sieve,
leaving active catalytic sites within the microporous channels of the molecular
sieve open for contact with a feedstock. The activation process is typically
accomplished by calcining, or essentially heating the molecular sieve comprising
the template at a temperature of from about 200°C to about 800°C in the presence

of an oxygen-containing gas. In some cases, it may be desirable to heat the

molecular sieve in an environment having a low or zero oxygen concentration.
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conponents,. alumna or alum na so], titania, zirconia, quartz, silica or
silica so], and m xtures thereof. These conponents are also effective in
reduci ng overall catalyst cost, acting as a thermal sink to assist in heat
shielding the catalyst during regeneration, densifying the catalyst and

I ncr.easi ng catal yst strength. \Wen: bl ended with such conponents, the anount
of intergrown crystalline material contained in the final catalyst product
ranges from 10 to 90 wei ght perce quf the total catalyst, preferably.20 to
80 wei ght PaiSCHRE odipreqsss can Af ue%ﬁ{] rypgrtial ofggmIplets semenad raf rtBauSTEAN St al | i ne

material d | be g age nd i qui€ls; r

sel ective ﬁ%%‘gl |%Fp‘§§§1élr %%ﬁ@tﬁ&%é%@ﬁﬂ%h&g i sglé%%dﬁjpgﬁhgrr 9a35“7"’3%g?®|1 agff as an
i on- exchangeth; snesled oef@I0 Giddctiogragees, conpletasr partireémerAFun tiendeveas a
catal yst in organic conversion reac{ ions., Exanpl es of suitable catalytic
uses ' of tpaD beRcePEIPSRRedhy cAnyFRiiIe! deSOBIICRI Preesessi bed herein incl ude (a)

hyd Ki f h ' I - ' Kk d
of hor - nydr (B8 kat o Rk e bR ERLEHRe HRBISIATS imEkfibn Fafbas s "

hydr ogenat s@fhé@aonesh bs gheniledd ifts amatl@yupsmpodfich By tOmbfhatibn g Peri odi ¢
Tabl e of Elenents; 'aiqt,)) dewaxi ng, including isonerization dewaxing, to
sel ect i vel gtheemgtarials, suplylas bandersaperampirRs matarighs, el myevidp gdditiesalst ocks

bacest ocksbapg Bx PAR e AbAvin it MOl BT D00 ot ockes, such as.

napht has, Eas9pi|s amMhtéefs ktath @ih De Hlenidad Wythi thetiderPodSEeBBLtallinea | ar ge
pore cracking catal yst, such as zeolite Y; (d) oligomnerization of straight
and 16 brmatehied of g tnvEnBeR [£40 HEVYAPU b s catalgticaly zctivemedtenialdly 2 to 5

caf bon at t o,_produce ,qedi um eawy ol.efi.ns Lch are useful for both
Fuelsr 1 olfesg udeRRB Efed oriTidal S o8 nolf St ot eenyiiats, ' (e

i somer i zat fooms OF ratk @hitA Snetald 2thbiCrtinasdoite0d 241y e oo Bists 4z dofitBeakyon at ons,
and especially normal butene to produce iso-olefins; ]]Sif) up%radl ng of | ower

al kanes, sumhpaasnispelnames or alumiipheel, titapiy goaswanguarizusticaor stiisglsehe and
benzene; ( di.spropprtionation of alkylaromati.c hydrocarbons, such as

Lol vene.  (HamBER rEpRy ThF GO ER B AP SHE e de e g PRt ()

al kyl ati oncaeflya cesBhdtigisd ek, to S 1A heatRBNAMAL thakAthly@lgEinBS, such as
et hyl ene and propyTene to produce ethyl benzene and cunene; (i

i soner i zattegenegdtion alemsifying rthe i catalysdirandairistrasingscailysls sixgrigginesWhen | )

;ﬁéagiy;: f Crglgc#ﬁh.iggﬂ s%fch nc!otn{po & s,0 iedgrﬁognqdo Qters o%rp %%izs%alﬁlfle rITnDart]eOr?a!lkyl am nes
contained in the final catalyst product ranges from 10 to 90 weight percent of the
total catalyst, preferably 20 to 80 weight percent of the total catalyst.
00601 The intergrown crystalline material described herein can be used to
dry gases and liquids; for selective molecular separation based on size and polar

( properties; as an ion-exchanger; as a chemical carrier; in gas chromatography; and

as a catalyst in organic conversion reactions. Examples of suitable catalytic uses
of the intergrown crystalline material described herein include (a) hydrocracking
of heavy petroleumn residual feedstocks, cyclic stocks and other hydrocrackate
charge stocks, normally in the presence of a hydrogenation component selected
from Groups 6 and 8 to 10 of the Periodic Table of Elements; (b) dewaxing,
including isomerization dewaxing, to selectively remove straight cham paraffins
from hydrocarbon feedstocks typically boiling above 177°C, including raffinates
and lubricating oil basestocks; (c) catalytic cracking of hydrocarbon feedstocks,

such as naphthas, gas oils and residual oils, normally in the presence of a large

pore cracking catalyst, such as zeolite Y; (d) oligomerization of straight and
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[0061] In particular, the intergrowm crystalline material described herein
is wuseful as a catalyst in the conversion of oxygenates to one or nore
olefins, particularly ethylene and propyl ene. As used herein, the term
"oxygenates" is defined to include, but is not necessarily limted to

al i phatic al cohols, ethers, carbonyl conpounds (al dehydes, ketones,
carboxylic acids, carbonates, and the |Ilike), and also conpounds containing
het er o- at oms,br d%am%kﬁmvﬁ?ﬁ&ﬁm)@ﬂ% to U Ip}éfgﬁﬁ%y A gl@grbo@glg,ﬂy xtures
t hereof. The aliphatic noiety w nor mal contai n rom about t o about
10 car bon at doproducehmediufr iorheatgoolefips wblchl:amc,lusefubﬁ)r both fuatson®s, g2(50{1®©62]

Representative oxygenates include |owe trai hai n or bran h
al i phatic al Bhal égsoﬁllﬁél gleﬁﬁ%‘ét siPdly e@“{cﬁ ar@eg ISQIREF1E3Yen © 'ﬁ%‘ﬁﬁen
hal ogen and Elﬁ_%? o X/ .38/ ggﬁ%},ﬁ
i nclude neth noH‘H‘{refEano %gﬁmﬁﬁpgg%goﬁgg%?oggﬁoﬁp&g 10 al cohol s
met hyl et hyl pebdee; iscHobafirdsy (f) uptadimg off bWuzyIaHaulhersucldlas insetharep yd h@hber
met hyl mercaptan; methyl U@ﬁl fide; E'%t hyl m ne; Ey mer capt an; - et hyl
sul fide: di- dAiacashemse; swehnys cHvioe gand PeRssaE disPEPORHONAGON caﬁ bonat e:
di - met hyl ket ~aceti al m h | kyl
sul fides haviagégarf?gj%l h roﬁglgmg? g{g&rgpr%sﬁﬁﬁ%n rg‘hlg)g% &%‘h(g %1116? 3to

about 10 car hgtrozhrhons, auch am»gfd&nree;s(hb laBayiation difaarrminatﬁd hycﬂmcaboﬁsabm as
oxygenat e conpounds are met hano) thyl ether, or m xtures thereof, nost

preferably nbeRzms WithsolgBey wwek @ ri“*t @@r%OPB@@é%ﬂ@UCQ&hYM@? only
the 17 orga i o r 0, to the
reaction zongi.l 8r?ag§}e§%n allslréﬁ%glé |0§§?lgﬁ§%%n3%§sﬁ%§% 8&% gl?huiesn ﬁsgf’OOG:Bl I n
Qe present @jyaedaicreioiot of aitrgyen oxides a&adf(@dyﬁtﬁeéqs of@mﬂoh&lyhgnﬂés organic
oxygenat e, optiaqnall y with one or nore diluents, is contacted in the vapor
phase in a raaédiadsyl UPEESWi th a cat al yst conprising the nolecular sieve of
t he present tion i i 0 a1 uce the
desired ol ef |IW(ﬁTAI ter ?1% eﬁ%% ‘Pﬁ”ﬁéﬁgﬁﬁéﬁgﬁ@gh{)eﬁ%@?@idg ob @hePeErP% l'i quid

or a mxed vapsul ks quicstabsase. thé/\bemvdrh@l RIf ansgsndtss ealhtasdt Mdfe blefinhe |iquid
phase or a m xed vapor/liquid phase, different conversion rates and

sel ecti vi ti egagirularlycrtbylsex 2pd pps%th%t faypsed dgrain, fBp deian nGXXESBHCE his
catal yst_and gL GAGIAML, the G0N bORSarin) Al Y SlpRI S AREotd Nngll ! uent ()

is generally non-reactive’to
carbonyl compounds (aldehydes, ketones, carboxylic acids, carbonates, and the

like), and also compounds containing hetero-atoms, such as, halides, mercaptans,
sulfides, amines, and mixtures thereof. The aliphatic moiety will normally contain
from about 1 to about 10 carbon atoms, such as from about 1 to about 4 carbon
atoms.

( [0062] Representative oxygenates include lower straight chain or branched

| aliphatic alcohols, their unsaturated counterparts, and their nitrogen, halogen and
sulfur analogues. Examples of suitable oxygenate compounds include methanol;
ethanol; n-propanol; isopropanol; C; — C¢ alcohols; methyi ethyl ether; dimethy}
ether; diethyl ether; di-isopropyl ether; methyl mercaptan; methyl sulfide; methyl
amine; ethyl mercaptan; di-ethyl sulfide; di-ethyl amine; ethyl chloride;
formaldehyde; di-methyl carbonate; di-methyl ketone; acetic acid; n-alkyl amines,
n-alkyl halides, n-alkyl sulfides having n-alkyl groups of comprising the range of
from about 3 to about 10 carbon atoms; and mixtures thereof. Particularly suitable
oxygenate compounds are methanol, dimethyl ether, or mixtures thereof, most

preferably methanol. As used herein, the term “oxygenate” designates only the
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feedst ock or nol ecul ar sieve catal yst conposition and is typically used to
reduce the concentration of the oxygenate in the feedstock. Non-limting
exanpl es of suitable diluents include helium argon, nitrogen, carbon
nonoxi de, carbon dioxide, water, essentially non-reactive paraffins
(especially al kanes such as nethane, ethane, and propane), essentially
non-reactive aromati c conpounds; and m xtures thereof. The nost preferred

diluents are water and nitrogen ith water, bei particularly preferred.

Di | uent (s) %@‘“Eé‘?’?é?lﬂ%lé”?ﬁti Gﬁn%é%&?\flin ﬂt]}wptaf/glgqgge Qggﬁﬁd 9dthgaractipdZoifie t ot al

feed m xtung, [ORGRLcdRnheORGIALES SudM R A)eftsi n the oxygenate conversion
a wde

process may ‘vary over range, such as from about 200C to about 1000C,

for exanpl{@0é3Jom aboki tA60Erisentabamuyizedddd Cooriverdiordi pugcésspna alfeedstodlb0C t o
about 750 C, conveniently from about 300C to.about 650C, t(ilgll callly from
about  350CORPTEESy AN cOREALENEX YEE0Riec PPHPIAIY PR sBe Ul M9oT dileBiSodt 600C.

00661 Li l.efi; E : ' ti
anpunts, SRR Brgerer Phtted o BeftoRhig e FEhalEf EoRphrbd g o011 TT

aut ogenous mpsleadr sisveanfl ther presdnt dsvdntioh he effestiye rbedst eondibiond sdad tkPa to
about 10 WMPa, Conveni_entlﬁé, the pressure is in the range of from about 7
kPa to abo®rodpce\pe degigrdholeding.n Aliganativglye ther Profess mabBe sorisdrauti iy about 1

MPa. The f . ar. ' ' i | S:present,
and refor SRR LapRaRRbYiT AERa IOV HR B pRloett lntiltled o 2B Ui
oxygenat e ghagosidaieddapor/liguit phes, differdon eseetsiboviess Middeltpneiticest r enes of
pressure may adversely affect selectivity, conversion, coking rate, and/or
reacti on rd¢asstogkveperduct ingt resuls dependind Hpas thet geialettcanst thel regelort or m

[ 0067] The 81%5’188355 shoul d be continued for a period of time sufficient to
produce th& desired ol efin products. The reaction tinme may vary fromtenths

of secondgosg)a nunbiFhefprosumt s thel AEuERRY ik Oferiekdll inSnlrédcgiot yiodgeer mi ned by
the reaction tenperature, the pressure, the catal yst selected, the weight
hourly spadeedsipek o8 majeculgiesigyeacatalysticquipasiven wag by fypwaly pied tetedeteed process

