WD 2005/ 063622 PCT/ US2004/ 042737 CHABAZI TE- TYPE MOLECULAR SI EVE, | TS
SYNTHESI S AND I TS USE I N THE CONVERSI ON OF OXYGENATES TO OLEFINS FIELD OF

| NVENTI %?QQ&;&“;EEI s invention relates to a nolecul ar $icg%R260ANE7 2
chabazite-type structure, its synthesis and its use in the conversion of
oxygenates, particularly nethanol, to olefins, particularly ethylene and
propyl ene. BACKGROUND OF | NVENTI ON [ 0002] The conversion of oxygenates to

ol efins ( j ] [ resear.c se it has

t he pot enﬁgg‘*‘# ; LOg - S SR L ef]g#hnol ogy

t hat istodayU H e R S oo ' &0 gquantities of
et hyl ene and propyl ene. The very large volunes involved suggest that
substanti %mves' exist for alternate technologies that can
del i ver hi light olefins in a cost efficient manner.

VWer eas st[@dom]cr acki Tigis irtlention eslateoin-smblecilay setdbavitd a chabatitenipeof napht ha

range hydrocarbons at very high tenmperatures, OIO exploits catalytic and
mi cr o- ar cHMERES A sypihesisyandeds yee wicthgconysapign Afaxygrualess PargRilyi | der

t enper at ur |t . ' ' f ethyl ene and propyl ene
fran met haﬁ%*@%&éw%ﬁlgﬂ#g@?@%%ﬁﬂgﬁg?nét?he OT)({) reactiong s%gests a

conpl ex sequence in which three major steps can be identified: (1) an

i nduction period leading to the formati on of an active carbon pool

(al kyl -ar MM&MMeaI kyl ati on reactions of these active

I nt er medi | eadi , ) L O condensed
ring arorraplﬁgzs]. O'I'Onlﬂ%eI '?%Ig{eg %’1???{% n {gget?]taqk)"/ﬁ{s? ans? Zynk:ﬁlg?%ﬁ’\ f(-l:llfgl

t r ansf or matubjeot bfi intbinsehrebdrecic beaduyesit has the patemtial foruepkcingahe ladg- change.

The ability of the catalyst to intain high olefin yields for prol onged
peri ods off’){“lqdi‘f’cg r”'t?ﬁ’:”eéﬂ#’r“{ﬁ desbpelogy thaly i dedaye thife dpfushy-stagdard; E}E rates at

whi ch the »oRQYe: WARPSSRS dakRid! GChhyithe sheBbIBN. OTHEOKEy jnfge ol ecul es

is of sin nport ance because t accu tron int with the
desi red reattmeninvebgdanggest thabsubstuhital sobnomigSncdntivesaexistclot alternateke r ender s

t he carbon Rool .inactive, ] ower he rates _gqf diffusjon of reactants and
products, L‘lﬁé‘“ést%%‘@n %{Véﬁmﬁ% @M%@ﬁmlé%}’i’d%ﬂﬁtﬁ tons and

limts catghyst |Whereas steam cracking relies on non-selective thermal reactions of

naphtha range hydrocarbons at very high temperatures, OTO exploits catalytic and
micro-architectural properties of acidic molecular sieves under milder temperature
conditions to produce high yields of ethylene and propylene from methanol.

[0003] Cwrrent 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
inactive, lowers the rates of diffusion of reactants and products, increases the

potential for undesired secondary reactions and limits catalyst life.



1 WD 2005/ 063622 PCT/ US2004/ 042737 [0004] Over the last two decades, nmany
catalytic materials have been identified as being useful for carr ying out
the OTO n9aGhisRiegs22 & ystalline nolecular sieves are thq.cg-mg‘z&f“[]oggmgat al ysts
t oday because they sinultaneously address the acidity and norphol ogi cal
requirenents for the reactions. Particularly preferred materials are

ei ght -nmenbered ring alum nosilicates, such as those having the chabazite

(CHA) f rk type ) |l as si.licoal um.nophaosphat.e of, the CHA
struct ui@ﬁl\ﬁch a@)@%ﬁ% é\é\fﬁ Ui0e Becaes é%%ﬂya?a@?’g\:/égﬁﬁﬁ?%@%@é{&&ee? hat are
suffici eduntified sUBeth® @REANTRIS BB QRithe OTO EFeABbl eTrykhltige Sti | |
allowing the diffusional transport of reactants and products into and out

of tlhe srojeudarssievies rasei e pesferrest ratalysis éﬁ@dn%?@dﬁﬁ_ﬁfrﬁﬁnwfweuﬁlm es. I By o
corh ot PmsTeS i RA RRAL RN EARAGREDE s TPactich] RRBEARAL™ .t eneive.

resear CRréférrédingatarifld drd Migtmembére@trigd lahesiabsilit-RENASRNA! @fosar e currently
nore effective OTO catal ysts than alumnosilicates. In particular, the

cont r ol haying it ehabazite ((GHA) fismsworlotype, 2savelb as siligoalpminopbegpheigsrent for t he

a0l it o0t M CRR ARG Rl s SRECEPE, TR B SRS R R BT V6 °

undi scovrs adfigiehtldrgd to 426RBjodaltadlambtiCintémrdiagdsuykild Milpﬂrqﬁﬁ% ng zeolite
with the approximate fornula Ca6A112Si 24072. Three synthetic forns of

chabazi the gifusinagk frapspart of reagtaptsi and pofleciuiintp agdequisof theyerystalyy Breck,

ubl i sh | . ' [ I L. $cl o e of which is
!Dncor por?[g? {é@i %%&g@%@{l@%%%zg& dﬂ?\g%ﬁ%rﬁggsg WH%?B% ﬁﬁémswféported by
Breck anergleslbitsl cHérdsteristies wittbaspropriale 16BN adaCstrength #i2acid 1956) , Barrer
et a]; Zeolite D, described in British Patent No. 868,846 (1961); and

Zeol i t e dpOsiFe Working gatplysis age proguesd Regensveggssardninthisgpga indieagps] U. S.

Pat ent . ' a i e sglj bes the

oyt nesit ofticmibondshRLR ahe b Flofk, Bfetile ™03 SRS L

al kyl - 3ahminogili¢aiés) dh,pabtficildy the icoftrd\df the dlilen@rilyhRiaslatexicag »ons and/ or

N, N, N-trial kyl - exoam nonor bornane as . a directing agent_in a conventional Of
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 is a naturally occurring zeolite with the approximate
formula CagAly2812407;. 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 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).
[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-
alkyl-3-quinuclidinol, N,N,N-tri-alkyl-1-adamantylammonium cations and/or
N,N,N-trialkyl-exoaminonorbornane as a directing agent in a conventional OH
medium. According to the ‘538 patent, SSZ-13 typically has a silica to alumina
molar ratio of 8 to 50 but it is stated that higher molar ratios can be obtained by
varying the relative ratios of the reactants in the synthesis mixture and/or by



medi um According to the 538 patent, SSzZ-13 typically has a silica to
alumna nolar ratio of 8 to 50 but it is stated that higher nolar ratios

can be o ' varying the relative ratios of the Y4275y t he
synt hesi 9@@?@?@%(1/ or by 2 WD 2005/063622 PCT/ USZOO&?E@%?‘%E treating
the zeolite wt-h chel ati ng agents or acids to renove al um numfromthe
zeolite lattice. The 538 patent also discloses that the crystallization of

be. 1 educed TeHPERG g i Geuts Shriaeup 2y B FE &\rrie A fER 00T]
Accor di ng Tzéblﬁé'%théé‘e‘i“hlengﬁ PakhtONad dideIRkdsCiht (BB &%talmho%f@s@ﬁ publ i shed

February 10, 2000, a colloidal suspension of seeds of the LEV structure can
be used toc@tsb¢ S@Ceﬂmamﬂendrﬂ%f@mﬁllea@f widesitable mmmuamfs caplbegeduged si eve
structur es i | udi n MXR.. ER MAZ, OFF, ZSM 57 and CHA
Exanpl es of eéﬁ gggzaffﬁﬂ?ﬁy%es}sﬂﬁ%ﬁg chabazite and the phosphorous

cont ai ni ng mmmcul ar AxicBHfsy SAPPiichddl- ARtciatioBAPQA AlicaibPONo37Wamd Nt al

cont ai ning derivatives thereof. [0008] A silica crystalline nolecul ar sieve

havi ng t he 00lA64%4, apréxlmhebd Felyparyhe 2060na toplioidehsuspandion of meddesifAbel usi ng

N, N, N-t | d d f t.he

structu“anw i Q‘ébﬁfl ntolr#énﬂ?tw e%??ﬁlﬂ ]9%1r atalflflgﬁfffggglr%eém‘@f f1uori de.
See D az- C@fé@@@@uctﬁffeé’ inc B8 gqmv FE Momrﬂkmlm.z WUrP)\zsMegneahesi s and
Structure of Pure SiC2 zite: the S'Q2 Pol ymorph with the Lowest

Fr amewor k ﬁéh%l tﬁxamghsm‘)f @bAmumaterialB8are( 3998y . incbgieothabpzite andghel y, an
| | t |
ol ar rati GopRreits SoniimolieiEr ety ARG RER OSSP AERR ¥ U

synt hesi zeg7laﬁd§ﬁm%ﬁ@ﬂﬁ%dﬁ{mﬁ{,§%&1@sﬂ ons. See U S. Patent Application
Publ i cati on . 2003/0176751, published Septenber 18, 2003 and i ncorporated

herein by 1€408]ence. A Giis]crpstaliing ngoln@ﬂaqousveszvmg/rﬂnméiﬁ&ﬁ@mgh silica

alum nosilicates a all silica Iar i eves W haCHAfrarrevvorktype
have t ended®®% pr oglﬁ%e ITHI:EGSPI al sn%"f a&fge crf/‘g'fth?m Sze. HOWERer, snmall

crystal mateNiNUismeheldainaAtylammonium in hydroxide form as the structure-directing
agent at nearly neutral pH in the presence of fluoride. See Diaz-Cabanas, M-J,
Barrett, P. A,, and Camblor, M. A. "Synthesis and Structure of Pure Si0O,

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 in the presence of fluoride ions. See U.S. Patent
Application Publication No. 2003/0176751, published September 18, 2003 and
incorporated herein by reference.

[0010] Existing methods for synthesizing high silica aluminosilicates and
all silica molecular sieves with a CHA framework-type have tended to produce
materials with a large crystal size. However, small crystal materials are often
desirable for catalytic use, especially where a high catalyst surface area is
important, such as the conversion of oxygenates to olefins.

