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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 other 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. Crystalline molecular sieves have a 3-dimensional, four-connected

framework structure of corner-sharing [TO,] tetrahedra, where T is any
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"Journal of the Chemical Society, Faraday Transactions" Vol. 86(2), pp. 425-429
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[0008] In the conversion of methanol to olefins, SAPO-34 exhibits
relatively high product selectivity to ethylene and propylene, and low product
selectivity to paraffins and olefins with four or more carbons. Catalysts containing

SAPQ-34 are thus particularly suited for the conversion of methanol to olefins.



"Journal of the Chem cal Society, Faraday

Transactions" Vol. 86(2), pp. 425-429 (1990); and U.S.
w@108n0320. 5, 609, 843. [0008] In the conversi oPCD1S2005/007289

met hanol to ol efins, SAPO 34 exhibits relatively high

product selectivity to ethylene and propyl ene, and | ow

pb% fl it$ %b&?&abﬁfbﬁﬂantc@ RaAbRabeRs @RPOsil @bmAfonty tFerkr@ifo as

re carbons. Catalysts containing SAPO 34 are thus
paolta, quicklyl fyrns i thecafatytictdagesodiBAS @36 n Byentwellh dbcpresance of

ST 500y 00 B AEOEE B S00 i
' v Qae&ﬁzﬁ |t¥ a&fﬁﬁégm 3@%{; P 38ducky BpHucH: Sé’}bﬁra’ung by-

presence o0 o much coke clogs up the cages and

deaciutts af@n thla elesiat¢ lethytene Angloproggiepe tadds tadditiomal cost to the
select|V|tyto paraffins, SAPi}34 Sti pr odu

bynseaalitor gle lgéela\zeaflpwrwsior Beretoge.ft % 1B ﬁ PoREYing qoed to
etﬁpﬁ ln%qn@i@aﬂ& %&)é!sm h@ggg fhQ @@llect?\g g)rz)&lﬁ;e few by-
met hanol to olefin convers % r ocess.

t psydactiss a continuing need to find new rml ecul ar

si eves that have good _pr oduit selectivit oduce

fé%“ﬁi/ b odltse Polonost. 6 508l dnoragseicl, Baairb by ricrence,
gfog&r Qt sqﬂc In lpcys ﬁrﬁ% eﬂlﬁl{%&ﬁar Q,le%Ql ecf&?ede‘ to as RUW-19,

|coal uni nophosp Bterno ar si eve, erred to as
R%chllg saidhto Gz anSAEHCHLAI il Iﬁfasd\ﬁbﬂlﬁlrﬂ@tlcm XBdpgrtiade, RUW-

conposition hi particul ar is reported a
hé9|1ﬁ genosiat 9 draingareaks §h@r60t6$5t{90?ﬁ1b@1@1§$f ndep BT framework

[ Y. I
¢ BT QE b R BB Bl B BNER ot etRbicl ooty (b0 HOBH) in
t ReTWalo ré@flacke lthe @lairosf refotiise cordred o Uibol 10.0( 229) innAEI
AElI materials and RUW 19 does not have the reflections

ama\lﬁ ead RUN-tRidarst eeti Bave Hentedlcstions assogigfede ity CHA

d 24 h
b sebferi ot 20 WG REN Bt oRIEGR it of e Xoray
1d1fﬁraét[tﬁ‘1 pattefn 6f IBUWPaD %@brd&ace(ﬁm@)éanﬂﬂéb 1,rlangis GSUT.SJ Patent
these materials are characterized by si ngI e i ntergrown

phos 633609Amdicates toMAhgse apaiouini k ane\pharapisrisrd pyasingle aytergrown

B SEFET. 16 0R 5L, A S0LDy S8 AR o

Ua&mt Ratents/De and 7638, r%gp%cn@él? (des FaghrdD uaaied hérew2@§2
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si[001®bal urm AbPHBsishtatNo. n@Bé@&V%r published November 7, 2002 and

incorporated herein by reference, discloses a silicoaluminophosphate molecular

sieve, now indentified as EMM-2, comprising at least one intergrown phase of
molecular sieves having AEI and CHA framework types, wherein said intergrown
phase has an AEI/CHA ratio of from about 5/95 to 40/60 as determined by
DIFFaX analysis, using the powder X-ray diffraction pattern of a calcined sample
of said silicoaluminophosphate molecular sieve.

[0011] Prime olefin selectivity (POS), which equates to the total selectivity
of ethylene and propylene in the product, and the prime olefin ratio (POR), which
equates to the amount of ethylene divided by the amount of propylene in the

product, are two of the main economic drivers in any oxygenate conversion
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AHOOLHA r at | Qofeniently, said first intergrown phase has an AEI/CHA ratio of
from 5/95 to 30/70, such as from 5/95 to 20/80, as determined by DIFFaX
analysis.

[0015] In one embodiment, the second intergrown phase has an AEI/CHA
ratio of from 35/65 to 54/46, preferably from 40/60 to 53/47, and more preferably
from 45/55 to 50/50.