Vel ool t1 s MAPRPRTBIST AL R R et Tpd PTG SRPRbHE BT SE, ocess.
WHSV i s dethinfte aliluessotichele heen, @08l Udirdgendi dadedt mdiRkideoWarthy  Wei ght
of a total reaction volunme of nolecul ar
dioxide, water, essentially non-reactive paraffins (especially alkanes such as
methane, ethane, and propane), essentially non-reactive aromatic compounds, and
mixtures thereof. The most preferred diluents are water and nitrogen, with water
being particularly preferred. Diluent(s) may comprise from about 1 mol % to
about 99 mol % of the total feed mixture.
[0065] The temperature employed in the oxygenate conversion process
{ may vary over a wide range, such as from about 200°C to about 1000°C, for
example from about 250°C to about 800°C, including from about 250°C to about
750 °C, conveniently from about 300°C to about 650°C, typically from about
350°C to about 600°C and particularly from about 400°C to about 600°C.
[0066] Light olefin products will form, although not necessarily in
optimum amounts, at a wide range of pressures, including but not hmited to
_ autogenous pressures and pressures in the range of from about 0.1 kPa to about 10
MPaz. Conveniently, the pressure is in the range of from about 7 kPa to about 5
MPa, such as in the range of from about 50 kPa to about I MPa. The foregoing

pressures are exclusive of diluent, if any is present, and refer to the partial

pressure of the feedstock as it relates to oxygenate compounds and/or mixtures
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si eve catal yst (excluding inerts and/or fillers). The WHSV generally should
be in the range of fromabout 0.01 hr-' to about 500 hr-1, such as in the
range of from about 0.5 hr-1 to about 300 hfl, for exanple in the range of
fromabout 0.1 hfl to about 200 hr'. [0069] A practical enbodi nent of a
reactor system for the oxygenate conversion process is a circulating fluid
bed reactor with continuous regeneration, simlar to a nodern fluid

catal ytic crackgkos FL?S]%%]; hefSpi @xHEnes of f;ﬁéssﬁl S%Géﬂsﬁg affelf sd&ivRyocess

because oxygenate to o I'n conver sion is a y exothermc process which
requires sevemhva‘smges:okmghrata;tmd&uoteeﬁtg)noratmt hewewwp lighg otifins cawh asThe
reaction also re ults n a hi gh pressure drop due to the production of |ow
.pressure, |ow ‘:[rﬁb?O] Because t he catal yst nmust be regenerated

frequently, thg Og-gact or Tﬁé‘@ﬂﬁl:&s%hbxﬂ&’b%ac%ﬁnﬁtf‘eﬂ%?' g}b of o?%ﬁé Qltisknt ¢

catal yst to a regenerator ere the catalyst jected to a
.regeneration lpmztiummthsﬂehredsolaﬁlgamduotsprTh;lmg:tmnytgﬁclmayfmrye’vmntﬂnﬁlsamﬁ to

burn off coke fr the cat restores the, catal t| VI ty The
conditions of S¢ G 3, pn %i/‘%ftglé%‘ri)a afFaC‘E)‘PEﬁH‘F és laéﬁderdé 8?‘? Y #iee in
the regenerat ?éac%ﬁ%xﬁg&%hﬁ@'tﬁ&bﬁ‘e@sdr@ e Qhﬁ}{,@t SelEQkE thO Wc?%htt Helrly rsg&%”er at ed
catal yst of |ess than about '0. | east a portion of the “regenerated
cat al yst shoulvedlooayy ehear phabet qligiie roea&apm) a9l [ 67 5lettad o peocessh aitisrgant |

prior to bei ng used to convert oxygenate to olefins, the catalyst is
pretreated wi CHUEFRESHSI ether, a C2-C4 al dehyde conposition and/or a C4- C7

ol efin conposi to formy ; r t.hin the
por ous f ranewmqg%zf t he %ntlggfngr; e&{ng%l f TI%H sﬁg&\?g%bﬁ%sq@%%yf tf%ﬂé\{hte
pretreat nent ¥eedstonkiudll dhctibn &n theppeseat proeesaf WHISV énddfine@@s weigh ofifsedat

| east 25C, for ex I | east 50C, higher  than the te re used for
the oxygenat EexcbRng gﬂ“@%%eralm‘ﬁ%l Wﬁ%ﬁ@éa tptﬁl BEFHGB & nﬁtmte grolesufag; o
such as at | gagl (teiaﬁdﬁggaﬁ%}lseanﬁﬁor'fﬁl%ﬁs? W‘M g@n%fallé;@ﬁohlﬁtb%q{lat ed

hydr ocar bon co- cat bas on total ar sieve. Such
prelimnary tttﬁeatanglgof from steeaa hrHetombotﬂo‘iﬂOclﬁmt amth msfmtﬂhe ramgeadtUf@n si eve

Seri al Moo, 100H1 Boo Sropipdinin st cTempiE3ashe BIEC of S HUhBdRT itPed
Novenber 12, 2003.8g¢-are incorporated herein by reference.
[0069] A practical embodiment of a reactor system for the oxygenate
conversion process is a circulating fluid bed reactor with continuous regeneration,
similar to a modern fluid catalytic cracker. Fixed beds are generally not preferred
for the process because oxygenate to olefin conversion is a highly exothermic
process which requires several stages with intercoolers or other cooling devices.
({ The reaction also results in a high pressure drop due to the production of Iow
pressure, low density gas.
[0070] Because the catalyst must be regenerated frequently, the reactor
should allow easy removal of a portion of the catalyst to a regenerator, where the
catalyst is subjected to a regeneration medium, such as a gas comprising oxygen,
for example air, to bum off coke from the catalyst, which restores the catalyst
activity. The conditions of temperature, oxygen partial pressure, and residence
time in the regenerator should be selected to achieve a coke content on
regenerated catalyst of less than about 0.5 wt %. At least a portion of the

regenerated catalyst should be retumed to the reactor.
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[0072] The invention will now be nore' particularly described wth
reference to the foll owi ng Exanpl es and the acconpanyi ng drawi ngs. In the
Exanpl es, the X-ray diffraction data were collected with several types of
instruments: Philips XRD shall hereinafter refer to X-ray diffraction data
collected with a Philips powder X-Ray Diffractoneter, equipped with a
scintillation detector with graphite nonochromator, using copper K-al pha

radi ati on e diff i : e - i t 0.02

degr ees owﬂ(ﬂiI wo- t he]{l ?%%mﬁi%‘:’rogﬁb et’;,\gﬁl&s{ot ﬁgﬁgﬁgaég)x%%ﬁ%r?éﬁg& ggtgotgnti ng tine
of | secosrfinkonheacidalgdiefs pidteeatedt evifhl alimethypacthergsa 0:-€, wideleydeal cul at ed
in Angstrom wunits, and the relative intensities of the lines, 7/1, where 1
is the i nt@RBPLYon aad/eg Cs‘@ﬂéﬂlﬁﬁ’s‘ionill?%gl,onéﬁg%n BB AKEFStFduHEIcatBt er i ned by

integrati ak_ i | 8Sm W%;]p r [%@%z ppafter refer
to pomder%%‘%@%%ﬁ?%c@%?ﬁ@ga gol egdtT(re a%m foo rﬁggi@el%c tlgilgﬂgl Labs on
bean i ne Xk&Bbly,tthe pretamombiscvatiicted adi Etiperatumwe] a2 hgsht O, SucBG85 A usi ng
Debye- Scherrer = geometry. les_were first calcined in air at 600C for 3

S
hours to atrleassé G nfor teéﬁplégaé.eaﬁfh%o@am&hﬁ’é@@dh?ﬁ@@w ysddoLkEl ed in 2 mMm

out si de dj I Lll:ar [ - ' 3Q0,,C under 20
vacuum (<6)§¥§h?t8rrtg %r&fo%aﬁzgﬁ%%{dg%# Fﬁo%% gtg)t %&e%%@%?@z‘g&%ﬁ%&%-%canm ng at
0. 01 degriggeg 1wios,tfoeteRampleedt dedshebouti Svivhof Biaggeangh eiydidiarteauw-i ng time
was automatically adjusted for each step during the neasurenment. so that a
separ at e ¢réalistnbinet o tgtal aveight of & wolaceler spveoFush prlimipayyprestingy 5.2 -
5.4 seconds). €, I ' ' S cul.ated in _,Angstrom
units, arqta %’ﬁ% reeth'?C :a\st;e&ﬁ %}%g%% ?’? ?igésﬂ%?ec%l %é%ﬁv\r%gé ?mﬁﬁl&agmﬁéer'%oqh&gi S gt he

i ntensi t yar@f jst fuetheit dedegibed it NS, ApplioutionaBdein Qund 10km st @y Tizosg by
integrating the peak intensities. Scintag XRD shall hereinafter refer to
X-ray di fandatd’7 biPSdaatholwhickevea filgd November hi.adfOxang-geeynmrioratadt onet er
equi pped W t. jer-cooled solid state detector, using copper K-alpha
rgdi gfi or%wreﬁﬁéﬁd'?%%ﬂeggt ion data were r(ecor ded by step-scanni %g a?po. 02 P
degrees tppp7ijheta, Therigvédtiohawils fidve bBnaee aadlcalarigndekribeunkithg tine of

0.3 second for each step. The i
reference to the following Examples and the accompanying drawings. In the

Examples, the X-ray diffraction data were collected with several types of
1nstrunients: |

e Philips XRD shall hereinafter refer to X-ray diffraction data collected with
a Philips powder X-Ray Diffractometer, equipped with a scintillation
detector with graphite monochromator, using copper K-alpha radiation.
The diffraction data were recorded by step-scanning at 0.02 degrees of

( two-theta, where theta is the Bragg angle, and a counting time of 1 second’
for each step. The interplanar spacings, d’s, were calculated in Angstrom
units, and the relative intensities of the lines, Il,, where I, is the intensity
of the strongest line, above background were determined by integrating the
peak intensities.

s Synchrotron XRD shall hereinafter refer to powder X-ray diffraction data
coliected at Brookhaven National Labs on beamline X10B with a
monochromatic radiation wavelength of 0.8695 A using Debye-Scherrer
geometry. Samples were first calcined in air at 600°C for 3 hours to
remove the template. The calcined samples were then sealed in 2 mm

outside diameter quartz capillary tubes while out-gassing at 300 °C under
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i'nterplanar spacing, ds, were calculated in Angstromunits, and the
relative intensities of the lines, Flo, where lo is the intensity of the
strongest |ine, above background were determ ned by integrating the peak
intensities [0073] X-ray diffraction data for the cal ci ned sanpl es was
obtai'ned by subjecting the as-synthesized product to the follow ng

cal cination procedure. About 2 grans of the as-synthesized product were
heated from room t euperRtdL @i I R -@bnmnkat e of
2C per mnute. The tenpetr(atoﬁlrté)mmqgghé%gg‘{n g%%(%@%?gcggeﬁibﬁ%?%s and.11 hen t he
sanpl e was heat ed fat 0101203 awo8bAE wheterthetd iy tiyeBraggangleat Tiee eundingf 2C

per mnute. The sanple was held 65 nder, nitrogen for 5-8 hours,
. whereafter the nitF‘H@feWa%‘étoPﬁB?fﬁyeﬁwl&S opyach 5P SHang the WERHITRSOkept at

650C under air forygd,hoy %tTﬁk%HxsﬁﬁBthr daSctbfidisi 0P BER0b Roatd Gypldnyept at
200C'to prevent hydratio .a'lghe ot sanple wasﬂ%hsen tr’gnsfgrregty?nt ogt he XRD
.sanpl e cup and was5Qovef.4¢cebyndsy| afhef git¢rplanapspacangs, dhy drvati caiculftediy]

Dl FFaX anal ysis was used to.determine the, ABI1CHA rati.o of .the | ecul ar

si eves. For DI FFaxAReslfers;wits aidior V%W?@&F@i‘lﬁr{ﬁ%;@?se#ﬂ% ‘F’B?rg%éﬁyi ng
ratios of AEI/CHA yeria:efehatiRdminibad 1HnbCatdvErAaXRbas Aty abhahleny! rom
the I nternational Zeo'ﬁtte Asgo)%?Sati n (se’eaal o) M‘QK)/I J. Treacy et a?/., 21
Proceedi ngs of t heirfRegratingdhe peadaintéBsiticet y, London, A (1991), Vol. 433, pp.
499- 520 "Col l ectign of _Sinulated XRD Powder Patterns for Zeolites" by M M
J. Treacy and ». BrinigggiRRshald beremafteriefas teee-tayshifragtion daip sollestedouithl 1 of
the Structure Conmgssl i : NE i At -2 Tabl e |
gives the Dl FFaXn};nr%ﬁt%]iﬁje}%gge%W%ﬂg%%%t%%ufégaﬁg?a@ﬁ %g—gﬁ%ylgﬁ@%g tern of
a p0/50 inter- grosthie.détetor] hsingeopses 45 alpha trhdistian alyis idiffracidic ddtatvieras were
based on a random distribution of the Iagers. Such cal cul ations are used

for statistical puicpesied onsigp-scampingqde h8Z degenss twatthethewhergehefatigrtBe of t he

material is necessgljly d 2 !@-Ble- { Ei f d - CHA
Intergrowt hs - St agﬁgﬁg g%m%gﬁn aA%? SA eLfl'r;?p% C{%ﬁ%ﬁj ?{fh%:‘%?ﬂfél%%pﬁswf or a
508 probability ofinferplanasspdchiy, dFRERmatd RYlcGHfed YPeARBHGOM ahils, and the

relative intensities of the lines, I/lo, where Io is the intensity of the

strongest line, above background were determined by integrating the peak
intensities
[0073] X-ray diffraction data for the calcined samples was obtained by
subjecting the as-synthesized product to the following calcination procedure.
About 2 grams of the as-synthesized product were heated from room temperature
to 200°C under a flow of nitrogen at a rate of 2°C per minute. The temperature
( was held at 200°C for 30 minutes and then the sample was heated from 200°C to
650°C under nitrogen again at a rate of 2°C per minute. The sample was held at
650°C under nitrogen for 5-8 hours, whereafter the nitrogen was then replaced by
air and the sample was kept at 650°C under air for 37 hours. The sample was then
cooled to 200°C and kept at 200°C to prevent hydration. The hot sample was then
transferred into the XRD sample cup and was covered by Mylar foil to prevent
hy&ration.
[0074] DIFFaX analysis was used to determine the AEI/CHA ratio of the
molecular sieves. For DIFFaX analysis, powder XRD diffraction patterns for
varying ratios of AEI/CHA were generated using the DIFFaX program available

from the Intermational Zeolite Association (see also M. M. J. Treacy et al,,
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a 50% probability of a transition generating AElI-type cages) | NSTRUVENTAL
(Header for instrunmental section) X-RAY (Sinmulate X-ray diffraction)