[0011] U.S. Patent No. 6,079,644, incorporated herein by reference,
describes a zeolite that is identified as SSZ-62 and that has a CHA framework-

type and a crystal size of 0.5 micron or less. SSZ-62 is said to have a silica to



desirable for catalytic use, especially where a high catal yst surface area
Is inportant, such as the conversion of oxygenates to olefins. [0011] U S

Pat ent 4, incorporated herein by reference, ' zeolite
that is i 8??‘.%?".%%@4% SSZ-62 and that has a CHA frarreworPk- ygde"%g%’ﬁa

crystal size of 0.5 mcron or less. SSZ-62 is said to have a silicato 3 WO
2005/ 063622 PCTI US2004/ 042737 alum na nolar ratio in excess of 10, such as

in excess of 30, but the only i@ln'{g‘leSi's exar‘rPI e produces a material with a
silica t mRolar atip an exepss B B9, sych asdpyeress of 3G dubihe only panthesisSect | t he

I nventi | | : . heshial 3 | 1'ine material having
a CHA f%gan%g%rrgs%dgg???ﬁgﬁ%ﬁﬁ%%mg%%r| SI ng%z}%rlg%é)r#%% a reaction mxture
capable of formng said crystalline material having a CHA framework-type,
wherein the reaction mxture further conprises seeds of a crystalline

mat er i alm ng an AEl franmework-type; and b) recovering fromsaid

reactio j %t ur e I g .C all.i; I} . LS r,amewor k-t ype.
10013] T2 L el Gheiohed™te ifertiBh Shaidks in 3HBIR o7y BnEiins o
synt hesiczystalline matesiahhaving a G & fiaalewbevtype, the Gidthodravmpiside: t ype and havi ng,
in its calci ged a}nd anhydrous form a co os%tion I nvoJ vi ng t he nol ar
rel ationshi p:®) (n)iREBmEYAFeachon, mirue capable of fopming s@idefpiitelingych as

al Ut U g0k Ofvidd ANCHA HatBw ARUR! iRl ihveatibl Akt iRLent el erent,
t1 n, nis ro

such as silicon, t1tani um and/of ger mani unl an mO to | ess

t han 0. @Gbmphises seedspf echystalinghmaterid) cOMPhHsing an MBI ftantewa@F-typeyiedd as fr om about
0. 0008 to abqut 0.005, the_nethad conprising: (a) preparing a.reaction

m xture capabVe of eFRHeHNg Tem; gad rpaqtion) myxture,aaid  rystaliing ; Mafedalopa

f ramewordgs iy ' b@ gL xture conprising a source of water, a
Rl S SRR

source of e tetraval ent elenent Y, optionally a source of an
oxi de off001¥ tri vdhnent fettheremspest, e angatioxr rksidectiong apethed fafi  directing

Lhe oL ion o SadaRecous ShXclall] ag Lol and seeds, ol
its calcined and anhydrous form, a composition involving the molar relationship:
(0)X205:YO,,
wherein X is a trivalent element, such as aluminum, boron, iron, indium, and/or
gallium; Y is a tetravalent element, such as silicon, tin, titanium and/or
germanium; and n is from 0 to less than 0.01, for example from about 0.0005 to
about 0.007, such as from about 0.0008 to about 0.005, the method comprising:

(a) preparing a reaction mixture capable of forming said crystalline
material having a CHA framework-type, said reaction mixture comprising a
source of water, a source of an oxide of the tetravalent element Y, optionally a
source of an oxide of the frivalent element X, an organic directing agent for
directing the formation of said porous crystalline material and seeds of a
crystalline material having a framework-type other than CHA,

(b)  maintaining said reaction mixture under conditions sufficient to
form crystals of said crystalline material having a CHA framework type; and

{c) recovering said crystalline material from (b).

[0014] Conveniently, said seeds comprise a crystalline material having an
AEJ, LEV, CHA or OFF framework-type, and preferably an AEI framework-type.



(b) maintaining said reaction m xture under conditions sufficient to form
crystals of said crystalline material having a CHA framework type; and (c)
recoveri RgoSabsthesdyst al line material from (b). [0014] CoigMqAiN260ldsys37sai d
seeds conprise a crystalline material having an AEl, LEV, CHA or OFF
framewor k-type, and preferably an AEl franmework-type. 4 WO 2005/063622

PCT/ US2004/ 042737 [00151 Conveniently, said reaction m xture conprises from

bout 0.1 b i ght t.o_ab 000 . 3 h f bout
200" ppm by RELnT 1o CifyarSalh gt SR AR, Ponliied om B 035 \1 e
enbodi ment by saight k6 aBéutan,000¢pui By Slefpbt, GacAd 5615 abolir] 00dHm BY waight

halide-containlng conpound, such as a fluoride or a fluoride-containing
conpound. [OTPRL 1000 dyeveighioo srichieeds aj d organi c directing agent conprises a

multi- cyckd mne g a i . | e h d-cyclic
am ne or L‘#ﬂg um cgﬂﬁgg]r{%ﬁ’ e glr&p%?’g%g&%qﬁol c@%’ﬁﬁ% %%A E!%I}lé%sg%s,g}'ﬂa@d%m ne or
amoni um  epRPRARTE-cdtdilingScaipding) kydh- 8s @uililoridel 6 AOHuoriie-containing

N, N, N-tri-al kyl -1- adanmantyl anmoni um conmpound, an
N, N, N-t ri aFR@bo@bani nonor bomane or a conbi nation thereof, such as an

N, N, N-tri -1 - ad LU : eal 1y o ith
crystal Ir: md}%ﬁ eri :I %@%&?%ﬁﬂ%@@‘%ﬁgﬁég%@t c§%§§%§lasﬁﬁlg§/i (ra]g an
aver age di apdicedminesd dnfi@oniam esitisduntlo Convemiestly, the eluldsydliceaminalkput 0.5 to

about 4 mcron. ([0019] In yet a further aspect, the invention resides in a
por ous crySEHIqIya cqmmwdamwwg teCyelia of rtghrarsHK e Oh ARy, in its

calcined a r oy f a _Q,m:ig_i_ - QN1 | ving ! 1.

rel ati onshlgg?lﬁ%cg(ZOf%Q’OZ%r rTall?wrlgi n %i@ug’{&thpﬁlégl elr‘lI? erlk’gleﬁ[gﬁ,aﬁ@ils a

t et r aval entdshatplammordurn cempoaid, Gt DN @S Fialliarofinthibnodborhandheorean t he
crystals of sajd material have an average _di anetfer_less than or equal to 4
mi cron, suewngglah%m%mfs guch ¢ 8 adpui ,Wgﬁyl-tﬂggafnfﬂﬁmwm yet a

further asg&%om{d)e i nvention resides in a porous

[0018] Typically, the crystalline material recovered in (c) is composed of
crystals having an average diameter less than or equal to 4 micron, such as from
about 0.5 to about 4 micron.
[0019] In yet a further aspect, the invention resides in a porous crystalline
material having a CHA framework type and having, in its calcined and anhydrous
form, a composition involving the molar relationship:

(0)X;05:YO,,
wherein X is a trivalent element, Y is a tetravalent element and n is from 0 to less
than 0.01, and wherein the crystals of said material have an average diameter less
than or equal to 4 micron, such as from about 0.5 to about 4 micron.
[0020] In still yet a further aspect, the invention resides in a porous
crystailine material having a CHA framework type and having, in its calcined and
anhydrous form, a composition involving the molar relationship:

(0)X,05: YO,
wherein X is a trivalent element, Y is a tetravalent element and n is from 0 to less

than 0,01, and wherein the crystals of said material are twinned.



crystalline material having a CHA framework type and having, in its cal cined
and anhydrous form a conposition involving the nolar relationship:

(n) X203: ,00%& in Xis atrivalent element, Y is a tgRiy £7S$Iement
and n |s\<?raozm toﬁl ess than 0.01, and wherein the cry sta @4

material are twi nned. 5 WO 2005/063622 PCTI US2004/ 042737 [0021]
Conveniently, the calcined crystal I i ne material contains fromabout 1 to

about 1 m for_exanpl e from t about, m such as from about
10 to a%ﬂ?ﬂzo ppn?mb‘gﬁ%ﬂé[h C}Pe %%ﬁnmﬁﬁﬁﬁg‘m@% fomiahaut [ 0022]
Conveni entd ¥poutdioh HRHOKE éiagragleaﬁbmn@ooﬁats%la%wwggﬂ. ulidy ghramewor k type

is substantially free of fr wor k phosphor us n still a further
aspect , ablogt 1Gtoeaboub?0 ppmi bl}ewelght afphdubssl‘efmblyﬂnaddﬁ;l ng ol efins conpri sing

contacti n orga |c 0X enat ound u der OX, nate co rsion

condi ti oﬁgz ith a % Wﬁ‘?iﬂ”ﬁlﬁe rial having
a CHA frﬁﬁﬁ&’@é&%&ﬂ sﬁEst%ﬁa@l&'f?&%f'ﬁ%hﬁ%rk ﬁl%ﬂrlm&t i's to be understood that
the term"in its”cal ci ned, anhydrous for IS used herein to refer to a

mat eri al [0AB3lch haslnbesh dertled dspecki thaamvhntgmeremdehan 4qQo@ekorion. 1 to 10
hour s V\nthgut aI n t he. rraterlcﬁptore drate. [0025 ﬁ gdltlon it is
to be urkfer&ds4 e%t'i‘ﬁt PLISIIg, GRuty ﬁr‘i’lgo“rg G SEB§eIpe © q&rgJé)am P8 inits
conmonl Yo,8peedk %Qmse@ﬁﬁﬁ cbﬁdmﬁ@wﬁhci Yt 2& M RIfEOTBbI0BE Srystalhedr MO e

i ndi vi dual” 'single crystals joined toget in some defini te nmut ual

or i ent attateriak heyirgs CH@Aefremewnéc typelas/dasorbeddsiany. rel ated to that of the

ot her | dual gQr. Vld ) Qsite crystal sorre sinpl e
symet _ryfaﬂgﬁerat i O I(Sst ‘g tP%‘? gh%mé:tﬁﬁam 5[ C&W Mcki e and
Chri sti nRmMdued Brds Itw@éﬂer foCh Gldtdrial GWhidHOhdsTREA RBRed fXAP raﬁihlgﬂl&86 P89. ).
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0026] Figures 1(a) to 1(f) are X-ray

di f f r acttham49RuQ for Al tof L& hnarswitheui pllpwiigtheimgtepgliotrehysdratehe seeded synt heses
O aTBhgRS, LSRRGS v ph OBl B i, B2
synt hesessedhefeiR i i8 colrhénl§ AcEHRALC bdn¥€kd mean a crystal which comprises

two or more individual single crystals joined together in some definite mutual

orientation; the lattice of one individual being related to that of the other

individual or individuals in the composite crystal by some simple symmetry

operation (see Essentials of Crystallography by Duncun Mckie and Christine

McKie, Blackwell Scientific Publications, Oxford, 1986. P89, ).

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Figures 1(a) to 1(f) are X-ray diffraction patterns of the as-
synthesized products of the seeded syntheses of Examples 1 to 6 respectively.
[0027] Figures 2(a) to 2(f) are X-ray diffraction patterns of the as-
synthesized products of the unseeded syntheses of Examples 1 to 6 respectively.
[0028] Figures 3(a) to 3(f) are SEM pictures of the products of the seeded
syntheses of Examples 1 to 6 respectively.

[0029] Figures 4(a) to 4(f) are SEM pictures of the products of the

unseeded syntheses of Examples 1 to 6 respectively.
[0030] Figure 5 is an SEM picture of the products of the Example 9.



[0028] Figures 3(a) to 3(f) are SEM pictures of the products of the seeded
synt heses of Exanples 1 to 6 respectively. [0029] Figures 4(a) to 4(f) are
SEM pi ct yg products of the wunseeded syntheses 1to6
respectlveﬁa ‘%Ogg(gg] Figure 5 is an SEM picture of the 5?23&2@8%% he
Exanple 9. 6 WO 2005/063622 PCT/ US2004/ 042737 DETAI LED DESCRI PTI ON OF THE
EMBCDI MENTS [00311 The present invention relates to a method of synthesizing
a crystal . . a zeolite, having a
chabazi t e- & e 6 mof this material. In
addi tion, tdtﬁ,u nvent '1?1@ feeéxﬁt ﬁiireﬁﬁbnt 'i@lafé§eto0fa hiwﬁ)drrai-"esr fHesisigNa as ina
process for t he conver5|8 oxygenates, particularly t hano

ol efins, parysiaHuieaniagenat, hipal m&mﬂuda;ingtp)sﬂmaeaeoh[commya chdoazm-type

a reciate t hat nol ecul ar si ev are ssifi.ed t ruct ure
Cglrorm ssi onIFHEFREC é’ﬂ"?@ﬁ@f"f"ié Pah}%% ]g‘nadgg'@ar BVt he rul es
of the | UPRGEomNRs! 'uQé‘ o?thizeRkickal MRIERC h?TaU]?I%cese‘%Prﬂ% BOnvepsibdlio?

classification, framework-type zeolites and her crystalline m croporous
nmol ecul ar sxmeaastes fmartislarthmatheholy tt elefind) partibelariy ethykdnk esdpbpylene. assi gned a

t hree Iet ode and. ar descri tlas of Ze e Fra wor k
Types, 5th @zj; i on, ritE} St/ %PPPTE‘BHET&&LQEHQF%@@I Ao o i e C%ﬁﬁlgﬁg Fs one of
the mol eculgcierBmmiittion WItEd Iiteiiafibed lze%htaaﬁs&@faﬁoﬁ%@& ht%dth@nd i's
materials of this framework-type are designated as CHA. [0033] In its

cal ci ned foﬂm of e MACSCDMSMMthMJN&mﬁnahhm e\ﬁ%CCOphn@Idi@éhiS by the

nmet hod of t R sent .i nvent.i on has n X-r ffractt n pattern having the
Char act or | EEREBHERGL SRERNOMSPEy ol oherth: ofban EOSRRR) TakioRbfue
| nt ensi ti egnold@r/steves, FoB GSeOB s@eti@Chas @e&ﬁe&@a‘tﬁﬁhé@a@@ass@n@@aﬁhr%@ 0-10

letter code and are described in the Atlas of Zeolite Framework Types, 5th edition,

Elsevier, London, England (2001). Chabazite is one of the molecular sieves for
which a structure has been established and is materials of this framework-type are
designated as CHA.

