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[0003] An important type of alternative feed for the production of light

olefins is oxygenates, such as C,-Cy4 alkanols, especially methanol and ethanol; C,-
C, dialkyl ethers, especially dimethyl ether (DME), methyl ethyl ether and diethyl
ether; dimethyl carbonate and methyl formate, and mixtures thereof. Many of
these oxygenates may be produced from alternative sources by fermentation, or
from synthesis gas derived from natural gas, petroleum liquids, carbonaceous
materials, including coal, recycled plastic, municipal waste, or any organic
material. Because of the wide variety of sources, alcohol, alcohol derivatives, and
other oxygenates have promise as economical, non-petroleum sources for light
olefin production.

[0004] The preferred process for converting an oxygenate feedstock, such as
methanol, into one or more olefin(s), primarily ethylene and/or propylene,
involves contacting the feedstock with a crystalline molecular sieve catalyst

composition. Among the molecular sieves that have been investigated for use as
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improved selectivity and catalyst life in the catalytic conversion of methanol to
olefins.

[0007] International Patent Publication No. WO03/048084, published June
12, 2003, discloses that increased selectivity to ethylene and propylene is obtained
in the catalytic conversion of methanol to olefins when the catalyst comprises an
ELAPO molecular sieve, wherein EL is a metal selected from the group consisting
of silicon, magnesium, zinc, iron, cobalt, nickel, manganese, chromium and
mixtures thereof, having a platelet-type crystal morphology, wherein the average
smallest crystal dimension of the crystals is at least 0.1 micron and the aspect ratio

of the crystals is less than or equal to 5.



of silicon, magnesium zinc, iron, cobalt, nickel,

manganese, chrom um and m xtures thereof, having a
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the level of alkali articularly sodi um.and
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been found that material s _having an average (d
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average crystal size and the crystal size distribution of CHA and AEI-containing
materials. In particular, it has now been found that materials having an average
(dso) crystal size of less than 2.2 micron and a relatively low crystal size
distribution [(doo - di0)/ dsp = < 1.0] can be obtained with synthesis mixtures
containing between about 0.08 and about 0.9 g of alkali metals/mole of alumina.
In contrast, when the alkali metal concentration increases above 0.9 g/mole of
alumina, the crystal size variation increases whereas, when the alkali metal
concentration falls below about 0.08 g/mole of alumina, there is a loss in crystal
size reproducibility.
[0011)] In addition, in the synthesis of AEI/CHA intergrowths, it is found

that the level of alkali metal impurities in the synthesis mixture has an important
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al kali nmetal s/nole of alum na. In contrast, when the
w@bdalosssmet al concentration i ncreases above 0.BCHUS®DE043524

of alum na, the crystal size variation increases

wher eas, when the alkali nmetal concentration falls

bel ow about 0.08 g/nole of al-dvna, there is a loss in

crystal size reproducibility. [0011] In addition, in
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reaction mxtures 1s given in U S. Patent No. .
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silicoaluminophosphate molecular sieves, such as SAPO-11, from a reaction
mixture containing an active source of phosphorus and a particulate hydrated
alumina having an average particle size of less than about 40 micron, a particle
density of less than about 1.0 g/cm’® and an alkali content of less than 0.12 wt %.
There is no disclosure of producing CHA and/or AEI framework-type materials.
[0014] International Patent Publication No. W0O03/048042, published June 12,
2003, discloses a process for the manufacture of a SAPO-34 crystalline molecular
sieve by hydrothermal treatment of a surfactant-free synthesis mixture containing a
structure-directing agent and sources of silicon, aluminum and phosphorus,
wherein the source of silicon is a tetraalkyl orthosilicate. The resultant SAPO-34
crystalline molecular sieve has a mean particle size of at most 400 nm.

[0015] International Patent Publication No. W0O03/048043, published June 12,

2003, discloses a process for manufacturing a silicoaluminophosphate crystalline
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nunb r% of. the pal\r’%écl es are wthin 10 % of the nean.
Tﬁ@n‘g‘f’ %%%tuﬁn‘é.él crystallization of a synthesis
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opholonaid sieva, seferebtoods RUW-¢9nwhiahds saiéds be wheX BYGHAhgixed

nmol ar ratio, of arganic tenpl ate {Rl + R2) . to al um num
( Mhypse Wmnpéltwww%&% Fraleisoé thesXaay difFactqpopapem pIRUW-19
ral g d.iz?ﬁ\iﬁﬁﬁ Pe(ﬁml 9 5l PSPP.E Patent No. 6,334,994 indicates that
siTircoal uni nop ogp af &€ nol'ecular 'sieve, réferred to as

Righ¥sd Snatediale haré sharatterized be simgleAntdrgidivnnfored ¢thABEand CHA
conmposition. DI FFaX anal ysis of the X- rag diffraction
Sramsyork fymRuveleoulaissigires aiBe8El FHA Baties 8 ahout H04g 6535 and

g]C7OHO‘.3' Rw-?gtis I§§)r‘i’che65’iz?éﬁdbyglgfhaillp %iﬁﬁ’ltge& }%p—%urce, particularly Al-
isopropoxide, with water and a P-source, particularly phosphoric acid, and
thereafter adding a Si-source, particularly colloidal silica and an organic template
material, particularly tetracthylammonium hydroxide, to produce a precursor gel.
The gel is then put into a steel autoclave and, after an aging period at room
temperature, the autoclave is heated to a maximum temperature between 180°C
and 260°C, preferably at least 200°C, for at least 1 hour, with the autoclave being
shaken, stirred or rotated during the entire process of aging and crystallization.
The resultant RUW-19 crystals are said to have a crystal size between 0.001 and
10 microns.
[0018] International Patent Publication No. WO 02/70407, published

Sentember 12. 2002, discloses a silicoaluminophosphate molecular sieve, now



these materials are characterized by single intergrown
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e intergrown material is achieved by m xing

r gaide pldiedumest kssradllesi dimensionpMos i us and a hydr at ed

al um num oxi de in the presence of an organic directing
agent, particularly a tetraethyl amoni um conpound. The

r sqUVIMARY'ORIINVENTION rred and heated to a '
crystalTization tenperature, preferably from 15Q0C to
1480K9] and In loan aspecht the iecension trhgidest anparcthagr ef symifegsizing a

stirri for nd 150 hours, t an
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i nventio es in a method of synthesizing a
matertlal tli]le o% conmprising: y g
(a) preparing a synthesis mixture comprising water, an organic

directing agent and sources of phosphorus, alumina and silica, wherein the total
amount of alkali metal present in said synthesis mixture is from about 0.08 to
about 0.90 g/mole of alumina;

(b) heating said synthesis mixture to a crystallization temperature of
between about 100°C and about 300°C; and
[0020] Conveniently, the total amount of alkali metal present in said
synthesis mixture is from about 0.08 to about 0.80 g/mole of alumina, such as
from about 0.10 to about 0.50 g/mole of alumina. Typically, the alkali metal
present in said synthesis mixture is sodium and/or potassium.
[0021] In one embodiment, said silicoaluminophosphate molecular sieve

comprises a CHA framework type material.



si | i coal um nophosphat e nol ecul ar sieve conprising a

CHA franmework type material, an AEl framework type
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i ntergrown phase of an AEl franmework type material and

a CHA framework type material, the nmethod conpri sing:
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alum na and silica, wherein the total anount of al kal
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erRediniRaty DX Sinbl §1@al um nophosphat e nol ecul ar
si eve conprises an AEl framework type material. [0023]

Ir[0923‘t] a fdnt $t8 )@trba)cﬁartbm embailignent, said sﬂlcoalummophosphate
SI | i.cogl um nophosphat {m &cul ar, sieve is
g A

CRIF LR eH CPORBroRolE! AR P E HANE SR Eoa of an AEI
{ EARRARI tfpéRRaBRAICk Al CRA Gl HFRVTRIDAA. 'Oenicntly, said

mat er i al nveniently, said at |east one intergrown
prfastentwgowm faEh h@Hin ARLIGH Afratia ohfreibabbutsd/95 ta abatb 0460 as

40/ 60, out .10/ 90, t o, about .30/ 70, f.or
6% sl DI EBothalssn 48, ol SHapd impieeth (o e ferent
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sa| i coal um nophosphat e nol ecul ar si eve conpri ses
f iabeit 30YA0 stecatroat i53t4S; gnchwas fabons 58406h anfdetemmated by DIFFaX

framework type material and a CHA framework type
n@#h@ly$i&l . Conveniently, said first intergrown form has

anods)/ CHALE 3t hd ashdcP e RRMhticH 23ideO PR Htinci%80n@8sizing
a silicoaluminophosphate molecular sieve comprising at least one intergrown
phase of a CHA framework type material and an AEI framework type material,
wherein said at least oné intergrown phase has an AEI/CHA ratio of from about
5/95 to about 40/60 as determined by DIFFaX analysis, the method comprising:

(a) preparing a synthesis mixture comprising water, an organic
directing agent and sources of phosphorus, alumina and silica, wherein the total
amount of alkali metal present in said synthesis mixture is from about 0.08 to
about 0.90 g/mole of alumina and said mixture has a molar composition within the
following ranges:

P,0s : Al,Os from about 0.6 to about 1.2,
Si0, : Al,Os from about 0.12 to about 0.20,
H,0 : Al,O; from about 25 to about 50,
(D) heating said mixture under agitation to a crystallization temperature

of between about 100°C and about 300°C; and



determ ned by D FFaX anal ysis and said second
intergrowmn formhas a different AEI/CHA ratio from

wa@ a00d/0688p5t | ntergrown form such as an AEl/ CHECT/E51005/043524
of about 30/70 to about 55/45, such as about 50/50, as
determ ned by DI FFaX anal ysis. [0025] In a further
aspect, the invention resides8tn a nethod of
synt hesi zi ng a silicoal um nophosphate nol ecul ar si eve
conprising at | east one intergrown phase of a CHA

frarre;/\gclr)k tyr@?o%ﬁhgg%iglngf}&ﬁdﬁ@iee@ framework type

mat er wher ei n east one intergrown phase
hgg0®6) AEl ((Griketiahily safd symitesabmintub/ @p hae aahmoildr cbiipdeition
as determ ned by DI FFaX anal ysis, the nethod

coniphih ShenfglloyaE 18pegsar i ng a synt hesis mi xture
TSt . a syl ! ¢ Cand
compri sing va erPﬁg)??éA(fzr(g%n‘fal%lﬁ6%&83{%?'0021?{‘ an

sources of phosp us,<dalum na an , ‘wherein the

total anount ofsja,kalijoedmbkbdit@siend aboutdriy synt hesis
m xture is from about 0.08 to about 0.90 g/ nple of

al uni na and sai dHaDxtAlr@s e aboutdiSdp ab sition
o 04 Loodt ot Beb™ S iea i, BveRlgteti80 T o Hsttqd of
g-esg?tiheﬁg%_:ﬁ%i?i%alﬁﬁ%pﬂ@%ﬁtezéok@ul@lb%% 20mpkiBihg at least one

ng said mxture under agitation to a
crigistgdwi phaseoof a €higeframewerkafpbmasiehazbay AEL fooCwaridtype

about ,3000C, . and(c), recovering sai.d nol ecul ar  sieyv 0

[ GOBE1 ORI B FY/eo Gt LGP R PR THES (o) o) W% of
r i ' ;