1. 54056 (X-ray wavel ength) PSEUDO- VO GT 0.1 -0.036 0.009 0.6 (Instrunental
broadeni ng (much slower)} STRUCTURAL (Header for structural section)

13. 5155 12. 5460 18.3306 90. {unit cell coordinates a, b, c, and ganm)
UNKNOWN (P1 - all coordinates given) 2 (Layer 1 & Layer 2) infinite (Layers

20, 16618 EL%ggEdiﬁ]%st&g?gRB%’ @%%%%%?XE?S M%Ffégfgt%%g %ﬁ%g’gs‘?ﬁﬁi?o 38217
0. 54597 -5p01BGABectionCoflSHinulSied XAD RovGlE7 P3itans 460 Zeohted 66 MINGA. 1. 0 O 2-

91 0.00000 0. 02575 -0.16208 3,00 1.0 0 é@ 95 0. 50000 0.52575 -0. 16208 3.00
1.0 0 2-Tnsacy) 2pd484B0 Higges 2001 FowrihsEdigon, publshed ey behapofghe 44369

0. 52516 054388 Conibisier o e hgRGeb2A0. Bl *Tasd Selior 3 00 1.0

0 2- 101 PIF¥aX2Bpat HE0SR4-10.sHA0% tBe ORI diffrabtich patin B @4B7I0 Mu&5098
-0.11991 3.00 1, o 0 2- 109 0.35329 0.65098 -0.11991 3.00 1.0 0 2- 123
0.81919 erowiip3Fon hyapuBosss e this gnalysis. cajouatipns Juege haseugma Tariads605 3. 00

0. 06605 4000 Sl " utigan e Ogs sived e itsalghipdsr 0l g

0. 50000 Qnd@o3dt nikal B the3ironadtu of Biedthatdalds 88<dar{ly Z3fibsh,. - 0. 05737 1.50 1.0
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Si4+ 23 0.11554 0.23517 -0.05737 1.50 1.0 Si4+ 25 0.38446 0.73517 - 0. 05737
1.50 1.0 Si4+ 31 0.61554 0.73517 -0.05737 1.50 1.0 8i4+ 43 0.71381 0. 40077
10.05514 1.50 1.0 Si4+ 45 0.28619 0.40077 -0.05514 1.50 1.0 Si4+ 35
0.21381 0.90077 -0.05514 1.50 1.0 23 Si4+ 37 0.78619 0.90077 -0.05514 1.50
1.0.°0 2- 75 0.63494 0.31721 -0.02183 3.00 1.0 0 2- 77 0.36506 0.31721
10.02183 3.00 1.0 0 2- 67 0.13494 0.81721 -0.02183 3.00 1.0 0 2- 69
0.86506 0.81721 -0.02183 3.00 1.0 0 2- 137 0.22748 0.00000 0.00000 3.00 1.0
0 2- 139 0.77252 0.00000 0.00000 3.00 1.0 O 2- 141 0.72748 0.50000 0. 00000
3.00 1.0 O 2- 143 0.27252 0.50000 0. 0U@GEB.00 1.0 0 2- 65 0.13494 0.18279
0.02183 3.00 1.0 .0 2- 71.0. 18279 0.02183 .3. 00 . .. 73 0. 63494
0. 68279 o.ozlé’E%fgﬁgif%““ﬂ‘%gqgglgfégﬁ%%so?%%??%fﬁﬁd?f%éqﬁf%bngo Si 4+ 33
0.21381 0.099%3'0. 05514 1.50 1.0 Si4+ 39 0.78619 0.09923 0.05514 1,50 1.0
Si 4+ 41 0. 7136108992302 F8IF T 15O £ 6 T BFHiomurnerayes 5 0P8 58PS ¢ 05514
1.50 1.0 Si 4 SP7pigb3glimg oD Z6uES PP THF3AY Aetvpe @ages) 4+ 29 0. 61554 0. 26483
0.05737 1.50 1.0 Si4+ 19 0.88446 0.76483 0.05737 1.50 1.0 Sid+ 21 0.11554
0. 76483 0. 0578Fr=IMEOL1. 0 0 2- 87 0. 56066 Or 23466e220668%x3. 00 1.0 0 2- 83
0. 00000 0. 73468:0. 06597 3.00 1.0 0 2AsindihBe 8.r340:k8::65777 0. 06605 3.00 1.0
0 2- 119 0. 6808&s0. 15777 0. 06605 3. 00xkaPuarlieZenl2l 0.81919 0.65777 0. 06605

3.00 1.0 PSEUDO-VOIGT 0.1 -0.036 0.009 0.6 (Instrumental broadening (much slower))}
STRUCTURAL {Header for structural section}
13.8155 12.5460 18.3306 90. {unit cell coordinates a, b, ¢, and gamma)
UNKNOWN {P1 - 211 coordinates given}

( 2 {Layer 1 & Layer 2}
infinite {Layers are very wide in the a-b plane}
LAYER 1
NONE
8i4a+ 3 0.88217 0.04597 -0.16618 1.50 1.0
S§i4a+ 5 0.11783 0.04597 -0.16618 1.50 1.0
§i4+ 11 0.38217 0.54597 -0.16618 1.50 1.0
Si4+ 13 0.61783 0.54597 -0.16618 1.50 1.0
0 2- 91 0.00000 0.02575 -0.16208 2.00 1.0
0 2- 95 0.50000 0.52575 -0.16208 3.00 1.0
0 2- 59 0.674B4 0.4436% -0.13307 3.00 1.0 .
0 2- 61 0.32516 0.44369 -0£.13307 3.00 1.0
0 2- 51 0.17484 0.94369 -0.13307 3.00 1.0
0 2- 53 0.82516 0.9436% -0.13307 3.00 1.0
0 2- 9% 0.14671 0.15098 -¢.11991 3.00 1.0

( 0 2- 101 0.85329 0.15098 -0.11851 2.00 1.0
0 2- 107 0.64671 0.65098 -0.11991 3.00 1.0
0 2- 109 0.35328 0.65098 -0.11991 3.00 1.0
C 2- 123 0.8191% 0.34223 -0.06605 2,00 1.0
O 2- 125 0.18081 0.34223 -0.06605 3.00 1.0
0 2- 115 0.31819 0.B4223 -0.06605 3.00 1.0
0 2- 117 0.68081 0.84223 -0.06605 3.00 1.0
C 2~ 81 0.00000 0.26532 -0.06597 3.00 1.0
0 2- 85 0.50000 0.76532 -0.06587 3,00 1.0
8i4+ 17 0.88446 0.23517 -0.05737 1.50 1.0
Si4+ 23 0.11554 0.23517 -0.05737 1.50 1.0
Si4+ 25 0.3B446 0.73517 -0.05737 1.50 1.0
Si4+ 31 0.61554 0.73517 -0.05737 1.50 1.0
Sie+ 43 0.71381 0.40077 -0.05514 1.50 1.0
Si4+ 45 0.2861% 0.40077 ~0.05514 1.50 1.0
Sia+ 35 ©.21381 0.90077 -0.05514 1.50 1.0
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2- 127 0.19081 0.65777 0.06605 3.00 1.0 O 2- 105 0.64671 0.34902 0.11991
.00 1.0 O 2- 111 0.35329 0.34902 0.11991 3.00 1.0 0 2- 97 0.14671 0.84902
.11991 3.00 1.0 O 2- 103 0.85329 0.84902 0.11991 3.00 1.0 O 2- 49 0.17484
. 05631 0.13307 3.00 1.0 0 2- 55 0.82516 0.05631 0.13307 3.00 1.0 0 2- 57
. 67484 0.55631 0.13307 3.00 1.0 O 2- 63 0.32516 0.55631 0.13307 3.00 1.0

2- 93 0.50000 0.47425 0.16208 3.00 1.0 0O 2- 89 0.00000 0.97425 0.16208

.00 1.0 514+ 17 0. 4540 8 1.50 1.0 Si4+ 15 0.61783 0.45403
16618 1.50' g %, §§% %°é8§i é §g§é3 0.16618 1.50 1.0 Si4+ 7 0.11783

. 95403 o.fd%ls 1.584T.6 R ke 4894 0.43713 0.25000 3.00 1.0 0 2-
136 0. 651068 U. £37£3*6°2508323: 06 ©°°3-2- 129 0.84894 0. 93713 0. 25000 3.00
1.0 0 2- P33 G718106°40.999723-0°2509H6°3:00 1.0 LAYER 2 NONE S14+ 12
0.61783 0. 45%4035- 0: 66618 - L7B0-0102080% 0G4+ 14 0. 38217 0. 45403 -0. 16618 1.50
1.0 Si4+ 4 0. 1178320180548 800- 0481804150 1.0 Sid+ 6 0.88217 0. 95403

-0. 16618 1.050 1bs00.022- :96God. 50000 Doet7425 -0.16208 3.00 1.0 O 2- 92

0. 00000 0. 9742h1 - 9.7:6:208.30M0 0lod@o0 DoR1.652 0. 82516 0.05631 -0.13307 3.00 1.0
O 2- 54 0. 17484,0,05631 o-Qecb33000i. 00 1.0 0 2- 60 0.32516 0.55631 -0. 13307
3.00 1.0 922-6920q3g14§4_9m5§6§;w 0,.13307 3.00 1.0 0 2- 108 0.35329

0 34902 0 119%} § 99 10 18279 0.02183 3.00 1.0

0 2- 73 0.63484 (0.6827% 0.02183 3.00 1.0
.68279% 0.02183 3.0C 1.0

OCOWOOOOWOo

0 2- 7% 0.365086

0
Sid4+ 33 0.21381 0.09523 0.05514 1.50 1.0
§i4+ 39 ©.78615% 0.09%823 0.05514 1.50 1.0
( Sig+ 41 0.71381 0.59923 (0.05514 1.50 1.0
Sia+ 47 0.2B619 (.59923 0.05514 1.50 1.0
Sia+ 27 0.38446 0.26483 0.05737 1.50 1.0
Si4+ 29 D.61554 0.26483 0.05737 1.50 1.0
5i4+ 19 0.88446 0.76483 0.05737 1.50 1.0
Si4+ 21 0.11554 0.76483 0.05737 1.50 1.0
0 2- 87 0.350000 0.23468 0.065%7 32.00 1.0
0 2- B3 0.00000 0.7346B 0.065%7 3.00 1.0
0 2- 113 0.31919% 0.15777 0.06605 3.00 1.0
0 2- 11% 0.68081 ©.15777 O0.06605 3.00 1.0
0 2~ 121 0.B1%19 0.65777 0.06605 3.00 1.0
0 2- 127 0.18081 0.65777 0.06605 3.00 1.0
O 2~ 105 ©0.64671 (0.345902 0.11391 3,00 1.0
0 2~ 1112 0.35329 0.34%02 0.11991 3.00 1.0
0 2- 97 0.14671 0.84902 0.11991 3.00 1.0
0 2- 103 0.85329% 0.84902 0.119%) 3.00 1.0
0 2- 49 0.17484 0©.05631 0.13307 3.00 1.0
( 0 2- 55 (0.8251¢ 0.05631 0.,13307 3.00 1.0
‘ 0 2- 57 0.67484 0.55631 0.13307 3.00 1.0
0 2- 63 0.32516 0.55631 0.123307 3.00 1.0
O 2- 923 0.50000 0.47425 0.16208 3.00 1.0
0 2- 8% 0.00000 0.97425 0.16208 3.0C 1.0
8ig+ 9 0.38217 0.45403 0.16618 1.50 1.0
Si4+ 15 0.61783 0.45403 0.16618 1.50 1.0
8iq4+ 1l 0.88217 0.95403 0.16618 1.50 1.0
Si4+ 7 0.11783 0.85403 0.l16618 1.50 1.0
Q0 2- 133 0.34894 0.43713 0.25000 3.00 1.0
0 2- 136 0.65106 0.43713 0.25000 3.00 1.0
0‘2- 129 0.B84B54 0.%3713 0.25000 3.00 1.0
0 2- 132 0.15106 0.83713 0.25000 2.00 1.0
LAYER 2
NONE

Si4+ 12 0.6178B3 0.45403 -0.16618 1.50 1.0
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0 2- 110 0.64671 0.34902 -0.11991 3.00 1.0 0 2- 100 0.85329 0.84902
-0.11991 3.00 1.0 0 2- 102 0.14671 0.84902 -0.11991 3.00 1:0 O 2- 116
0.68081 0.15777 -0.06605 3.00 1.0 0 2- 118 0.31919 0.15777 -0, 06605 3. 00
1.0 0 2- 124 0.18081 0.65777 -0.06605 3.00 1.0 0 2- 126 0.81919 0.65777
-0.06605 3.00 1.0 O 2- 86 0.50000 0.23468 -0.06597 3.00 1.0 0 2- 82

0. 00000 0.73468 -0.06597 3.00 1.0 Si4+ 26 0.61554 0.26483 -0.05737 1.50 1.0
Si 4+ 32 0. 38446+ 012648217 00 Q5637016301 200.0Si 4+ 18 0. 11554 0. 76483 -0. 05737
1.50 1.0 Si4d4424 D. 88445 0.546483.160: 93637:1.50 1.0 Si 4+ 36 0.78619 0.09923
-0.05514 1. 5oa;+o $§ﬁ$1$8 Q:,2138160s 02923, - 0. 05514 1.50 110 514+ 44