{0033] In its calcined form, the high silica CHA-type molecular sieve
produced by the method of the present invention has an X-ray diffraction pattern

having the characteristic lines shown in Table 1 below:

TABLE 1
d(A) Relative Intensities

100 X/1o
9.36-8.98 80-100
6.86-6.66 20-60
6.33-6.15 0-10
5.51-5.38 5-40
4.97-4.86 5-50
4.63-4.54 0-10
4.28-4.20 20-60
3.94-3.87 0-10
3.83-3.76 0-10
3.54-3.49 5-40
3.41-3.36 5-40
3.14-3.10 0-10




5.51-5.38 5-40 4.97-4.86 5-50 4.63-4.54 0-10 4.28-4.20 20-60 3.94-3.87
0-10 3.83-3.76 0-10 3.54-3.49 5-40 3.41-3.36 5-40 3.14-3.10 0-10 7 WO

2.650-2. 30 W

04/ 042737 2,889-2.853 5-50 2.850-2
570-2.542 0-10 2.467-2.441 0-10 2

ISP Ee |

2.088-2,070 0-10 2.059-2.041 0-10 1.883-1.869 0-10 1.842-1,828 0-10
[ 00341 These X-ray diffracti on data were collected with a Philips powder

I\l t hJJf‘I l’_‘l_‘LI | | :\j-_Lnn

detector with graphite

X-Ray Diffractonet e, ﬂmn‘ o
nonochr onat or, usi hg & ezr F@ aI bha_r adi a§'|59n The difffraction data were
recorded by step-s¢annigsg-n810. 02 degrees5dDb two-thetja, where theta is the

Bragg angle, and { C%ngbli]gzdl £ of I seggpd for eagh step. The interplanar
spacing, d's, weré¢-calcud HA-ARgstremunt-ts—and the rel ative
intensities of the |II2‘E§§O"2'%|’?EI‘G 1/1a i sdfe- hundredth of the intensity of
the strongest |ine}, am&VeZng ound wer@-10determ ned by integrating the
peak intensities. IT 5%5@2159 upderstoodgffat  difffaction data listed for

hbanci ct 1+

overl apping |ines which

this sanple as sin [ hes EoRSHSE t-t+-pte

under certain condiTEi 3&88‘%% hya‘ di fferegé s in
2.059-2.041 0-10
1.883-1.869 0-10
1.842-1.828 ~ 0-10

[0034]
X-Ray Diffractometer,- equipped with a scintillation detector with graphite
The diffraction data were

These X-ray diffraction data were collected with a Philips powder

monochromator, using copper K-alpha radiation.
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 spacing, d’s,
were calculated in Angstrom units, and the relative intensities of the lines, (where
I/I, is one-hundredth of the intensity of the strongest ling), above background were
determined by integrating the peak intensities. It should be understood that
diffraction data listed for this sample as single lines may consist of multiple
overlapping lines which under certain conditions, such as differences in
crystallographic changes, may appear as resolved or partially resolved lines,
Typically, crystallographic changes can include minor changes in unit cell
parameters and/or a change in crystal symmetry, without a change in the
framework atom connectivities. ‘These minor effects, including changes in
relative intensities, can also occur as a result of differences in cation content,
framework composition, nature and degree of pore filling, crystal size and shape,

preferred orientation and thermal and/or hydrothermal history.



crystal | ographi c changes, may appear as resolved or partially resol ved
lines. Typically, crystallographic changes can include m nor changes in
uni t Celkwoﬂﬁﬁ%ﬁﬁﬁfrs and/or a change in crystal Sy”“EtﬁﬁTﬂH&&ﬂﬂmgyﬁ change
in the framework atom connectivities. These m nor effects, 1ncluding
changes in relative intensities, can also occur as a result of differences
In cation content, framework conposition, nature and degree of pore

filling, al size a ape ef erred.ori.entatjon and.t her.mal and/ or
hydr ot her miﬁi st or yﬁ%%%ﬁ@gg %ﬁ%@z%%vf/%?@%gpfeseﬁ%‘?g ®Fhe cHA
framewor K-Ka¢pg domiReiflon! i iieV ealeined hdPEEHARdus! foYRANihelvingathe ameRAPOSI ti on,

inits calcined and anhydrous form involving the nolar relationship:
(n) X203: YOoRlatiopghdpein X (if present) is a trivalent elenent, such as

al um num boron, iron, indium gﬁ@?ﬂz&jmggj a conbination thereof, typically
alumnum Y is a tetravalent ele C3such as silicon, tin, titanium

ger mani Um WherdinC X fédedt) fshehedlent élymbmalshoh 8¢ lahERMimAHdrdh, iifonf rom O to
about 0.01, for exanple from about 0.0005 to about 0.007, such as from
about 0. 000€ivmp gablsun op ao@mubipEincthgreph| typiealboalumiiniogY s gripavalenhas been

used in th t hesji s of...t he ,mat grjal h cined formopf the El

f r amewor k%f}%é&(brsi@i & ?lﬂgor}m%rﬁtg'}lﬁ]g’f’ éeg@ aﬁ"?‘é‘sé’ﬁta Fﬂ@é}ﬁaﬁ?}h tﬁesre ormal |y
found to agpicalld sfiicosCar®iffrém ( tonibeat 0.91.f fop BxalslE ol hisoub@ons 10 ppm for
exanple from about 5 to about 50 such as from about 10 to about 20 ppm

ppm . .
by wei ght @fout A80RaAuchas fiomealaid 010008 te abaud £.00p 0¥AeTe a halsieeconiaiivng ment , t he
CHA franmework-t crystal l.i.ne, materi al f_the present. i nyenti S
subst ant | ArTp g P4 fie 8 Ted Diflesfhot B8 metiGab R St ok Y5 dAle
f r amewor k- ARPrahatedrRltypd @ rysedlRid alatéifal toTethe PireseAn tinvenyiont ik Qibringllpr oduced as
crystals hawg%an average dianeter |less than or equal to 4 mcron, such as

f r om aboutfogng 1o Fontsértrage ginousts, tymeadyEem ahoubdnte aboas 90 ppantioEul arl y

where the %ﬁﬁr ' C | S (o} i seeds, the
CHA fr anewor K- tléf/%]é’“{c%"g{‘ %i aﬁ’gu{rrgq é&%&?ﬁco ﬁ’%@n%%ggtein %I %03%%? %ﬁmf S
produced asy weisht af the halie) Pprefeidbiynfiestidenr phol ogy.

[0036] In one embodiment, the CHA framework-type crystalline material

of the present invention is substantially free of framework phosphorus.
[0037] Typically, the CHA framework-type crystalline material of the
present invention is produced as crystals having an average diameter less than or
equal to 4 micron, such as from about 0.5 to about 4 micron. Moreover, in some
cases, particularly where the material is produced in the presence of colloidal LEV
seeds, the CHA framework-type crystalline material of the present invention is
produced as crystals having a twinned morphology.
[0038] In its as-synthesized form, the CHA framework-type molecular
sieve of the present invention has a composition involving the molar relationship:
(m)X203: YO :(m)R:(x)F:z H,0,
wherein X, Y and n are as defined in the preceding paragraph, R is at least one
organic directing agent and wherein m ranges from about 0.01 to about 2, such as
from about 0.1 to about 1, z ranges from about 0.5 to about 100, such as from
about 2 to about 20 and x ranges from about 0 to about 2, such as from about 0.01
to about 1. The R and F components, which are associated with the material as a

result of their presence during crystallization, are at least partly removed by post-



[0038] In its as-synthesized form the CHA franmework-type nol ecul ar sieve
of the present invention has a conposition involving the nolar relat i onshi p:

(n) X203: \@%2669/(133622)': z H20, wherein X, Y and n are as dgiinedoddlz
precedi ng paragrap Ris at least one organic directing agent an where| n

m ranges from about 0.01 to about 2, such as fromabout 0.1 to about 1, z
ranges fromabout 0.5 to about 100, such as from about 2 to about 20 and x

ranges fro about such ut to about 1. The R
and F CS‘Q‘E ]gp,’ggn Wﬁé‘%‘tﬁa@?@néé@é’&‘?rﬁt %I O'?ﬁ%i‘t SIF a‘lané{sthﬁ 88t esul t of
their %ﬁﬁé& | ved by post -
9 WO 20E /0 &gg@%%%ié%%gggég%%;?gﬁeﬁ%gf% Prr%’? ereinafter nore
par ti cukenthips dﬂydombdels'bfpﬂmhlmgtal tghmeraldy suchrthitcahe zanibﬁbﬂ\amoamemr k-type
crystallpne matecial qf the rese e cont ai n ow | evel s of

al kal i Ht?‘%f po ﬁséﬁ‘émaﬂ“af‘)gl}% E‘Pﬁéeaé’o%ﬁg%oar?&frﬂm ¥t assi um and
sodi um s fe%&ﬁl, Eﬂ@ﬂr&&o@a@f)f ﬁié%rg‘zﬁﬁg’dﬂébtﬁgrighﬁrm?’%é fhatdrfal geﬁe?dl fy reason,

after renoval e organic directing agent he mat €ri al "general I y
exhi bi tsxlu‘antalcgtalﬁmacuwt)t withiouh euprelimgrary iipi-eschange rstepx tth aemyevest ep to

renove gﬁ%aﬂ % cations. [00391 To the extent desired and dependi ng on
t he X20 ?%PQ °PHtio of the material, any cations in the as-synthesized

CHA fr angaof k-t ypq"drﬁfeeerxtatt deSiRdd BRI d@@h&ﬁg@nltﬁe RGO melakAtty t echni ques
well known In the art, at least In % on exchange wth ot her

(r:]at:I i ons of Meaheterial) ane'pttaaonmgl d:lwtasemthemzbdl feanadwarkigpe mjlwrlelggn i _onsl, I

ydr ogen pyecu ammoni um.i ons mxtu es [ eo articul arly
preferrg?f%%f‘fpiﬂ? da‘r“eacgﬂ ¢ tb cehpqyss qugh&%f%/ aéfgtl‘?aé{ By for certain
nydr 0Caplen ¢ gy ehShafkel HARL BB cathSS oDioREloldeplbkik0GRRns ifdiy ear Lh metal s

and netal s of G oups | | VA, VA, 1|B, 1l IVE, VB, VIB, VIIB
and VI | metfl ions Peydragsinc ionsh|hydofgen hpresiuson ne.g., mmnmmrhenm—md

framewor k- t si,eve i nveniion C edfroma
react i of* W@? egg%lgﬁﬁlﬂlﬁ{jygresfogqﬁ%ga%g e aese Vahlafgtﬂ*@é %xi de of the
t et r avabgiityefof CRain hy@BEArBOR Icbifvadsis ¥edeBohd, %c@(irﬂﬁld@fh ehy 1 val ent
el ement X, at |east one organic direct II%EA a&ent R as described bel ow,
seeds ofarg earth metals and metals of Groups IIA, 1B, IIIB, IVB,

VB, VIB, VIIB and VIII of the Periodic Table of the Elements.