[0016] The overall AEI/CHA ratio, which is the weighed average of all the
intergrowth phases, preferably ranges from 20:80 to 40:60, more preferably from
25:75 to 35:65.
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of silicon, a reactive source of aluminum, a reactive source of phosphorus and an

organic directing agent for directing the formation of said molecular sieve such
that said mixture has a molar composition within the following ranges:
P,Os5 : Al,O; from 0.6 to 1.2,
Si0, : Al,O3 from 0.10 to 0.20,
H,0 : Al,05 from 25 to 50,

(b) mixing and heating said mixture continuously to a crystallization~
temperature, typically between 150 °C and 200 °C, preferably between 155 °C and
180 °C;

(©) maintaining said mixture at said crystallization temperature for a
period of time from 2 to 50 hours; and

(d)  recovering said molecular sieve.
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[0023] Figures | a and Ib are DI FFaX si nmul at ed

diffraction patterns for intergrown AE17CHA phases

hapngr BESURIPTAEN HEHRAs ;89 the sinulation
par amet er ' ; Appl i cation No.

200023016508 Figvest 1niavh 1& ArBFPERAGRRIRA BRFAMRNSFat@is for
0.04 in Igﬁ( of 0.009. [0024] Figure 2 shows an
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for sin I ntergrown
but with a line broadening parameter of 0.04 in place of 0.009.

[0024] Figure 2 shows an overlay of an enlarged portion of Fig. 1 of U.S.
Patent No. 6,334,994 with DIFFaX simulated patterns for single intergrown
AEI/CHA phases having varying AEJ/CHA ratios.

[0025] Figures 3a and 3b are graphs comparing the methanol conversion
activity (Kmax) of the silicoaluminophosphate molecular sieves produced in
Examples 2 to 11 with their silica to alumina ratio (Si/Aly) ratio and with their
POS and POR.

[0026] Figure 4 is the XRD pattern of a single intergrown phase material
having an AEI/CHA ratio of about 15/85 with an overlay of a DIFFaX simulated
pattern.

[0027] Figure 5 is the XRD pattern of a single intergrown phase material

having an AEI/CHA ratio of about 45/55 with an overlay of a DIFFaX simulated

pattern.
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noPEEH P WS sinpdecyi sisye Spmenioder dei@angsiiadiected to the "Catalog

| N3 DRI Z%Eliﬁg b&&t&%ﬁgh@d@e ﬁdﬁt%ﬁ?%‘ﬁg’hedR%{/ & "SFucture

is directed to t
Commission of the International Zeolite Association and to the "Collection of

Simulated XRD Powder Patterns for Zeolites", M. M. J. Treacy and J. B. Higgins,
2001 Edition, published on behalf of the Structure Commission of the
International Zeolite Association for a detailed explanation on intergrown
molecular sieve phases.

[0031] Regular crystalline solids 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



of Disordered Zeolite Structures", 2000 Edition,
publ i shed by the Structure Conmm ssion of the
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interpretation of X-rgy diffracti on patterns requires
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ggfﬂgﬁes%gé on gh%i%gf %tfegﬁgrggﬁ%h ﬁép‘ﬁ‘lﬁ%&qgl? O btﬁg elgte?nr;tignal Zeolite
Association). It has also been used to theoretically study intergrown phases of
AEI, CHA and KFI, as reported by K. P. Lillerud et al. in "Studies in Surface
Science and Catalysis", 1994, Vol. 84, pp. 543-550.
[0034] Figures 1a and 1b show the simulated diffraction patterns obtained
for single intergrown phases having various AEI/CHA ratios. These patterns were
calculated using the model parameters disclosed in U.S. Patent No. 6,812,372,
except a line broadening parameter of 0.04 was used instead of 0.009. All XRD
diffraction patterns are normalized to the highest peak of the entire set of

simulated patterns, i.e. the peak at about 9.6 degrees 20. Normalization of intensity



intensities fromcrystals containing planar faults

(see M M J . Tracey et al., Proceedings of the Royal
w@h@siterb4 Soci ety, London, A [1991], Vol. 433, PEPUS2996007289

520). DIFFaX is the simul at4on program sel ected by and

avai l able fromthe International Zeolite Association
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Dl FFaX anal ysis indicates that the material s of
Exanples 1, 2 and 3 have an AEI/CHA ratio of 60/40,

respectively,

t aki ng
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fact that the materials of 1Exanples 2 and 3 are said

to be contam nated with
Exanples 1, 2 and 3 of
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1 data referred
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I nc

di ffngaeotioon dat
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5 X2 X-Ray Powder
usi ng copper

a are recorded
w-t heta, where

theta is the Bragg anglke, aR@-520bunting time of 1
second for each step. or—t 7 otci ng of each
experinmental X-ray difffact ?%zip;qt ern, the sanple

nmust be in the anhydrous state and free of any
tenplate used in its synthesis, since the sinulated
patterns are cal cul ated using only franmework atons,

nof008&t er orThHeeRplag tdeffraclisie dath hefesr@d b thewdih YiredEollected with a
silicoal um ng{phos%hat e materials to water at recording

: rBMek Diffrclsmsies (SeintizdacalUSA), using copper
K-alpha radiation. The diffraction data are 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. Prior to recording of each experimental X-ray diffraction
pattern, the sample must be in the anhydrous state and free of any template used in
its synthesis, since the simulated patterns are calculated using only framework
atoms, not water or template. Given the sensitivity of silicoaluminophosphate

materials to water at recording temperatures, the molecular sieve samples are

calcined after preparation and kept moisture-free according to the following
procedure.