RYB PRRE AR, WLl QI g R motod

alotipri®ing?2 to about 0.15, H20 : Al 203 from about 35 to

about 45. [0027]. In yet a further aspect, the .
i nvent i®h r FSPRAEEEI A AYHBISHOAISHIS y FIIRILTE nyjalgr, an organie

A TSR ORI 1 RLSEYh SR 1Tt
maheuhedf dkei aretapreseniaineaidr ynthyge mixture is at least 1.00 g/mole of
alumina and said mixture has a molar composition within the following ranges:
P,0s : Al,O; from about 0.6 to about 1.2,
SiOs : Al,0O3 from about 0.005 to about 0.15,
H>0 : Al,0; from about 10 to about 50,
(b) heating said mixture under agitation to a crystallization temperature
of between about 100°C and about 300°C; and
(c) recovering said molecular sieve.
[0028] In still yet a further aspect, the invention resides in a
silicoaluminophosphate molecular sieve synthesized by a method described herein
and its use in the conversion of an oxygenate-containing feedstock to a product
comprising olefins. Conveniently, said silicoaluminophosphate molecular sieve
has an average (dso) crystal size of less than 2.2 micron, such as between about 1.5

micron and about 1.9 micron and a (doo - d10)/ dso crystal size distribution less than

1.0.



material, wherein said at | east one intergrown phase

conprises at |east 50 \vt% of said AEl framework type
wore0enssab1 as det ermi ned by DI FFaX anal ysis, thRCTESIN0§043524

conprising: (a) preparing a synthesis mxture

conprising water, an organic directing agent and

sources of phosphorus, alumin8-and silica, wherein the

total amount of alkali nmetal present in said synthesis

m xture is at least 1.00 g/nole of alum na and said

M ¥RYEF DIESCRIPPIGN CIOTPISDRAWINGSi n the fol | owi ng

ranges. PZ2b . Al ZO3 fromabout 0.6 to about 1.2, SiO

2 [0029]12C8 Higwes dboaitd 0b00S DOFEabOimdated, dllﬁﬁf@tmnﬁbazeﬁw for

from about bou b said mxture

uri&@?grﬁﬁ"f“t%é?@ﬁxt ages y’§‘BaYI("T>)1 gﬁ&ﬁ Fb8F-at ure of

bet ween about 100 OC and about 300 OC and (c)

recovering said nolecular sieve. [0028] In still yet a

f UDETATL ZIPDESCRIPTTONOM THE EMBQBEVIENTES

si | 1 coal um nophosphat e nol ecul ar si eve synt hesi zed by

a [ﬁﬁ@fﬂod d&@r Prsent heweitipnany direstefsto janmpgieed of synthiesizing

ver 0

pr Sy (lfoa?] té) é%?e%p%%?&%{;h@é% {e}x%tzltfl’ezgrﬁit/ EASHA ﬁﬁ’nework
Si tgﬂ)él aad tucsnu@@ l@h ﬂ&p&@ﬁl&nﬂ@im@aﬂhaﬁn@hema{fbaﬁmwaulav §c@gLin the

) crystal size of less than 2.2 mcron, such as
beqom@rﬁloamfm wygerrﬁt%eczmalam fa@fbmckas@hrﬁmn@hmmhd%a praduct
co - dio)/ taI z stri ion |l ess than
1. 9"BR° (111)%5 h& %ﬁéﬁ Qf\? [0029] Figures
la and I b are DI FFaX sinmul ated diffraction patterns

for intergrown AElI/CHA phases having varyi ng AEl/CHA
r dlolesulabSigves ED DESCRI PTI ON OF THE EMBODI MENTS [ 0030]

T t t di ted t .met hod

RS 31 SR S e oBRGS e & AgPEety aebolouyagmmeted
hqafdn&kgwdrnesﬁ%tu@n@f Of orfriéSHhFiASE YD Eéﬁl%ﬁecﬂrﬁld WiRrdise @f any
the resultant silicoal um nophosphate nol ecul ar si eves

i netrdhedmbiyceoslimtedofatiom bxihg easet of-sdmotliminepdiosphates (SAPOs),
f et}?éj ?rtar%%\&/oﬂ(s gt%]ctuarg 1srncect>mh15ac?s%|d ‘of t[gi&],p[rAqgﬁcgnd [PO4] comner sharing

tetrahedral units.

[0032] Molecular sieves have been classified by the Structure Commission
of the International Zeolite Association according to the rules of the ITUPAC
Commission on Zeolite Nomenclature.  According to this classification,
framework-type zeolite and zeolite-type molecular sieves, for which a structure
has been established, are assigned a three letter code and are described in the Atlas
of Zeolite Framework Types, 5th edition, Elsevier, London, England (2001),
which is herein fully incorporated by reference.

[0033]) One known molecular sieve for which a structure has been
established is the material designated as CHA, which is a molecular sieve having
pores defined by two sets of generally perpendicular channels each having a cross-
sectional dimension about 3.8 Angstrom. CHA framework type materials include
the naturally-occurring mineral chabazite, together with a number of synthetic
materials including the silicoaluminophosphate molecular sieve, SAPO-34. The

preparation and characterization of SAPO-34 have been reported in several



conprising ol efins, such as ethyl ene and propyl ene.

Mol ecul ar Sieves [0031] Crystalline nolecul ar sieves
waone/06888t di mensi onal , four-connected frameworRCT/US2005/043524

structure of corner-sharing [ TO4] tetrahedra, where T

Is any tetrahedrally coordinated cation. In the case

of silicoal um nophosphates (SAPGs), the framework

structure is conposed of [SiO4], [Al ] and [ PO4]

corner sharing tetrahedral units. [0032] Ml ecul ar

si ey e: t. ru "

SRR LR | P AR NG MBS, DR 8L ol i S in

acsafaengcience hed r Ohtelysef, Mok BUPAE QOB1H1538;017.9n Patent No.
Zeol i te Nomencl ature. Accordlng to this

clfa%%ﬁ? 1% Chan et plairellormal 9HB vl Clhemisiga", Vol. 98, pp. 10216-
@25&2;]@(;4 SL ¢ Jer?%&g %a?a;{g?s Lét%? "WOH;B iy 251248 [ Boay; A

arM af&asieacml 1he'dourna1tdfehé\t:haﬁw@f S&aal,| Eeaday arevattons" Vol
\M’f? o 5th edition, Elsevier, London, Engl and (2001),
b

BP S35 (11 93A); N@@P\p\@t@ﬂ & "Iyrpad o6 leenGlemical Society,

ey Rk R BRE R 23 S8 400110 C R SHLUSIRE e

CHAateMbls Chrel Bn@wiib €Rat A aciViBY @nlayiddy rlasméetbmésmn of
by two sets of generally perpendicular channels each

haoxygenatesdp degegradefinsnal di mensi on about 3.8 Angstrom

terials include t
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QfAt t‘ﬁtﬂr sli‘t?tlb Qieﬂﬁéde[)}/ %hﬁlﬂeﬂsché’l%é‘g &he- sectldfonal_l_%lmensmn

i coal unlnop osphat e nol ecul ar sieve, SAP
prabparﬁﬂ iAngsaod. Aldoagh éLEszaalmmrbb'p@Aﬂﬂ)eaAarmes Beant exist
reported in several publications, di ng Pat ent
NG n3tuEe @ @%er ot aluipnaphgtphies ap%sﬂgﬁ? %‘?‘g’&l’h‘?ﬁpéﬂfﬁ gdng the
Sc (VL 59y
Paﬁtﬁgﬂgggg@[yghﬁ? %een w&es&%d ﬁqudﬁlésg-ex%@ﬁl;%n P?;PS? 18 and
PFR/TSV&CM Cheev et rbeéaus‘e’@if théBsmglp porb&%ﬁAﬂWué]ﬁb&ﬂd{) sieves
. Chen et al. in "Catalysis Letters", Vol
24@94@6@ rgporjed as syitabie patdystoforap Varigty: %umﬁavalaf chemical

{050 b SRt BRI BRSACKI A0S, Bl for example,

" 1081 BaﬁbntcNo tsmsgmenineaxh)oﬁmi Iedryin blyaefackaye.

Transacti ons" Vol . 86(2) Ep 425-429 (1990).
f rl@9d8lor k Regalar s1hcoalum1nop osphate molecular sieves, such as SAPO-18

and SAPO-34, are built from structurally invariant building 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 structures are those where the
stacking sequence of the Periodic Building Units deviates from periodic ordering
up to statistical stacking sequences.

[0036] The intergrown silicoaluminophosphate molecular sieves described
herein are disordered planar intergrowths of end-member structures AEI and

CHA. For AEI and CHA framework typnes, the Periodic Building Unit is a double



materials are known to have activity and selectivity
in the conversion of oxygenates to | ower ol efins.

W 0@84¢ssEl framewor k type nol ecul ar si eves arBCHUSI00E043524
to CHA materials in that their porosity is defined by
channel s having a cross-sectional dinension about 3.8
Angstrom Al t hough AEl franmevidr-k type nol ecul ar sieves
do not exist in nature, a nunber of al um nophosphates
and silicoal um nophosphates having the AEl franmework
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suitabl e catalysts for a variety of inportant chem cal
pragc topses ong pabier. rigs- t-headontfer-d1b8n-otheohgigewatketype CHA is

olefins., S far exampl e,; W.S. .. Patent . 5,095, 16
0P at CHPRBrBISE by r 8fer EnaltRpBoss Reditar: © diferen
S'ﬂdn%rk%ﬁ&ﬁ‘fh@ﬁé}gm, D lp8kethidd. STIRY @Rergbdtel rdSlecular sieves
SAPO-1 8 and SAPO-34, are built fromstructurally

i iesaribad thebain |coimpgise siackipge af layersPel iandi"b" Bonteiiingyregions of
Units,.and a eriodi cal | ered in thr

TR R St v reie af A3 et ol piney dpest ol of CHA
P&h A isanRbRK R ié R s@LIBRP dis6rasr biSsiand fal t hree, i .e.

in twd, one or ro di mensions. This phenonenon is
cqd003d st hckiencpsdiof arygktals efithsplanat fiankd, [the iimtemrétatinan of X-ray

Periodic Building Units. .Crystal structyres built from
petiffigaiion BRISres FrgUuiLrs %nsabam%e mléat?éﬁﬁsﬁ%% e_f stacking disorder.
SIRELHNES LdmMRE: %%gfan?%gs% | 192 InSat R RUL thddBl B! calculating
t hree di nensi ons. ordered structures are those