[0040] The CHA framework-type molecular sieve 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 (R) as described below, seeds of a

molecular sieve having a framework-type other than CHA, and preferably an AEI

framework-type material, 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,0O/YO, 0.1 to 20 2t0 10
Halide/YO, 0to2 0.01to1
R/YO, 0.01t02 0.1tol
X30:5/YO, 0to 0.1 0 to 0.01
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nol ecul ar sieve having a framework-type other than CHA, and preferably an
AEl  framework-type material, and typically a halide or a halide-containing
conpound,wosl%sp%gé a fluoride or a fluoride-containing WM’M hd
reacti on mxture ﬁavi ng a conposition, in terns of nole ratios of oxides,
within the follow ng ranges: Reactants Useful Typical H20/YQ2 0.1 to 20 2
to 10 Halide/Y02 0 to 2 0.01to1 R Y02 0.01to 2 0.1tol1l XZ&B/YXR O to

0.1 0to O 8%1 10 WO 2005/5tg63622 aFCTf S2004/ 042737 [004]1]P Where t he

tet raval en®tkenent Where dhejtetgayalentelement ¥ iy iliconyfsuitable; soBiees 19| ude
silicates,g 3 : hgstdaniaat bLLEaqSu Aer osi |
(avai | abl eﬂﬁ(%lm%%lggé :ﬂ#&%hgéhgi%%ﬁoﬁﬁ%sgglaﬁg’ug%g%iascljl}]cé’ %Pdgi ica, for
exanpl e t hatrosill(avdilable fromddeghess), ahd ddarous @llonthé suspeesivnsasfesiiaapfor udox.

Where the trivagl ept el n | s..al um num suitaple sources o | um num
include af*3HME %%F‘?@%ﬁé?pﬁc‘i‘bppg}t teFRSYF U8 r%t@?%}“ﬁ %al um num
nitrate, agmsfl the tﬁ%ﬂ@%{ﬂ%@;ﬁ% ﬁgyﬂhﬁﬁﬂm,@uﬂ@ﬁe sSHehs Ea1RRERH HenARd

pseudoboehm te. Were halide 1s fluoride, suitable sources of fluoride
i ncl ude hyainmgsm fshlisrasgecialll whtenrgblubleosalis,bmih gs abonmoesnitrhtef kuwellde such as

al kali metal, f] uorigdes, and f.luoride salts.of .the ni ¢ djirecting agent
are prefer?séaf‘i'ftﬁé$gw B’flla%ﬁ’uis'é" 5% e t@*‘&&ﬁf’“‘%ﬁ’gggﬂﬁﬁe it Cénveni ent I y
conpri ses hAdeUs Fuofide, duftaPBisBErcs oﬁﬁﬂi‘fﬂe‘iﬂhﬁ@&ﬂ?&t@gm S0 ED hﬁiﬁu@l the

mul ti-cyclic am ne or ammoni um conmpound conprises a tricyclic or

t et r acycl i momnberégmsouragsnfifluonide snghoasrlkalsmetal 8vomdesnndl fhiprid@sajtsiofuc! i di nol ,
an N,N,N-tpi-al kyl -l - adamantyl a ni ym conpound, an

NN, N-tri aﬁﬁwgﬁi‘b%qﬁﬁgﬁﬁtr%ﬁﬁ%eg conbi nati on thereof, such as an

NN, N-trinpoly| -1 - adm%%ixﬁéfﬁﬁeé 1Y ageRR QB hereiti EeRichRPROMPARsi Ncl ude
hydroxi des and salts, such as halides. [0043] The anmpbunt of seeds enpl oyed
can vary w gwilti-cyolic aggne ronlanymetivm eappaundn Gomvamiantlyo ther ingkiscyicliom about
0.1 ppm by i ght to about 10 00%

amineor aminéhiom compoun géjnql])r?%s a tricyclic or tetracyclic amine or
ammonium compound, such as an N-alkyl-3-quinuclidinol, an N,N,N-tri-alkyl-1-
adamantylammonium compound, an N,N,N-trialkyl-exoaminonorbornane or a
combination thereof, such as an N,N,N-trimethyl-1-adamantylammonium
compound. Suitable compounds include hydroxides and salts, such as halides.
[0043}] The amount of seeds employed can vary widely, but generally the
reaction mixture comprises from about 0.1 ppm by weight to about 10,000 ppm by
weight, such as from about 100 ppm by wéight to about 5,000 by weight, of said
seeds. The seeds comprise a material having a framework-type other than CHA,
such as an LEV, OFF or AEI framework-type molecular sieve. The seeds may be
added to the reaction mixture as a colloidal suspension in a liquid medium, such
as water. The production of colloidal seed suspensions and their use in the
synthesis of molecular sieves are disclosed in, for example, International
Publication Nos. WO 00/06493 and WO 00/06494 published on February 10,
2000 and incorporated herein by reference. Preferably, the seeds are of the AEI
framework-type material and particularly a silicate or aluminosilicate of the AEI
structure.

[0044] 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.
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wei ght, such as from about 100 ppm by wei ght to about 5,000 by weight, of
said seeds. The seeds conprise a material having a framework-type ot her

t han CI—IA,WB%Q%%ggééan LEV, OFF or AEl framework-type nplgﬁﬂ}ﬂmﬁlhﬁgg. The
seeds may bé "added to the reaction m xture as a colloidal suspension in a
liquid nmedium such as water. The production of colloidal seed suspensions
and their use in the synthesis of nolecular sieves are disclosed in, for

exanpl e, ernational  Puyblication Nos., WD 00/06493 and WO 00/ 06494
publ | shé%d“gin Febr GEystallization w58 bR qcared P at e‘?ig’ﬁ%rsé‘ﬂ? By PEr ence.

Pr ef er albyitiérddn S6EdmLM faltbr VA8 Slah, &l REENK YAGrIBIER £

ks Gnd
particularly a silicate or alumnosilicate of Str ctsure. [ 00441
Conveni dieflon®-linddeorrsdairése stend autoniaveh e ademperofurabbalioutl 569 wmbat 14, such as

bout 4 Mr=1o) 10, | t bout 8. 11 0Q5/ 063622
shout 2 SHgH, 1% obily SATEL G ARSI B, 350 (e IR 0020
statiCc QfyshilliZafiifto ©RBMY. t Fémtion 'Iggftlﬁ% E Rlifhe’ fBGLQ ca §9&CInywhidfeh as for

exanpl e, "pol ypropyl ene jars or r)-lined or stainlesSs steel
aut ocl aves) aratnd3Q sxipeteatprie apmushesi? ve@ks,isoclbofrom BO0CHS suwitesas about 135C

to abou 75 r a time suffi.cient for.  cryst | zati.Qn to occur.

For 5 %fes:l??ﬁ@ﬁeﬁﬁs%tf% ?’?I}B’I?)h%h@{"“ﬁ 19 et u%ﬁ%gﬂiﬁﬁf#ﬁﬁ ﬁ}ep#?}%n? 0

m nut es g 9 c egﬁp a Jn o abou

240 hour El;sbnf orﬁgxtgyrrpl erﬁﬁerronn#%boutb%% ‘t’vgﬁabé?&e} 1205hrgur§. tii!‘%eﬁgrur ation
depends reqinnpgshpeadeyduotireemeitpéatpents. wi t h hi gher tenperatures typically
requiri orter _hydrot hermal treatnments. [004 Typl cal | t.he crystalline
pr oduct T&“%’]ornedrr?'ﬁ“‘sag]lyu Sy’ ngg;pcﬁlgflsr%ggg}ﬂrbﬁ}iﬁ@o%%% neans, such
as by CoalovirtdOR sBhdard frhbddsAkha as THE ce@iTREationdoP Mekisin Campel so be
washed, recoveréd by centrifugation or filtrafiion and dried. The resultant

product separdtedipraded eomlsd bewpshed; rebeered bhcenirifigaticnyer fltrpgomind si ze bel ow 4
m crons m cr mcron. ., [0047] As a

e I
recurtdpednEndRpdiioals

d typi [ | bout 1
t 51 OBRA e A, Wb A0 AYYRESTISRL  pr oduct
cont ai ngjébblawy M&oﬂ@!@@h at be1ewst microey éﬂdgsipi@ill)i fHudl a@blog. di recting agent

used in the synthesis. In a greferred enbodi nent, activation is perforned in
such [0047] As aresult of £

e 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-conataining gas. In some cases, it may be desirable to heat the
molecular sieve in an environment having a low or zero oxygen concentration.
This type of process can be used for partial or complete removal of the organic
directing agent from the intracrystalline pore system. In other cases, particularly
with smaller organic directing agents, complete or partial removal from the sieve
can be accomplished by conventional desorption processes.

[0048] Once the CHA framework-type material of the invention has been

synthesized, it cara be formulated into a catalyst composition by combination with
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a manner that the organic directing agent is renoved fromthe nol ecul ar

sieve, leaving active catalytic sites within the m croporous channel s of

the nol ecy e open for contact with a feedstock. on
oos/o%bﬁé P . & 3Hy

process | s typrcally acconplished by calcining, or essent | aﬁéﬁy 0heat| ng the

nol ecul ar sieve conprising the tenplate at a tenperature of from about 200C
to about 800C. in the presence of an oxygen containing gas. In sone cases,
it may be d SI rable to heat th cuI si eve, i n envirqQnment having a
| ow or zer YIS Sueh @ zIPEII‘gFF an ElaI;PF‘aEr g@iﬂmﬁ‘% ag‘é‘tlﬂ’é*’éd for
partial ory fHEAR Je b&alvell recting agent fromthe
intracrysta ?’Imé%gg?e sy\sé?IévnI\?} n ot er@((I:Iase "particularly wth snmaller
organi ¢ di j084%] ng agMﬁtmalso;vmbletcandxe bﬂandedaiwﬂﬂleﬂmv@HAf frametvoek-tipeve can be

acconplished h nventional desorption, rocesse 048], Once the CHA
f r amewor k- 19§ EXITQ?éI“? HpVEHEIOR (an qus itk ¥aclys Fasienaly. can be

formul ate 1
2005/ oesegghé%%rﬁl §%%%§Ig9sgiiiﬁiﬂoﬁéﬁfdn9%g%raﬁgfﬁgpﬁgdgﬁagﬁé& tcIhrI’cl’ garldds
mat ri x mat formslof ,ranermnhpnemlsdethaﬂnbn-zmim cathlystdromgmnents czdoditeytatadysict i vity to

t he finished cata L0049 Mat er j aJs whi.ch canw%’bl ended. . with the CHA
f r amewor k- Y39 2 WRIng Sok itanis, ZieAniBe AVAIFS SHCR 9N SHicagpl

catal yti caéddym%teé%eﬁh?r "lese coﬁbmtﬁﬁfeeﬂs@leﬁfeéml M%dﬁ&ﬂ?%%ﬁallons such

as kaolin and other clays, various fornms of rare earth net ot her
non- zeol i t eatapstalopt actngposthersal smdoto %msmtmymeldmmms dmulngm na or

I |, tit t I d t
her cor . - ARESiSr e oNmRIfngr Wespdtfowt fi Speressine Pebet BBl ot cat ol yor
cost, actipgnd@a %&%&H%bnfpbﬂ&t& Oth@%.ﬁ-lo%ht bf‘z&ﬁﬁfc meRhididtaibdiPiCaEal yst

during regeneration, densifying the catalyst and increasing catalyst
strengt h. fied watddyss potednoti redges Uiodm dénieo?ik maaght tme:ea'tmﬂthe total zetalyst,i c

mat eri al contai.ned .i.n f.inal I ranges from 10 to 90

wei ght perI&r@I’I’F IIII’&IO He I)&egght@gfcgpgc,gﬁtﬁ ¥%?Ie‘1%£ag 1 y 20 to 70 wei ght percent of

the total g)@g g yst. HRETHA Wiy @Y aaiinG Yigerfl ﬁ%cﬁbéd D&efiRdagr i al

descri bed herein can be used to dry 'gases and |iquids; for selective

mol ecul ar b@mdeml dry gamemlddnqmda dor mtmttlp@ trmlequlwpepm'atw baged an size