0.28619 0.59923. g 4, og 9152%59’ 46, 0. 71381 0.59923 -0.05514 1.50 1.0
0 2- 68 0. 8650§ 0 182 9 0 2- 70 0.13494 0.18279 -0.02183

3.00 1.0 0 2°°76°%0. 38285 b9€§§7b ”886 igs 3.00 1.0 0 2- 78 0.63494 0.68279
-0.02183 3. od’i 0%% o 22°19 38T 725¥°0230d0ob 0. 00000 3.00 1.0 0 2- 140
22748 0. 00008 05400086843, VO3 0°-19D2-9942° 0. 27252 0. 50000 0. 00000 3.00 1.0
2- 144 0. 72728 ©. SOHGF (0-6BV°-33Q0D3P20-90 2- 74 0.36506 0.31721 0.02183
.00 1.0 0 2 280620.068494 0581720.18902283-8.00 1.0 0 2- 66 0.86506 0.81721
. 02183 3. 00 dl201080 235372 03468441081 321.0. 02183 3.00 1.0 Si 4+ 42 0.28619
40077 0. 0554 31050 .4t Shddz 4B:10s71381.0. 40077 0.05514 1.50 1.0 Si4+ 34
. 78619 0. 90077. 000558425l. Hfhods O 1:9h4# o4+@.d0. 21381 0. 90077 0.05514 1.50 1.0

0 2- 102 0.14671 0
.680B1 (0.15777 -0.06605 3.00 1.
1

Ooowoo

.84802 -0.11591 3.00 1.0

o 2- 116 O 0

0o 2- 118 0.3191% 0.15777 -0.06605 3.00 0

) 0 2- 124 0.18081 0.65777 -0.06605 3.00 1.0
( 0 2- 126 ©0.81912 0.65777 -0.06605 3.00 1.0
0 2- 86 0.50000 0.23458 -0.06597 3.00 1.0

0 2- 82 0.00000 0.73468 =-0.085%97 3.00 1.0

8ig+ 26 0.61554 0.26483 -0.05737 1.50 1.0

Si4+ 32 0.38446 0.26483 -0.05737 1.50 1.0

Sigq+ 18 0.11554 0.76483 -0.05737 1.50 1.0

Si4+ 24 0.88446 0.76483 -0.05737 1.50 1.0

Sia+ 36 0.78619 0.09%23 -0.05514 1.50 1.0

Si4q+ 38 0.21381 0.08923 -0.05514 1.50 1.0

Sis+ 44 0.28619 0.59%23 -0.05514 1.50 1.0

Si4+ 46 0.7138rX 0.589%23 -0.05514 1.50 1.0

©c 2- 68 0.86506 0.18279 -0.02183 3.00 1.0

0 2- 70 0.134% 0.18279 -0.02183 3.00 1.0

0 2- 76 0.36506 0.68279% -0.02183 3.00 1.0

0 2- 78 0.63454 0.6827% -0.02183 3.00 1.0

0 2- 138 0.77252 0.00000 0.C0000 3.00 1.0

’ 0 2- 140 0.22748 0.00000 0.006000 3.00 1.0
(‘ O 2- 142 0.27252 0.50000 0.00000 3.00 1.0
0 2- 144 0.72748 0.50000 0.00000 3.00 1.0

0 2- 74 0.326506 0.31721 0.02183 3.00 1.0

0 2- 80 0.6345%¢ 0.31721 0.02183 3.00 1.0

0 2- 66 0.86506 0.81721 0.02183 3.00 1.0

G 2- 72 0.13494 0.81721 0.02183 3.00 1.0

8i4+ 42 0.28519 0.40077 0.05514 1.50 1.0

Si4+ 48 0.71381 0.40077 0.05514 1.50 1.0

5i4+ 34 0.7861% 0.8%0077 0.05514 1.50 1.0

Si4+ 40 0.21381 0.90077 0.05514 1.50 1.0

Sig4+ 20 0.11554 0.23517 0.05737 1.50 1.0

Si4+ 22 0©0.BB44€ 0.23517 0.05737 1.50 1.0

Sid4+ 28 0.61554 0.73517 0.05737 .50 1.0

Si4+ 30 0.38446 0.73517 OD.05737 1.50 1.¢C

0 2- 84 0.00000 0.26532 0.06597 3.00 1.0

0O 2~ B8 0.50000 0.76532 0.06597 3.00 1.0



Si 4+ 20 0.11554 0.23517 0.05737 1.50 1.0 S14+ 22 0.88446 0.23517 0.05737
1.50 1.0 Si4+ 28 0.61554 0.73517 0.05737 1.50 1.0 914+ 30 0.38446 0.73517
0.05737 1.50 1.0 0 2- 84 0.00000 0.26532 0.06597 3.00 1.0 0 2- 88 0.50000
0. 76532 0.06597 3.00 1.0 25 O 2- 122 0.18081 0.34223 0.06605 3.00 1.0 O 2-
128 0.81919 0.34223 0.06605 3.00 1.0 O 2- 114 0.68081 0.84223 0.06605 3.00
1.0 O 2- 120 0.31919 0.84223 0.06605 3.00 1.0 O 2- 98 0.85329 0.15098
0.11991 3. oo 1,90 Q2 100514% 14671 0.,15098 0.11991 3.00 1.0 O 2- 106
0. 35329 0. €500820.°1F8%1 300 "0 2- 112 0.64671 0.65098 0.11991 3.00 1.0
O 2- 58 0. é’z%'l%”o.zx%é’ég o?“i’§30’7°5§?506 °90° O 2- 64 0.67484 0.44369 0.13307
3.00 1.0 @ Z-140 °0¢8895 P68 04366°0° 13307 3.00 1.0 O 2- 56 0.17484 0. 94369
0. 13307 3. (02-11%9 °©-{Y- 0727, OO §.°03575 0. 16208 3.00 1.0 O 2- 94 0.50000
0.52575 0. 620883005328, (0 -158j84» . Ro@k 12983 0. 04597 0. 16618 1.50 1.0 Si4+ 8
0.88217 0. @459i40.016618 011556 b.Q9:Sp4¢110 0. 61783 0.54597 0.16618 1.50 1.0
Si 4+ 16 0. 3821500545087 00536 b81289:500d 20 O 2- 130 0. 15106 0.06287 0. 25000
3.00 1.0 @ 2-12133.2:848%00. Q628+ 0025000 3.00 1.0 O 2- 134 0.65106
0.56287 0.2500Q33,00s:3. Q. 44R927.535 HoB4894 0.56287 0.25000 3.00 1.0 STACKI NG
{ Header for, st qgklor]ggwq% Lt |001r3)_107 ;gglllrua ve (Statistical ensenble) infinite
gl nfl)nl te nunber lelgytgr Stes TRANS! TLONS (Header for stacking transition

at a

0 2~ 56 0.17484 0.94369 0.,13307 3.00 1.0
QO 2- 90 0.00000 0.02575 0.16208 3.00 1.0
O 2- %4 0©.50000 O0.52575 0.16208 2.00 1.0
5i4+ 2 0.11783 (©.04597 0.16618 1.50 1.0
. Sia+ 8 0.88217 (¢.045597 (.16618 1.50¢ 1.0
( Sig4+ 10 0.617B3 ©0.54597 0.16618 1.50 1.0
Si4+ 16 0.3B8B237 0.54597 0.16618 1.50 1.0
0 2- 130 0.15106 0.08287 0.25000 3.00 1.0
Q0 2- 131 0.8489%4 0.0628B7 0.25000 3.00 1.0
O 2- 134 0.65106 0.56287 0.25000 3.00 1.0
O 2- 135 0.348%§ 0.56287 0.25000 3.00 1.0
STACKING {Header for stacking description}
recursive {statistical ensemble})
infinite {Infinite number of layers}
TRANSITIONS {Header for stacking transition data]

{Transitions from layer 1}
0.50 0.0 -0.0810 0.5 {layer 1 to laver 1: CHA-type cages}

( 0.50 0.0 0.0 0. {layer 1 to layer 2: AEI-type cages)

wn

{Transitions from layer 2}
0.50 0.0 0.0 0.5 {layer 2 to layer 1: AEI-type cages)

{iayer 2 to layer 2: CHA-type cages)}

wn

0.50 0.0 0.0810 G.

[0075} Figures !a and 1b show the simulated diffraction patterns
calculated by DIFFaX for single intergrown zeolite phases having various
AEI/CHA ratios, normalized to the highest peak of the entire set, i.e. the peak at
about 9.6 26 for the 100% CHA case which was set to 100. The diffractograms
were simulated using the following parameter settings: all Si AEl CHA
A=1.54056, PSEUDO-VOIGT 0.1 -0.036; line broadening: 0.009: 0.6. A non-
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(Transitions fromlayer 1) 0.50 0.0 -0.0810 0.5 (layer 1 to |layer 1:
CHA-type cages) 0.50 0.0 0.0 0.5 (layer 1 to |layer 2: AEl-type cages)
(Transitions fromlayer 2) 0.50 0.0 0.0 0.5 (layer 2 to layer 1: AEl-type
cages)y 0.50 0.0 0.0810 0.5 (layer 2 to layer 2: CHA-type cages) [00751
Figures la and Ib show the sinmulated diffraction patterns cal cul ated by
Dl FFaX for single intergrown zeolite phases having various AEUCHA rati os,
normal i zed to jdagy magthé’q%tare@?&eﬁﬁret {(TOIEPLL Mhafls!) bra€ thdiGseR98kele fRDOUL
9.6 20 for the 100% CHA case which was set to 100. The diffractograns were
5| mul at ed usi rgntrivatibal dfowteangr pnmram'haeas, sl tafnths: baakgroﬁnd /hlﬁtl _tBeRO shift

.=1. 54056, PSEUDO-VO GT 0.1 -0.03 ne broadenl n 0.009: 0.6. A non- 26
{inear |east- §a‘l}5¥eélst°rﬁt6€%ﬁ%i?eé11¥ At {Ryrgropt gnsgth\@rfeg;gg(fsqeoe Fefine
the contribulhigheo) Ops gy r&oea@sjﬁsmd@fl%ofmhgﬁzm EdpundeAnd e, 29
shift requireée 5 it the experinental profile n rowtr sensitive
tegion (see e.cgleulahiogsir %@mm]ﬁlmuahm{mdﬂnﬁf d'ﬁrcahobdfrwfnmm fdre
sensitivity of the . calculations. Al ter&g\tl vely, a manual trial-and- error

fit can be peldetifdpgite typegent heygpaitadingerfitsesy dee Brokgrund
contri buting ph@‘rﬁ?%mElpe%é’auhg[ggyﬁggeg%fu&ﬁac?%ﬁ i%ﬁ? érapgrség\%{fc%ﬁag% &ﬂ&he“ al's

characterized B he™ presence

contribution ghe fftbrgps\tn Shifte\¥he c6ribuliah B ABY and t?ﬁ@'%vas SRR BNAlUal S

nmet hod, summing the AEl and CHA contribution of each inter grown phases. For
Synchr ot ron XRDares kgalysgpaethedn swinming ke DAEFaxd SHaulcantsitiufpent odr gashwas

[0076]” 1 ' additFBe™E e RRe e PO 4 ARRRGTORVEAA oS PEFhere
obfai ned usi ngmﬁnﬁla@;m%ﬁursw&s G by 200y e ! O BHELmERST A GaAbm toSt ati c

field of 4.7 T (19 H, 50.3 13C). The as-synthesized sanples
wer e | oaded |ﬁJuMéﬂ (AFORSHDH® Aptors (5-mmo.d.) and spun at the magic angle.

The 13C MAS NMVR_(.or Bl och cay) exp ts were perforped_using a
doubl y- t uned Hwa%ﬁ by a a@ﬁwgﬂaﬂ( ?f ﬁ%grfmag@ “nglg éWé‘HmBQ/I‘M tRecHa
acqui sition. i W ]Ilﬁ,}qiq ed
during 13C dﬁta acquil gl"&?{g]‘g %EI"%I ocC ecg{)/ gﬁtgtr?eg \/\éﬂg g‘?%ed at
8-kHz MAS static field of 4.7 T (199.9 MHz 'H, 50.3 MHz "°C). The as-synthesized samples

were loaded in MAS ZrQ; NMR rotors (5-mm o.d.) and spun at the magic angle.

