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into one or nore olefin(s), primarily ethyl ene and/ or

pf@93] ene, 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 an 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

oxygenate conversion catalysts, small pore silicoaluminophosphates (SAPOs),
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[0007] According to the present invention, it has now been found that the
order of addition of the starting materials, particularly of the aluminum source,
and more particularly of both the aluminum source and the silicon source, and the
temperature of the synthesis mixture during the addition of the starting materials
can significantly impact the success of SAPO synthesis processes, particularly
when conducted on a large, commercial scale. Thus, the organic directing agent
used in the synthesis of silicoaluminophosphates is often a basic compound, such
as a basic nitrogen compound, whereas an attractive phosphorus source is
phosphoric acid or a similar phosphorus acid. The mixing of these materials can

therefore generate heat and hence raise the temperature of the synthesis mixture.
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Polytron. 3.49 kg of di-n-propylamine are then added slowly with mixing. An
additional 21.59 kg of aluminum isopropoxide and 18.0 kg ice are added in small
increments over a time period of four hours with mixing/homogenization,
followed by an additional 3.49 kg of di-n-propylamine. 2.30 kg of fumed silica
(Cabosil M-5) are then added with mixing/homogenization until >95 weight
percent of the particles in the mix are smaller than 64 microns. It is reported that,
during the entire procedure, the temperature of the mixture never exceeds 30°C.
[0010] Example 2 of U.S. Patent No. 5,663,480 discloses the synthesis of a
crystalline titanoaluminophosphate from a mixture obtained by placing 34.6 g of

phosphoric acid (85% by weight aqueous solution) into a beaker having a capacity

of 500 ml and then adding 73.6 g of tetraethylammonium hydroxide (20% by
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W'[d(ﬁZF' t rt?% i’atent No. 6,334,994, incorporated herein by reference, discloses

a silicoaluminophosphate molecular sieve, referred to as RUW-19, which is also
said to be an AEI/CHA mixed phase composition. DIFFaX analysis of the X-ray
diffraction pattern of RUW-19 as produced in Examples 1, 2 and 3 of U.S. Patent
No. 6,334,994 indicates that these materials are characterized by single intergrown
forms of AEI and CHA structure type molecular sieves witlr AEI/CHA ratios of
about 60/40, 65/35 and 70/30. RUW-19 is synthesized by initially mixing an Al-
source, 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 tetraecthylammonium hydroxide, to



directing agent or the silicon source and then the
remai ni ng conponents, including the alum num
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U S. Patent No. 6,334,994, incorporated herein by
reference, discloses a silicdalum nophosphate
nol ecul ar sieve, referred to as RUW 19, which is al so
said to be an AEI/CHA m xed phase conposition. DI FFaX

anal ysis of the X-r diffraction pattern of RUW 19
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(b) heating said synthesis mixture to a crystallization temperature of
between 100°C and 300°C; and
(c) recovering said molecular sieve.
[0014] Conveniently, the temperature of said combination of the phosphorus
source and organic directing agent is less than or equal to 40°C, preferably less
than or equal to 30°C, and more preferably in the range of 10°C to 30°C, when
addition of said source of aluminum begins.
[0015] In one embodiment, the temperature of said combination of the
phosphorus source and organic directing agent is controlled so that said
temperature does not exceed 50°C, preferably does not exceed 40°C, more

preferably does not exceed 30°C, and most preferably is within the range of 10°C



t he phosphorus source and organic directing agent, the
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begins; (b) heating said synthesis mxture to a

crystallization tenperature 8f between 1000C and

3000C;, and (c) recovering said nol ecul ar sieve. [0014]
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[0020] Conveniently, said silicoaluminophosphate molecular sieve
comprises at least one of an AEI framework type molecular sieve and a CHA
framework type molecular sieve.

[0021] In one embodiment, said silicoaluminophosphate molecular sieve
comprises at least one intergrown phase of an AFEI framework type molecular
sieve and a CHA framework type molecular sieve. Conveniently, said at least one
intergrown form has an AEI/CHA ratio of from about 5/95 to about 40/60, for
example from about 10/90 to about 30/70, such as from about 15/85 to about
20/80, as determined by DIFFaX analysis.