I on- exchangﬂ s a chem cal carrier; g

d 'polar properties; as an 1on-e}tchange as a chemical carrier; in gas

chromatography; and as a catalyst in organic conversion reactions. Examples of
suitable catalytic uses of the CHA framework-type crystalline material described
herein include (a) hydrocracking of heavy petroleum residual feedstocks, cyclic
stocks and other hydrocrackate charge stocks, normally in the presence of a
hydrogenation component iselected from Groups 6 and 8 to 10 of the Periodic
Table of Elements; (b) dewaxing, including isomerization dewaxing, to selectively
remove straight chain 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 zeoliteY; (d)
oligomerization of straight and branched chain olefins having from about 2 to 21,
preferably 2 to 5 carbon atoms, to produce medium to heavy olefins which are
useful for both fuels, i.e., gasoline or a gasoline blending stock, and chemicals; ()
isomerization of olefins, particularly olefins having 4 to 6 carbon atoms, and

especially normal butene to produce iso-olefins; (f) upgrading of lower alkanes,
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chromat ogr aphy; and as a catal yst in organi c conversion reactions. Exanples
of suitable catalytic uses of the CHA franework-type crystalline materi al
descri bedy s32ncl ude (a) hydrocracking of heavy petgglguidf@Esisual
feedstocks cﬁ?c stocks and ot her hydrocrackate charge sto% normal |y
in the presence of a hydrogenation conponent iselected from Groups 6 and 8
to 10 of the Periodic Table of El ementS' (b) dewaxing, including

Liﬁ?‘ééﬁa@ﬁg&%@“ﬁ&%ﬁh&ﬁwﬁ YRGBT 15 28 e el hespes K 1 ot 11 nat s
and | ubggt n‘ahlm %?Sﬁkgﬁ’r‘éﬁﬁau& ﬁ}mfaeérﬁblyst IsGich G at‘éiﬂeﬂ ef pidggiEgocar bon

f eedst ock as napht gas ol ls and resi dual normally in the
presenc d_lahkyl_arohmtlg ehyivoearbong k sunh @at njdymﬁs e ailka}satme obf tapdfnaticd)

ol i goneci zati on of straight and hai n. o] efi ng having from about 2
Lo 91 tfi@rabang pudh 15 bEenPo U BAIEH, SV B GRS ABRPERNGENhyy of of i ne
whi ch Apfo uHéeEtﬁé'lﬂeﬂien@té}nJ uahﬁenel,- lfl% Obf 3gidfk§Rkdd&iP! endi ng

st ock, chem | someri za on 0 efins, particularly ol efins

havi ng hydmcﬁbom lsoch a5 mybmesa,r@ catgpic raduciom of mattogautoembs tand fk)oduce

I so-olefins; .(f) u adi ng of r .al kanes, 13 WD 2005/ 063622

PCT/ uszévﬁﬁ%%é?i)gﬁoﬁgh%ﬂa@& ﬂ%ﬁk YIggi§S.gher hydrocarbons, such as et hyl ene
and benzegsy (9) 1HpaBICRARRS em'ﬂa&lmorﬁlt@@ﬁeﬁma&cﬁ%&rm'Psons, such as

tol uene, to produce dlalkylaronatlc hydr ocar bons, such as xyl enes; (h)
all cyl atusezfnl af feeonattliytic kyuiversian bof oxygembesao ez enemowi toiheﬁmls,ef ins, such

Somor ) 2aticpiyr AhEe SRd msneveR. ot hbRe heciGEn ASYRRERGE ()

cat al yt 'd%fiﬁc%itlﬂﬂc@tEHeOBu'FHE rr%%céh’éhﬂ?shﬁﬂgd & )aliphXtid ARBhSIsOEthERNOal kyl am nes
and dial kyl am nes. [00511 I'n particula CHR framewor k-type materi al

descrl bealrbheylewqmpmmdajs{el‘dahydm, khtenmtca;tbpucyhc acidg,ecabanatesf ami(jzlmnat es to one

nor e ..ol efi artlc | ar | ene.,and propyl.ene. As us herein, the
Cer m - ok At Bleo BpOuEH Ronkicdie e Ffenst, o B e chertBfey | it ed to
al i phat Isﬁlfﬁlaé:(amﬁe%; alﬁtﬂﬁitﬁxes tﬁ&é@P”]yﬂe eﬁi?ﬁﬂ%gﬁat FIUREAIES cok@irones,

carboxylic acids, carbonates, and the I ke and al so conpounds cont ai ni ng
het er o- dtoomebous Ucte aheyt AAldades atnmspwhe&sé‘romﬁbb!ﬁh Hés pbantidneshonand mi xt ur es
t her eof 'atomse aliphatic nmoiety will normally contain

[0052] 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; C4 - Cjo alcohols; methyl ethyl ether; dimethyl
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-alky! 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
organic material used as the feed. The total charge of feed to the reaction zone
may contain additional compounds, such as diluents.

[0053] In the present oxygenate conversion process, a feedstock

comprising an organic oxygenate, optionally with one or more diluents, is
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fromabout 1 to about 10 carbon atons, such as from about 1 to about 4
carbon atons. [00521 Representative oxygenates include | ower straight chain
or brancr\gﬁz fidepiagt i c al cohol's, their unsaturated Coun%&ﬁﬁ'zﬁﬁmﬁ@f] their
ni t rogen, aPogen and sul fur anal ogues. Exanpl es of suitable oxygenate
conpounds include nethanol; ethanol; n-propanol; isopropanol; C4 - Cl10

al cohol s; nethyl ethyl ether; dinethyl ether; diethyl ether; di-isopropyl
ether; methyl nmercaptan; nmethyl,sulfide; nethyl. amne; ethyl.nercaptan;

di - ot hyl ~ SCTFHCIRS, e Foippr PRAYHIR 8 SEAHORAS TIlL 2 CHTUYSCRITFIAG, U et hyl
car bonat €; mdiez gt ¥be Bfttﬂé‘g'eséﬁteihb&ltﬁ‘ﬁ'aﬁ;efﬁcﬁ{'éﬁz%c@é@ OiRlitiond 8l dsytb hal i des,
n-al kyl sul fides having n- fkyl groups of conprising the range of from
about 3 t oprafuast the Glesizad otefmiso ndlternatively, xthe peecesh erayohe ciaied iontiiran| vy

i t abl t oupds | di methyl ether, or m.xt
her eof . nLY OTf ERE AP HAHEGRS. MEh S PRERS i iRt cbnrfe B enat o
desi gnat esyiiRé ¥r 4 ﬁﬁw@fﬁ?ﬁ%@ﬁﬁé,@iﬁ%ﬁmﬁ%&nﬁ hR8And $06ctiviidlofchar ge of

feed to the reaction zo y cont'ai n additional conpounds, such as

di l uents. feedsi@k-tbrprodisctpmey encsult dyprndiig: upon ks satalysprand dbs reactioredst ock
conpri sing ag. or gani ¢ oxygenate, optionally with one or nore diluents, is

14 WD 20057 PCT/ US2004/ 042737 contacted in the vapor phase in a
reaction zmps4with ?‘W‘h@hagi/e%tanﬁotﬁ?rdiﬁieﬁﬂs)t he gelBlafyUhas-rékfVe 18f thehe present
i nvention at effective process conditions so as to” produce the desired

ol ef i ns. Afeedatocktdrvdlgculah eicye calelyst cempdsitiatnand Bdypigally nsed tolredged or a

m xed vapoy/|li gui hase. . Wen th rocess,l.s.c led out in the |iquid
phase or " oligieBtPrTaReT P e BTG T B PEfaRi. o SpOSIER SArRE &

sel ecti vi t hgabRf dinefdShekke t Reling dhebn Mavrdgea Ul cartd@P eitoRie U RGMoh he
catalyst and the reaction conditions. [0054] Wen present, the diluent(s)

i s gener al dipxidenwateac essentiaBy t hom-repetings pawakir (sspecially alkanessuclh asal yst
conposition and i g typically used tq.reduce the concentration of .the
oxygenat e TR PanbanRrobasl fesrtialR posT e RIS RS Al Lot s
i ncl ude hepyiyitiites 8leBdT, Thd RS efchRl FPRCA® AR WIRT afdhitipen vl vdGor Wat er,
essenti al I%/ non-reactive paraffins (especially al kanes such as

e

ing particularly preferred. Diluent(s) may comprise from about 1 mol % to

about 99 mol % of the total feed mixture.

[0055] 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
eiample 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.

[0056] Light olefin products will form, although not necessarily in
optimum amounts, at a wide range of pressures, including but not limited to
autogenous pressures and pressures in the range of from about 0.1 kPa to about 10
MPa. 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 1 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
thereof. Lower and upper extremes of pressure may adversely affect selectivity,
conversion, coking rate, and/or reaction rate; however, light olefins such as

ethylene still may form.
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nmet hane, ethane, and propane), essentially non-reactive aromatic conpounds,
and mxtures thereof. The nost preferred diluents are water and nitrogen,

W th wat ey Jdigeaarticularly preferred. Diluent(s) may, bd4SR27350mM about
1 nol %to about 99 nol % of the total feed m xture. [0055i The tenperature

enpl oyed in the oxygenate conversion process nmay vary over a w de range,
such as from about 200C to about 1000C, for exanple from about 250C to

about 8 i ncl udi from ty, 2 . 750, C copveniently from
about 38@@7110 aboﬂthgggﬁﬁ?sstsggﬂgatﬁ %ng}l%éh%% gqggatﬁenogs%@?) Sﬁ'@%ﬁ?nt Zﬂgoc and

part i culpasduge flioaesied dle A PeodutsabTNY reaORE til@ QRG] vhiyofémaksthi of pr oduct s
wll form although not necessarily in optimmanmunts, at a w de range of

pr essur 68condp o gdiumpes el hayrs, i The wacticy timgris dagslysdyiersined &% thid pressures

or os sur GeRgen fempdr R A8 prctins R, o0 et slRip BB Y 20 1 e

range ofvefdcity) ahouphdz@ KHauido @bompor) Whdh. thEheseldetedlyQirbess Pidesignir es are
exclusive of diluent, if any is present, and refer to the partial pressure
of the fdba@sieBticsas it rel ates to oxygenate conpounds and/or mixtures

t her eof . Wr an r f e . g@ﬁﬁqy ffect
sel ecti |0 Y, con\%%?%ﬁﬁééfﬁg%grhgthgﬁflg%g%rvéig%@gﬁj n rat%@?rﬁ(ﬁ\ever, | i ght
ol ef i ns feedstocRsvill Eideyibarig tisd prekentPyockst VHEY MQeBAEDADGERRPOf feed

PCTI US2004/.042737 [t0057 The process_shoul d be continued for a period of
time suf(Pxduding dileenthperghew peicveight phod tipkraaption seluaiesof metechlabct i on tine

. - O )
o gery Sift SO (cRFuBlne BRACHDoL Budts TR IRSv WRHEALY HouE 805 0 L TP ot
sel ect edhe tdnge WEifight atheutr0.91 dpheeabout|500 kY, suchasphaberdige @diftbror vapor) and

the sel ected process design ,characteristics. [0058] A w de range of weight
hour | y é%ﬁ‘éteo-glﬂ gtﬂ %Shogé 3@&»‘45\’,4) Of gxamplg in ﬂ@éag%eﬁggwm abopthd o0 n t he
present RBLOACRBS I WHSV is defined as weight of feed (excluding diluent) per

hour per weight of a total reaction volume of nolecular sieve catalyst
(excl udi[ggs9]ner t s Aandictical i dntteydihent Thiea \Meog epsteral for thhosdygette i n

conversion process is a circulating fluid bed reactor with continuous regeneration,
similar to a modem 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 low
pressure, low density gas.