The *C MAS NMR (or Bloch decay) experiments were performed using a
doubly-tuned probe by applying a (90°) “C pulse followed by 13C data
acquisition. A 'H-C dipolar-decoupling field of about 62-kHz was used during
3C data acquisition. The *C Bloch decay spectra were obtained at 8-kHz MAS
using a pulse delay of about 60-sec. The free-induction decays thus obtained were
Fourier transformed (with a 25 Hz exponential line broadening filter). The °C
chemical shifis are referenced with respect to an external solution of tetramethyl
silane (TMS 6¢ = 0.0 ppm), using hexamethyl benzene as a secondary standard.
One or more of the none-overlapping regions can be taken and its relative
intensity determined. This can in turn be converted into mole ratio of the specific
template whereby the relative contribution of one template versus the other can be
calculated. All solid-state NMR measurements were done at room temperature.
[0077] TEM analysis included both Bright-Field TEM imaging (BF-TEM)
and High-Resolution TEM imaging (HR-TEM).
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using a pul se delay of about 60-sec, The free-induction decays thus obtained
were Fourier transfornmed (wth a 25 Hz exponential |ine broadening filter).
The 13C chemcal shifts are referenced with respect to an external solution
-of tetramethyl silane (TM5 5¢c = 0.0 ppn), using hexanethyl benzene as a
secondary standard. One or nore of the none-overlapping regions can be
taken and its relative intensity determned. This can in turn be converted

into nole 10 of t j fJ nlL at ] . i : tribution
of one tofof e Ver JSEVEREEL e SRERLE! Sy AMEDERY ORI S MEiRL C R
measur enentsiplssrietcdfing @tl100manhickppsingtanragate OAZT hndl pbdtenallyesfises ncl uded
both Bright-Field TEM. i magi n%ﬁgBF- TEM ﬁggg Hi gh- Resol ution _TEM i nagi ng
(HR- TEM) . Weye [igbyigred enp daflel Ridraoldpemp o acstardard gux dilR Nnite

as-cal cin I i -1 <1 i I 1 . tar and
pestl e. Tﬁlgrdf gﬁgg rg%%gél ?élt%\l{s%? %rléce'ij%i@%ohgﬁ a? @gg&gﬁﬁgﬁp@g@éd in a

st andar d Mg redin bRckb iviete rémadved drand ¢he Bti bed (rRoldy aad phces 'eddnen”,inddSA) , and

cured under_ anbient_conditions. _The resin bl ocks were renoved fromthe fl at
bed ol ds palvathylenccBEENM gapsules; Bash BEENecapsnlenwapfi cupsalstapdadach BEEM

Sl e e Rty ot Ity e

resin and cureé e cured resin cKS were

renoved f maectied BEEMIGERStdre seridi@dtas itk BEEM 3apskiis e placddifigold t racut E
m crotone. El ectron transparent sections ('-100nm thick) were

ul t r ani cr Beished-Jang diltiasut Bt sngratomeur Elpstim trapspagstt Fepliensk6-108Hg a (

sect ons, MirDave e EiFieEhoRk: B SEGRR LhBEHHiE Sol e SR ol Wiy o 200
nesh car bmondatett. TEM giit@étomPpt@esafractdred hg,s sdtcdmang salixam ned in

the bright field TEM i magi ng node of a Philips OOF TEM STEM at an
accel er at fafjonsoviighyavess floatef vif emwates gad Icodeted entogitandarde 208 Imeshs

identifie s a.ch Fn_t.he i . der_to .quantifwy the nunber
e ety o0 To BT ALY e bl LRk U S

nmagni fi cafisl@NTERD dn@[%ﬁg RliRizESTCE PRTlipS t@OROOM THMISTEMOO dnvhdaslem@ingnot ed by
vi sual i nspection. e nunber of faulted crystals is expressed as the

mﬁnbgr of veltage & 20akY . f@@msmﬁa smtil)q&mfénatazgnlt\saﬁde%tifﬁquasi ancfarclibﬂé;pd of 5:)0
. HR-. TE . i i i
A o s PRkl S SR o S BP R B beR e ARG A Moot B oo™ ©7

addi ng  each sample were examined at low magnification, and the presence of stacking

faults or twins was noted by visual inspection. The number of faulied crystals is
expressed as the number of chards that show one or more fauits or twins in a total
of 500 chards.
[0079] HR-TEM data were obtained by embedding the calcined samplez
( in LR White hard grade resin (The London Resin Co., UK). Then, without adding
the curing accelerator; the resin was thermally cured at 80°C for at least 3 hours in
a nitrogen atmosphere. Electron transparent thin sections were cut at ambient
temperature using a Boeckeler Powertome XL ulira-microtome equipped with a
diamond knife. The thin sections were collected on lacey carbon TEM grids. HR-
TEM analysis was done in a Philipé CMI2T transmission electron microscope at
an accelerating voltage of 120 kV. The crystals were carefully oriented with the
appropriaie zone axis parallel to the electron beam and high-resolution TEM
images were recorded on photographic plate at a nominal magnification of

100,000x.
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the curing accelerator; the resin was thermally cured at 80C for at |east 3
hours in a nitrogen atnosphere. Electron transparent thin sections were cut
at anbient tenperature using a Boeckeler Powertone XL ultra-m crotone

equi pped with a dianond knife. The thin sections were collected on | acey
carbon TEM grids. HR- TEM anal ysis was done in a Philips CML2T transm ssion
el ectron mcroscope at an accelerating voltage of 120 kV. The crystals were

carefully ori m&ﬁbthe appropriate zone axis parallel to the electron
beans and hig n TEM images were recorded on photographic plate at

a nom nal magnjghggpt i on @ 00K s néﬁmﬁmhﬁsol HO @bsa 23.5
ng/ M aqueous !SOEFS?I on o?fzglé%ﬁNg&) 3-9H20 was addeduéégp‘gp%(%oé?’g} of 8.?)60 m

of an aqueous slledttioonm mixtiie Nofd BBy 2fGan dijwasudh sbbitionr o1 NINediethyld2.6xi de,
DEDVP+ OH', (0,.60Q8.nol ar.), an . 000 f_+an. s soluti f

NN - et R SR AGTRA S i Tpaneg e OHRkinciD st g mt 66 ar)
2.400 m of tefyaghbmlsosbRash! bP%ﬁ,ﬁﬁ;ﬁa,@ﬁ?b%‘iﬂ@rﬂant&ﬁmﬁﬂdﬁurﬁoT{?@I%kide(}n and

the resultant m xt'ure was conti nuous tirfed in a Sea container for at
| east 2-3 hourEMa#A'r OHM (0S538 matlan)e 2AM0ithl of tetradieylottkdsilamtehwhothehadiltd cat e
was conpl etely hydrolyzed. To.,the resultant clear solution. s added, 0. 234
Mo a 46wt % adHEGATPETIRR (4BR tBT TRy PEYRS Han oA SETF A PR e y
resulted in 1 Nanphaglughi Of Ofeadl S1HT Mbursl S M IikmpBANIrt" LWRE aoRgENi zed
by stirring and exposure to air for evaporation of ter and ethanol until
a thick slurr ytetmaettyloghostiatdwvas o@tplefeky hpdrobted Tashe neslbamt clewagdntadred
fromthe slurry mxture under static conditions . to ?i ve 2672 ng.of _a _dry gel

solid havi ng Y#e2ddsA| baihgindl art8edipaaiceiy selutpropl hydradhions mesdogyhich i
0. 45DEDWMP : O.; : ; i i i
mechani cal m )?lq’%é%r}ﬁ I%B‘ﬁ%?\/\?%%%%%oglgﬁ# togga gfr%ﬁ’gZﬁlhgsgls% g%ggﬂgg%%i ng

material , AEl Haavigegized B stddrirt aidi expbsifre @ 2id forBevapaatioibbl Nateataddiethanel i 0 of

26.4. The resulting m xture of solids was _transferred to a Teflon'-lined 5
m pressure ra&kl arthgkelery grixfure xas ehtamebcipye wasr wes dartherdemaperat

rotation (abo r A l.i.ng, : i ver ed
by centrifugi lrjlhtgOIIis \agsﬁgg-dy ﬁ%?%?%ﬁlskagg ﬂ%pg?’gse%#&%ﬁ@?ﬂgquo‘%@t‘%&qg ve 775
my of a whi t e haviap oo pilbaind mels ebingoii®n:0% yi el d based on the wei ght of
Si0; : 0.00083A1,0; : 0.45DEDMP : 0.05TMAA : 0.6F : 5.0H,0
[0081] To this solid was added with mechanical mixing 10mg (0.37wt%

based on the dry gel solid) of a seeding material, AEI having a Si/Al atomic ratio
of 8.9 and Si/Na atomic ratio of 26.4. The resulting mixture of solids was
transferred to a Teflon®-lined 5 ml pressure reactor and crystallized at 150°C for
65 hours under slow rotation (about 60 rpm). After cooling, the resultant solid
( was recovered by centrifuging, washed with distilled water, and dried at 100°C to
give 775 mg of a white microcrystalline solid (29.0% yield based on the weight of
the dry gel). The as-synthesized product had the X-ray diffraction pattem
summarized in Table 2 below. The calcined product had the Scintag X-ray
diffraction pattern shown in Figure 2.
[0082] DIFFaX analysis was conducted on the X-ray pattern of Figure 2
and the results are summarized in Figure 3. Figure 3 shows that the product of
Example 1 is characterized by the presence of more than one random intergrown
AEI/CHA phase. Least squares analysis shows that the product of Example 1 is
composed of about 56 wi% of a first intergrown AEI/CHA phase having an
AEI/CHA ratio of 15/85 and about 44 wt% of a second intergrown AEI/CHA
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the dry gel). The as-synthesized product had the X-ray diffraction pattern
sumari zed in Table 2 below. The cal ci ned product had the Scintag X-ray
diffraction pattern shown in Figure 2. [0082] DI FFaX anal ysis was conduct ed
on the X-ray pattern of Figure 2 and the results are summari zed in Figure
3. Figure 3 shows that the product of Exanple 1 is characterized by the
presence of nore than one randomintergrown AElI/CHA phase. Least squares

anal ysis sh thaf: f A% 26 Wt % of
a first int rg?oﬁm%%rhﬁcwgﬁée tlacl’\lﬁéng air? %@&%\Pr@%ﬁggﬁ %3%1@5 “and about
44 Wt % of aAFSCHA ratid @ft@emmtbrAlENaﬁiwoutzg/SQhase havi ng an AEI/CHA ratio of

75/ 25, such that the vveﬁwghted aver age ratio of the terial was
about 41/ 59[00§éb83] SEHM RBRYES ©f d%letcﬁ’élfte IREPGHEd SBPYEY, partt ";‘ﬁa?‘ticles

havi ng a A iz b em cal
anal ysi s sho &ﬁ)lgﬂe%&gm gg?ﬁ‘?g%ﬁzgg?mlﬁl 2em or? ?Hérﬁ%a%}:@l ct to e 1200.
TABLE 2 - XheailicRialidmiaa tmalar iR6d bétie pwbd&istoﬁ;enﬂ@@sl zed Product of Exanple 1
2 Theta d(A) 1001/10 9.75 9.069 100.0 13.20 6.703 6.1 14.28 6.197 15.0

16.38 5.406 96.5 _17. 27 5129 8 4 18 11 4 896 10 6 19.40_4.572 3.4 21.04
4.220 89.0 21.63 XABBEg 4X-Ray Mifgagpg Pateern »f AScStBeSizedl 7 23.54 3.776

3.0 24.36 3.651 5.0 25.39 3.5Pbodiict6f E28mple B. 369 20. 6

2 Theta d(A) 100 I/To
5.75 9.069 - 100.0
13.20 6.703 6.1
14.28 6.197 15.0

, 16.38 5.406 96.5

( 17.27 5.129 8.4
18.11 4.896 10.6
19.40 4.572 34
21.04 4.220 89.0
21.63 4.106 6.4
22.44 3.959 7.9
22.86 3.887 3.7
23.54 3.776 3.0
24.36 3.651 5.0
25.39 3.505 17.6
26.44 3.369 20.6
28.21 3.160 51
30.12 2.965 6.1
31.25 2.860 28.5
31.63 2.827 18.8
32.95 2.716 4.2

( 35.20 2.547 28
36.63 2.451 3.6
40.46 2.228 2.0
43.66 2.071 3.0
44.22 2.047 3.2

EXAMPLE 2
[0084] The synthesis of Example 1 was repeated in two separate

experiments using the same starting materials in the same proportions as Example
1 but with the crystallization temperatures being 135°C and 175°C respectively.
DIFFaX analysis was conducted as described in example 1 on the Synchrotron X-
ray diffraction pattern of the calcined product of the 175°C synthesis and showed
the presence of two intergrown AEI/CHA phases, namely about 78wt% of a first
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28.21 3.160 5.1 30.12 2.965 6.1 31.25 2.860 28.5 31.63 2.827 18.8 32.95
2.716 4.2 ( 35.20 2.547 2.8 36.63 2.451 3.6 40.46 2.228 2.0 43.66 2.071
3.0 44.22 2.047 3.2 EXAWVPLE 2 [0084] The synthesis of Exanple 1 was
repeated in two separate experinents using the sane starting materials in
the sane proportions as Exanple | but with the crystallization tenperatures
being 135C and 175C respectively. DI FFaX anal ysis was conducted as

d i bed i le 1 tshe.S - i £ f ti f th
ot ol nod pr odub gty ehibsliSuy A AEICISN (e BRY/A! bl Bl 4Rl BDE Bl the
i nt er grown AEl $4gbAd piefS6wn pRaR| havalgaumt AFBOHY etioffoisyss twhidDcormdspogiscan

phase having an AEPCHA ratio of 5/95 and and about 22 wt% of a second
i ntergrown phasaveighiehayareeaiEiA atip 6 abowy 3555 whi ch corresponds to a

wei ght ed avera | / CHA 1z ati 251 ' o . ysis
of tghe pr oduct F@]séfhe 1 7@%§§?xﬁ%@?gﬂhg}%g\ﬁé§hf{ng%?}eé)gﬁggwgﬁ gggﬁ@%%ts%e AEl
di recting agenghovwasackhd MWrdefidder IDEDMI(the AH] erea@ienigent)an@ TIARY (thaidHA of
50/50 in the as-synthesSized product. This contrasts with a DEDVP: TMAA nol ar
rati o of 90/ 10direstingeagsnhitines imolarn sefigref. SO/ fO BN As-Rymyhesizedopradpcin This
transm ssion el ectron .mc t r.odu f. the 175C synthesis is
shown in Fi gur‘éon SRR lg%ﬁpg‘r%r@ﬁ {%ﬁghﬁrlgglgﬁﬁaggoq%o{%lﬂﬁiléedﬁ?’;]fﬁsisépcfi& HA crystals
with intercal aﬁmdgegi ONg Bih fradehitRe tﬁ@bm@@fbﬁeﬂe&rdﬁ&hﬁ&é@@h EXWRrEdikt 10087]
a

The synt hesis of le 1 was repeated with the nolar ratio of DEDVP/ TMAA
in the synthesofsthei ¥2ite shathags 1s GhomnFmaXiginaldy ehd confirthe theyaesenes dn

X-ray diffractiof SOLLRLD Qla' D588 GRh ShREURLL T8GhnS B0 Bdd RBI phase

( material.