[0022] In a further embodiment, the first silicoaluminophosphate molecular
sieve comprises first and second intergrown forms each of an AEI framework type
material and a CHA framework type material, the first intergrown form having an

AEI/CHA ratio of from about 5/95 to about 40/60 as determined by DIFFaX

analysis, and the second intergrown form having a different AEI/CHA ratio from



up to about 12 hours. In one enbodi nent, the synthesis
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Molecular Sieves

[0026] Crystalline molecular sieves have a 3-dimensional, four-connected
framework structure of comer-sharing [TO4] tetrahedra, where T is any
tetrahedrally coordinated cation. In the case of silicoaluminophosphates (SAPOs),
the framework structure is composed of [SiOs], [AlO4] and [PO4] corner sharing
tetrahedral units.

[0027] Molecular sieves have been classified by the Structure Commission
of the International Zeolite Association according to the rules of the TUPAC
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, Sth edition, Elsevier, London, England (2001),

which is herein fully incorporated by reference.
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sg{lfg?b?@ fromthe group consisting of EMI, FAU, and
substrtuted forns thereof. O her nol ecul ar si eves have
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ANA, BEA, CFl, CLO DON, 'S, LTL, MER, MOR MM and
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”Plhgc Lgn%ﬁl ]%rg\/n?cﬁemﬁﬁ‘r stlé\%gl lg@lrlérXHy have up to §-ring structures and an
average pore size less than 5A, whereas medium pore molecular sieves generally
have 10-ring structures and an average pore size of about SA to about 6A. Large
pore molecular sieves generally have at least 12-ring structures and an average
pore size greater than about 6A. Other framework-type characteristics include the
arrangement of rings that form a cage, and when present, the dimension of
channels, and the spaces between the cages. See van Bekkum, et al., Introduction
to Zeolite Science and Practice, Second Completely Revised and Expanded
Edition, Volume 137, pages 1-67, Elsevier Science, B.V. Amsterdam,
Netherlands (2001).

[0031] Conveniently, the silicoaluminophosphate molecular sieve produced
by the method of the invention is a small pore material including an AEI topology

or a CHA topology, such as SAPO-18 or SAPO-34. Preferably, the molecular
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namely AEI is generated. The intergrown molecular sieves described herein
comprise stackings of layers "a" and "b" containing regions of CHA framework
type andvregions of AEI framework type. Each change of CHA to AEI framework
type is a stacking disorder or planar fault.

[0034] In the case of crystals with planar faults, the interpretation of X-ray
diffraction patterns requires an ability to simulate the effects of stacking disorder.
DIFFaX is a computer program based on a mathematical model for calculating
intensities from crystals containing planar faults (see M. M. J. Tracey et al,,
Proceedings of the Royal Chemical Society, London, A [1991], Vol. 433, pp. 499-
520). DIFFaX is the simulation program selected by and available from the

International Zeolite Association to simulate the XRD powder patterns for

intergrown phases of zeolites (see "Collection of Simulated XRD Powder Patterns
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to simulate the XRD powder patterns for intergrown
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bﬂ{bﬂilfer)OfAlﬂ b@@ﬁfﬁﬁ&twn%a@@mmaséh@ﬁlaﬁfzed Rethe highest peak of the
International Zeolite Association). It has al so been

usetiresset qfwe@uléwﬁ@amlys,steu@y penk atrapoutih S gharsess2bfor e, CHA
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phase, one can observe a decrease in intensity of certain peaks, for example, the
peak at about 26 = 25.0 and an increase in intensity of other peaks, for example the
peak at about 20 = 17.05 and the shoulder at 26 = 21.2. Intergrown phases with
AEI/CHA ratios of 50/50 and above (AEI/CHA. > 1.0) show a broad feature
centered at about 16.9 (26).