{0060] 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 burn 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 returned to the reactor.

[0061] In one embodiment, the catalyst is pretreated with dimethyl ether, a
Cz-C4 aldehyde composition and/or a C4-C; olefin composition to form an

integrated hydrocarbon co-catalyst within the porous framework of the CHA
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the range of from about 0.01 hfl to about 500 hfl, such as in the range of
from about 0. 5 hf 1 to about 300 hf', for exanple in the range of from about
0.1 hr-' 4¢2,200 hi' . [0059] A practical enbodi mnecr@d gggor
systenrfor Ehe oxygenate conversion process is a crrculatlng f urd bed
reactor with continuous regeneration, simlar to a nodemfluid catalytic
cracker. Fixed beds are generally not preferred for the process because
oxygenat e n conv ess_whi.ch

requires sféév)‘%?‘l&ef JYRg &0 'ﬁ%ofr‘]ir?ltv r@%%: %@Wgrbeé%%llgg(g(iﬁe?flgg The

reaction adsgehif6t él&ﬁmﬂ laes)imsty nhcepﬁ:&emﬁon dduandted hivetepipetipgeiogn of | ow
pressure, Iow density E&QﬁgG(%]é Because the catal %}“t rrust be regenerat ed
frequent | yat leass 108G ciue aS@Iﬁ # f¢=of@ré‘é$§f}?lpleeﬁblﬂﬁ$t B the

catal yst t r ' t

regener at |tolr111%ﬁ%d§'%g (gt hth%\méggé aﬁ%@lg gﬁég‘%‘i Js gﬁ?ﬂg%ﬁ tg%eé(glr‘r;glae air, to
burn of f clek# 0.1 wi%! iRhCAL & hé&ét 1wtv)ach’oﬂe§a&xq5135attla@tcaab@d 9% @okvity. The
condi tions of terrgerature oxygen partial pressure, and residence time in

t he regeneinipgerted WP@IM extaialys hasehomtaslewaighhRE thegneleptlansieve: egener at ed
cat al yst ep%@%&ﬁ A neg t? B%P%se%he ?‘%:bhﬁ%?ﬁﬁ@&?f’ h%'xﬂ&emlartsl?&e jsegenerat ed

catal yst s Sl he rea one enbodi nent, the

cat al yst Ilaloprflﬁisf Qﬁé-@do]mg: rnndueemhhbr @ésbﬁbed a U &ﬁplﬁiadamséﬁalcmqoosr tion
and/or a C4-C I n._conposit rman integrated hydrocarbon

co- cat al yst¥/ V\]Mﬁnlq/%@%graB@r§0ﬂ]a?r9§3\@]fll9f8‘fh1‘flhﬁ’°(9-medi\@"\?’mbz’()b%ﬂ@@%z2
PCTlUSZOO;lAﬂ(a%gﬁ%O? ﬁ&?ﬂ\é}&ﬁ ?’ﬁ?efr@i% ecul ar sieve prior to the catal yst
r

bei ng use 0 conv efins. Desirably, the pretreatnent is
conduct ed @062] t enpeTlpd liﬂ‘&nﬁf)n atvilleasw BOGnoruphrtalaly ldeasibed SEithf or

exanpl e at | east 50C _higher t han the tenperature used for the oxygenate
reaction ZGHaengsdo fhe fgHowing&ixapaplpy il ihe aegompagyng daWies, such as at | east
|wm% for exanple at |east about 5w % of the integrated hydrocarbon
co-catal yst, based on total weight of the nolecular sieve. Such prelimnary
treating tBxampledase the carbon content of the rml ecul ar sieve is known as
"pre-pool i % and is_ further described in U S pl i cat|8n Serial Nos.

R} 63] 0.818 ml of a 23.5 mg/ml aqueous solutmn of AI(NO3);'9H,0 was

added to 15.674 ml of a 0.5721 molar aqueous solution of N,N,N-trimethyl-1-

adamantylammonium hydroxide (TMAA® OH) followed by 4.00 ml of

tetraethylorthosilicate. The resultant mixture was continuously stirred in a sealed

container overnight at room temperature until all the tetraethylorthosilicate was

completely hydrolyzed. To the resultant clear solution was added 0.390 ml of a

48wt% aqueous solution of hiydrofluoric acid which immediately resulted in the

production of a slurry. This slurry was further homogenized by stirring and

exposure to air for evaporation of water and ethanol until a thick shury mixture

was obtained. Extra water was further evaporated from the slurry mixture under

static conditions to give 4650 mg of a dry gel solid having the following molar

composition:

8i0; : 0.00143A1,0; : 0.5TMAA : 0.6F : 5.0H,0

[0064] The resultant solid was divided into 2 approximately equal parts.

To one part was added with mechanical mixing 4mg (0.2wt% 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, whereas no seeds were added to the other part. Each solid
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10/ 712668, 10/712952 and 10/712953 all of which were filed Novenber 12, 2003
and are incorporated herein by reference. [0062] The invention wll now be
nmore par tyygubaids¥e9escri bed with reference to the foll Qugbsaapikes and

t he acconpanyi ng drawi ngs. Exanple 1 [0063] 0.818 mi of a 23.5 ng/nl aqueous
solution of AI(N03)3-9H20 was added to 15.674 ml of a 0.5721 nol ar aqueous
solution of N, N,N-trinethyl-1- adamantyl ammoni um hydr oxi de ( TMAA" OFT)

fol |l owe Y, 0 tetr ] bl i e res n I Xt ure was
conti nu%agl tg/lé% ??apﬁgg% o agsrggﬂ%é{c;i% ?{g:%lp g? ?lﬂeﬂ?&(;%tlgr%lnﬂ- %ﬁs[ug%trg%%o m&fdenrrper ature
until alckystdliézetiedtr B5OPQYfopréshbeurs iwrdee slos rotatiutp (aboat BOhyei)ol xaed. To the
resul tant c¢lear solution was added 0.390 m of a 48wt % aqueous sol ution of

hydr of | §8PHRE, §RehPIRARG AvasTeeRMeERdDY) contd fging, washed with distidied ag, of a slurry.

Thi | : f : i LrLingG: . ir f
evapor atPLur g T00EE GRS e Sk A o RR RO 21 1 3 e
Extra waysthesioand T01tihg bf & waiiermicesbrstalting fdidsfor tHeyunseeded sonthegder  static

conditions to give 4650 of a dry gel solid having the follow ng nol ar
conposi tiP¥P] si oo Thegseymihgsizedprodugs of thenseeded ged unsegdpdpiogessay The

resulta ha o6l Vi ded . nt 0 | velid O ONEe part

was addelhgdvsxtﬁﬁ % R@ﬁ@% 1£%+c\élgﬂ ﬂr%t%%sgs@rrvgp %% ggaée ﬁg%ﬂa? Eggbhgtilvdel solid) of
a seedi rigmonsteiting|that/bdth Reretings hadid SHAAUE0rd allhe sificaStcdalandnaSi / Na  at omi ¢
ratio of 26.4, whereas ngo seeds were added to_the other part. Each solid 17

WO 2005/ stk pefTeagh yodyel1was foungaty b abouty At dhedgsults of PEMbect i ve
Tef | s . t ald b for 65 h
inder s VSRS sholfh EEERAaY £8 U leoRBE syl A ighEL Aoy g e T 65 Tours

r ecover ednfayeded 3irthbigi Reym Weesb eckults ithwill ¢ sdehabatvihé ecededsyntilésied at 100C to
give 598 ng of a white mcrocrystalline solid for the seeded synthesis and

701 ny &vaaRidust with asubgtantally wafam paticlgsized sheybd daigranandiiesi s. [ 0065]
Th - sypt.hesi had th
X oy it P MERpREReD: Alldlsh Pind BErenE R loBllad BRERECGCY ORERRED | TaN 1 N°

However, the non-seeded system produced significantly larger particles, with a

size up to 20 microns, as well as producing bimodal particle size distributions.

Example 2
[0066] The process of Example 1 was repeated but with the amount of the

23.5 mg/ml aqueous solution of AI(NO3)3-9H,0 being decreased to 0.716 ml to
give, after evaporation of water and ethanol, 4648 mg of a dry gel solid having the
following molar composition:
SiO; : 0.00125A1,05 : 0.5TMA : 0.6F : 5.0H,O

[0067] After dividing the dry gel solid into 2 equal parts and adding
0.2wt% of the AEI seeds to only one part, the solids were crystallized as in
Example 1 to give, after washing and drying, 686 mg of a white microcrystalline
solid for the seeded synthesis and 566 mg of a white microcrystalline solid for the
unseeded synthesis.

[0068] The as-synthesized products of the seeded and unseeded processes
had the X-ray diffraction patterns shown in Figures 1(b) and 2(b) respectively
demonstrating that both products had a CHA structure. The silica to alumina
molar ratio of each product was found to be about 800. The results of SEM
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denonstrating that both products had a CHA structure. The silica to al um na
nol ar ratio of each product was found to be about 700. The results of SEM

anal ysi s So in Figure 3(a) for the seeded synthesic§ &36b4fol4 e 4(a)

for the ‘ﬁgn qs%éeic‘imé synthesis. Fromthese results it wll G@aseen t?at t he

seeded synthesis gave a product with a substantially uniformparticle size
of about 1 mcron and a cubic norphol ogy although sone defects and

irregular crystals re observ non eded S r oduced
Si gnigfi can ySFSa‘i‘ISé %ﬁg)\nf?’g&ﬁ eng L) a?é &z%) floaggeam | as
produci ng_pi gk Egﬁthlss‘iée /S3alP it A b O me@a@a%ga@ggpgg# ¢ fhe process

of Exanpl e was repeat ed t he anpunt aqueous
sol ution oprodhétl‘ml)a sﬁbﬁmﬁaﬂyn@ﬁmmmheld size tﬁfahbﬁt Mmiomon gnd/e cubitt er
evapor ation of er and et hanol, 4648 of . sol | hav ng the
fol | owi ng Aoreholos nﬁ@sfioflrﬁf‘/ﬁre%éﬂﬁ?m pepdy tf/y Cgfﬁ 35 OH20

[0067] Aftg Vd 50 Rserbe dry gel solid into 2 equal parts and addl ng
0. 2wt % of t %H%EI seeés to only one part, the solids were crystallized as in

Exanple 1 to give, after washing and drying, 686 ng of a white

m'crocrystgl | i nE sol : d for the seeded synthesis and 566 ng of a white
m crocryst § =d for the unseeded synt hesis. [0068] The

as- synt hesygigg prodU%ﬁgfﬁce§sf&%ﬁﬁ PSSR Wit BRSARGunt BRthe! Ne X-ray

di ffraction pa terns shown 1n Figures 1(b) and 2(b) respectively
denonst r at 2h§ mpml opiebupsadtiont © FhAINO:G-FHAD hetigudecrediad toi 0.63@mlo al uni na

nol ar rati g of ea r C s fqun b 0._.The,r tg of SEM
18 WD 2005?%@%%%/% 58 A5l ‘ﬂa J&s?‘g g‘%@@ﬁ%mﬂ Apd #?e‘gﬁr é‘ﬁS(b) for
the seeded(mmﬂl@s%& 8, SRAvEdibhbn o@wéi%dnaﬂaniﬁem ﬁ%ﬂ ng. Again it
will be seén that the seeded synthesis gave a prod uct with a substantl ally
uni f or m pa#é44dcing agil A644 g bespectiv aly,ocofalry @abiscdids dnlavmg the felloving molarhe

non- seeded system produced significantly larger particles, with a size up
to 20 ni cr BHEPOS les 3 to 6