[0039] About 2 grams of each molecular sieve 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 § hours, the first 5 hours being
under nitrogen 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



cal cined after preparation and kept noisture-free

according to the follow ng procedure. [0039] About 2
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p@hﬂr a%\tF“it*f Q?(tgb) fist of Higcend HAninigerasym phpse.  Figure 6
Sﬂ'ﬁ@tﬁﬂas s{lé}pffljﬂ]ate}_lale v&}m(thfeﬁds% sﬁéh 61]3?% bk t W:;t:f Vﬁﬁ”\%}‘éf’]@g to

usual |y have two road eatures 1n e rang

t be bauad theg‘IyetheorQ,OlI 1sel&xtilevdili ﬁﬁdt}feeta‘tswlﬁafbﬁdaﬁﬂe centered at about
irst or second AEl

H %rggr I IH%élo lcaﬁva l9lf én @ FY iS¢ H@@%ha\gn& An aAVJ\EII/iHA ratio of
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 Bevige 8 ATVARE ritlo S hiom 5195 16 40160 (in Fiaute & of abant 10190). The
ratio of the first and second intergrowth phase is determined by best curve fitting,
for varying ratios of the first to the second intergrowth phase. The ratio of the first
to the second intergrowth phase may vary within broad limits, including from
10:90 to 90:10, preferably from 30:70 to 70:30, more preferably from 40:60 to
60:40. For the material of Figure 6, this ratio is determined at 50:50. Preferably
the CHA molecular sieve is SAPO-34 and the AEI molecular sieve is selected
from SAPO-18, ALPO-18 and mixtures thereof,
[0042] The materials of the present invention have an overall AE/CHA
ratio which is obtained by weighing the contribution of each intergrowth phase.

The overall AEI/CHA ratios calculated in this fashion range from 20:80 to 40:60,



from30/70 to 55/45 (in Figure 6, of about 45/55),

whil e the second broad feature centered at about 18
waelewsreroLQ s believed to be indicative of an PE/USHAS/007289

phase having an AEI/CHA rati2o of from5/95 to 40/ 60

(in Figure 6, of about 10/90). The ratio of the first

apgthSRCHEHE J5M *iods 288 IFop liasaiesialef Piptieetubly wResied average
curve fitting, for varying ratios of the first to the

s & hdLA mter igod@BA2phase. The ratio of the first to
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For the material of Figure 6, this ratio is determned
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SAPO- 34 'alﬂﬁ rt1e AEI . .nol,ecul Zr qﬁi eve i s selected from
SREGP L CTRDRS TR PTG P& A e  eof . [0042] The
”Ei(ﬂ@_&' s ofrpt heiiRbAsRMophSRRk! QRolBaMSE aeveY &faklle present
AEl / ratio which is obtained by wei ghing the
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AEI / rati.os calculated in this fashion range from
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ratio is o 8/ 72. [0043 he silicoal umnophosphate
ohgdnhe(igm@sehtioi fovent i mixtirashavisg lai omlarocahpositien wothar the
r?t'g)o_ Si/A2) fromO0.13 to 0.24, for exanple from
oloflpWiRg Fnges:” sych as from 0.17 to 0.21, such as 0. 18

or 0.19. The silicapi®, aAY6|, R ®k3S 1patio is

conveni ently determ ned by chem cal anal ysis. [0044]
The silicoal unm noplkd@phal,©; fimhee.Ud & 08Deve of the
present invention ny prepared by a

conveniently b
process that conpri %(.):é%%é&%‘?%gﬂbg% reactive source
of silpeohy | RAGSERAEMonABpErat h
reacti\bg&sﬁ%ﬂg 8%&2%%%31}7?%%1&?#%1% p eglenceno?lqk gnaure’ Sue
ohgaaiwees t I50EC nd 200°E¢ typicpllgagetwedn efffiCabe) 200°C, grrafezably
m xture having a nplar conposition within the
f BEIMEHR Ao Caties?0°Ppos 1 Al 208 from 0.6 to 1.2, SiQ

P Al chf ﬁﬂﬁﬂtgnfln% e Andfe 2R 'célst%%afi&ﬁ) R22 p%ﬂoc? Qf time of
from 2 to 150 hours; and
(d) recovering said molecular sieve.
[0045] The crystallization time in step ¢) will vary depending on the
crystallization temperature, but the crystallization time should be sufficient to
obtain substantially complete crystallization. For temperatures of from 155°C to
175°C, crystallization times from 30 hours to 150 hours are usually adequate.
[0046] Preferably, the mixture prepared at step a) has a molar composition
within the following ranges:
P,0s5: Al,O; from 0.8 to 1.1,
SiO; : ALOs3 from 0.12 to 0.15,
H,0 : Al,O3 from 35 to 45.



b) m xing and heating the m xture (a) to a
crystallization tenperature, such as between 1500C and