[0037] In a preferred embodiment, the intergrown silicoaluminophosphate
molecular sieve produced by the method of the invention is at least one
intergrowth of an AEI framework type and a CHA framework type, wherein said
at least one intergrowth has an AEI/CHA ratio of from about 5/95 to about 40/60,

for example from about 10/90 to about 30/70, such as from about 15/85 to about
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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 extra-framework material such as water or template in the cavities.
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.
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Tabl e below. Table 1 2QCuKa) 9.3-9.6 12.7-13.0
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23.7-24.0 [0038] The X-ray diffraction data referred
to herein are collected withla SC NTAG X2 X- Ray Powder
Diffractoneter (Scintag Inc., USA), using copper
K-al pha radi ation. The diffraction data are recorded
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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
pattern exhibits a broad feature centered at about 16.9 (26) in addition to the
reflection peaks listed in Table 1. _
[0041] Preferably, the CHA framework type molecular sieve in the
AEI/CHA intergrowths described above is SAPO-34 and the AEI framework type
molecular sieve is selected from SAPO-18, ALPO-18 and mixtures thereof. In
addition, the intergrown silicoaluminophosphate preferably has a framework silica
to alumina molar ratio (Si/Al,) 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.

Molecular Sieve Synthesis

[0042] Generally, silicoaluminophosphate molecular sieves are synthesized
by the hydrothermal crystallization of a source of aluminum, a source of
phosphorus, a source of silicon and at least one organic directing agent. Typically,
a combination of sources of silicon, aluminum and phosphorus, together with one

or more directing agents and optionally seeds from another or the same framework
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also include aluminum-containing phosphorus compositions, include phosphoric
~ acid, organic phosphates such as triethyl phosphate, and crystalline or amorphous
aluminophosphates such as AIPQ4, phosphorus salts, or combinations thereof. A
preferred source of phosphorus is phosphoric acid.
[0046] The organic directing agents employed in the synthesis of
silicoaluminophosphate molecular sieves generally contain at least one element of
Group 15 of the Periodic Table of Elements and at least one alkyl or aryl group,
such as an alkyl or aryl group having from 1 to 10 carbon atoms, for example from
1 to 8 carbon atoms. Preferred directing agents are basic nitrogen-containing
compounds, such as amines, quaternary ammonium compounds and combinations
thereof.  Suitable quaternary ammonium compounds are represented by the

general formula R4N", where each R is hydrogen or a hydrocarbyl or substituted
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1syrthebd MadtieN Adt&timhg tb Gie iB¥dBhSit hasW¥¥en found that such a rise in
temperature can lead to undesirable side reactions and possible production of
impurity phases if the aluminum source is added to the synthesis mixture, and
more particularly if both the aluminum and silicon sources are added to the
synthesis mixture, when the temperature of the mixture exceeds 50°C. Generally,
it is found that the temperature of the combination of the phosphorus source and
organic directing agent should be less than or equal to 40°C, preferably less than
or equal to 30°C, and more preferably in the range of 10°C to 30°C, when addition
of the aluminum source begins and preferably when addition of the silicon source
begins.
[0049] To alleviate the above-mentioned problem, the temperature of the

synthesis mixture is preferably controlled during the initial combination of the
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pH¥SBhor i cThepidicon soyice [capdeaipppdudedtiatp theagontteation of the
gﬁ%sgg?rﬁg (%l[}gés gnd?rgr ecl: gggcttlﬁlgq§gn% %Efo% (:“aftlgze 9r sn%ﬂﬁianegusciy with

enper a esi’s m X
AgeailEthid@nt oukdes bt eldthain; added Makn bE@fbn{péhHﬂlﬂe tofaie mixture
such a rise in tenperature can | ead to undesirable

sisdessithanceriegnal taf8”@ossi bl e production of inpurity

CURSTES o AlE: CotIiAT e, SubdieRly & iy wh R amiphae. e
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synthesis m xture, when the tenperature of the m xture

et d9°Gdaer a @lﬁé};patpmpout 12 hours. Conveniently, the synthesis mixture
is agitated during the aging step.