Si0; : 0.00111ALOs : 0.5TMA : 0.6F : 5.0H,O Example 3

5i0; : 0.00100A1,O5 : 0.5TMA : 0.6F : 5.0H,0 Example 4

Si0; : 0.00091AL, O3 : 0.5TMA : 0.6F : 5.0H,0 Example 5

Si0; : 0.00083A1,O; : 0.5TMA : 0.6F.: 5.0H,0O Example 6
[0070] As before, each dry gel solid was divided into 2 equal parts and the
parts separately crystallized as described in Example 1 with only one of the parts

containing 0.2wt% of the AEI seeds. The results of the syntheses are summarized

in Table 2.
Table 2
Seeded S-ynthesis Non-seeded Synthesis
Example Yield (mg) Si/Al, Yield (mg) Si/Al,
3 669 900 594 900
4 647 1000 601 1000
5 643 1100 645 1100
6 650 1200 605 1200
[0071] X-ray diffraction patterns for the products of the seeded syntheses

of Examples 3 to 6 are shown in Figures 1(c) to 1(f) respectively and for the
products of the unseeded syntheses are shown in Figures 2(c) to 2(f) respectively.
SEM results for the products of the seeded syntheses of Examples 3 to 6 are
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[ 0069] The process of Exanple | was repeated but with the anbunt of the
23.5 nmg/ M aqueous solution of Al (NO3)3.9H20 bei ng decreased to 0.636 nl

( Exanpl e‘zb,m&m%;@nm (Exanmple 4), 0.520 m (Exanple 5) Godid b
(Exanple 6) to give, after evaporation of water and ethanol, 4646 ng, 4646

ng 4644 ng and 4644 ng, respectively, of dry gel solids having the
follow ng nolar conpositions: Si02 : 0.00111A1203 : 0.5TMA: 0. 6F: 5.01120

0. 00091 Al " Frgueth e U8 B Rapeshled) B bl ook R F e GG 20 - . sTum
;0. 6F. :sybthéskd 2R shyafiph FigurEOEPlo £3) Reprtieclyeach dry gel solid was divided

into 2 equal parts and the parts separately crystallized as described in
Exanple | with only one of the parts containing 0.2wm % of the AEl seeds.
The resi}}i ﬁggt he syntheses are sunmarized in Table 2. Table 2 Seeded
Synt hesi —seeded Synthesis Exanple Yield (ng) Si/AI2 Yield (ng) Si/A 2

3 669 9(q00R94 900 Thé ab4imiieeRed tHatcii) Grond tHeAdedeDOmiERisI I anfplbS0 1200 605
1200 [0071] X-ray diffraction (ggtterns for the products of the seeded

synt hesdswasdiressediinn peile at 3000%psg Eh8TH O kPr) apek then gravndiapd siepgd r espect i vel y

and for ugcts e S S r ' Lgures 2(c) to
2(f) regéggwe\%@. &}dsk%sres'ulﬁgs%ggﬁgﬁe%%#zﬁugfg%oﬁzfﬁ%gggé‘gbgynt heses of
Exanpl esyélphed Betwésn 211 Q2 K5 A6 36220 BERFABROARA XL AR of $0®WM i N Fi gures
3(c) to 3(f) respectively and for the products of the unseeded _syntheses

are showiorh ajde-esTheey migtures waresisaded yaipy separgapl-8mm ez} The
as- synt NEh A& PR Rhted at HOHIANS wifieH Gy "Ik Suths R WBL& 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) methanol] partial
pressure for 6 minutes. During the methanol reaction, the reactor effluents were
collected and stored at timed intervals for anmalysis 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.

{0073] Selectivities to hydrocarbon products were calculated. The values
given below are averages of each individual selectivity over the entire reaction.

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

individual repeats.
Product Selectivity
G 4.2
Cc;’ 0.4
Cy 39.5
Cy’ 0.3
Cs 34.6
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1 was pressed to a pellet at 30000 psig (2.07x 105 kPa) and then ground and
sieved to between 80 and 125 m Two separate sanples of the sized nateri al
wer e V‘Bi\gﬁezﬁ%tﬂﬁﬁéﬁen 21 and 22 ng and m xed separaterPM SR8 39f 100 m
silicon carbi de. ese m xtures were | oaded into separate 1. 3mﬂ I nt ernal

di aneter tubes sealed at the bottomw th a quartz frit. The tubes were
sealed into heated reactor blocks and the catal ysts were then cal ci ned at
540C under flowing air for 2 hours to effect organic tenplate renoval. The
cal ci ned catal ysts were Chihen subjected to13.% xture of 85% met hanol in N2
at 540C, approximately 100+ wei ght hourly spgce velocity (WHSV), and 40 psia
(276 kPa) nethanol partiaf® pressure for 6 mnutes. During the nethanol
reaction, the reactor efiokents were coll&7¥ed and stored at tined
intervals for analysis by gas chromatography. Follow ng the nethanol
reaction the catal ysts were subjected to a flow of 50% oxygen in nitrogen
at 550C f oExampledki mately 90 nminutes to bum off deposited coke. The reactor
ef fl uents anal y ' . GL T | t i.an of both
car bon mn@?@e and églrgb%%sfgﬁ%ﬁl%(gq?ﬁo%g% efglfngﬁglyp}\gegéégﬁ%u%%p s“‘%?éd ggke

deposi ti onprep&iefi@is &€ Bxatipts Wi weret mdbniduatisapiessedpioogeltsts atv30600C psigul at ed.
The val ues (%I venh bel ow are averages of each individual selectivity over the

entire rea@{/EA0” kBar pnd dhenegronpd and rieved o Rebwege 89 fand nleSsine cTWei ti es

0.4 Ca aoreBiighis of BS) sty Bg OGRS welghB ViwePR A bl e 0,175
C5+ 4.3 Gakedkeparately 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
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
(WHSYV), and 40 psia (276 kPa) methanol partial pressure for 6 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 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.

[0075] Selectivities to hydrocarbon products were calculated for each
reaction. The values given below are averages of each individual selectivity over
the entire reaction. Each value represents an average of the selectivities obtained

from the two individual repeats.

Selectivity Seeded Unseeded
Ci 4.6 5.6
c,’ 0.5 0.8
Cy 38.2 38.5
o 0.1 0.4
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Exanpl e 8 [00741 The as-synthesized materials for both the seeded and
unseeded preparations of Exanple 4 were individually pressed to pellets at
30000 psi@o %o6s/03e0:05 kPa) and then ground and sieved tq@%%g@,%@g‘,and 125
m Two separate sanples of the sized material were wei ghed between 21 and
22 mg and m xed separately with 90 ng of 100 msilicon carbide. These

m xtures were |oaded into separate 1.9nmminternal dianeter tubes seal ed at
the bottomwith a_quartz frit. 'Irg t ubes Wer:gggeal ed into heated reactor

bl ocks and the c&tal ysts were t cal ci ned t¥540C under flowng air for 2
hours to effect gggani c tenpl ate14grmval Thes.0al ci ned catal ysts were then
subjected to a mxture of 85% nol in N2 540C, approximately 100

wei ght hourly spgée vel ocity \I%a and 40 6 a (276 kPa) nethanol parti al
pressure for 6 ngdes. Duri ng t bgg met hanol genction, the reactor effluents
were collected and stored at tined intervals for analysis by gas

chromat ography. Foll ow ng the nethanol reaction the catalysts were

subj ect gainple f | ow of 50% oxygen in nitrogen at 550C for approxinately 90
m nutes to bum of f deposited coke. The reactor effluents were analyzed by

i nfrar ed005pkct rosEb@erQSﬁoﬁEaﬁnplGaltW@hre@ﬁatbtbbﬁi with enameunsef de and  car bon

di oxide_ to eterm coked 07 ectivities to
hydr ocafB5f* f)?nc?&@é M@cg)glogﬁr d%?f efvgporéi 5?:?1 agnﬁ G\Sﬂ;éé&}fl ues given

bel ow akgteRvEEdRS] Sfispasivn HULEV deads srepaed hUdoEdan\t@WOtd@ﬁ)ﬂﬂDHI re reaction.
Each val ue represents an average of the selectivities obtained fromthe two

i ndi vi dpublished Fgbmarysel G 2000 t (frisdeamite \gonteatidd W, SisTein 2 0.5 0.8 Ca
38.2 38,8 of% Iwlls LAY WPeRORROSPER2L AT Ui 8T, Tt 3 320 4

14. 3 13.
further evaporation of water a dry gel solid was obtained having the following

molar composition:
SiO; : (1/1200)Al,03 : 0.5TMA : 0.6F : 5.0H,0
[0077} The gel was divided into two equal portions, which were sealed

into two 23 ml Teflon-lined Parr bombs and then were heated to 185 °C for 65
hours. X-ray diffraction indicated that the solid product was pure chabazite, and
elemental analysis showed that the chabazite had Si/Al atomic ratio of 228.

{0078] The scanning electron micrograph (SEM) of the resultant product
is shown in Figure micrograph show that a majority of the high silica chabazite
crystals were twinned. 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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Co+ 4.3 4.3 Coke 2.6 4.8 Exanple 9 [0076] The process of Exanple 1 was
repeated but with the anmount of the reagents increased by a factor of 5.
After ev (A= f ethanol and nost of the water, a i pensi on
of LEV sg’gﬁéa’té’r"g%é?ed according to WO 00/ 06494, publ i s&gg}'@%@?{ﬂ"gﬁgﬁlo, 2000
(dry levynite content 11 w% Si/Al=7) in the anount of 0.2wt % LEV on the
basis of dry gel was added with stirring. Upon further evaporation of water
a dry gel ég‘l;é}l&%ﬁs obt ai ned having the following nolar conposition: Si02 :
(1/1200) A1 o 70.5TMA :© 0.6F : 5.01120 [0077] The gel was divided into two
equal portpeeuimhi ch were sealed into two 23 ml Teflon-lined Parr bonbs
and then were heated to 185 C for 65 hours. X-ray diffraction indicated
that the solid product was pure chabazite, and elenental analysis showed

t hat the chabaziite had $i/ at.omic_ratd.o of 228 [ 0078]..T canni ng
cl'ectron mhor ogfunrtpaayvithefhBE p ScisRilih Raebathaviny { Ee RAmBROR g e

m crograph showteathednéMb®Edhpristhg:t he high silica chabazite crystals were
tw nned. Whi | e the present invention has been described and jillustrated by
reference to particuldhr erfpoaingeat seaction saidtreocapatide yok dormingnsaifle art

wi |l appreciate that the in 1 on_| ftsel f t riati r

necessarily illustrated ﬁ@ﬁgﬁ%’?e Fe?ﬂfsh%wgg oﬁ, Ctgﬁgn,&%‘g?‘g&gﬁ%ée’shoul d be
nmade solely to the appendgeréihahdBeaofibn MikROS Btk cdfipeiced feligof e true
scope of the present invention. 22 WD 2005/ 063622 PCT/US20041042737 CLAI V5

W Claim 1. A nethod of <$yyit#lbag maigrial eomyprising ianeAFAt Bamewokdybsig a CHA
framewor k- type, the net h%gdcorrprisi ng: a) formng a reaction m xture
capable of formng said crystalline material having a CHA framework-type,

b) recovering from said reaction mixture said crystalline

material comprising a CHA framework-type.