WQ 2083204/ pi cal | y between 1550C and 2000C, pr eP&r/ak1095/007289
bet ween 1650C and 1900C; c)i3maintaining the m xture at
the crystallization for a period of tine of from2 to
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[ 0045] The crystallization tine in step ¢c) will vary
depétatendptamindsethe rsjlidaatol alzaineoratioepipteatiesitleant butlequirs sieve

crystalli.zation tj houl d .be sufficient t
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[0047] The reactive source of
ﬁn&%ﬁl%gg@l Q‘h ea%a%ove m xture may be a silicate,
e. mo491f u md&;&kﬂpl@aof sticdble scabve alumifi@vadduades einélndenhydrated
ussa), a tetraal kyl orthosili cate or . an aqueous

coﬁﬂ@i@é‘? §&@E%n§‘ﬂ‘-‘é1n of boehmita, 2pdr pesudepP@mpiftar  sBIcErably,
[OWE@#OW%&T’?QFE 8 Nenour s under the tradenane Ludox.

eactlve source of phosphorus used in the

ab@esoIm Xt Urte iosgaRn veniceind | Jirdeting phigent ccoawbitientP048hides a
Exanpl es of suitable reactive alum num sources .include |
hylgtraetey] almgeanium exmgewnds ysishags bisémeyle agngonium  hydroxide

psﬁltdA%ﬁfhrtre]t}a%thy ra%r%%fqp | ph%§ﬁ1‘£?e°b9e‘?£&‘h§de z{nﬁngr? 3.91 fluoride,

tetracthyl ammonium bromide, tetrasthyl ammonium chloride or tetraethyl

ammonium acetate., Typically, the directing agent includes tetracthyl ammonium
hydroxide. In some cases, more than one organic structure directing agent may be
employed, such as a combination of a tetraethyl ammonium compound and
dipropylamine.

[0051] The amount of organic structure directing agent is typically such that
the molar ratio of directing agent to alumina is from 0.6 to 1.2, such as from 0.7 to
1.1.

[0052] It is believed that the crystallization process to produce the molecular
sieve of the present invention proceeds through the formation of a
(silico)aluminophosphate precursor, having the structure of AIPO-Hj, variscite or
metavariscite, during heat-up of the mixture, followed by dissolution of the
precursor as the molecular sieve of the invention nucleates. Among the factors
which influence the crystallization process to produce molecular sieve of the

invention are the rate at which the mixture is heated and the rate at which the
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nmodéerafgitaigort & bOT) raivbiils@eiberafiR@ et dadNrald St M Badt 8°C/hour to a
heated up to the crystallization tenperature.

P o ) . ° .
ATt ETERT e D19 edtonl $ CarﬁuP]iina_énlslﬁf’ ¢ tohk5°@voiltls synthesis
p i i i - nthesi.s m xture conponents. . .
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Optionally, agitation may also be applied during all
oftprredigsd praqact mixture containing a slurry of the precursor material. The
intermediate product mixture is then heated so as to raise its temperature at a rate
of at least 8°C/hour, such as at a rate of from 10°C/hour to 40°C/hour, to a second
temperature generally from 150°C to 220°C, such as 165°C to 190°C. This
second heating step can be conducted under static conditions or with reduced
agitation as compared with the first heating step. The second synthesis mixture is
then maintained at said second temperature until the intergrown molecular sieve

crystallizes from the mixture, which generally takes from 2 to 150 hours; such as

from 5 to 100 hours, for example from 10 to 50 hours.
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crystalline product is forned in solution and can D
r SEUPEE eRntyps stidiylis doree ahastsupertias dfyhe eranicf digating agent

oﬁséd. inttflggglrﬁﬂésis-rylgi acglrlel”eilre‘c;l I%re11bodiment, 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 200°C to 800°C in the presence of an
oxygen-containing gas. In some cases, it may be desirable to heat the molecular
sieve in an environment having a low or zero oxygen concentration. 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
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paraffins from distillates.
[0061] ~ In particular, the intergrown crystalline material described herein is
useful in the catalytic conversion of oxygenates to one or more olefins, particularly
ethylene and propylene. Thus, according to the present invention, it has now been
found that, with a silicoaluminophosphate molecular sieve comprising at least first
and second intergrown phases of a CHA framework type material and an AEI
framework type material, wherein said first intergrown phase has an AEI/CHA

ratio of from 5/95 to 40/60 as determined by DIFFaX analysis and the second
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mat eri al described herein i.s usefuyl in the cataly
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conprisin ‘least first and second i ergr wn phases
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byoda4fFaX amEpye%b@a@mbﬁygmmqmddmtoe\reg B‘@wghtrﬁhameorhﬁmched
an AElI/CHA ratio of 30/70 to 55/45 as determ ned Ey9
Dlalrmamoaaﬁ%thbﬁ, theisensaratedycuigerparts, éad Maunpifragem drloegy and
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agtHandiB n-propanol; isopropanol; C4 - Cyg alcohols; methyl ethyl ether; dimethyl

ompounds

ether; disthyl ether; di-isopropyl ether; methyl mercaptan; methyl sulfide; methyl
amine; ethyl mercaptan; di-ethyl sulfide; di-ethyl amine; ethyl chloride;
formaldehyde; di-methyl carbonate; di-methyl ketone; acetic acid; n-alkyl amines,
n-alkyl halides, n-alkyl sulfides having n-alkyl groups of comprising the range of
from 3 to 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
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detail in U S. Patent Application Publication No. .
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at [ 0064] Representative oxygenates include |ower
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c oip onctratich ofl¢harexypenak ;in ehd &rdbtpcln- Nomplmiting examples of