[0052] After the optional aging step, the synthesis mixture is sealed in a
vessel and heated, preferably under autogenous pressure, to a temperature in the
range of from 100°C to 300°C, for example from 125°C to 250°C, such as from
150°C to 200°C. The time required to form the crystalline product is usually
dependent on the temperature and can vary from immediately up to several weeks.
Typically the crystallization time is from 30 minutes to 2 weeks, such as from 45
minutes to 240 hours, for example from 1 hour to 120 hours. The hydrothermal

crystallization may be carried out without or, more preferably, with agitation.
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than or equal to 30C, and nore preferably in the range
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(d) recovering a crystalline product containing the desired molecular sieve.
[0055] As a result of the synthesis process, the crystalline product recovered
such as in step (d) above contains within its pores at least a portion of the organic
directing agent used in the synthesis. In a preferred embodiment, activation is
performed in such a manner that the organic directing agent is removed from the
molecular sieve, leaving active catalytic sites within the microporous channels of
the molecular sieve open for contact with a feedstock. The activation process is
typically accomplished by calcining, or essentially heating the molecular sieve
comprising the template at a temperature of from 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.



is agitated during the aging step. [0052] After the
optional aging step, the synthesis mxture is seal ed
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t eheh8) MM foSassikOn R%BIRRIGInE R atdlyd: dubflg Rpehdatic)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

[0058] The silicoaluminophosphate molecular sieves produced by the
method of the invention are useful as catalysts in a variety of processes including
cracking of, for example, a naphtha feed to light olefin(s) or higher molecular
weight (MW) hydrocarbons to lower MW hydrocarbons; hydrocracking of, for
example, heavy petroleum and/or cyclic feedstock; isomerization of, for example,
aromatics such as xylene; polymerization of, for example, one or more olefin(s) to
produce a polymer product; reforming; hydrogenation; dehydrogenation;

dewaxing of, for example, hydrocarbons to remove straight chain paraffins;
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the nol ecul ar sieve can be various inert or
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C afirduysst theRBR O MLt SiphZRO hiciety Gatlaldrmbll¢ @BRARME b/ about 1 to
alumna or alumna sol, titania, zirconia, quartz,

siebout d 0 gprbonjatoszs, susth as dpdn ahoxt |t abauh écabpn atpess e

C ents,are also effectjve i,n,reduci pg pver al

TR ot cBEEs Al Fudcalet Ras i PR RgRL Sl pr pramched
h@Rphatibi adolbRYtHelFung AhAkeaStoudieipang, SROGBR MifdgR, halogen and
densi fying the catal yst and increasing catal yst
ssuléyrganalogyese nExdnepieeelf svitablesaxygenate 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
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
material used as the feed. The total charge of feed to the reaction zone may

contain additional compounds, such as diluents.
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had BOPT, iNBLEAR RS 2567 {J P85 9C,adBnRES entBNHom 300°C to 650°C,
typically from 350°C to 600°C and particularly from 400°C to 600°C.
[0064] 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 pressure may
adversely affect selectivity, conversion, coking rate, and/or reaction rate; however,

light olefins such as ethylene still may form.
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Represent ati ve oxygenates include | ower straight chain

or branched aliphatic al cohot, their unsaturated
counterparts, and their nitrogen, hal ogen and sul fur
anal ogues. Exanpl es of suitabl e oxygenate conpounds
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present, the diluent(s) is generally non-reactive to
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catalyst is subjected to a regeneration medium, such as a gas comprising oxygen,
for example air, to burn off coke from the catalyst, which restores the catalyst
activity. The conditions of temperature, oxygen partial pressure, and residence
time in the regenerator should be selected to achieve a coke content on regenerated
catalyst of less than about 0.5 wt %. At least a portion of the regenerated catalyst
should be returned to the reactor.
[0069] Using the various oxygenate feedstocks discussed above, particularly
a feedstock containing methanol, a catalyst composition of the invention is

effective to convert the feedstock primarily into one or more olefin(s). The

olefin(s) produced typically have from 2 to 30 carbon atoms, preferably 2 to 8
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f toferend@n Inrortiéretowbese Ibéstﬁftﬁﬁ%&étwe%ﬁié DEF RS dimathtaiSpatterns
wei ght of feed (excluding diluent) per hour per weight
ofindythe gxpgrimpei@nagams.omerastsoil sirpplaied kD prissras waregopenated