2. A method of synthesizing a crystalline material having a CHA framework-
type and having, in its calcined and anhydrous form, a composition
involving the molar relationship:

()X2035:YO,,
wherein X is a trivalent element; Y is a tetravalent element, and n is from 0
to less than 0.01, the method comprising:

(a) preparing a reaction mixture capable of forming said
crystalline material having a CHA framework-type, said
reaction mixture comprising 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, an organic directing
agent for directing the formation of said crystalline material
bhaving a CHA framework-type and seeds of a crystalline
material having a framework-type other than CHA,

(b) maintaining said reaction mixture under conditions
sufficient to form crystals of said crystalline material
having a CHA. framework-type; and

(¢)  recovering said crystalline material from (b).
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wherein the reaction m xture further conprises seeds of a crystalline

mat eri al conprising an AEl franework-type; and b) recovering fromsaid
reacti on ywih ¥§odjogze3i d crystalline material conprising pogitfedoiayEyor K-type.
2. A nethod of synthesizing a crystalline material having a CHA franewor k-
type and having, in its calcined and anhydrous form a conposition

i nvol ving the nolar relationship: (n)X203:Y02, wherein Xis a trivalent
element; Y is atetravalent element, and nis fromO to less than 0.01, the
met hod conprising: (a) preparing a reaction m xture capable of form ng said
crystal Bj ne rMieemkthbd bd\Gldig 2 whisheih saideoypikc ditpetingsadetlt corfpides@n M xture
conprising a source _of water, a source of _an oxide of the tetraval ent

el enent Y, optilfriycliqamingnrammeniumgompeusd of the trival ent el enent X, an
organic directing agent for directing the formation of said crystalline
material having a CHA franmework-type and seeds of a crystalline nmaterial
havi ng 4. f r anfwsormcttodpef elaiar3 twirneifHhe rulil)i-oyelictaniife g B@hohitwact i on

m xture under conditions  sufficient to formgrystals of said crystalline
material  haFPHPOHIEHRMRIERE W rKCYSlise or JisHaqyelic r Aulg e PY ANEAHMe T yst al | i ne
mat eri al frorgo%undZS WD 2005/ 063622 PCT/ US2004/ 042737 3. The met hod of
claim2 wherein“sald organic directing agent conprises a nulti-cyclic am ne
or amoni um conpound. 4. The nmethod of claim3 wherein the nmulti-cyclic

am ne or. a i um cqnpound conprises a tricyclic qQr tetracyclic am ne or
ammoni uh  conpsumgthod ot any ona pbelagns 4rfp o mbiersin §41§i9¥§312° dgeotingher ei n sai d

organic direghbbil s an  N-alkyl-3-quinuclidinol, an  N,N,N-tri-alkyl-1-
adamantylammonium compound, an N,N,N-triaikyl-exoaminonorbornane

or a combination thereof.

6. The method of any one of claims 2 to 5 wherein said organic directing

agent comprises an N,N,N-trimethyl-1-adamantylammonium compound.

7. The method of any one of claims 2 to 6 wherein n is from about 0.0005 to
about 0.007.

8. The method of any one of claims 2 to 7 wherein n is from about 0.0008 to
about 0.005,

- 9. The method of any one of claims 2 to 8 wherein said reaction mixture has

the following molar composition

H,0/YO; 1to 20
Halide/YO, Oto2
R/YO; 0.01to 2;
X205/YO, 0t0 0.1,

where R is an organic directing agent.
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agent is an N-al kyl-3-quinuclidinol, an N,N,N-tri-al kyl-I- adamantyl anmoni um
conpound, an N, N, N-trial kyl -exoam nonor bornane or a conbination thereof. 6.
The et hogghosiys@ne of clainms 2 to 5 wherein said org .Tﬁ}s%‘ﬁ'ﬁﬁ“ﬁg agent
conprises an N, N, N-trimethyl-I|-adamantyl ammoni um corrpouﬁﬁj i met hod of
any one of clains 2 to 6 wherein n is fromabout 0.0005 to about 0.007. 8.
The nmet hod of any one of clains 2 to 7 wherein nis fromabout 0.0008 to

about 0.00%g 9. f d reaction
m xture hag the%%ﬁ%ﬁgaﬁ?ﬁyfg%&% Eoicdoﬁ’hﬁggf%(g %W@%hﬁﬁszﬁhde/ Y02 0O
to 2 RIY02 0. Othd flldwing@0Rt ¥eRp0osition 0. 1, where R is an organic directing
agent. 24 WO 2005/ 063622&%%582004/ 042737 10. The nethod of any one of
claims 2 to 9 wherein sai 2ion mixt A@ Was the foll owi ng nol ar

conposi tion H20/Y02 2 to 9. Haﬂ)l de/ Y02 g {0 1; R YO2 0.1 to 1;
X203/Y02 0 to 0.01, where % I's anh or gani c di réctl ng agent. 11. The net hod
of any one of clains 2 to R@¥Gvherein X i d.htawhi num boron, iron, indium

galliumor a conbination ':?P é and wherein Y is silicon, tin, titanium
germani um or a conbi nati o ﬁ?@? of . 12. 'Igrﬂé’rbwgahod of any one of clains 2 to

11 wherein Y 'Svﬁi&éﬁ%ano hegi of any one of claims 2 to 12
wherein Xis al um num e rret od of ‘any one of clains 2 to 12 wherein n
is zero.

11. The method of any one of claims 2 to 10 wherein X is aluminum, boron,
iron, indium, gallium or a combination thereof and wherein Y is silicon,
tin, titanium, germanium or a combination thereof.

12.  The method of any one of claims 2 to 11 wherein Y is silicon.

13.  The method of any one of claims 2 to 12 wherein X is aluminum.

14,  The method of any one of claims 2 to 12 wherein n is zero.

15.  The method of any one of claims 2 to 14 wherein seeds comprise a
crystalline material having an AEL, LEV or OFF framework-type.

16.  The method of any preceding claim wherein said seeds comprise an

aluminosilicate or silicate having an AEI framework-type.

17.  The method of any preceding claim wherein said seeds are added to said

reaction mixture as a colloidal suspension in a liquid medium.
18.  The method of any preceding claim wherein said reaction mixture

comprises from about 0.01 ppm by weight to about 10,000 ppm by weight

of said seeds.
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15. The nmethod of any one of clains 2 to 14 wherein seeds conprise a
crystalline material having an AEl, LEV or OFF franmework-type. 16. The

met hod of any precedi ng clai mwherein said seeds conprise an

alum nosilicate or silicate having an AEl franmework-type. 17. The met hod of
any preceding claimwherein said seeds are added to said reaction m xture
as a colloidal suspension in a liquid nmedium 18. The nethod of any

precedi ng EPai miksemaethod 01d apk apresesingrickaig,y @heresmpiald dgactipp ninkiBIR 0. 01 ppm
by weight to ab i i . . met hod of
any preceding cl%élinrﬂ%v)ﬁ?g%gflﬁ%s%glp%o%glt% ?%eq%lti'?ﬁ?%]ﬁ%mbﬁ%égﬁ?fg%%about 100
ppm by wei ght t@e@&lout 5,000 by weight of said seeds. 20. The nethod of any
precedi ng claimwherein said reaction m xture also conprises a halide or a
hal i de- cont ai ni ng conpound. 21. The net hod of any precedi ng cl ai m wherein
said reaction mxture.also. conprise fluoride or fluoride:containing
compound. 25, THECRERS O 5P EEE sty URGE i e nOh PR (e
materi al  havi ngom & hARVA AhaiBRohtsink i RRAgRMNnef crystals having an
average dianeter l'ess than or equal to 4 mcron. 23. The nethod of any
precedi ng claimwherein said crystalline material having a CHA

f K- I f .al s, havi di t f 0.5t
4 moron. Sk THBeBEHER Gr T Ce TG PR SRR FRORE JUoal | i ne
material  havi ”Qoﬁg%iﬂ%ﬁdpéﬁﬁﬁ&%-cbﬁtaﬁﬁ&@é&%ﬂ%sﬁhly free of framework

phosphorus. 25. A Crystalline material having framework type and

having, inits calcined and anhydrous form a conposition involving the

o ot o L oI B oy g R B Wnbetic® sl S5 ShGRR - ¥ Pe @
having a CHA framework-type is composed of crystals having an average

diameter less than or equal to 4 micron.

23. The method of any preceding claim wherein said crystalline material
having a CHA framework-type is composed of crystals having an average

diameter of 0.5 to 4 micron.

24.  The method of any preceding claim wherem said crystalline material
having a CHA framework type is substantially free of framework
phosphorus.

25. A crystalline material having 2 CHA framework type and having, in its
calcined and anhydrous form, a composition involving the molar
relationship:

(0)X203:YO,,
wherein X is a trivalent element, Y is a tetravalent element and n is from 0
to less than 0.01, and wherein the crystals of said material have an average

diameter of from about 0.5 micron to 4 micron,
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to less than 0.01, and wherein the crystals of said material have an average
di aneter of fromabout 0.5 mcron to 4 mcron. 26 WO 2005/ 063622

PCT/ US20Q¢ 96hafass22 26- A crystalline nmaterial having a %[fg&(ﬁ,%m Kk type

and having, 1ni1ts calcined and anhydrous form a conposi n 1rnvolving the
mol ar relationship: (n)X203: YOQ2, wherein Xis a trivalent elenent, Y is a
tetravalent elenent and nis fromO to |less than 0.01, and wherein the

crystals of_said material are .tw nned. The crystalli material of claim
55" or "ol fio0. nEPERHIR EERPOIRACHA TRRETE Waoad 5085 B The

crystal line mat @ﬂbﬁbdoﬁn@né&x}ﬁﬂﬁ)uﬁ)f foftnal ABcotpdstion’ WPSIVREN the ifolhf OM  about
0.0008 to about 0.005. 29. The crystalline material of any one of claims 25
to 28 wherei n Xrglgtionghiphi num boron, iron, indium galliumor a combination

thereof and wherein Y is silicon )gza,?,b'tani um germani um or a conbi nation
t hereof. 30. The crystalline mat em 8f “&hy one of claims 25 to 29 wherein

said material, wherdid X i§althlAlest dicmhdht, ¥ ¥ phasalbitenidi@dhd A id Romlput 100 ppm
by weight of a halide. 31. The crystalline material of any one of clains 25

to 30 wherein stikgss than 8/0laand wherpingheerystalsed stid mpgteriadare &wvinsed.r om about 5 to
about 50 ppm by weight of a halide. 32. The crystalline material of any one
of clains 25 to 31 wherein said halide conprises fluoride. 33. The

crystal | i ng7mat ehé alyselllimnatenial of cleindRF%r 2hithRe3whdeRl fidfibheatoiy st al s of
said material have an averag}g di aneter of about 0.5 to about 4 mcron. 27

WO 2005/ 063622 PEOPPLsramwft 849737 34. A process for producing ol efins
conprising contacting an organi c oxygenate conpound under oxygenate
conversion conditions with a

28.  The crystalline material of any one of claims 25 to 27 wherein n is from
about 0.0008 to about 0.005.

29.  The crystalline material of any one of claims 25 to 28 wherein X is
aluminum, boron, iron, indium, gallium or a combination thereof and

wherein Y is silicon, tin, titanium, germanium or a combination thereof.

30. The crystalline material of any one of claims 25 to 29 wherein said
material, in its calcined form, contains from about 1 to about 100 ppm by
weight of a halide.

31.  The crystalline material of any one of claims 25 to 30 wherein said
material, in its calcined form, contains from about 5 to about 50 ppm by

weight of a halide.

32.  The crystalline material of any one of claims 25 to 31 wherein said halide

comprises fluoride.

33.  The crystalline material of any one of claims 25 to 32 wherein the crystals

of said material have an average diameter of about 0.5 to about 4 micron.
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catal yst conprising a crystalline material produced by the nethod of any
one of clains 1 to 24. 35. A process for producing ol efins conprising

cont aCti%f’dﬂ%/ﬁ&gﬁm Cc oxygenate conpound under oxygenalt,rr(g{[ggilbéﬁﬁ%%gn

conditions w catal yst conprising the crystalline any one
claims 25 to 33. 28

34, A process for producing olefins comprising contacting an organic
oxygenate compound under oxygenate conversion conditions with a
catalyst comprising a crystalline material produced by the method of any

one of claims 1 to 24.
35. A process for producing olefins comprising contacting an organic

oxygenate compound under oxygenate conversion conditions with a

catalyst comprising the crystalline material of any one claims 25 to 33,
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