Whgtessitidse fistrackjistals seguiaimpeplahart faeltPdsdeoM. cMBUIL | Ttacey et al.,
Units deviates fromperjodic,or
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SPaecestingi ot Ge RRAL B Heciess LeogSarA P hnYeh 1R 499
ﬁ'sbbfo%ﬁ*ﬁhg%h@%pﬁ% Fati:HH 'rP‘?Sé{Eﬂr se?éc?é’deﬁﬁ deChVRERe from the
eretn are disordered planar~Intergrowns of

engtefRbEN Ztdlitet As@siafbh taneinfitide thor XRE pandehhtterns for
framework tvoes, the Periodic Building Unit is a

d éuiBtgEasy X Phassg of agpdifes (TreiColigption: ofcSimjipied ¥R Bywdes Pattemns
" g Ll j C ol.ogircd Iy Jj dentizgal iti
o 20 L0, e 8Beb el Enneg) rEER aiion,

S Blidh @ €ors balkdf @ the [StACtudd €oniiissien ,ofi the MeanationaloZeolite
....bbb...., the framework tyPe CHA is generated. Wen
| #ysepciation). dhdas plsodicerused &0 theoggtically study apfergrown ghases of

dig.‘él?t?ﬂétx and KFI, as reported by K. P. Lillerud et al. in "Studies in Surface
Science and Catalysis", 1994, Vol. 84, pp. 543-550.
[0038] Figures 1a and 1b show the simulated diffraction patterns obtained
for intergrowths of a CHA framework type molecular sieve with an AFEI
framework type molecular sieve having various AE/CHA ratios. Figure la shows
the diffraction patterns in the 15 to 35 (26) range simulated by DIFFaX for
intergrown phases with AEVCHA ratios of 0/100 (CHA end-member), 10/90
(AECHA = 0.11), 20/80 (AEI/CHA = 0.25), 30/70 (AE/CHA = 0.41), 40/60
(AEVCHA = 0.67), 50/50 (AEV/CHA = 1.00) and 60/40 (AEI/CHA = 1.50).
Figure 1b shows the diffraction patterns in the range of 5 to 20 (20) simulated by
DIFFaX for intergrown phases with AEI/CHA ratios of 0/100 (CHA end-
member), 10/90 (AEI/CHA = 0.11), 20/80 (AEV/CHA = 0,25), 50/50 (AET/CHA



framework type, nanely AEl, is generated. The

i ntergrown nol ecul ar sieves described herein conprise
wG@r@ekessgs of | ayers "a" and "b" contai ni ng repiDNS200$/043524

CHA franmework type and regions of AEl framework type.

Each change of CHA to AElI framework type is a stacking

di sorder or planar fault. [Q037] In the case of

crystals with planar faults, the interpretation of

X-ray diffraction patterns requires an ability to

corpt e/ SaFULFEA S ) 200t PRk e AT 45Kerofg, (B enc.
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planar faults (see M M J. Tracey et al., Proceedings
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pa terns for Intergrown phases of zeolites (see

" Go03%ct i oA softheStanul aft ABI XRDeReswtelntiRatd €A ihothe intergrown
Zeolites” by M M J. Treacy and J._ B. Hi 2001,
Fdatch OpeiceR eh%rmmdrs%rﬁw laﬁnfﬁéﬁ'aﬂ 9 Gortapnes % 19t FEample. the
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K. P. Lillerud et al. in "Studies in Surface Science
an%IEI@Hél ;ﬁénog nof 3l an%abovsL{AEMS?Hf?s@Jé%)oshomedfg])ad feature
Cgutre ue}rig O(t) how the simul ated diffraction
P& 8 o 18 ne ? or intergrowmhs of a CHA franmework

t MP40]0! eCh alongi @ngbodhrhéntan tHAE! infidrafRMor Kilityd@minophosphate
nol ecul ar si eve haV|ng various AEI/CHA ratios. Figure
o)

| madpoker sieee dirpdvesdt Pyrihpamedpdsof the Hevengon ois3at (lezlé;)) one

AL R ouh AR RO, W i
( %Elda%e‘mt@réoﬁh ha3 8OV AERGHA o of GrodPiboud @/%Qo about 40/60,
= 0.41), 40/60 (AEI/CHA = 0.67), 50/5

(Aﬁi ¢>@Hm1e: ﬁ@noai)ouarha/9eo¢> moqt@/m:rswltaﬂfrgm) about HB& ta gbout

S8y, ahaclora i bR AR, it o Bins (ragd e o n s
Alh ip & l%?pa?' p8ivd&Y ARO figkiien %ﬁ&:ﬂqwtan&@/fﬁgn 8 sample after
(AEI/CHA = 0.1 1), 20/80 (AElI/CHA = 0O, 25),

( ABlcinGHSE 1a10) wMOreqlmxlwarssalplnsmrﬁo h@m&g/ @HAeast the

4'r Aectlggsoljnc%he( '50\% 2? &de??m”%% ra% shown in Table 1 below.

Table 1

26 (CuKa)
9.3-9.6
12.7-13.0
13.8-14.0
15.9-16.1
17.7-18.1
18.9-19.1
20.5-20.7
23.7-24.0




Al'l XRD diffraction patterns are normalized to the
hi ghest peak of the entire set of sinulated patterns,
W0 2@6/0648e1 peak at about 9.5 degrees 2Qf or pur ePCHBS2005/043524
(AEI/CHA ratio of 0/100). Such normalization of
intensity values allows a quant itative determ nation
of m xtures of intergrowths.- 1[0039] As the ratio of
AEl increases relative to CHA in the intergrown phase,
one can observe a decrease in intensity of certain

PaBb$] f OFTheXRIMY QuifffaboPRate AlfePPYS i e LoBBde@With a

increase in intensity of other peaks, for exanple the
P SEINAEA @2 X -R@r PoWwdes Daffidc tohestes (Sointhegr Inat, USAD), 28in@ .copper

Inter has AFEl / rati os, of, 50/ 50 and
ST, ST BYTaiBR GAhEa OB SeBeaae & 0.02

a
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prsackicieforiagchi bepmetrivedo eécdrdiag Idf\eecit eRperinsenad] X-e@Sﬂlffractlon
one |ntergrovvth of an AEl framework type and a

PIpes mfidiedn fhesahydigis Plaissnddive of ﬁmékeg?pm psed in
1 A s P B R B S Ef e

S Utding Sndtr éxifabmmdwolb /mBdteria]l wbbus WAkBOr tasplatetiariie nedties.

by DI FFaX anal ysis. Such a CHA-rich intergrowh is
cr@wa@tt@ sonstfivily of %WBHHIXPWQ?PWW a@zttﬁlmis yhmaéerrrﬁt recording

btalndfrom S cal ci 0
Ry Ao RS AR P Bl AR DB oot
I ghdis@itd- ﬁB@aéoBrdlﬁ‘%toﬁhé ﬂan%ﬁmg@océcaﬁ@e as shovvn in
Tabl e 1 bel ow. 26 (CuKa) 9.3-9.6 12.7-13.0

130642]4. 0 ¥shout 2 @ramsigf each groiechdargieye sample are heated in an oven

from room temperature under a flow of nitrogen at a rate of 3°C/minute to 200°C
and, while retaining the nitrogen flow, the sample is held at 200°C for 30 minutes
and the temperature of the oven is then raised at a rate of 2°C/minute to 650°C.
The sample is then retained at 650°C for 8 hours, the first 5 hours being under
ni/trogen and the final 3 hours being under air. The oven is then cooled to 200°C
at 30°C/minute and, when the XRD pattern is to be recorded, the sample is
transferred from the oven directly to a sample holder and covered with Mylar foil
to prevent rehydration. Recording under the same conditions immediately after
removal of the Mylar foil will also provide a diffraction pattern suitable for use in
DIFFaX analysis.

[0043] In an alternative embodiment, the intergrown silicoaluminophosphate
molecular sieve produced by the method of the invention comprises a plurality of
intergrown forms of the CHA and AEI framework types, typically with a first
intergrown form having an AEI/CHA ratio of from about 5/95 to about 40/60, as
determined by DIFFaX analysis, and a second intergrown form having a different
AEI/CHA ratio from said first intergrown form. The second intergrown form
typically has an AEI/CHA ratio of about 30/70 to about 55/45, such as about
50/50, as determined by DIFFaX analysis, in which case the XRD diffraction



20.5-20.7 23.7-24.0[0041] The X-ray diffraction data

referred to herein are collected with a SCI NTAG X2
woRapedBowder Di ffractoneter (Scintag Inc., USAQT/USR0FIGH3524

copper K-al pha radiation. The diffraction data are

recorded by step-scanning at 0.02 degrees of

two-theta, where theta is theldragg angle, and a

counting time of 1 second for each step. Prior to

recordi ng of each experinmental X-ray diffraction
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free of any tenplate used Iin Its synthesis, ‘since the
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the tenperature of the oven is then raised at a rate
ofraggy as shawe in da@sA0€lowhe sanple is then retained at
6500C for 8 hours, the first 5 hours being under
nitrogen and the final 3 hours being under air. The
oven is then cooled to 200 Pgpia 30C/ m nute and, when
the XRD pattern is to be recorded, the sanple is
transferred fromthe oven dig@Erilaey toja sanple hol der
and covered wth Ml ar [for %‘S 9U{)even rehydrati on.
Recordi ng under the sane_con@riitons jnmedi ately after
removal of the Mylar fojl witb-138lceo ptovide a
diffraction pattern suiabl fgqg se i n D FFaX

anal ysis. [0043] hi an jalte T enbodi nent, the

i ntergrown silicoal um nophosfpbdid nol ecul ar si eve
produced by the nethod [of tm7£gv§nti DN conpri ses a
plurality of intergrowforns “the CHA and AE
framework types, typically w9419 firgt intergrown
form having an AElI/CHA Fati g, 9f,,i-From about 5/95 to
about 40/60, as bt

23.7-24.0

[0045] Preferably, the CHA framework type molecular sieve in the
AEI/CHA intergrowths described above 1s SAPO-34 and the AEI framework type
molecular sieve is selected from SAPO-18, ALPO-18 and mixtures thereof. In
addition, where the intergrown silicoaluminophosphate is a CHA-rich material,
the intergrowth preferably has a framework silica to alumina molar ratio (Si/Aly)
greater than 0.16 and less than 0.19, such as from about 0.165 to about 0.185, for
example about 0.18. The framework silica to alumina molar ratio is conveniently

determined by NMR analysis.