(ex di. ' t. i . ney.al .l
R L R T
S 000R/@IH5089) did o BigBroadedifioot 0.09$Fiatired 16@ndQA6). 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.

Example 1
[0072] A mixture of 5017 kg of phosphoric acid (85% in water), 4064 kg of

demineralized water and 9157 kg of tetraethylammonium hydroxide solution (35%
in water, Sachem) was prepared. After initiating stirring of the mixture and
cooling the mixture to 30°C, 392 kg Ludox AS 40 (40% silica) was added to the
beaker followed by 2873 kg of alumina (Condea Pural SB-1) and 422 kg of rinse



hr 1, for exanple in the range of fromO0.1 hr 1 to 200

hr 1 . [0067] A practical enbodi nent of a reactor
waeyekemstor the oxygenate conversi on process iBCHUS2005/040285

circulating fluid bed reactogr,w th conti nuous

regeneration, simlar to a ern fluid catalytic

cracker. Fixed beds are generally not preferred for

the process because oxygenate to olefin conversion is

a h '

b R Y s S e e T S

r ag€dlioos: al so results in a high pressure drop due to

t he production of | ow pressure, |ow density gas.

[ 0068] Because tHé2§§bé$bgﬂpﬁ%£¥E6@EV%ﬁéﬁbrated
f TG4 nt ! yTl{l%]nﬁxt{ltee {rarfsmldqo %l a%We?s el \r/\ﬁtggl\.ﬁ@% ﬁ&{ héhted

rt| n of cata 0 a regenerato
cat akysbf rze°@/u&urastled°¢ evhale bREGHEINRE ivdth :m&ﬂmrmt aSpedd of 31
as a gas conprising oxygen, for exanple air, to burn

ofpmcokke putoplayhevag deat ytstl65°\ﬁh farh7% bewrsr eafteheooling to room

tal yst a t| t The con t|on f.te rature,. )
oSt the; fe.gfiy svag Hgedn e Waed slug e g Pattiste size of
r eoenar r%as%f'é@b%@l o138 ‘M%ﬂar&i&r@@bo B4 eRpreRKE b volume)
content on regenerated catalyst of less than ab ou?

wilhgo waghel esletry awasothenodried andearr e’@e&yeda“frectlcmapaﬂtgrst of the
shou be r rned . to the reactor 0 [

» aPlllimeonlp il aPE a6 G Bhaiet arorbuve it above
pUstﬂgcﬂhll@ﬂifﬁaéhoﬁe}ﬁﬂ%ﬁpQj(IFFQﬁtafﬁhlﬂfbl@Qvﬁe&ﬂl@ﬁ&led afld showed the
catal'yst conposition of the invéntion is effective to

c@m@iltnetmedﬁceedmrtwh aprARKCHAyiniengrowtineoroprisimg 26 wt% of an

ol S The o ced typi I have fro
g R R A i A S
MBfcPe. PRk AR 16 zﬁu&ﬁxa@nﬁﬁf ?zﬁﬂ) @UQHB ofSthé lckystli® product was
preferably 2 to 4 carbons atons, and nost ‘preferably

af@indithyledhis amiiihoryigid opHeohBl Clldeintagiomtiamtas GDEf Wi of the

can. pe separated.fromthe oxygenate conversion product
fB?KgdpgugilﬁE%nﬁﬁ Y%d to a downstream process. for

converting the olefins to, for exanple, polyners.
[0070] The invention will now be nore particularly