EXAMPLE 3
[0087] The synthesis of Example 1 was repeated with the molar ratio of

DEDMP/TMAA 1in the synthesis mixture being 1.0. DIFFaX analysis on the
Synchrotron X-ray diffraction pattern of the as-calcined product showed the
product to be pure CHA. In addition, BC MAS NMR analysis showed the
presence of only TMAA (the CHAdirecting agent) in the as-synthesized product.
A HR-TEM transmuission electron micrograph of the product is shown in Figure 5.
No presence of faulting is apparent in the HR-TEM image. The Fourer
Transform of the HR-TEM image shows sharp spots and no streaks, which is
( indicative of a regular stacking and of the absence of stacking faults or twins. No

faults were observed in the 500 chards produced for the TEM analysis.

EXAMPLE 4
[0088] The synthesis of Example 1 was repeated with the molar ratio of

DEDMP/TMAA in the synthesis mixture being 5.67 and the crystallization
teﬁlperawre being 175°C. DIFFaX analysis on the Synchrotron X-ray diffraction
pattern of the as-calcined product showed the presence of three phases, namely .
about 73.5 wt% of a first intergrown phase having an AEI/CHA ratio of 5/95,
about 5.2 wi% of a second intergrown phase having an AEI/CHA ratio of 90/10
and gbout 21.3 wt% of a third phase having an AEVCHA ratio of 0/100, which

31



product to be pure CHA. In addition, 13C MAS NMR anal ysis showed the
presence of only TMAA (the CHAdirecting agent) in the as-synthesized
product. A HR-TEM transm ssion el ectron m crograph of the product is.shown
in Figure 5.- No presence of faulting is apparent in the HRTEM i mge. The
Fourier Transformof the HR-TEM i nmage shows sharp spots and no streaks,
which is indicative of a regular stacking and of the absence of stacking

faults or tw . r apiRer A Nt o1 d for the
TEM anal ysi @H@X%E’I %q{,%g]é%? a?’%rggiynt hesi ga%{@gxﬁgﬁgfé;ﬁw_%s (?g‘gggt ed with
the nol ar r dVIR afalysREERNRV SV presdnbe oYIDEDBRE sthai XELidigediitigngpeht)6ahdand t he
crystallization tenperature, being. 175C. D FFaX analysis on the Synchrotron
X-ray di ffrgMMr(theg&ﬁAeFlHe‘HF‘gt%nﬁén @%@%@&Oﬁ}f%zpty ngthe wedYHthes i #desence of
t hree phaseﬁmdﬂ?twely about 73.5 wt% of a first intergrown phase having an
AElI/CHA ratfo "5/ 95, about 5.2 wt% of a second intergrown phase having an
AEI /CHA ratio of 90/10 and about 21.3 wt% of a third phase having an

AElI/ CHA ratio of 0/100, which 31 corresponds to a wei ghted average AElI/CHA
ratio of abBXAMPELES (EOMBARAEIVEMDR anal ysis showed the presence of DEDVP

the AEl di i : i.rect i i |
Fati o of 2al88%] 1%, aTklerdity el 0. S M BISE 0D S s sbiltalto Vg,
[0089] The wgﬁﬂa&a $sge13 hedollows). 2.00Pat BINAOH, 24,7344 (BBBnvwAg Napphted to

produce SSZ-13 as follows. 2,00 g IN NaOH, 2.78 g 0,72 nolar N, N, N
tri met hyl adtrastbyadaraatammepse ydwXide and 322 g deionied Meaenpers addsde added

sequenti al | T i rr oc . e resu nt

sol ution O. %@“%’ﬂ%‘“ﬁf‘ﬁz&nﬂ quﬁ%‘jilhﬁ‘%g?%g a%t?gﬁe?'slrgﬁ%dﬁg‘ﬁﬁé‘? %‘8‘%@ l,)bEO% A1203)
way added ap@f allengsl WydroxideqTeldix 8000 driedi del,C303412850,)0vB0addlell waRd Sil i ca
(Cab-O-Sil, Mo grade, 97%Si Q2) was then added to the autoclave and the

sol uti on wathenphtion wes nrixed Hntilof peaned0 9@ grivened el (Gal-Ovdd, Moagrade, and

heated wi th ' [ t .16 or 4 .days. . The_aut.ocl ave was then cool ed
to roomt en%%ﬁ@l?)tewgﬁgﬂ?ﬁgdé%c{)%’dh 5t %‘gﬁ(&lf’vy%‘%l— ee?@f’i}a%\l/ “fa.WP‘sﬁi‘Bﬂﬁ The
product wasypesied repeatedly with deionized water and then dried in a
vacuum oven at 50C. )

[0090] The antoclave was sealed and heated without agitation at 160°C for

4 days. The autoclave was then cooled to room temperature and the solid product

recovered by filtration. The product was washed repeatedly with deionized water

and then dried in a vacuum oven at 50°C. A

[0091} X-ray diffraction analysis showed the product to be pure CHA

framework type molecular sieve. A transmission electron micrograph of the

product is shown in Figure 6. No presence of faulting is apparent in the TEM and

( no fanlts were observed in the 500 chards produced for the TEM analysis.

EXAMPLE 6 (COMPARATIVE)

[0092] A sample of a light brown colored natural chabazite was obtained
from western US. It was analyzed to have Si/Al = 3.70, 0.28 wt% Na, 0.33wt%
K, 0.03 wt% Ca, 0.28 wt% Mg, and 1.50 wt% Fe. The sample was subjected to

transmission electron microscopy without any prior freatment and the results are
shown in Figure 7. No presence of faulting was apparent in the BF-TEM and no
faults were observed in the 500 chards produced for the BF-TEM analysis.
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[0091] X-ray diffraction analysis showed the product to be pure CHA
framework type nol ecul ar sieve. A transm ssion electron m crograph of the
product is shown in Figure 6. No presence of faulting is apparent in the TEM
and ( no faults were observed in the 500 chards produced for the TEM

anal ysis. EXAMPLE 6 ( COVWPARATI VE) [0092] A sanple of a light brown col ored
nat ural chabazite was obtained fromwestern US. It was anal yzed to have
Si/Al =3.70, 0.28 wt% Na, 0.33wt% K, 0.03 wt% Ca, 0.28 wt% My, and 1.50
wt % Fe. The sdaRAMBEE Kubjected to transm ssion el ectron nicroscopy

W t hout an I treat d t i O )

presence o1¥ Falgﬁ?]ng m?&g%%gﬂé"rﬁa%hgﬁgﬁ@%%n %%Of@lggpgjég\%@ew%gserved
in the 500 chagded pbogdugigelut aif 5,587 Bt $EMhasnfleysd SoluBdn EFANDNEicth1 20B3]
0.239 M of a 23.5 ng/m _aqueous solution of A ((I\I03€)3-9H20 was _added to a
mi xture of 5. Sopethylmpendiniygubisiiexidel REPYF SPHN RO8DE mejar) ang1.959 ml of

di met hyl pi peri_di ni ide .CH! 6008 . and m  of
an aqu)e/ogspsolaat ?gﬁégé’P ygélﬁlékﬁt?ﬁ %%%t%a%% I§/ “%q%ﬁ{%"n'ﬁﬁﬁy 5%3@%’,

TMAA+ OH-, (0T34ANOHaND.5721 8ffaril 2000 biltoTaatdestydsthieiichicomiscthwd adddden

added to this conposition and the resultant m xture was continuously
stirred in a $ethisgompesitian gad thegiesul Bhmitareavas eminueishe sired @ aspaled a) |

the tetraethyl grt il i cat e onpl et el ol ant
cl ear sol uti oﬁont ish%gg‘lcfe@a%‘?uf%%s P o%g‘geraﬁﬁé/(\k{%g%ﬁ%%égt%ggﬁg?é@%hg%%%és
hydrof | uori c @gingletély GlydidiRdi af@he feQftaht €dad soliths why agieatd, 095 &f ofiasl urry.

This slurry was turther honogeni zed by stirring and exposure to air for
evapor ati on oftSwiteerqugens galwiaetop! bydrpilueria #iié Rvidehy impediately) resultedain 85t ai ned.

To this thick_slurr .058ml (Q. 37wt . % based..on f he wei ght, _of. t.h ry gel)
of (LEV" col | or BAUEEn oY SRBTM A S ey RS BRRD lfhgbPir ol b igingyend

cont ai ni ng 44¢Znodure P4 Gor GRABLIAILARE W ORdWMtharPP ihef a PEtR SRy hidgeadded
and stirring was continued for another 10 mi nutes. Extra water was further

evapor at ed f r wias ohteingduroythis Sualr dumy ded5 g1l 4038 we bnbased onghe weightef he42 ny

f d | .soli i h | | owi ition: Sip: .
0. 000831205 0= barh ol dsqASRI B LS L HIBESianclary HHE WL ¢ ng
m xture of solbadginwasad15aRe fpphd 66sddRud 2h8 TS0 &kt - prhod tasmung\g@,cadzredand

crystallized at 175C for 65 hours under slow rotation (about
and sturing was continued for another 10 minutes. Extra water was further

evaporated from the slurry mixture under static conditions to give 2242 mg of a
dry gel solid having the following molar composition:
Si0; : 0.00083A1,0;5 : 0.375DEDMP : 0.125TMAA : 0.6F : 5.0H,0
[0094] The resulting mixture of solids was transferred to a Teflon®-lined 5
m] reactor and crystallized at 175°C for 65 hours under slow rotation (about 60
( rpm). After cooling, the resultant solid was recovered by centrifuging, washed
with distilled water, and dried at 100°C to give 634 mg of a white microcrystalline
solid (28.3% yield based on the weight of the dry gel). The Synchrotron X-ray
diffraction pattern of as-synthesized product 1s shown in Table 3, whereas the X-
ray diffraction pattern of the as-calcined product is shown in Figure 8.
[0095] DIFFaX analysié on the calcined Synchrotron X-ray pattem of
Figure 8 suggests the material of Example 7 1s a pure CHA phase matenal.
However, *C MAS NMR analysis showed the presence of DEDMP (the AEI
directing agent) and TMAA (the CHA directing agent) in a molar ratio of 13/87 in
the as-synthesized product. The HR-TEM of the product is shown in Figure 9 and
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rpm. After cooling, the resultant solid was recovered by centrifuging,
washed wth distilled water, and dried at 100C to give 634 ng of a white

m crocrystalline solid (28.3%yield based on the weight of the dry gel).
The Synchrotron X-ray diffraction pattern of as-synthesized product is
shown in Table 3, whereas the X- ray diffraction pattern of the as-cal cined
product is shown in Figure 8. [0095] DI FFaX anal ysi s on the cal cined
Synchr ot ron Xzt t i 818U e nple 7 is
2 bure G Shalg*pBas G brite) SR T 10 SRR L PBACE! Bl SORE
presence of chir@Mretd fralyxed in BF¥18Viand lag{emﬁt)le ahaids‘l’é%ﬂve@tfhelts(]—lA directing

agent) in a nolar ratijp of 13 in th ynt hesi z he HR-TEM
of the prodlft096]s shovvrp Mﬁ‘”‘ﬁ‘é‘gﬁ yé’ﬁ&ﬁo eé%?ﬁepﬂes%fgﬁ%gbg\ﬁ%%‘gfzfsﬁ

faulted. To f zed |n
BF- TEM and %@%ﬂ% thl\iéett)c ar S s ﬂfg dltlg e'tc{sf:ﬁ]g f%@é?%@%@m%ﬁa ysi s
showed the gieeseppahesizedEpidauéit heSBMI andlysiectfi thg egeintd poductMidwedhe CHA

di recting agentl) inanolar ratio of 13/87 in the as-synthesized product.
SEM anal ysi Barbfles Heaveng @i fack piaseJeerrbaioas candpar tize |odsalioalhi hgy BiQMi-ck plate

nor phol ogy wg d the
silicalal uméﬁg“ﬁafé‘ %Isgg‘g?& tlﬁeagr 0 L‘%@n?@g{w@%ﬁf@@aﬁdﬁ §§?(9\>%3Ray
Dffracti onj®attern of As- Synt hesized Product of Exanple 7 2 Theta d(A)
1001/10 9.50 9.300-30.8__12 96 6.825 2.7 14 03 6 308 14. 7 16.15 5.484
64.9 17.85 4.965 14.8 Tabled X-&Ruy Diffraction BattaxpefB3As-00. 0 22. 18 4. 005 10. 3