determ ned by DDFFaX anal ysis, and a second i ntergrown
formhaving a different AEI/CHA ratio fromsaid first

w0 paoeeasoin form The second intergrown form tBEi/Usi00y043524
has an AEI/CHA ratio of about 30/70 to about 55/45,
such as about 50/50, as determ ned by DI FFaX anal ysi s,
in which case the XRD diffracktionpattern exhibits a
broad feature centered at about 16.9 (2Q in addition
to the reflection peaks listed in Table 1. [0044] In
yeMo?ecBH{rtSH@Je SyHrgigrent , the AEI/ CHA intergrown
nol ecul ar sieve produced by the nethod of the
i nf@e4d]i on chirprARlesndbr| €Hst flnewdk speh sﬂgoalmriimqﬁbsphate
75wt % of an AEl framework type nateri.al
dePeleri A FigPs DOFFYR aﬁ%ﬁnygnsares nbasiosd Y | e hydrothennal

b
P 4% SIBC0EBRAERS BRI, s of s
cadndi aaldaon onadorghitiboditectiefyenat i dn pdrtiewla ak Crleﬁtﬂiohoﬂx)xture
havi ng at least the reflections in the 5 to 25 (2Q

r FOPTIRNLSRETGSS Phsiigh|abuming apdphosphpius, tggmmxb)water one or

2 ittt il ST A RS A i e e

CHiAnfdvedtR WaekmbioelanBileee, Uk placed &V € sédled Prsdit /v@dél optionally
i ntergrowm hs described above is SAPO 34 and the AEI

rlmémrth wy jeerhrailestial a%chsp%\pelyit@ra@@p@@t}wnﬁr @ Ixpdiat a
ciseltsR sSRPe R AL SBTaiR SRR malB E ok, TSy, e

”&Ee@)hbﬁ'rmxhﬁ'@ hbh @BﬁlF)@éMan JAh eémisadd rMolB&§t1@s & SABNOWithin the
silica to alumi na nolar ratio (S1/Al2)
following ranges:

Reactants Useful Typical
P,05/Al,0; 0.6to1.2 0.75to 1.1
S10,/A1,04 0t0 0.3 0.1to 0.2
H,0/Al1,0; 25t0 50 30to 45
R/ AlLO3 0.5t01.2 0.7to0 1.0

[0047] Where the silicoaluminophosphate molecular sieve comprises at least

one intergrown phase of a CHA framework type and an AEI framework type,
wherein said at least one intergrown phase has an AEI/CHA ratio of from about
5/95 to about 40/60 as determined by DIFFaX analysis, the reaction mixture
preferably has a molar composition within the following ranges:
P,0Os : Al,O; from about 0.6 to about 1.2,
Si0; : Al,O5 from about 0.12 to about 0.20,
H,0 : Al,O; from about 25 to about 50;
and more preferably, within the following ranges:
P,0;5 : ALLO; from about 0.8 to about 1.1,
Si0; : AlLO; from about 0.12 to about 0.15,
H,0 : Al,O3 from about 35 to about 45.



greater than 0.16 and | ess than 0.19, such as from
about 0.165 to about 0.185, for exanple about 0.18.
wab@eNessnewor k silica to alumi na nolar rati o i BCT/US2005/043524

conveniently determ ned by NVR anal ysi s. Mol ecul ar

Si eve Synthesis [0046] The AEI and/or CHA franmework

type silicoal um nophosphate nid ecul ar sieves of the

i nvention are synthesized by the hydrothernal
crystallization of a source of alum na, a source of

ph rus, - il : - ‘
DPRIBE" 4%, WheRCHE SRl bR el AN o s at fas
M ¥ieU IAEEIVOMAS ifemiehvia0 Whees compabing Ca, laktusdnat @idof the AEI
phosphorus, together wth water, one or nore organic

di fresevek apenterigRps deidrowed i dPIFYas caglysisr tharesbemhaixture

t f K t | ' ' I d
Pty B B PG Thgf b RhE ket an
inert plastic sugin;aqie yghbabtd 0@trfohyi ene, and
heated at a crystallization tenperature until a

crystal |l i ne mateoh aALOs fifoor atwat 00Ppite abaug 0.15he

reaction m xture onposi,ti in t of nol e
ratios of oxi des,ﬁﬁfc&2ﬁ3 gﬁ@’ %b&um%%%%gﬁgg;; [ 0047]
W‘[@ﬁ@]t he W&ﬁ-ﬁﬁﬁt‘iﬂﬁ‘k%ﬁl@é BPRLRUID ! ffld! urs %}ﬁﬂude silicates,

conprises at | east one Intergrown phase of a
f rfamedorikea, peexanglg M okédil-2 0@ reaimble frymeDegiser bicy Neaw & ork,

at__| east _one i rgrown phase has. an AEI/CHA ratio of
7 P api a5 BB SBlo 4 OF Btraicna ORI HRAS BiPhisrieselkyl

SNBSS PSS T TR TR, e

t OW Nng 'r anges:
f rtetractbylotthdsilecateo (ERQR) cdll@dalSsilRas: & 2qeohs cuspahsiotis thereof,
0.12 to about 0.20, H2 from about 25 to about

SO TR cLugiont Szl 2ol iveHFRHC  Hamy AT o rignt affgdiemours,
i A AL P P 4§17 | 1 2
3500%0)aboutNebliln@(48] exihiple tdfe siithbleoallwiinaopbesphaimiude
nol ecul ar sieve conprises at | east one AEl/CHA

i rrEIpeBHNpROmpoungs Sush g alyminwg stkozidesy fogexsmplp aluminum
AEilsopropoxide, and inorganic aluminum sources, such as aluminum phosphate,
aluminum hydroxide, sodium alﬁminate, pseudo-boehmite, gibbsite and aluminum
trichloride, or any combination thereof. Preferred sources are inorganic aluminum
compounds, such as hydrated aluminum oxides and particularly bochmite and
pseudoboehmite.

[0051] Non-limiting examples of suitable phosphorus sources, which may
also include aluminum-containing phosphorus compositions, include phosphoric
acid, organic phosphates such as triethyl phosphate, and crystalline or amorphous
aluminophosphates such as AIPQOy4, phosphorus salts, or combinations thereof. A
preferred source of phosphorus is phosphoric acid.

[0052] The organic directing agent employed in the synthesis method of the
invention will depend on the particular silicoaluminophosphate molecular sieve
being targeted. Suitable organic directing agents for the production of CHA

framework-type silicoaluminophosphate molecular sieves include

tetracthylammonium hydroxide, tetracthylammonium fluoride, isopropylamine,



framework type material, as determ ned by DI FFaX
anal ysis, the reaction m xture preferably has a nol ar
W@ 0vp6ssti on within the foll ow ng ranges: P2C6PCHUS1085/043524
fromabout 0.6 to about 1.2, SiQ2 : Al 203 from about
0. 005 to about 0.15, H20 : Al 203 from about 10 to about
50 [0049] Non-limiting exanpl¥s of suitable silica
sources include silicates, fumed silica, for exanple,
Aerosil-200 avail able from Degussa Inc., New York, New
YOJ@OP? i AB- QyefeheMiBmiRl Jangshiasfie, COTROMARRRHED  N-
as tetraal kyl orthosilicates, for” exanple, tetranethyl
ormhéthgletanalpmifel MOB)etiphd ethetal@einky NoW-dhosthl iettmhelamine, N,N,-
(TEGS), .col ]l oi.dal silicas or aquepus su Sions )
{ P BB thaRB S| GARGRIRSIAGTTE) oy LiNABEmegigmino)-2-

P R B o T PR RAR s s for

exaspraiictibn sl ABIbframak odidtppge sibdsdeminophbdpiiete molecular sieves
or.ganoal um num conpounds such as al um num al koxi des )
f dRcladanpl eteiegiylsmmeniephylosdte, arertiesylppanenumbromide,

LU . eh [y | :
sl el SHE N AT B PRBTRE N B ot
arghiablembipdiict diredihgrdigdats ©F BaYpredusnbnass titertheyre 8fE/CHA

Preferred sources are inorganic al um num conpounds,
s dtameyeorkyirieat slicoaluminpphasphatel eBotastlap apieyesulinglide  tetraethyl

boehm t.e_and pseudoboehm te.. [.005 Non-1imti r
et Em SRR A BBy Pty BB o bty
al{g@s3jncl udgosdlcomnibdThICRERE BF i FINAS BRRTiNS and phosphorus and
conposi tions, include phosphoric acid, organic _ N
phogphatdisceng ager liste@tdbpie plootaph significant leve)s tod inipyaities,
or. r phous. al um nqphosphat es such as AP

B FioE I et ool GRBAs: RoRan arRgFar AopPes of TE4OH
SQUhGE Gk RIERPRON 6S v RBASARAN hid aLdvisl AS2ddidhe whereas
organi c directing agent énployed in the synthesis
mgphhsphoot achle ai prefened phosphbiuscdepredfrequenty cpatainsdoleacess of

S LB SR e TR e BT R B B B v

Offo{ddhat the level of alkali metal, particularly sodium and potassium, impurities

in the synthesis mixture has an important role in determining the average crystal
size and the crystal size distribution of CHA and AEI-containing materials. In
particular, it is found that the synthesis of CHA and AEI-containing materials
having an average (dsg) crystal size of less than 2.2 micron and a relatively low
crystal size distribution (dgy — djg)/ dso of less than 1.0 is facilitated when the
synthesis mixtures contains between about 0.08 and about 0.90, such as between
about 0.08 and about 0.80 ppm wt, for example between about 0.10 and about
0.50 g of alkali metal/mole of alumina. Moreover, in the synthesis of AEI/CHA
intergrowths, it is found that the CHA character of the intergrowth is reduced in
favor of the AEI component when the alkali metal content is at least 1.00 g/mole
of alumina, such as from 1.00 to 2.50 g/mole of alumina.