dggg_gmgg__gh reference to the fol I owi ng Exanples

e Exa DIF ax anal was use
QU3 no TREPREFIERAT ESamE ] Y aeHor S Bitar s fis pdure of
SbH&HpﬁBﬁéj a&@,"%ﬁ{mefa@e@\I/zft&aa‘hh't&ﬁethylammomum hydroxide solution

being cooled to various temperatures between 10°C and 50°C before addition of

the silica and alumina. Apart from some minor changes in the rate of heating to
the crystallization temperature of 165°C, all the other parameters of Example 1
remained the same. The results are summarized in Table 2, where “Other”
designates any impurity phases present in the crystalline product as determined by
the X-ray analysis and “Cooling Temp” indicates the temperature to which the
mixture of phosphoric acid, demineralized water and tetraethylammonium

hydroxide solution was cooled before addition of the silica and alumina.



patterns for varying ratios of AEI/CHA were generated
usi ng the DI FFaX program avail able fromthe
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powder XRD

fl ;?Hb‘g‘t[lé?ﬁa?%ﬁt@hiatlon
xgmﬁﬁ:@fo &lpthe

The sinmul ated diffraction patterns were

t Eaamplespaasti8 wi t h t he experi nent al
diff i

SHTATT e Tad ot SR pt e
[ A%k 16\54@ rs&rrg %ugér &%ﬁrmx%prmiﬁwﬁo%r

dem neral i zed water and

z{}?rl ta{r%“t%%%th)é%%&kar aroxrde
kgd afuﬁhﬁ@"‘ﬁﬂa RYults
ndea Pural SB- and

r answammeafrzed Tin&akle ﬁpwbelter“@thqnf deshglaltersraab' 1mpmmﬁyq$as:s present

ure |
“?L Sdens

was transferred to a stainl ess steel

ter

irsapbsiss sCipa 3

s was.as foll ows:
Y SFPSIS The ni xture

aut ocl ave and

heated at a rate of 20C/ hour to 1650C whil e being
stirred with a m xer at a $pbled of 3 1 rpm The

C for

wio] ht‘\ 1y

aut-eetave ke s—AFef—epohi ng
tq rbdm E‘@@% Fre 1etkﬁ M@SJA@@ %%rhec Shaghed
sl naMtr/Or‘I 8 size of Product

7 19.5 30/70 APC 0.15

8 20 20.2 27/73 0.16

Examples 9 (Comparative)

[0076]

.g of demineralized water.

8221.1 g of phosphoric acid (85% in water) was diluted with 6693.8

(40% silica in water) and 147.1 g of water.

To this solution was added 535.6 g of Ludox AS40

After mixing until homogeneous,

15001.3 g of tetraethylammonium hydroxide solution (35% in water, Sachem) and

147.1 g of demineralized water were added and the mixture was stirred until

homogeneous.

rinse water were added.

Then 4886.2 g of alumina (Condea Pural SB-1) and 367.8 g of

The temperature of the mixture was 53°C. The

composition of the final synthesis mixture in terms of molar ratios was as follows:

0.10S10,/A1,03/P,0s/TEAOH/34H,0



1.7 mm as neasured with a Malvern Mastersizer 2000

(d50 expressed by volune). The washed slurry was then
waleioedsmexl an X-ray diffraction pattern of thePCT/US2005/040285

crystalline product was taken after the cal cination

procedure descri bed above. 4 ing this diffraction

pattern, DI FFaX anal ysis was conducted and showed the

crystalline product to contain an AEI/CHA i ntergrowth

C S' ng].;%6 \A&V\y@}@e%asq Aelredtd ‘El]g{aﬂ{lfss SYeeFalpg C%{%uzln%rheated

ev and struc ure
smew hrsTide1 BeLi widld Beind utmﬂraiawnﬁlaamureatat Q sp&dd & &) rh. The
the crystalline product was found to be 0.16 and the
yatébcda‘(rf washleepAR 1 PR font ZhgurowAlitenesoliR@.te reunddeniperdtare, the