22.66 3.922 8.6 23.30 3. 8Nyngh@izedProdudt diExa3ipis 7

2 Theta d(4) 100 I/lo
( 9.50 9.300 30.8
12.96 6.825 2.7
14.03 6.308 14.7
16.15 5.484 64.9
17.85 4.965 14.8
19.20 4.620 1.9
20.82 4.263 100.0
22.18 4.005 10.3
22.66 3.922 8.6
23.30 3.815 32
25.12 3.542 33.3
26.24 3.393 24.0
28.01 3.183 4.5
28.42 3.138 3.2
29.93 2.983 4.0
31.03 2.880 50.1
31.40 2.847 17.8
31.97 2.797 1.3
( 32.78 2.730 2.8
' 33.81 2.649 22
35.00 2.561 4.6
35.44 2.531 1.7
36.41 2.465 5.5
38.82 2.318 1.0
39.12 2.301 1.6
40.29 2.237 4.5
42.53 2.124 0.8
4331 2.087 4.2
44.08 2.053 6.6
45.75 1.981 0.4
4755 1.911 1.6
48.45 1.877 4.5
49.55 1.838 59
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26.24 3.393 24.0 28.01 3.183 4.5 28.42 3.138 3.2 29.93 2.983 4.0 31,03
2.880 50.1 31.40 2.847 17.8 31.97 2.797 1.3 32,78 2.730 2.8 33.81 2.649
2.2 35.00 2.561 4.6 35.44 2.531 1.7 36.41 2.465 5.5 38.82 2.318 1.0
39,12 2.301 1.6 40.29 2.237 4.5 42.53 2.124 0.8 43.31 2.087 4.2 44,08
2.053 6.6 45.75 1.981 0.4 47.55 1.911 1.6 48.45 1.877 4.5 49.55 1.838
5.9 34 EXAMPLE 8 [0097] The as-synthesized materials fromExanples | and 2

were indivi dUEHWLﬁﬁed to pellets at 30000 psig (2.07x105 kPa) and then
ground and sieve 0 between 80 and 125 p.m Two separate sanples of each

of the sized [98]ials Viheeansinfrestetemateinls fromdERanptgs ahdand Xedvere
oaded i nfo selARARERl Bt tnPBIaF aNEE G e’ BEa 8 e EREPB Pt om
AP 2 QUL Gkl (TS 5 AL sy Rl thotinaant,
ef f ect - or gani cmueniplsal erervesiphwl betwWemn Zhhed P2 dhg oat mixed tsspasetely witbi¥0supj ect ed
to amxture Ogtf ?ggmu%?tsi ?cgglcairbr%de'\.l 3 te:sr—:5 %gi%:ures were loaded into separate 1.9mm
internal diameter tubes sealed at the bottom with a quartz frit. The tubes were
sealed into heated reactor blocks and the catalysts were then calcined at 540°C
under ﬂowing air for 2 hours to effect organic template removal. The calcined
catalysts were then subjected to a mixture of 85% methanol in N; at 500°C,
( | approximately 100 weight hourly space velocity (WHSYV), and 40 psia (276 kPa)
methano! partial pressure for 25 minutes. During the methanol reactions the
reactor effluents were collected and stored at timed intervals for analysis by gas
chromatography. Following the methanol reaction the catalysts were subjected to
a flow of 50% oxygen in nitrogen at 550°C for approximately 90 minutes to burn
off deposited coke. The reactor effluents were analyzed by infrared spectroscopy-
with quantitation of both carbon monoxide and carbon dioxide to determine the
amounts of coke deposition. |

[0098] Selectivities to hydrocarbon products were calculated. The values

given below are averages of each individnal selectivity over the entire reaction.

Each value represents an average of the selectivities obtained from the two

( individual repeats.

Selectivity Crystallization Temperature (°C)

| 135 150 175
Cy 1.4 1.1 1.0
Cc;’ 0.1 0.1 0.1
C: 28.2 27.9 28.7
ol 1.4 0.1 0.1
C5” 46.3 46.2 46.0
Cs 18.5 18.9- 18.7
Cs' 54 5.1 4.8
Coke 0.5 0.4 0.4



approxi mately 100 wei ght hourly space velocity (WHSV), and 40 psia (276 kPa)
nmet hanol partial pressure for 25 mnutes. During the nethanol reactions the
reactor effluents were collected and stored at tined intervals for analysis
by gas chromatography. Follow ng the nethanol reaction the catalysts were
subjected to a flow of 50% oxygen in nitrogen at 550C for approximately 90
mnutes to bum off deposited coke. The reactor effluents were anal yzed by

i nfrared spegtr with quantitation of both carbon nonoxi de and carbon
di oxide to démw{)he anounts of coke deposition. [00981 Selectivities

to hydrocar bggogy oduct jsrh\é@F,ﬂa@ﬁ& eBERhRfle TR\ BpeHRE with B nREdrautia e
averages of each individual selectivity over the entire reaction. Each
val ue repr esBEDMBA M) ayshosynthesisseiixtote vintyings betwean fbi mdh%t hdhe wo

Cl'1 4 11 FepiRcsh’6 MRS MR el o yeisdie G SR SghBNIttue 5 o5 T

46.3 46.2 4650 TRAR. : 35
EXANPLE o [ OBg8] aeon) st THAAR (fhe CRA frcbine dedhtR cxb il mbbtale

rati o of DERMPeTMAAyRthedited pyodubiesis welktasr thevpergentggeh of iaeited) cB&dand 19.

The results of 13C . NVR, apa ' or .detecti.ng the presence of. DEDVP

(the AEI diqbéE"t"Fadng@gn&)ar%aﬁy WM ARALySim agF Fhapn Hbﬁ%g’gﬁf’)",mge [essed in

nolar ratio ' P t A=Y t I per cent age of
Sqgethét Wl eﬂﬂngg&gﬁggggﬁgﬁ;&g fateffl #6h Exitpld™

faul ted char observed 1 n TEM anal ysi s"are shown in the
following table, together with the results for the as-synthesized materi al

from Exanpl e 3. DEDIVPb‘E%iIﬂWi)Anitnhesi s gel 1 3 5.67

( synthesis gel 1 3 5.67
13C NMR analysis
DEDMP/TMAA in as- 0/100 8/92 30/70
synthesized crystals
Faulted Chards by TEM 0 3 o7
(% in 500 chards)
[0100] The as-synthesized products of Example 9, together with the as-

synthesized material from Example 3, were individually pressed to péllets at
30000 psig (2.07x10° kPa) and then ground and sieved to between 80 and 125 pum.
Two separate samples of both of the sized matenals were weighed between 21 and
22 mg and mixed separately with 90 mg of 100 um silicon carbide. These
mixtures were loaded into separate 1.9mm internal diameter tubes sealed at the
( bottom with a quartz frit. The tubes were sealed into heated reactor blocks and the
catalysts were then calcined at 540°C under flowing air for 2 hours to effect
organic template removal. The calcined catalysts were then subjected to a mixture
of 85% methanol in N, at 540°C, approximately 100 weight hourly space velocity
(WHSV), and 40 psia (276 kPa) methano!l partial pressure. During the methanol |
reactions the reactor effluents were collected and stored at timed intervals for
analysis by gas chromatography. Following the methanol reaction the catalysts
were subjected to a flow of 50% oxygen in nitrogen at 550°C for approximately
90 minutes to burn off deposited coke. The reactor effluents were analyzed by
infrared spectroscopy with quantitation of both carbon monoxide and carbon

dioxide to determine the amounts of coke deposition.
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( 13C NWR anal ysis DEDMP/ TMAA in as- 0/100 8/ 92 30/70 synthesized crystals
Faul ted Chards by TEMO 3 27 (% in 500 chards) [0100] The as-synthesi zed
products of Exanple 9, together with the as- synthesized material from
Exanple 3, were individually pressed to pellets at 30000 psig (2.07x105
kPa) &and then ground and sieved to between 80 and 125 m Two separate
sanples of both of the sized materials were wei ghed between 21 and 22 ny
and m xed separ W th - Qf i i i de. i es
wer e | oaded i nt@igg?/oar at es%gg{n%légn%%gg%{&%%bg%ecﬁg?&ﬁ&ggscggﬁgag&atf&; )t%éﬁ
bottom wi th a geadtich. fThetvalutbgivenbebwercahs maiadual point beledthritiss@betimad 3 ocks
and the catalysts were then cal cjned at 540C_unger flowng air for hour s

2
to effect or gBsFendSeafisT he sterrri\ViEF mefhanol geachifR dorceach) Gplalvstndihess Kalfes

subj ected to a._ni . 859 . i : i I 0
wei ght hourly sﬁ%éfc:%éﬁ\}g?%g{np% Oﬁwﬂpglﬁgﬂfg%ggf’lf%g%cﬁ%%t a{%o%l%éa:rti al
pressure. Duri Rgprchentsat Hvaerade ofitleseddotingics bbtaid dton tiefthouadiviiunkrepeats.
collected and stored at tinmed intervals for analysis by gas chromatography.
Fol |l owi ng the nethanol reaction the catalysts were subjected to a flow of
50% oxygen in nit 550C for il . 90 40 bum of f
deposi ted coke. ﬁ@ggggg&or ef fl uemt% é%'g Rb@%%%?sa?e%
spectroscopy with quantitatigrsof boyh carbog nonoxkgg and cgrbon digoxi de
to determi ne the anmounts of coke deposition. 36 [01011 Selectivities to
hydrocarbon proddéts were caPeul ated4or ead? reactddn. Th&-Val uesld ven
bel ow are the inghvidual poiptyselegivitieg pbtaingd330 segepnds after the
start of the nethanol reaction for each catalyst. These values represent
theg'poi nts of maGzrum ol ef i &8 ect$2Hty fof3.0ach cdl& yst.3&8ch vade
represents an avetage of the | ectinvi ti es ai ned omth wo i ngisvi dual
repeats. Sel ecti%éfity DEDVP/ ﬁlm Ratoi'% in S@h hesi sOfoaI 0.3?' 3 5. 9 19
Cl 2.5 2.42.222.11.2 3B 0.43024 0.33013 0. 336.83 39.3 43.1

Cy 13.7 13.5 134 14.1 14.7 16.1
Cs' 4.6 4.6 4.2 4.4 4.2 4.7
Coke 1.2 1.3 1.0 0.6 0.5 0.5
EXAMPLE 10
[0102] The as-synthesized material from Example 7 was pressed to a

pellet at 30000 psig (2.07x10° kPa) and then ground and sieved to between 80 and
125 um. Two separate samples of the sized material were weighed between 21
and 22 mg and mixed separately with 90 mg of 100 pm silicon carbide. These
( mixtures were loaded into separate 1.9mm internal diameter tubes sealed at the
bottom with a quartz frit. The tubes were sealed into heated reactor blocks and the
catalysts were then calcined at 540°C under flowing air for 2 hours to effect
organic fernplate removal. The calcined catalysts were then subjected to a mixture
of 85% methanol in N, at 540°C, approximately 100 weight hourly space velocity
(WHSYV), and 40 psia (276 kPa) methanol partial pressure for 25 minutes. During
the methanol reaction the reactor effluents were collected and stored at timed
intervals for analysis by gas chromatography. Following the methanol reaction
the catalysts were subjected to a flow of 50% oxygen in nitrogen at 550°C for

approximately 90 minutes to bumn off deposited coke. The reactor effluents were
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ant- 42.0 42.5 43.5 41.2 38.8 33.8 C30 0.3 0.3 0.20.10.10.3 C3- 353
35.2 35.1 36.9 39.3 43.1 4 13.7 13.5 13.4 14.1 14.7 16.1 C5+ 4.6 4.6 4.2
4.4 4.2 4.7 Coke 1.2 1.3 1.0 0.6 0.5 0.5 EXAMPLE 10 [0102] The

as-synt hesi zed material from Exanple 7 was pressed to a - pellet at 30000
psig (2.07x105 kPa) and then ground and sieved to between 80 and 125 pm
Two separate sanples of the sized material were wei ghed between 21 and 22

ng and m xe i : inleh i : m Xt ures
wero 1 oadciaed By Syt Serhgitbe Tt af Rl or oL ERUPULIo IO SRE o
bot t om wi tdarnaliaxide té Getermihb thet mbmmtasfioaks degosilionnt 0 heat ed reactor bl ocks
and the catalysts were then calcined at 540C under flowing air_ for 2 hours
to effect [0W03ani c t Seipetaniies ie RyFEAcarbpR Hredic weig C@kﬁ“&ﬂt%t&l@\éﬂé‘eﬁ hen

subj ected to _a, m xtur f t. [ : j ely 100
wei ght hod efl ‘%%Pa‘é’eﬁsgﬂ‘%%ﬁf ssg?%W%uﬁ% Q%%B@‘&a&g%ﬁ E%glge%n%%g}hol parti al
pressure fRach2alid tepresentDuni fNgragehel et beleniviti@ashtuiaadt ffemr #ectwas ef fl uent s
were collected and stored at tined intervals for analysis by gas
chr omat ogre@iMiduabePEd®i ng t he nethanol reaction the catal ysts were
subjected to a flow of 50% oxygen in nitrogen at 550C for approximtely 90
m nutes to burn off deposited coke. The reactor effluents were 37 analyzed
by infrared spectr @®asgduetwi t h quangieq‘?étm of both carbon nonoxi de and
carbon dioxide to determ ne the amounts of" coke deposition. [0103]
Selectivities to fydrocarbon product sfkere cal cul ated. The val ues gi ven
bel ow are averageé,‘z“of each individual Oskel ectivity over the entire reaction.
Each val ue represgn.ts an average of t{lgesel ectivities obtained fromthe two
i?di vi dual repeat ?B Product Sel ecti vi Cl 2.9 Cz0.3 Cz 41.6 C30.1

. C; 0.1

Cs 36.0
Cy 13.7
Cs’ 3.9
Coke : 1.3
[0104] While the present invention has been described and illustrated by

reference to particular embodiments, those of ordinary skill in the art will
appreciate that the invention lends itself to variations not necessarily illustrated
herein. For this reason, then, reference should be made solely to the appended

claims for purposes of determining the true scope of the present invention.
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C 3 36.0 C4 13.7 GCs' 3.9 Coke 1.3 [0104] Wi le the present invention has

been described and illustrated by reference to particular enbodi nents,
those of ordinary skill in the art will appreciate that the invention |ends
itself to variations not necessarily illustrated herein. For this reason,

then, reference should be nade solely to the appended clains for purposes
of determning the true scope of the present invention. 38 CLAIMS 1. A
crystalline material substantially €L88MS framewor k phosphorus and
conprising at |east one intergrown phase of a C HA framework type nol ecul ar
sieve and an AEl franmework type nol ecul ar sieve, wherein: (a) said materi al
inits calcined, anhydrous form has a conposition involving the nolar

rel ationshi p: (n)X203: Y02, wherein Xis atrivalent element; Y is a

tetravalent elenept; and n is from0Q to ., 0.5 aj erjal. inits

as- synt hesi zed fognfryg‘S % Mateny] Fqbgmpwpaﬁe%cftgEraﬁléwgg&”%hgﬁpbﬁgs aa"Pi r st
directing agent fmpdisingaticag ohdBrapowhphiss o0t CHA Fhhewbrkayfrinslsailatpe

nol ecul ar sieve and a second._directing aqu for directing the synthesis of

a AEl franmewor k- t ¥ a6 p AR Samswersdypedng sieve, yre¥Econd  directing

agents being different,y ai i it 3lcARd drotfs foRACh&s' ¥ Sbifpdsitiag materi al
of claiml wherein n i(g) r%%@gtluhtl% %lcl ’siﬁ‘g% gs 0from 0. 001 s'ito 0.02. 3.