[0054] After combining all the components of the reaction mixture, the

mixture is desirably allowed to age at a temperature of between about 10°C and



framewor k-type silicoal um nophosphate nol ecul ar sieves
i ncl ude tetraethyl amoni um hydr oxi de,

WO edos@esshy | amoni um f | uori de, PCT/US2005/043524
i sopr opyl am ne, di propyl am ne, cycl ohexyl am ne,
triethylamne, triethanol am ne, Nnethyl et hanol am ne,

N- net hyl di et hanol am ne, N, N-didrret hyl et hanol ami ne,
N, N, - di et hyl et hanol am ne, di net hyl propanol am ne,
1 (N, N- denet hyl ami no) - 2- propanol, norpholine and

f e ‘oﬁ{]ﬁ)%ct HEL & leu fatbig‘ ?% H&QQ”C@n&’én’iéﬁ@l&' {Be r&RE0A Mixture is

e produc ramewor k-t ype

Sldgﬁtﬁt@alduﬂhglﬂﬁfagmhadpe mol ecul ar si eves incl ude
tetraet hyl ar nnmoni umhydr oxi de,
te[ﬂﬂﬁiet thg’fﬁrﬁbﬁ,qpﬁgp@n@g]@g step, the reaction mixture is sealed in a
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TR PRI L el 0B8PS AT eI e
of @bt Do Rﬂh’&dﬂt axoef, fontRbmpRMRoMEIHOGHA25°C to about
vvork type silicoal um nophosphate nol ecul ar si eves

| nxsloe:@ esuck s dehhyouantiotd tmatmahPorad sTlznidime irgquired to form the

parti cuI ar tetraethy nj um hydr oXi 0 Most

P AT G Produ SessUbHy CRBSISERt BB hG, (o Futeai ban vary from
[

IR Y SLARTY 1) TSR AR om sho

al 3gahinuretia bsunfFarweka quck as Gent ationt ¢Hmirutes @l abwot24(elsours,

of TEACH contain as nuch as 1.6 wt % potassi um and

0.fosvixemple dtam usRouhhkr kol L%@éﬁ'ﬁorl‘r heyryy, dhe hydrothermal

R AR ey PR A
preese)t i n\eit ltﬂélcwbtfallhﬁ&nﬂl@wmeﬁmef m‘dﬂﬁbthé‘l #drniddgusually in a

I eveI of alkali netal, (ﬁartl cul aaﬁ% sodi um and
pcsﬂla‘S)smim it imepyres neF@erechby ey sfgnrtarbtscaniagvswgH knpws iaghe art,

ortant role term t I

T eXaD frz)p%/tcgpm&l%agoa 0L tf Iﬂ tI%PI gﬁneo c%g%%g %Va?ﬁr?e prgafc?may
Aﬁhmp@m@éh@a NGICHBY @it &baSer, Al tAad BFi€d)kadh asiih alrs found
that the synthesis of CHA and AEl- cont ai ni ng materials

hd005 an diverragractisd) embyémaﬂnt,sﬂm spfth¢séss gs t grmducied as a

mcrgon and a rel ati vel S ze di

(SO GuPesso s BAUITT0D 1Rt PRESTe I Gadiecpgreams
Sye%nﬁﬁé ﬁltﬂéhﬁéédfﬁ?o GRMLBHIAS réaeioweaﬁ et c&n&&n@gmhe alumina
about 0.90, such as between about 0.08 and about 80
ppmmb dlsrperseéxraaﬁbw rbmitweenechthmussucti e rmu&ahtjﬁumoroc@mammg

0 ore L et o by BT ARLOAST il BN s

t rl:%m%n%htﬂE kit r&%‘énﬂs Nhesd 'éélYi‘fch“l‘e&tfv%d Ya&Huh After an
optional pretreatment, for example where the synthesis proceeds through
formation of a precursor, the streams could be combined by an in-line mixer and
pumped through the tubular reactor at an elevated temperature, such as the
crystallization temperature. Different zones of reactor could be used for the
pretreatment and the crystallization and, by controlling the flow rate and length of
the zones, the desired residence time in each zone could be achieved.
{0058} As a result of the synthesis process, the crystalline product recovered
from the reaction mixture 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



favor of the AElI conponent when the al kali netal
content is at least 1.00 g/ nole of alumna, such as
WO e@a0dss00 to 2. 50 g/ nol e of alum na. [0054] APCEDS2005/043524
combining all the conponents of the reaction m xture,
the m xture is desirably allowed to age at a
tenperature of between about 1200C andabout 300C for a
time up to about 12 hours. Conveniently, the reaction
m xture is agitated during the aging step. [0055]
Afnﬁcﬁec&liiesi%t, 1Q0Rle REL Gatﬁl?fﬂ@ sitdsh@ithiBaBE hREopdrols Elfanhsls of
sealed In a vesseﬁ and heated, preferably under
auhogeimuiar preys spee fort avntact wmber feedsteck. nThehactivatige pofcess is

from 100C to about, 35Q0C,. for exa e .from about , 125C .
{ ST, SosTRBAIL B ST oo N BB SEA Ty Hglestrar sieve
2Q00GrisihB&nt 'tc{JﬁZ;rlfat@%brt&ﬁpér@tu?@émr&ﬂeab%ﬁ/ﬁoat?' tb™MBout 800°C in

product i°s us y dependent on the tenperature and
calre presgnckradrani oxyeeti-edrediyingpzas.o Is eviee ahseseit kisay be desirable to
Typically the crystallization time is. from about 30
mivggt & 1RpleGWATNRICYe ik e¥s enHRIAME BV 3pilY szero oxygen

m .0 abp: fLor : t
SRl YRR S 8 AL PR rhova of
C tlyesdrghmhit dakéting ayet fben das iniredyoallinvpdleaystemr , nore
preferably, with agitation. [0056] Once the

crystalline nol ecul ar sieve product is forned, usually

RISt oI So0rcy o5 o1, 5t emer

e art, for exanple, by
C¢0059 f ugatphensiticodlirhinophdésPhate ThRldcRLOV SiERss produced by the
crystalline product may then be washed, such as with _
wayhesiameethateal dia Bryentsere preapartigulaily inteodestzfor | yse Rgeorganic

practical enbodi t, the synfhesjs i nd ed as_ a
e vl R TR R SR
PheCRffiulatedOinie 3BeREt SdhFF o By} BoriBinkfidr SR 8thet Rlaterials,
the tubul ar reactor, one streamconprising the alum na

sewttces dirslser sedfon magiy owterisdss twhieh preiideadditienal dhardpess or
neutral sol.uti ont aj ni part of the phosphoric
ag?ta{yiﬁac?ﬂgf @ﬁﬂ%ﬁ?@h‘% (iaéarcf t'_ng agent, and the other
S?%@@? CONBAAiSidld wihiiéh E&IBE 18l ORERMHS nidledilard&ib Wl €an be

ive" medium After an optional pretreatnent, for
exampise ingrer er t ¢rsalgtyoailfie sttsveproaernas. t hfloesgh nfaberiadg i ipplude

O P RLTGY SPh 105U AR COUL S B R 20, v
abRP Bhe¥aliedc& AR Loplpdhénts, SHoNA8athH& components, alumina or
alumina sol, titania, zirconia, quartz, silica or silica sol, and mixtures thereof.
These components are also effective in reducing overall catalyst cost, acting as a
thermal sink to assist in heat shielding the catalyst during regeneration, densifying
the catalyst and increasing catalyst strength.  When blended with such
components, the amount of molecular sieve 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 composition.

Use of the Molecular Sieve
[0061] The silicoaluminophosphate molecular sieves produced by the

method of the invention are useful as catalysts in a variety of processes including



crystallization tenperature. Different zones of
reactor could be used for the pretreatnent and the
w@roosMetshi zat i on and, by controlling the fl ow PEr/ESHENH043524
| ength of the zones, the desired residence tine in
each zone could be achieved. [0058] As a result of the
synt hesi s process, the crystabl-i ne product recovered
fromthe reaction mxture contains within its pores at
| east a portion of the organic directing agent used in
t he nthesis. In.a pref e ' [ '
| s eserRRlEn AR reer P Bl Rehn s PE! R Bldicculer
digy &kt MAWAIRHrodafbons BVEderd MO Hhytesaitatis) Aydreirasiing of, for
| eaving active catalytic sites within the niicroporous
c leaameles hedvytregrotentreandl arcyslie fasdgipelii isasnerizaiemet 1oy xample,
a feedstock. The activati.on.pr SS. | ypi cal | :
ST by e ap Pl BB Fedpie) Hecd g olafip to
ary sj hét! NEEfAEng e Mlded@naiond dehydrogenation;
t ﬁ%@#ﬁtJ#eb%¥ﬁgf8%?g%2btﬂzdgg tgggbgﬁt 800C i@itﬁ%
prdeserime of, fon ocaypbn-lydiicaibonsgogenovenstzight daie paraffins;
it may be efsi r abl q t?laaleat t he nol ecal ar sieve in +an
erdbporarigie AL ARGTIRP'S Aol 2Bmais WIRRHGEN [ GRER IS JFpmers
Trﬁlecflsg)fy Rk ridhr & ?(?Sexﬁfhﬁlep%rdiﬁﬁfé hRIrod@bdns BuckPas benzene and
conplefe renoval’ of the organic ditecting agent from .
t hatkyil enzenkey sptidnallpeviopepglst ¢mmprdduke cuiane S with long chain
Cat a] yst Conposi tion E0059 The o . d
siolgfesal w%nsgﬁfpﬂ?&%ha e o ICEEMP gy & SRMRUNRITY Al e grogiptic an
t i.S. et i nv LR e p i
R L N A S e
Beifi gt €pditéndtion cef, @by skanplehelmaieetou hmke dieavas and paraxylene;

normal Iy be fornulated into, catalyst co sjtiops by

C OMEPMATFRIPMD & HoOPYBTP IS I g 0 W eshed BRI and the
and/or .matri ' i vi de addi ti onal
haVREEROh ’O‘)é%{@@‘f‘iungé and %f.k%‘“%&t he fini shed

cab@dst . MRA6QlicdatamophssphiiicC malevnldre siehendgeodused Hby the
the nol ecul ar sieve can be various inert or .
canethyd iof athe yinyentionearqapasticypdy syHekle araeaiplyss or use in the

i ncl ude compositions, s as Lj p G "
| SntiSoR TS g S ° ASAREL el B i SofiEnares” is
Ceh¥d ko GROMENERE Ss ndebddssurliptithiyed to aliptaniendlsohols, ethers,
alumna or alumna sol, titania, zirconia, quartz,

sichitmaylocorpounda (eldehydamdkatenesupaboxlisr adds, carhenaies, and the

g g{@ﬁ ;}iglat g{of?n}%b{%g%ggngaggitglg\ﬁ%telrg-a{oengjsl;l %hﬁgas?ﬁglric?els,l 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.
[0063] 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-alkyl sulfides having n-alkyl groups of comprising the range of



thermal sink to assist in heat shielding the catalyst
during regeneration, densifying the catal yst and

w0 p@emessdng cat al yst strength. When bl ended wi pET/E81005/043524
conponents, the anmount of nolecular sieve contained in
the final catal yst product ranges from 10 to 90 wei ght
percent of the total catal ysl-preferably 20 to 80
wei ght percent of the total catal yst conposition. Use
of the Mol ecul ar Sieve [0061] The
Sigdnf %&gta ge&g%@wb%nfa%rﬁg @i SiupaRer B O PURRAIR suitable
t he method of the invention are useful as catalysts in
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f QRayeconmdh eddinsmebhpsusisciuchas dipdeane; pol ymeri zati on
of, for exanple, one or nore olel n(s) to produce a .
pdD96dr pr dulthetpreseat o¥YACARE CRYGFHER REACEYH 2 feedstock comprising

dehydr ogenati on: de g, of ., .Lar . .
r Gear e gnse e SREBEIECYBh one a2 B, s comacted in e
aRGPEDH98 1P h redcBbn @¥AORAH, a SdtMydt cANPRBINEGhe ardeubESieve of
for separating out isoners thereof; alkylation of,

o for,
exbarptessnt ancamtion @t hifentive awersas cenfiponsssonsrio dredugp dhe desired

al k benzene,. tjonal l it h, pr l,e 10 Ppr )
e RGPS AL ke ST PREOUSIE s PEpRLe g miea
f Qxa{}&rlﬁd'{fi’(ll Bhas@. GOWER thehtRBssak cawiedRhd i@ tBOHquid phase or a mixed

pol yal kyl ar omati ¢ _hydrocarbons; deal kyl ati on;
dehyariopyd Iphase, idofferenti sqrverstant rasesagnd aeledtivitiesr of feedstock-to-

exanpl e, toluene ta.nmake nzene an ar axyl enes...