TS SRS of e Shetis, BRR ANed e ko gaction
Mhattet 6f e &ngh@ bdduBCivis tallEf NBE %lrécﬁl%gw\é@ﬁ@éhuﬁ%j to be a

tetraet hyl anironi um hydr oxi de sol uti on being cooled to
vmnxtomsﬁtSekﬂQﬁandSéé’Qaé‘tween 10C and 5Q0C before

0B Chanyole e priscitopaension i g peied s dustated by

Cre¥stide! t& %tahﬁ;ﬁla? eIRSIaRheS Bosd &TCorditlaly tsRA1 @4 NBE art will
paramet ers of Exanple 1 remained the same. The results

asppreuaterahit 2bd inventiom Ilemdﬁ Jtsolfi¢o eyafnmdms rrot ahesasgmly @ldustrated

h I d
oo obon lsaRasm RPacetaghon Siopltl 6 e Relsbf o e Hpgaded
| O AoP BulpSes P EBEBHATHIEANE Budbiobl of 1 phtsthtifBeron.

phosphoric acid, dem neralized water and
tetraethylannnnlun1hydrOX|de sol uti on was cool ed
before addition of the silica and al um na. Table 2
Exanples 7 and 8 [0075] The procedure of Exanple 1 was
repeated but with the crystallization tine at 1650C
bei ng either 48 hours (Exanple 7) or 60 hours (Exanple
8), all the other paraneters of Exanple 1 remaining
the same. As in Exanple 1, the mi xture of phosphoric
acid, demneralized water and tetraethyl amoni um

hydr oxi de sol uti on was cooled to 30C before addition
of the silica and alum na. The results are summuari zed
in Table 3, where "Qther" designates any inpurity
phases present



in the crystalline product as determ ned by X-ray
anal ysis. Table 3 Exanples 9 (Conparative) [0076]
W@2®4&/032883 of phosphoric acid (85% in water) waBCTUB20080140285

with 6693.8 .g of denineralgﬁsd water. To this

sol uti on was added 535.6 g Ludox AS40 (40%silica

in water) and 147.1 g of water. After m xing until

honogeneous, 15001.3 g of tetraethyl anmoni um hydroxi de

s@ﬂﬁﬁﬁ@ (35%in water, Sachenm) and 147.1 g of
emneral i zed water were added and the m xture was

SKVéCBﬁmMntI| honogeneous. Then 4886.2 g of alum na

(Condea Pural SB-1) and 367.8 g of rinse water were

added. The tenperature of the m xture was 53C. The

C?np03| t%n%ﬁxoﬁfotI s@ﬁthe% QII%IL’) asé’im&?lﬁﬁi%oﬁ%gg})f{e{tg nlloriectu%{rrﬁev%]c the

nol ar I'0S was OWS:

0 mk@Rld@mpliziag! P2C5/ TEACH 34H 2(] 0077] The ni xture was

transferred to a stainless steel autoclave and heat ed

in 12 f@s t Brepames Wf@%éﬁnﬁ&r@,wmmﬂnm@ﬁteﬁs Af:xer at

a speeg, of h I t 5 .

17 houﬂg A efr;Ich 0|-£I g%lﬁ%%?o m errper 4 urafel le%szeoq’g opgamc

slitedtingwgentivashed. The washed slurry was then dried

and an_X-ray diffraction pattern of the crystalline

pr odudt) wasintredaging quéowwéo% upEyn datthe j mbivatige of the

PRl s i We g brbbnd PR Y oPpbfng cof i

byorﬁBih@tlicﬂﬂ Béing deRathhh Ot legiial aB1EPIC®NAES addities &f @hid source of
ordinary skill in the art will appreciate that the
i AliBHRYBRegiasids itsel f to variations not necessarily

P TSy A B30, BB s o

pbﬂnesmsomiiammﬁmﬂxnmﬂg the true scope of the present
invention. CLAIMS W Claim 1. A nethod of synthesizing

a si | i(®bal urcAYBHESBKmelerdiesielcar si eve, the met hod
conprising: (a) preparing a synthesis m xture

conprising the steps of: (i) conbining a source of
pbosphTheimetivd oicldiraas vherén he ganpaature of said combination of the

phosphorus ‘source and organic directing agent is less than or equal to 40°C,
preferably less than or equal to 30°C, and more preferably in the range of 10°C to

30°C, when addition of said source of aluminum begins.