I sopropanol; C4 - C1 | cohol s; net hyl ethyl ether;

di Wgt@hlﬁ diisnes ;lmdwgt %@ gy 17E§ON, TP  GEYAN dbopeide, carbon
rr‘e . . p e _ . h i e y
el TSP, DB A8l el S o
c hinethiutke etifane, namld hebiyetie), esientiatyhydn-eactbenabmatic compiiyk, and
ket one; acetic _acid; n-al kyl am nes, n-al kyl halides

n-BPEyes thergaly ddie paest Repferred dilnenisrase peatesfang aviigpgesi wih water
t he.: t Oy: r 15, X4 0
t N AEpRETiy ERRd DA E R oAb i b %5 ot
madflihnmlial feidmixduyke. et her, or m xtures thereof, npst
preferably nethanol. As used herein, the term .
" 0R008nat e" Hisstegrsraureopmployerk it Ak repasier fariversinadprocess
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250°C to 800°C, including from 250°C to 750 °C, conveniently from 300°C to
650°C, typically from 350°C to 600°C and particularly from 400°C to 600°C.
[0068] 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 0.1 kPa to 10 MPa.
Conveniently, the pressure is in the range of from 7 kPa to 5 MPa, such as in the
range of from 50 kPa to 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



contai n additi onal conpounds, such as diluents. [0065]
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SHGR R@sctiol difteresults in a high pressure drop due to the production of low
pressure, low density gas.
[0072] 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 the
regenerated catalyst of less than about 0.5 wt %. At least a portion of the

regenerated catalyst should be returned to the reactor.
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Bécauss seiritivearage)is thedfsio1Hé 2 ageaser at ed frequently,
the reactor should allow easy renoval of a portion of
the catalyst to a regenerator, where the catalyst is

sybi etk §0 a regeneration nedium such as a gas
conprising oxygen, for exanple air, to burn off coke
f {0751 he cattalypsiure o3 &2B% 8 of phesphore agish @OYsin water, Acros),

371.99 g of demineralized water and 706.79 g of tetraethylammonium hydroxide
solution (35% in water, Sachem) was prepared in a 2 liter polyethylene bottle.
The resultant mixture was then transferred to a glass beaker placed in a Neslab
bath at 30°C and, after initiating stirring of the mixture with a laboratory mixer,
29.83 g Ludox AS 40 (40% silica) was added to the beaker followed by 227.01 g
of alumina (Condea Pural SB-1). A slurry was produced and was then aged for 2
hours in the Neslab bath at 30°C with the stirring being continued. The
composition of the mixture in terms of molar ratios was as follows:

0.125i0,/A1;,03/P,0s/TEAOH/35H,0
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The sinul ated diffraction patterns were then conpared
with the experinental powder XRD diffraction patterns.

the nost sensitive range is the 15
t@%@ﬁé@ EXAVPLE 1 [0075] A nixture of 382.39 g
ofog@hpsphor iThe dedc@dir8 DYOHXAmMPRL Bivas APedSd buBWith e gnoints of
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stirring of the mxture with a |aboratory m xer,
as shown in Table 2, the crystallization time was increased to 72 hours. The silica
to alumina molar ratios, dso particle sizes of the washed slurries and the AEI/CHA

ratios of the final products are also given in Table 2.
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i nfergrowths: 52% of an iintergrow sphase hgwjn

AE[7TCRA TatT@19f [107 and 8% o AT E

hayi ng an AEI}CHA rati o of gg 55 48/590an Eé%/g/gal L7
we -ghes—AR CHAat-0—6F21773—Fhé 811 2%

mol-ar—%atilo ¢ 1 Al _)6’wa thpovl§yq alVene| prvfduc 1.5
folind 80 He ®©136] EXRPLES 0190 11 WA07y] mhe 1.7
prpcedur e |of 0.Exanpl €721 was 0.4peat eto/blit | wits/85t he2g/72 2.0
ampunts off the stlarting material § Be¥ng| adpusted to
prpduge reacg.p®n |m xdouires haysng| tigofl | 128550 abgmhn

no| ar ratijos (Si/fAl 2) seff out in TQQ/Oe D kggJ;ow 7 L4
CrystattTzatiom was nducted 1 thesafrefapher—as

descri bed ind' anmpl eﬁi aIth@gah ni@?)@re c%i/gé a%gﬁ4 1.4
shewn—in—Table 2/ the crystallizht PRt | mé Vs

rati os,

i ncreased to 72 hours. *mMe-Boflavedable al unmi na nol ar
dso particle sizes of the washed slurries and

the AEI/CHA ratios of the final products are al so

giRAMPLH abl e 2. EXAMPLE 12 [0078] A sanple of each of

the crystalline materials fromExanples 2 to
[0078] A sample of each of the crystalline materials from Examples 2 to

11 was loaded into a fixed bed reactor equipped with an on-line gas

chromatograph and was used to convert a methanol-containing feed at a

temperature of 450°C; a WHSV between 800 and 1000 hr! and a methanol partial

pressure of 40 psia (276 kPa). The methanol conversion activity of each of the

materials, as the first order rate constant Ky, at the point at which the average

methanol conversion was reached, was calculated according to the following

equation:

where Xm is the maximum conversion of methanol, and

Kmax (Hz) = -In (1-Xm)/7

7 is space time(sec).