o eBicbimay S rcardiion Bnen e apy ARgRE R OB iR e
chapdxyol ef i ; d; t I & GEndmmnoaldavikaitiveeso th
aﬂgb%]al kyllvgl(ﬂ sf?sré{[;t()og%] %Eghgﬁl iﬁscggrllum%nqphogphat e e
mit&isickor shcdvadarpiodwatdyshyomnpesitnet irobisdfpically used to reduce

invention are particularly suitable as tal ysts for

udbe FoPeeRsa BNy IS O Eeralo ) Punfketdody. SPRMTENE gamples of
u r el t F Y t §8irod jone ide. carb
3B Bpet DRI PULRH SR, o dShAEfhge, cavon
alGohed, swart, hegssntiatiyr hanydactomparafiiss (@pea#ljdeskanes such as

ket ones, car boxal ic acids, carbonates, and the |ike 4
amdethingo cWang GA HEORIBAY STSARHRYHONGEALYE SHImats cynppunds, and

h%lﬁlx Uz IR F ARhE Aist 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.

[0066] 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.

[0067] 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.



sul fides, am nes, and m xtures thereof. The aliphatic
nmoiety will normally contain fromabout 1 to about 10
W@ a00bo68sat ons, such as from about 1 to about 4PCHUBIING/043524

atons. {0063] Representative oxygenates include | ower
straight chain or branched aliphatic al cohols, their

unsat urated counterparts, and2% hei r ni trogen, hal ogen

and sul fur anal ogues. Exanpl es of suitable oxygenate
conmpounds i ncl ude nethanol; ethanol; n-propano

| SQRIORANIONe fahge dF Rordl awholss; kF'ﬁEtdWﬂ)OLﬁt h)NIPzﬁt et foregoing
di net hyl ether; diethyl ether; di-isopr opém et her;
c

rrepﬂesdurmcs arpﬂmye ofdibugnt, sfianyiisipresenbtang irefenioriée pattial pressure

ch‘P %ptdéed m ?}y&% tfo:jgx_eyﬁgqqﬁ, Eglgé?‘b%ﬁ] aa(ngl/org%ﬂﬁér%)}}ereof
Eeﬂ @r a%@e?lk)geracéxg'em@s a&wﬂ()ﬂreﬁﬁ‘i‘en%%y nddekyy BAtdtdedectivity,

es having n-al kyl groups of conprising
t heonvan;gm, afokirgmratboand/8r reactbroutte;]l howavdpight asfinsasugh as
m Xt ur es there f, Particularly suitable oxygenate
coffpyargilhmay anol , dinethyl ether, m Xt ures

t h 0 S’f Mogfe fo%gﬁsﬁﬁlulﬁ H@E&ﬂp@'ed 652 ;ﬂa%ﬁgd herighd suftﬁl?i%nt to

oxygenat I gnates only the organic nateri al

US@@d@@e theelekieadl olelingrodical. Thargetiaf tn‘neada)t Uartyl’ﬁaom tenths of
reacti on zone may contain_additional conp g/ddet sy
(S

assegPRdsetet 3 nupthes of hpHrst hEhgFeasivn UB}?yl@ éﬁrﬁe rmmed by the
gg{}\é ?]olet emp@r ?&r%;’ﬁ‘{ ﬁegsﬁfeh %eogdfalfé? @Qfebégn Sgﬂ?‘gﬁ%& space

C ORI tyedtten ﬁlﬁ@e vappid phasepbl) andeded | @lecrdneproddsh design
cat al yst conprising the nol ecul ar sieve of the present
mv@mqt@wtlaﬁ ef fective process cond|t| ons so as to

e the des red ol fln
or BOBEE oy ol ST ol B Ml b ¥Bloiich Gigsv) for the
Vaﬁ%&ét&dm\unﬁﬁm@@@m Wb Bresé i roves ewmsnsls@ﬁhe@@k Weighi o feed
the |liquid phase or a m xed vapor/Iliquid phase,

di (ekeluding dibieursr dour pereweighidoS e tetek Tepstignexolyme of molecular

SR8 A AT P AT GRERDRPET ORG ' DD BAERLy hould be i

Pr 8383 ge dM€odi db‘éﬁf‘@ 0%t S0 GBARISADIHY ' NRRK 83k the/Bnk® of from
t he feedstock or nol ecular si eve catalyst conposition

angboius 05y’ calabyuw@dnt ofor exanole tith thegongseolt fremiabputd).1 hr' to
t he oxy &bﬂ@te in the feedstock. Non-limting exanpl es
of 220t £ di luents include helium argon., nitrogen,

Cajga9s MoNoXi fBcti&R" Effbdiment 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 low
pressure, low density gas.

[0071] 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



di oxi de, water, essentially non-reactive paraffins

(especi al |y al kanes such as net hane, ethane, and
wEe@paess)] essentially non-reactive aromati c cROPUS2WIT043524

and m xtures thereof. The nost preferred diluents are

wat er and nitrogen, with water being particularly

preferred. Diluent(s) may conpdise fromabout 1 nmol %

to about 99 nol % of the total feed m xture. [0066]

The tenperature enployed in the oxygenate conversion

r ' : 0
e i e R T

25608lystaofdéns uhanSMOA0). 5i wicdou dAtrigast b ortadncoftth® glferhted catalyst
about 750 0C, conveniently from about 3000C to about
eoehoeld bgssfurned §© the BaF8hout 3500C to about 6000C and

pPafdaHsul ar |y 4 t : 0067]...
Poldorst) S Ut AR 2P0 PR - ARBHL 4 RIRIE R0 bty
neg es&Rdcky coraiffl MetRaBom UNtcatalyel campbélori aTIfheOfnvention is
pressures, including but not limted to autogenous

pr effestive do vt dbe deedstack arimeanlgnigo epe far dAvigbolefin3).1 The

kPg L 10. MPa nveniently, the pressure is.in,

¢ e EBR e sy TR0 TeE 2 ("1 b1BoB R shikinly™2 o 8
| Ncdrbih At@R@EnRte hfedThiIPQUio §RatbbA atdndRANtmdreNi?Rferabe? to0 4
foregoi ng pressures are exclusive of diluent, if any

i scapbanseatems, and mest grefemablyrare gthytanalangioe peapytenef Thiagesultant
feedstock .as it |l ates, to _oxygenate conpoyn and/ or

i BBt rtyple B o e B PTG Bt T B ean be
e d 361Y 86 %R tYeat H186dss T8 @Fbdrihg Yhe cﬁéTfEHéF%B,Sf’oPE‘xan‘iﬁg,'sﬂB ers.
rate, and/or reaction rate; however, light olefin

SUu®R7Hs et NBHedneension Willmmy Heomnre fa0ix6@rlyTdescriredoeisisreference

shou{lﬁc:i tﬁg cogg]éi nulgd for a period of tinme sufficient to

prig il PUPHIEAMRIES ol ef i n products. The reaction tine
oYA"Y fRmieerihapRE, $AFARESa, FOgq 0 i

?ﬁg rﬂacti on tine ?épﬁaar gely de% eglrsi?ng}é by e%1h{eO Chdifine  the

r aEVCHA taipef aheimsledute gewssufenuluted matder YSRD diffraction

sel ected, the |vejght hourly space velocity, the phase
( 1RaH@ing %%rrvwag F311059d AR e gencprestusiag thed?RaX program

s ncht e HER AR RLAIREShamL N, NV e
f wihe Prazkedings diethp RegenCh@nioaleSwietyHSdos, A&l PIdvak 433, pp.
vve4|9 pStZOq‘fCofllgc?tgon 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). The DIFFaX
input file used to simulate the XRD diffraction patterns is given in Table 2 of U.S.
Patent Application Publication No. 2002/0165089, incorporated herein by
reference. In order to obtain best fitting between the DIFFaX simulated patterns
and the experimental patterns, two sets of simulated XRD patterns were generated
using a line broadening of 0.009 (as described in U.S. Patent Application No.
2002/0165089) and a line broadening of 0.04 (Figures 1a and 1b). The simulated
diffraction patterns were then compared with the experimental powder XRD
diffraction patterns. In this respect, a very sensitive range is the 15 to 19.5 20

range.



(excluding diluent) per hour per weight of a total

reacti on vol une of nol ecul ar sieve catal yst (excl uding
w0 p@soessand/ or fillers). The WHSV general | y sheti/uSives/043524

in the range of fromabout 0.01 hr' 1 to about 500 hr'

1, such as in the range of fromabout 0.5 hr" 1 to

about 300 hr 1 , for exanple-2n-the range of from

about 0.1 hr 1 to about 200 h T 1 . [0070] A

practical enbodinent of a reactor systemfor the

o olO78EC or COb e SHonTEATGTRCT S ganbEaEFORR e e ok, o 2

ﬁoﬁﬁmnﬁ Mis@rs2t 2b08 | Cvahi A BeRlz explesed iadurme)e
generally not preferred for the process because
oxygenate to olefin conversion is a highly exothermc
prqcess ch requires several stages with
'r’rﬁé‘l“@BEﬂ\AQ (OBPAFINE) ool i ng devi ces. The reaction