The crystalline navelvingithegholat rglationshipr cl aim 2 wherein said material, inits
calcined form contains froml to 1&3)(%[@81\:“ wei ght, such as from5 to 50
ppm by wei ght, for exanple from 10 “ppth by weight, of a halide. 4. The
crystalline mat erwhdreiafX lagrivalént\eteareed; Y is aitchravalentcdenouand sds frifafani de.  S.
The crystalline erial of any preceding claimwherein Y is silicon, tin,
titani um germani unr'or a conbi nati on thereof.

(b) said material, in its as-synthesized form, contains in its intra-
molecular structure 8 first directing agent for directing the synthesis of a CHA
framework-type molecular sieve and a second directing agent for directing the
synthesis of a AEI framework-type molecular sieve, said first and second
directing agents being different; or

(¢) both (a) and (b).

2, The crystalline material of claim 1 wherein n is from 0.001 to 0.1, such as
from 0.0017 ta 0.02.

K} The crystalline material of claim 1 or claim 2 wherein said material, in its
calcined form, contains from 1 to 100 ppm by weight, such as from 5 to 50
ppm by weight, for example from 10 to 20 ppm by weight, of a halide.

4, The crystalline material of claim 3 wherein said halide comprises fluoride.

5. The crystalline material of any preceding claim wherein Y is silicon, tin,

titanium germanium or 2 combination thereof,

6. The crystalline material of any preceding claim wherein X is aluminum,

boron, iron, indium, gallium or 2 combination thereof.
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6. The crystalline material of any preceding claimwherein X is alum num
boron, iron, indium galliumor a conbination thereof. 39 7. The crystalline
material of any preceding claimwherein Y is silicon Xis alumnum 8. The
crystalline material of any preceding claim wherein the first directing
agent conprises at |east one of an N-al kyl-3-quinuclid nol, an

N, N, N-trial kyl - exoam nonorbornane, an N, N, N-tinethyl -l -adamant at nnoni um
conmpound, an N , N, Nwi net hyl - 2- adamant ammoni um conpound, an N, N, N-

tri met hyl cycl ohexyl anmoni um conmpound, an N, N-di net hyl - 3, 3-

di et hyl pi perjdi ni ym conpound, .an. N.N- et hyl.et h i di ni um
conpound, an N, l\l—dﬂ?‘FeF‘h’% ¢ AT ﬁfﬁaw&? ‘#‘ CYAEBH%‘I?&T%% ?Tié SRiobl RELs

1, 3, 3, 6, 6- pent anet Jyhn@mazoni o- bi cycl o( 3. 2. 1) oct ane conpound and

N, N- di met hyl cycl ohexyl am ne.. 9. The crystalline material of any precedi ng
claim wherein the first directing agent corrpri ses a multi-cyclic am ne or
anmoni um conpgund 0 I ecedi ng
cl ai s, vvhere?n thg °’P":‘r?ﬁm§|ﬁ H?Srag]ég% co lra?lfée‘zmgﬁﬁqﬁe st diCotity

N, N, N-ti met hyl - | - aagemesnypriaesasasnone s ap dlalktyl-3-quinuktidingh, ys NaN/N-mizleybt er i al

of any one of the ecedl cI a| ms ein o ent
conprises a m)nocy@ﬁ .*W&?ES&H%SW‘EE‘C%@@?. ne
materi al of any ong othmN.mﬂ@unagmﬁmamgmwﬁerehmphhﬂi sanoncNNlN-ectl ng
agent conprises an N\ di met hyl - 2, 6- di met hyl pi peri di ni um rrpouF}c(i’ 0

N, N- di et hyl - 2, 6- dl‘ﬁﬁW‘iﬁch’W&ﬁW@ﬂW'ﬂoméﬂﬁﬁPmﬁB e cNREEPIH 7 ter| al

of any one of the Mﬁ’gﬂi idMi@h . Ve E&hﬁ the gplar NHydhyl&hylserond

directing agent retal the as-synthesized material to the tot al nol ar

anount of first andméwtpmbmi@%t icomperpdnt an r NNadimsehyl ﬂ-mmlmencbwmhes. zed
material is betweep n?po?m@ndlg ﬁﬁﬁﬁ%}}éﬁ?ﬂl -@E}oﬂ%%&clozygtlfb%ﬁh%gr@g& md. and

crystalline materi a rrpirl sty *a MEVior K ecu
havi ng a conposi tlmdmmmmthyg:ytlbhmyhhmue rel ati onshl p:

9. The crystalline material of any preceding claim, wherein the first directing

agent comprises & multi-cyclic amine or ammonium compound.

10.  The crystalline material of any one of the preceding claims, wherein the first
directing agent comprises an N,N,N-trimethyl-1-adamantylammonium

compound.

11,  The crystalline material of any one of the preceding claims, wherein the
second directing agent comprises a monocyclic amine or ammonium

compound.

12. The crystalline material of any one of the preceding claims, wherein the
second directing agent comprises an N,N-dimethyl-2,6-dimethylpiperidinium
compound or an N,N-diethyl-2,6-dimethylpiperidinium compound.

13.  The crystalline material of any one of the preceding claims, wherein the molar
amount of second directing agent retained in the as-synthesized material to the
total molar amount of first and second directing agents retained in the as-

synthesized material is between 0.1 and 0.3.
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(n) X201: YO2, wherein X is a trivalent element; Y is a tetraval ent el enent;
and n is fromO to about 05 the nmethod conprising: (a) preparing a
reaction m xture capable of form ng said material, said mxture conprising
a source of water, a source of an oxide of a tetravalent elenent Y and
optionally a source of an oxide of a trivalent element X; (b) (i) including
in said reaction mxture a first directing agent for directing the

synt hesis of a CHA framework-type nol ecular sieve and a second directing
agent for directing the synthesis of a AEl franmework-type nol ecul ar sieve,
said first and second directing agents being different, or (ii) maintaining
said reaction m xture under conditions sufficient to formcrystals of said

crystalline nmt erA alethod @fBynitisesizthgatcrysealidie maerial nmp:gsrmgmcma&anmorh CHA
framework type nol ecul ar sieve ang an AEl framework type nolecul Si eve,

or (iii) both (i)yRgndnqleqfar sigye @nd havieg, & icAgPeATep c‘? Ying | he erial
from (b). 15. The.ggidigg:. of claim 14 wherein said reaction mxture also
conprises at least one organic directing agent (R for directing the
formation of said crystalline nmat e(rﬂi)}édoagﬁ% The nethod of claim14 or claim
15 wherein said r, ( MR'0gani C

di recti ng agent f"@fﬁ&gif g(}é? %ﬁnﬁeﬁ?‘%hgﬁ ?gheﬁ%aléﬁgﬁk\eﬂgrgg%ﬁ togge

mat eri al and at IahamttOSqﬂmm&hmﬂmbnqmgmgl c di rectl ng agent for directing the
formati on of an AEI rrework e materia l}l f-E 8 Pf‘af:l aim 16,
wherein the first di ré t nBreBEfE%ﬁpa ?B?Hﬂ”l’g‘ém%ﬁpa of fomifl Said aferi

N, N, N-trinethyl-1-adamant yk8 e £8inpAEROL Behreeldt. waldtes foRkd@d afbxide ai m 16 or
claim 17, wherein the second directin gent conprises an
N, N- di et hyl - 2, 6- di met hyl pi pés F%nanﬂmhegmﬂbﬁrﬁad OPgona*l*Mé PRSI D PXGRY one of
clains 16 to 18, wherein t BEa IRLRAL didhenPx0f the first organic directing
agent to the second organic directing agent in the reaction

(b) (@) including in said reaction mixture a first directing agent for

directing the synthesis of a CHA framework-type molecular
sieve and a second directing agent for directing the synthesis of
a AEI framework-type molecular sieve, said first and second
directing agents being different, or

(i) maintaining said reaction mixture under conditions
sufficient to form crystals of said crystalline material
comprising at least one intergrown phase of a CHA framework
type molecular sieve and an AE]l framewark type molecular
sieve, or

(iii) both (i) and (11); and

(¢)  recovering said crystalline material from (b).

15.  The method of claim 14 wherein said reaction mixture also comprises at least
one organi¢ directing agent (R) for directing the formation of said crystalline

material.

16.  The method of claim 14 or claim !5 wherein said reaction mixture comprises
at least one first organic directing agent for directing the formation of a CHA
framework type material and at least one second organic directing agent for

directing the formation of an AEl framework type material.
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m xture is between 0.01 and 100. 20. The method of any one of clains 14 to
19, wherein said reaction mxture also conprises a halide or a

hal i de- cont ai ni ng conpound. 21. The nmethod of any one of clains 14 to 20,
wherein said reaction m xture also conprises a fluoride or

fl uori de-contai ni ng conpound. 22. The nmethod of any one of clains 14 to 21,
wherein the conditions in (b) include a tenperature of from 500C to 300T.
23. The nmethod of any one of clains 14 to 22, wherein said reaction m xture
al so conprises seed crystals. 24. The nethod of any one of clainms 14 to 23,
wherein said seed crystals are added to said reaction m xture as a

col l oi dal suspension in a liquid nmedium 25. The nethod of any one of
clains 14 to124, Uheneimdsef daedd, whesimlle Gotpliestngaageny somptisesaannat eri al
havi ng an ARE, OFF, and/or .LEV framework-type.. 26. The nethod of any
one of claims 15 géqggﬁ'%ﬂ?i'& ﬂ“rgﬁtﬂa’?"é‘ﬁ’&‘f’?‘&?“émﬂ%re has the fol |l ow ng

nol ar conposition. 42 H20/Y02 0.1 to 20 Halide/YO2 O to 2 1UYQ2 0.01 to 2;

X201/Y02 0 to O S._ 27. A process for producing ol efins conprising the step
of contactindg®an GheyFethod efxsleianaé é’fég’lﬁol?nd”ll#ﬂ!%rtheowe Sirectng rAgeRts on

conditions wth a,gata 5 kAndihdni iahl d hpierial of any one
of clains 1 to 13cor th%éhé’r]f/@?ﬁalﬂ ?’ne na?sg?]?gr?(ﬁ%rﬂocﬁﬁgﬁglby t he nmet hod of any
one of clainms 14 to 26. 28. The process of claim 27 wherein said organic

oxygenate coygoungl, £ QIRLE 3PSy o1 ol Aais 16%0 TR ere R ASORF rafto Brile'tirf t Ner eof

organic directing agent to the second organic directing agent in the reaction

mixture is between 0.01 and 100.

20.  The method of any one of claims 14 to 15, wherein said reaction mixture also

comprises a halide or a halide-containing compound.

21.  The method of any one of claims 14 to 20, wherein said reaction mixture also

comprises a fluoride or fluoride-cantaining compound.

22,  The method of any one of claims 14 to 21, wherein the conditions in (b)
include 2 temperature of from 50°C ta 300°C.

23.  The method of any one of claims 14 to 22, wherein said reaction mixture also

comprises seed crystals.

24, The method of any one of claims 14 to 23, wherein said seed crystals are

added to said reaction mixture as a colloidal suspension in a liquid medinm.

25.  The method of any one of ¢laims 14 to 24, wherein said seed crystals comprise
a crystalline material having an AEI, OFF, CHA and/or LEV framework-type.

26.  The method of any one of claims 15 to 25, wherein said reaction mixture has

the following moalar compesition.
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27.

28.

H,0/YO, 0.1t020

Halide/YO, Oto2
R/YO, 0.01 10 2;
Xs04/Y0, 0to 0.5.

A process for producing olefins comprising the step of contacting an organic
oxygenate compound under oxygenate conversion conditions with a catalyst
comprising the crystalline material of any one of claims 1 to 13 or the
crystalline material produced by the method of any one of claims 14 to 26.

The process of claim 27 wherein said organic oxygenate compound comprises

methanol, dimethyl] ether or a mixture thereof.
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