11 was | oaded into a fixed bed reactor equipped wth

an on-line gas chromat ograph and was used to convert a
woredohaeab4 cont ai ning feed at a tenperature of BEGDTS2085/007289

VHSV bet ween 800 and 1000 B3 1 and a net hanol parti al

pressure of 40 psia (276 kPa). The nethanol conversion

agﬁdﬁlt y of 1gachicafatdde TBfidsairs plaedtdiginkl st Siokidest each

rate tonstant Knax at the poi nt atp whi ch t he average

nmeichaiioFigaeBaer si on was reached, was cal cul at ed

according to the follow ng equation: Knmax (Hz) = -In

(I-Xm/ t where Xmis the maxi num conversi on of

mﬁ# LE ii%ld Tis space tine(sec).[0079] The

cal cul’'ated Kmac val ues are plotted against the Si/A 2

ﬂoo&gq:h si eve furthéti gample3af &XAVPL Bhé 3ciyg@BOF materials from

urther sanmple of each of the.crystalline terials ..

f EoAmElea ngp a4 wesiepded Tyge M558 et 10 ST PPSELHITp & on-line gas

r %ﬁ!%ttr%odgq?ﬁﬂ ARG WAL ke PRohide zgalﬁetﬁél{o@%ﬁtﬁﬁﬁ@ffe&ﬁdat a

was use 0 convert a nethanol-containing feed at a

t ?éfg}?’rﬁhwﬁ(Sﬂ(z5@EZH&V\ﬁﬁ$VO af ' 400 presranfi4@pgia €2EURs). The

0 psia (276 kPa). The average POS and POR val ues

ORVEIRES P%uﬁ&%ﬁpRpY%Wc? thﬁefﬁaﬁ%%g@@ats At pgasured and the

r I IARLS S d 7 ach sieve

e B R PR AT P e 3800 e,

wipdsipe seerConiatinkFidurédtn RASLaitdviRGR seed thesbatkalehP@B and

opti mum at a KnBx val ue of from about 400 to 65 .

EXANVPY Huasyep@oagpLinien gt Bewl vatueitdings abgut é&%ﬁ)p(? %

and 10, together with an AEI/CHA i ntergowt h having the

same Si/Al'2 as the nmaterial of Exanple 3 were forned

i EoAvaiat yats as follows. [0083] An aqueous slurry

was produced conprising 45 wt % solids wherein th )
sd0082%3 conpriheemoleouigr Gieyes 1off Examples, 419ndnd 9 togetigr with an

gméﬁéﬁhﬂeﬁ%{wtﬁ ! 'Vlt\ﬁ%gcgcﬁé @%géngli%[m% : ogﬂ;:?ﬁ%gﬁﬁ%ﬁﬁlﬁle 3 were

formed into catalysts as follows.

[0083) An aqueous slurry was produced comprising 45 wit% solids
wherein the solids comprised 40 wi% of the sieve, 12 wt% of an alumina binder
derived from aluminum chlorohydrate supplied under the trade name Microdry by
Reheis Inc., Berkeley Heights, New Jersey, USA, and 48 wt% of kaolin clay
supplied under the trade name Hydrite Ultrafine by Imerys, Roswell, Georgia,
VUSA. The slurry was dried and then calcined at 650°C to produce the finished
catalyst.

[0084] The hydrothermal stability of each catalyst was determined by
measuring methanol conversion activity of the catalyst before and after the catalyst
had been subjected to an accelerated steam deactivation test.

[0085] The accelerated steam deactivation test was conducted by loading
2.0 g of the catalyst between stacks of quartz fiber felt in a 0.375 inch (0.95 cm)
internal diameter tubular alloy reactor and then filling the remainder of the reactor

with silicon carbide particles. A gas mixture of nitrogen and steam was then



Reheis Inc., Berkeley Heights, New Jersey, USA, and 48
wt % of kaolin clay supplied under the trade nane

woasitexrod) trafi ne by Inerys, Roswell, Georgi aPC1B%2005/007289

The slurry was dried and tBén calcined at 650C to

produce the finished catal yst. [0084] The hydrot her mal
StUAbIEA byerthe eaghsCRIBOXSImitaR HSBsTiesh b Barti
nmet hanol conversiiglon activity of the cata y§¥ysﬁggsrlﬂereah{]gamal
aniresfuree! t3esi (At ldla)st had been subjected to an

ac rat ed eam.,deacti vation test. [0085] The

Sl ot o ThE AR oy Stio8 heliht of b Sotbttvermsgsured in
I [ : t .