SL@QZ fsul tg ﬂq{ltvﬂe mfgikS%Seﬁsﬂ @}(%Eﬁ’cﬂ*xcd%d t(@*%hféoyﬁer, Acros,

ion of lTow pressure, nsity gas
Bestisi ring hE22C pipra | Iy s tandus pplne Ki) e 86N 63 at eﬂdémmuﬂaéd water and
the reactor should all ow eaﬁ% renoval . of a{portl on of

t he0lcdt & 9§1tettasthalafrg@@ﬂ@mab oXig ssoltioRe(30 %t & yater; pachem,
S “@dn?a%lﬁg ztpgmff‘Nfa%%& %hi R d&?%éﬁa}eﬁﬂ ah m%r gc%l?&ﬁ%lﬁne bottle.
Xygen, coke

conpri si PPexa 'e*arr, to bu

f rpie fdﬂﬁltmtrﬁlb(wié ,wawhh@htrﬁm&reerde&) i tase Béz&ﬂeyqblaced in a Neslab
activi tg The conditions of tenperature, oxygen
pahattl'n al 397G endiradier inildetingsitieng ef theemixture veith & dehoeateryonixer,

el h t
" chho AT O 45 YAl e e Ring MBS 6 SiaPass? pgm of K)
| epad acﬁieEQBtth@ BefMer FIRWROSNEIADEG SRdiahitat (Chatd Puk SB-1,
returned to the reactor. [0072] Using the various

oxapgtaEing 18 ppusefodk sndi2& ppresEd)abe skyrypesstrirediicad khyd was then

f eedst ock, cont aj n St nposi i o

of 38R 5T RS Potre P beh g6 8 ot elene e iedatR K The
Prdg osf 136n o hR rﬁ{i@urﬁ ?01‘“’;}1 fakr ?a(t%wayé fQloslst N(s)

pro ce typica rom car on at ons,
preferably 2 to 8;) Iﬂl@ﬁﬂlzﬂ3ﬂ?§®,5/m@l-lm5ﬁf2@r ably 2 to 6
carbon atons, still nore pr ef er abl % to. 4 carbons

atlBFE7] and ThsdNa ddf epnipntyrfiheovarsly pathesismaixsire, resulting from
pftﬁé’é%e%a%e o tffest SR hANh AL & ab Hfht%laaﬁk Qs %%%@fgszé df Bhina
uc an be

enate conversion pro ’sal e or
f @hdt(m(w gmm@mamrmrremsﬁvé‘lp ITHeaRKEUTE wag tiahefe@bdEld 013 liter

t OPAIf{Igrsta?r)l(lgsTpslteeel at?tglclgve and heated 20°C/hour to 165°C. The mixture was
stirred with a laboratory mixer at 200 rpm (tip speed of 1.3 m/s) during the whole
hydrothermal treatment. The autoclave was kept at 165°C for 60 hours.

[0078] After cooling to room temperature, the slurry was washed and dried
and an X-ray diffraction pattern of the crystalline product was taken after the
calcination procedure described above. Using this diffraction pattern, DIFFaX
analysis was conducted and showed the crystalline product to contain an
AEVCHA intergrowth comprising 28 wt% of an AEI framework type molecular

sieve and 72 wt% of a CHA framework type molecular sieve. The framework

silica to alumina molar ratio (Si/Alz) of the crystalline product was found to be



[0073] The invention will now be nore particularly

described with reference to the foll ow ng Exanpl es.
WO 0®34$88hn t he Exanpl es, DI FFaX anal ysis was UBEHUSIH05/043524

determ ne the AEI/CHA ratio of the nol ecul ar sieves.

Si mul at ed powder XRD diffraction patterns for varying

rati os of AEI/CHA were generat?d using the D FFaX

program avail able fromthe International Zeolite

Associ ation (see also M M J. Tracey et al.

Pr ockse dinngRlitin, tieprboya ha@aer gaticiasiedn.o P&naﬂfan? %n%n J(dso -

(1991 Vol . 433, pp. 499-520 "Collection of Sinulate

XROiPsak? Gt t erns for Zeolites” by M M J . Treacy

and J . B. Higgins, 2001, Fourth Edition, published on

behal f of the Structure Comm ssion of the

| NG fplésNa) 4 @eshpadpesoci ation). The DI FFaX i nput

file B?(led to si rrulgte th'g XRD diffraction patterns is

gi VR n TabBewrad samplesSyerPgireraredAmpin Exdniysla 1 and the results are

Publicatiqp.hﬁ. j@OZ/Ol 650S9, incorporated herein by

r ePPRARESd inghe followmefaBlsy ain’ best fitting between the

DI FFaX sinmul ated patterns and the experinental

patterns, two sets of sinulated XRD patterns were

gener dixachplsi ng 60 (nrieroy ogdensSpgh of |0. 00PIFRSY

desgribed in U. S. Patent Application NOAE%@@%( %é5089)

and [a 1 ne br padeni fg of 0|02 (Q—ggur S a gL to)—The

Si | ated—dif Eracti‘r‘\'nJr)aLtmrnQ Mre tihen c@ ] ared leth

t he |expeli menf al polMder XRID di f(f8 actijon patsmrns. In

thig resgect,]a verysSensifive yange|Ts t‘h‘e&:’rﬁﬁ—o—ﬂ. 5

2Q ranmvrﬂﬂ75] Cry\crt_al si-ze nmeasurements j 4 he

ullyb- L A A~ AN |

Exanpl es4were| t akenl.9i th a|Mal V8 n Mast er spg/gr 2000| (d
val ues bei ng expressed by volung). Exanplie 1
(Conparative) [0076] A m xture of 385.65 g of
phisxpnples & tad2d (85% i n water, Acros, containing 122

p and 4 K),, 369.53 g of dem neralized water
a?@’% 1. 49 Sﬁ"gﬁgp %%Wrgéw BIFRYRT itihs pame agaersas| in tBxemple 1,
( 3RWavith WREBK- CR I d. 2
)l T R S SR s
r €khelresudts and sumumarized $n theebllowmgsfisier ed to a gl ass

beaker placed in a Neslab bath at 300C and, after
initiating stirring of the mxture with a [aboratory

M XEfample | gNa/ | gK/mole D50 Span DIFFaX
mole alumina | (micron) AET/CHA

alumina ratio

5 0.087 0.007 1.6 0.8 28/72

6 0.340 0.007 1.8 0.7 28/72

7 0.550 0.007 1.6 0.8 25/75

8 0.035 0.059 1.6 0.8 29/71

9 0.035 0.213 1.6 0.7 28/72

10 0.035 0.522 1.6 0.8 28/72

11 1.064 0.007 0.6 4.1 75/25

12 2.094 0.007 3.3 2.2 85/15

[0081] 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



37.27 g Ludox AS 40 (40% silica, containing 815 ppm of
Na and 39 ppm of K) was added to the beaker foll owed
wh0082#8801L g of al um na (Condea Pural SB-1, cOPCHURSI00f043524
18 ppm of Na and 26 ppmof K). A slurry was produced
and was then aged for 2 hours in the Neslab bath at
300C with the stirring being20ontinued. The
conposition of the mxture in terns of nolar ratios
was as follows: 0.15S O2/ Al 203/ P205/ TEACH 35H20 [ 0077]
Therdg and tisCRMoaNthedl rdfllen@Vé@bald b ¥l ’SIety B ﬁ{euargﬁended
resulting fromthe presence of these elenents in th
r alaimatier puapsses wédetbrnidmgdhenmhescope af thaipnaseatnidvéntio.7
g/ mol e of alum na respectively. The m xture was
transferred to a 2 liter PARR stainless steel
aut ocl ave and heated 20C/ hour to 165C. The m xture was
stirred with a |laboratory mxer at 200 rpm (tip speed
of 1.3 nm’s) during the whole hydrothermal treatnent.
The autocl ave was kept at 1650C for 60 hours. [0078]
After cooling to roomtenperature, the slurry was
washed and dried and an X-ray diffraction pattern of
the crystalline product was taken after the
cal cination procedure descri bed above. Using this
diffraction pattern, DI FFaX anal ysis was conducted and
showed the crystalline product to contain an AEI/CHA
intergrom h conprising 28 wt% of an AEl framework type
nol ecul ar sieve and 72 wt % of a CHA framework type
nol ecul ar sieve. The framework silica to alum na nol ar
ratio (Si/A 2) of the crystalline product was found to
be0.19. In addition, the product had a d50 particle
size of 2.0 nmand a span [(dgo - d i0)/ d5o0] ofO0.8.
Exanples 2 to 4 (Conparative) [0079] Several sanples
were prepared as in Exanple 1 and the results are
sunmmarized in the followng table. Exanples 5 to 12
[0080] Several m xtures were prepared in the sane
manner as in Exanple 1, but with variable anounts of
Na and/or K added in the formof their chloride salts.
The results are sunmarized in the foll ow ng table.



[0081] Wile the present invention has been descri bed
and illustrated by reference to particular

wepdvemessent s, those of ordinary skill in the ap€T/vib1005/043524
appreciate that the invention lends itself to
vari ations not necessarily illustratedherein. For this
reason, then, reference shodl@-be made solely to the
appended cl ai ms for purposes of determning the true
scope of the present invention.CLAIMS W Claim 1. A
Iﬂﬁ Qf synthesizing a silicoal um nophosphate
no ul"ar sieve conprising a CHA franmework type
mgyetidin: an AEl framework type material, or a
mat eri al conprising at |east one intergrown phase of
an AEl framework type and a CHA framework type, the

t hod,c rising; ._prepar.| [ ] .

carmri &1 ARt o PR Rkl Bt sieve
SOoUr Cegonirispi0 s PUBIAU Sransdwbik Nype andlerddl] iad OAFT Wiehe&vdtk type
the total amount of alkali netal present in said
synt hewshtsripl or ameaterial fcopriaine @ l@siome iesgenn phagpof an AEL

/ nol f alumna: (b ti ' t ' 1 Xt ur.
oo el g oAbl Wit REHAER oyt ©
1000C and afput 3@Hafng angnthedis MLQMLEITASHsH@ Water, an organic
nmol ecul ar sieve. 2. The nethod of claiml1l, wherein

sai d silicoal um rigttingogent andisewatsae! phespborwangpingawn and

CHA f k t ' . .3.. Th t.hqd,.of [ .
2 frarenor e, e okt UL ol
conprises an AEl fiGafBREK h¥ReeBt R6hadbouft0.08M& about 0.90

met hod of claim 1, wherein said silicoalum nophosphate
nmol ecul ar si eve iggmelemfinkmind; conprising at |east one

i nt er grown ase of ,an AEl fr work.type and a .
IframS\g/]vork t Ee. Beatifgs $Al4 h oW ?SISCIQHI%% Rhe? ef”%@gfz&tmn

at |east one inteLgrom-diaseydasnai Woke Ghiabal300@f,; and
from about 5/95 to about 40/ 60, such as about 10/90 to

about 30/ 7Q¢) f or recomenpgesaabmotecdat §6vd.0 about 20/ 80,
as determ ned by

2. The method of claim 1, wherein said silicoaluminophosphate molecular

sieve comprises a CHA framework type material.

3. The method of claim 1, wherein said silicoaluminophosphate molecular

sieve comprises an AEI framework type material.

4. The method of claim 1, wherein said silicoaluminophosphate molecular
sieve is a material comprising at least one intergrown phase of an AFI

framework type and a CHA framework type.

5. The method of claim 4, wherein said at least one intergrown phase has an
AEI/CHA ratio of from about 5/95 to about 40/60, such as about 10/90 to
about 30/70, for example about 15/95 to about 20/80, as determined by
DIFFaX analysis.



Dl FFaX anal ysis. 6. The nethod of claim5, wherein said

si |l i coal um nophosphat e nol ecul ar sieve has an X-ray
wa@lrdoboessti on pattern conprising at | east one refT/E81000043524

peak in each of the following ranges in the 5 to 25

(2Q range: 29 (CuKoO 9.3-9.6 12.7-13.0 13.8-14.0

15.9-16.1 17.7-1S.1 18.9-19. bg0.5-20.7 23.7-24.0. 7.

The nmet hod of claim4, wherein said

si li coal um nophosphat e nol ecul ar sieve conprises first

and second intergrown forns each .of..an,.AEl f.ranework
Cybe natgrmafod el BB & PRl ame Sy SR pap SR motcoutar
The netRod Hab a6l Rirky ﬁifﬁ%t&fxﬁ?ﬁtte?ﬁllc@lﬁp!ri%ﬁl dt et BneWeflection
formhas an AEVCRA ratio of from about 5/95 to about

40/ 60 asaldisteachditbel fdiovidhERmgeaindhy Sita2a ) saigd: second

intergrowmn formhas a diff .AEI/CHA ratio from
said first intergrown fornﬁ&ﬁ‘#}e met hod of claim 8,

wherein said second intergrgwy§gorm has an AEI/ CHA
rati o of about 30/70 to abgut;, 55445, such as about '
50/ 50, as determ ned by Dl %>{o alysis. 10. A nethod
of synthesizing a silicoal gniln ﬁosphat e nol ecul ar

si eve conprising at |east -l ergrown phase of a
CHA framework type and an AE/-¥rhmework type, wherein
said at |east one intergrowB9pl¥ake has an AElI/CHA
rati o of from about 5/95 t@0alout 40/ 60 as determ ned
by DI FFaX anal ysis, the nethedsqonpri sing:

7. The method of claim 4, wherein said silicoaluminophosphate molecular
sieve comprises first and second intergrown forms each of an AEI

framework type matertal and a CHA framework type material.

8. The method of claim 7, wherein said first intergrown form has an
AEI/CHA ratio of from about 5/95 to about 40/60 as determined by
DIFFaX analysis and said second intergrown form has a different

AFEI/CHA ratio from said first intergrown form.

9. The method of claim 8, wherein said second intergrown form has an
AEI/CHA ratio of about 30/70 to about 55/45, such as about 50/50, as
determined by DIFFaX analysis.

10. A method of synthesizing a silicoaluminophosphate molecular sieve

comprising at least one intergrown phase of a CHA framework type and an

AFEI framework type, wherein said at least one intergrown phase has an

AEI/CHA ratio of from about 5/95 to about 40/60 as determined by
DIFFaX analysis, the method comprising:

(a)  preparing a synthesis mixture comprising water, an organic

directing agent and sources of phosphorus, aluminum and



(a) preparing a synthesis m xture conprising water, an
organi c directing agent and sources of phosphorus,
w@bapaioessm andsi | i con, wherein the total anountP@f/US2005/043524

al kali nmetal present in said synthesis mxture is from
about 0.08 to about 0.90 g/nole of alum na and said

m xture has a nmolar conpositiéR-within the follow ng
ranges: P206 : Al 23 from about 0.6 to about 1.2, SiQ2

: Al2G3 from about 0.12 to about 0.20, H2O: Al 233

from about 25 to RA, whereindthe AQaL AAGunt ¥f ‘Elmi)ﬁh&ﬁffi‘present in

under agitation to a crystallization tenperature o
bet ween about 100GaidngnétssiatmBODOGs faemd dboyt OdSoterbany 0.90

sai d nol ecul ar sieye.. 11.. The .nethod of, an recedi ng

claim wherein th@y‘f‘%l{aal‘)fa pa opnd;) s | “ﬁ-‘é‘gﬁﬂ has a” molar
resent in said s i ' ' : ut 0.08

p xisysgpgsf?ri,g} Wtﬁk%@fdlﬁ)%ﬁ%@ug&@

to about 0.80 g/ no um na, such a om about
0.10 to about 0. 50,0Q¢ nAl,®; dforabhomt O&.to 2Bout Tk met hod

of any preceding ¢l ai wherein the al kali netal
present in said s;csh(sqwgé]?-@ AioRy dhowt 942 e ahawafd/ or

pot assi um 13. Th?—Iz@EtAno(% ﬁf)maa%utoﬂ(ato%foﬁ&tlﬁ nms 10 to
a

12, wherein said synthedis mxture (a s a nol ar

conposi tion (8 t hi hedting §aid lmoiwiuryg uriBg @gitatiiA0k aAbREBllization
fromabout 0.8 to about 1.1, SIO2 : A 203 from about

0.12 to about 0.1BmpapatireAldersveen showid80C a8l ahwuaBPC; and

45. 14. A od of t | Z] .
silicoal umnﬁ%)ghosg Cg‘?%&ﬁ%?@cnl}{)lg?ulgri e conpri sing at
| east one intergrown phase of a CHA franework type

material and an AElI framework type material, wherein _
saltl afTheaasthodmd anit rreendoveh cloitas wheisim ties wéal amduma of alkali
50 W % of, .sai f.ra r.k t

d_AE . : i al
det er mithid ng,“ﬂﬁ%':g&d g&gﬁ Ep gr}1¥{)uﬁ%%$%foaaou?§).08 to about 0.80

conpri gjihdle(&) aREBRATdRE & Sht BB&ItS0.MD XbUidut 0.50 g/mole of
conpri SII ng wat er, an organic
arumina.

12.  The method of any preceding claim, wherein the alkali metal present in said

synthesis mixture is sodium and/or potassium.

13.  The method of any one of claims 10 to 12, wherein said synthesis mixture
(a) has a molar composition within the following ranges:
P,0s : Al,O4 from about 0.8 to about 1.1,
Si0; : Al,O4 from about 0.12 to about 0.15,
H,0 : Al,Os from about 35 to about 45.

14. A method of synthesizing a silicoaluminophosphate molecular sieve
comprising at least one intergrown phase of a CHA framework type
material and an AEI framework type material, wherein said at least one
intergrown phase comprises at least 50 wi% of said AEI framework type

material as determined by DIFFaX analysis, the method comprising:



di recti ng agent and sources of phosphorus, alum na and
silica, wherein the total anount of alkali netal
WEe@sOeRs0i N sai d synthesis mxture is at | eastPdT/082005/043524
g/ nmol e of alum na and said mixture has a nol ar
conposition within the follow ng ranges: P20 : A 233
fromabout 0.6 to about 1.2,-® -2 : A 203 from about
0.005 to about 0.15, H20: Al 203 from about 10 to
about 50, (b) heating said mi xture under agitation to
a crystallizggion f t .
and about 30%?:; a%]gﬁ % cig ?é}tﬂé}\?ﬁes% rﬁg%irgﬁg&ﬁg%gﬂ ajta%p% orgame
sieve. 15. The nediratingfagehtabmd kdurcehel gihospioend, ailihina and
amount of alkali netal present in said synthesis )
mxture i s from afbtk vheyantthe el amounspfHlkal) metal present in

al um na. 16. The it Do of A0%ONE: Mast] 8h gﬁnc}lg of Quttia and
gent conpr Fses a

wherein said organic-“directing a

tetraet hyl amoni uggi€ afipatehs altholaf hempetition wathimthe foNewing
of clainms 10 to 16, wherein the heating in (b) is
conducted so as tEngesi se the tenperature of said

m xture at a rate at, Least 8C/ su as at a
rate of from abou]t)zq%oélﬁd&h O?ﬁﬁﬁ%&%ﬂ’(‘ff’ggﬁr. 18. The
met hod of any onesig : A, ord Bbdi 01005 thapsRIoM Sai d
agitation is conducted so as to prevent precipitation

of the synt hesi s Gt 4k0; Sionpadheani@io awut §he net hod of
any precedi claim. wherein said crystallization .

t enper at ures b i??b‘é% Sﬁﬂoﬂl’“ﬂ&ﬁ@ﬁﬁgl%ﬂ%ttoZ@)(f@@“_’iBZ.atmn
The net hod of anyiepihea&AE BEb&BEAbot 6 arkiNB o hERIPO%nd
(b) is conducted in a continuous synthesis apparatus

havi ng an i fdet, rebrveughsalindfleaddrdieyynt hesi s ni xture

is introduced, and an outlet, through which said
nmol ecul ar sieve is recovered. 21. A

ﬁEULngg@ggmgﬂfyﬁampmtﬁ, TRERGHNR ots] AYSuR0PIGE dadeM prdiEnt in
said synthesis mixture is from about 1.00 to about 2.50 g/mole alumina.

16. The method of any one of claims 10 to 15, wherein said organic directing

agent comprises a tetraecthylammonium compound.

17. The method of any one of claims 10 to 16, wherein the heating in (b) is
conducted so as to raise the temperature of said mixture at a rate of at least

8°C/hour, such as at a rate of from about 10°C/hour to about 40°C/hour.

18. The method of any one of claims 10 to 17, wherein said agitation is
conducted so as to prevent precipitation of the synthesis mixture

components.

19. The method of any preceding claim, wherein said crystallization

temperature is between about 150°C and about 200°C.



preceding claim 22. The silicoal um nophosphat e

nmol ecul ar sieve of claim2 1 and having an average (d
W@006/0§880al size of [ ess than 2.2 m cron, sSuchP@EBUS2005/043524

bet ween about 1.5 micron and about 1.9 micron. 23. The

sili coal um nophosphate nol ecul ar sieve of claim2 1 or

claim 22 and having a (dpo --3lio)/ d50 crystal size

distribution less than 1.0. 24. A process for making

an ol efin product from an oxygenate feedstock

c ri sl [ d g it .

ol y Rt okl icRtnd RKORRBLCE HEFERIRTE) 1 dlafbicd in

ol eculatorgin@ues Gimthdrys @pparafus Chaings ag ihldtO tiddugh? Swhich said

The process of claim 24, wherein the _ _

oxygen&yebesihtraixiirp gist sdepsiuerd ewhpn adetyeibrengbl which said

di met h r F.omxtures thereof and the olefin

pr oduc Oégcﬁrlgar%isgeélglserltén%(ﬁegeﬁlé and propylene. 26. The

process of claim24 or claim?25 and further conprising

converti n? at least part of the olefin product to
padlyme silicoaluminophosphate molecular sieve produced by the method of any

preceding claim.
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The silicoaluminophosphate molecular sieve of claim 21 and having an
average (dsp) crystal size of less than 2.2 micron, such as between about 1.5

micron and about 1.9 micron.

23.  The silicoaluminophosphate molecular sieve of claim 21 or claim 22 and

having a (dgo — dj0)/ dso crystal size distribution less than 1.0.

24. A process for making an olefin product from an oxygenate feedstock
comprising contacting said oxygenate feedstock with a catalyst comprising

the silicoaluminophosphate molecular sieve of any one of claims 21 to 23.

25. The process of claim 24, wherein the oxygenate-containing feedstock
comprises methanol, dimethyl ether, or mixtures thereof and the olefin

product comprises ethylene and propylene.

26.  The process of claim 24 or claim 25 and further comprising converting at

least part of the olefin product to polymer.