¢ Poobicty Shidko0ealdiC RbpUR or IR P HRTE AR p B frixed
t Uith &0- 1801 rog of edicow caditt Wirclvafied In ngtatides seRAHIDY @aving an
of the reactor w,th silJicon_carbide particles. A gas
oS SRR Lo i o L D ha s A phBh TS AR sy bhren two
cadt R0 ] . .at . a

S AR SF Rt 3Rr TR ML Rl RO 12 Bl R Bief oyt to
nevtriordt 4667 end RO psiad 72 kPh)yardfa WAESY oAUSD WSt (WBSV based on

ngﬁlsur ed ir}_ a ]I@a‘gor atory mcro-reactor. An anount of
10736TRE 0 PRlECHaR SpYAs haritplyps The peeflugt streagowaganalyzed

e b g ARER R0 Fa ArohBRErn QR SR £ BRe358Ry L

TheS&ating psEOWERX isCH00DeM betssesin tyamst R6MSRVPM Scientific,
qlfﬁrté fi bgr frit_ and methanol was brought in contact
wilthy cABacEebprs(CA o Thacebyibar! /BdT catslysksKpsi (ag 1defined in
kR B WGV 0 \HSY based on unt

of rrgfl’isecu ar si ea\ﬁ}fcce1 alﬁ% %tﬁdémé%%cﬁp%%l? Sﬁ%“&t%ﬁ%? Below.
stream was anal yzed by an on-line Agilent 6890 gas

chr omat ogr aph equi pped with a fast nodule LTM A58

using a LOAOX DI - C300 1OMFTABLES nm col um from RYM
SCTeRribiL, [T g agantay Barhara, CA—The—aetivity—of
eac%g}cfélgalyst, Qﬁé@z(as dg?lﬁ%lelg‘mf‘n Exg‘ffj‘l ®i2)| b&rgTe
ard—afier—steamdeactivation e shqun S{SAIMnEh| | 3activity (%)
bel ow.” TABLE 3 [8387] Wil elthé present44-iventjon KasS
been dgscribed apgq T tustratgagby Teference—to
particul ar enbodp%ent S, tho%géj'%f ordi na}% skilll in3tfe
\

art wilbl appreci ape that theggnventionghends T[tSelH, [0
jari-ations not necessarily illustrated '

[0087] 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.



herein. For this reason, then, reference should be

made solely to the appended clainms for purposes of
waledsne2zd ng the true scope of the present PCT/US2005/007289

i nvention. CLAIMS W Claim 2. A silicoal um nophosphat e

nol ecul ar sieve conprising first and second intergrown

phegesngé a CHA framework type and an AEl framework

type, whérein said first intergrown phase has an

AEWFimat i o of from5/95 to 40/ 60 as determ ned by

Dl FFaX anal ysis, the second intergrown phase has an

AEI /CHA ratio of 30/70 to 55/45 as determ ned by

Dl FFaX angi LA i |

Lo 5l g e S e RS S S P ReD 5} dfsccond

The si | indergtanwr plmshmsm&Hé\ ﬁ@ﬂnewutkaﬁyps ped en AEI dtamawoik type,

o 0. 22WIEFE S HPEATDS Rrce G0 a2 ALV B0 of fom 5195 to
si | i coakghReRBRARMARY y:i?i;ml bidiyss, Eﬂ{@sé%t)n& rﬁﬁg}&wﬁhase has

claim?2, wherein said t 1 ntergrown phase
AEIl / CHAar ABIGCTOA rhtiorf 3008 too5 263 86 .detbrmited by DIFFaX analysis

si | i coal um nophgsphat e ecul.ar sieve of an

pr ecedi fﬁ‘g‘{“ s “\}ﬁ?érséﬁ"g%é%\?&ﬂé"éé%}ﬁg@lﬁﬁ éﬁu&aro\mo Ri4dls) from
has an AgLiCHA4ratio of from 40/60 to 50/50. 5. The
silicoal um nophosphat e nol ecul ar sieve of any

precedl ng claim wherein the ratio of first to second

ergr hase s from 10:90 to 90: 10, preferably
{1 om 401 BoSLEoRGRIOPROSPHHE g lpquid £ GYRiOR S st having a silica

m" ecul gy aflézhﬁl‘é%o‘?ar r {0V dth 8A89b AoC %&F&Mﬁ? ‘i*ro'i}?%f 9% 831.

X-ray diffraction pattern having a eas

refl ection peak in each of the follow ng ranges in the

51to0 25 (20) . range: 20 (CakKa) 9.3-9.6 12.7-13.0

133.8- 14The sﬂlcoalummophosphate molecular sieve of claim 1 or claim 2,
wherein said first 1ntergrown phase has an AEI/CHA ratio of from 5/95 to

20/80.

4, The silicoaluminophosphate molecular sieve of any preceding claim,
wherein said second intergrown phase has an AEI/CHA ratio of from

40/60 to 50/50.

5. The silicoaluminophosphate molecular sieve of any preceding claim,
wherein the ratio of first to second intergrown phase is from 10:90 to

90:10, preferably from 40:60 to 60:40.



15.9-16.1 17.7-18.1 18.9-19.1 20.5-20.7 23.7-24.0 7.

The silicoal um nophosphate nol ecul ar sieve of claim®,
wob@seinosai d Xray diffraction pattern has no PCT/US2005/007289

reflection peak in the 9.820 12.0 (20) range. 8. The

sili coal um nophosphat e nol ecul ar sieve of any

precedi mge GligbAluatbphoyiAGE A0le¥Rar RRVE %mn?ﬁé&hﬁﬂgr}gaim and
two broad features in the 16.6 to 18.5 (20) range.” 9.
The si | hedag aniXrophdididraive patitrechdvang s least oot reflaition §eak in

wh [ id first b d f [ tered at about
177 20) it Tougta e dad s e 0] hEent or ed at
about 18 (20). 10. The sil %@ nophosphat e

nol ecul ar sieve of any preceding claimand having a
d50 particle size of 0.1 to93-fam 11. A nethod of
synt hesi zi ng the silicoal u2tephosphat e nol ecul ar
sieve of any precedi ng cl aiimg-the net hod conpri sing:
(a) preparing a mxture conprg.gfg a source of water,
a reactive source of silicqp,; g feactive source of
alum num a reactive sourCﬁ8 _}éj%osphor us and an
e
2A2r2& 4

organic directing agent fo ting the formati on of
sai d nol ecul ar sieve such id mxture has a
mol ar conposition within tRB&7%&-Powi ng ranges: P2C6
A28 fromO0.6 to 1.2, Si Al2AB from0.12 to

2
0. 20, Al 208§ 25 1 0, (b). agitat] d ..
hedt | ng'?%fw‘fﬁm{o°ﬂ%saﬁateﬁ?§w§q s 57 ph eind o st gaid X-

(c) mai fbaffiaBGorSHt@riThastdérrer &t Hetk H hs O bizal ggﬁrange.
tenperature for a period of time from2 to 150 hours;
and
8. The silicoaluminophosphate molecular sieve of any preceding claim and
having an XRD pattern exhibiting two broad features in the 16.6 to 18.5

(20) range.

9. The silicoaluminophosphate molecular sieve of claim 8, wherein said first
broad feature is centered at about 17 (26) and said second broad feature is

centered at about 18 (20).

10.  The silicoaluminophosphate molecular sieve of any preceding claim and

having a dsg particle size of 0.1 to 3 ym.

11. A method of synthesizing the silicoaluminophosphate molecular sieve of
any preceding claim, the method comprising:

(a) preparing a mixture comprising a source of water, a reactive source
of silicon, a reactive source of aluminum, a reactive source of
phosphorus and an organic directing agent for directing the
formation of said molecular sieve such that said mixture has a

molar composition within the following ranges:



(d) recovering said nolecular sieve. 12. The nethod of
claim 1l wherein said mxture (a) has a nolar

W@ eoopaeizod on within the foll ow ng ranges: P2C6PCT/BER@3007289
from0.8 to 1.1, Si2 : A28 from0.12 to 0.15, HO
A28 from35 to 45. 13. The nethod of claiml1l 1 or
claim 12 wherein thepfml ak1,02kbf @ tP1gani c directing
agent to alumina is fromO0.6 to 1.2. 14) The nethod of
any one of clains 1Si010ALQ; Woer @il2ts@aR6d, or ganic
di recting agent conprises t et raet hyl ammoni um
conpound. 15. The net "620(%&‘%99'[}75%2’ erein said
or gani cji I egdiiaigs 36 ALatRLSid b %85 b RILBN bR :
16. The(}ﬂet ho§d ofgany oane%of cl al ﬁs 110% f%aﬂv\%er el %rature,
t he heafdng maintdhingsacgbmixioteest said asystatlization eerhpeeature for a
tenperature of .said mxture at a rate of at |east
80C honr, prBfiadtm Olﬁ%tﬁﬁéocﬁ’u\‘sﬁ%‘?‘ﬁ 10CZhour to

40CZhourgy 17recdNgin %ﬁ%ol@éul%e\%.”e of clains 11 to 16
wherein Said crystallization tenperature i s between

15Q0C and 220C. 18. The nethod of any one of clains 1 1
to 17 rein th ecqvering (d), separates said .
m)]r%culwg ¢ Siothod of i d kR spidqiturane) hee 2 raelgt corapasition
of the %Rhfﬁecﬁefchﬂb{%%}aﬁﬁﬁ?cyd ed to (b). 19. A

e

si | i coal um nophospha ecul ar sieve synthesized by
the net hod of any on®&QGaf Ad}@d fiemD.&tct01,18. 20. A
process for making an olefin product froman oxygenate

feedst ock conpri si ngiQortlale: frag &k @ Gldsgenat e
feedstock with a cat ﬁz?ﬁ%%@%ﬁﬁﬁ%% 4t5he
c

si li coal um nophosphat € no ar sievé of any one of
clainms 1 to 10 or claim19. 21. The process of claim

20, wherei n wherei n sai d oxygenat e feedstock conprises _
methan oﬁ}e methed ifi clamnét op P?aémni%(t"’@?@ll“{ Hhermelar ratio of organic

directing agent to alumina is from 0.6 to 1.2.

14. The method of any one of claims 11 to 13 wherein said organic directing

agent comprises a tetracthylammonium compound.

15.  The method of claim 14 wherein said organic directing agent also

comprises dipropylamine.

16.  The method of any one of claims 11 to 15 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, preferably at a rate of from 10°C/hour to 40°C/hour.

17.  The method of any one of claims 11 to 16 wherein said crystallization

temperature is between 150°C and 220°C.,
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18.

19.

20.

21.

28

The method of any one of claims 11 to 17 wherein the recovering (d)
separates said molecular sieve from a mother liquor and at least part of the

mother liquor is recycled to (b).

A silicoaluminophosphate molecular sieve synthesized by the method of

any one of claims 11 to 18.

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 1 to 10 or

claim 19,

The process of claim 20 wherein wherein said oxygenate feedstock

comprises methanol, dimethyl ether or a mixture thereof.