3. The method of claim 1 or claim 2, wherein the ’temperature of said
combination of the phosphorus source and organic directing agent is controlled so
that said temperature does not exceed 50°C, preferably does not exceed 40°C,
more preferably does not exceed 30°C, and most preferably is within the range of

10°C to 30°C, during substantially the entire step (i).

4. The method of claim 3, wherein the temperature of said combination is
controlled by cooling the combination and/or cooling one or both of the

phosphorus source and organic directing agent.



directing agent; (ii) introducing a source of al um num

into the conbinati on of the phosphorus source and
woe@ansssdli recti ng agent, the tenperature of sBETIUS2005/040285

conbi nati on being | ess than ﬁi equal to 50C when

addi tion of said source of af'um num begins; (b)

heating said synthesis mxture to a crystallization

tenperature of between 100C and 300C, and (c)

recove - -

Pai m Te el rIRy it dhe Bt undtcin 548 Bk EBPainum i an

oﬁuﬁ@ﬁmphmmnhmiuﬁngﬂmmCe and organic directing agent

is less than or equal to 40C, preferably |less than or

equal to 30C, and nore preferably in the range of 10C

te 30 $ 1

oS ns TSR Oy e e . WG iR b uminum i

t beledtedrfremat hydeated alsmimhne oxilie,vehmite afid pstwdcﬁﬁwlimher us

source and organic directing agent is controlled so

that said tenperature does not exceed 500C, preferably

S00¢, " ahg THEEEE of dhy SRR Eluho Bty reithe AL Bhesis
t mlﬁtﬂ&@urﬁﬂw d:dil@rﬁsﬂbﬁitmﬂﬁcnﬂg h yourbe ofsititoreinsd €id (ombindtion of

The net hod of claim3, wherein the tenperature of said
Hrecrhearhosws sosrcesmdsganigdissreting agems @n@ Waeeyhie ianpgature of

a%é %m%%'nb Gs PR€ 1Rln HOLLY apEo S@F%e%%t? %ggl‘hgﬁ og%jfdcs%urce of

organi c |rect|ng agent
peidicebegigs.cl aim wherein said source of alumnumis an
i norgani ¢ al um num conpound. 6. The nethod of any
preceding claim wherein said source of alumnumis

sgl ect g4l frﬁ&ﬁ%cﬁo@%ﬂ[rﬁtﬁ%@h g, 0 gPsmP@?E”?nE ?dl?é%ﬁ into

pseudoboehmte od of any preceding C

Whitd @ombjiiiatipardfrie phosphsystsbeme antiorgatie diredtingedgent prior to
conprlses i ntroducing a source of silicon into said

c Hsdnetiqnae sard SPH@%%@%‘HH@MS source and organic
directing agent and wherein the tenperature of said
conbination is less than or equal to 500C when

addi ti @he afictbad df slaim e wiferein the source of silicon is introduced into

said combination of the phosphorus source and organic directing agent after

introduction of said source of aluminum.

10. The method of claim 7, wherein the source of silicon is introduced into
said combination of the phosphorus source and organic directing agent

simultaneously with the introduction of said source of aluminum.

11.  The method of any preceding claim, wherein said source of phosphorus is

phosphoric acid.

12.  The method of any preceding claim, wherein said organic directing agent is

a nitrogen compound.



silica begins. 8 The nmethod of claim7, wherein the

source of silicon is introduced into said conbination
w@booblos2sphosphor us source and organi ¢ directi NBCHEYSI005/040285

prior to introduction of sag?7source of alum num 9.

The method of claim7, wherer'n the source of silicon

is introduced into said conbinati on of the phosphorus

source and organic directing agent after introduction

of , sai r.c ] 0 T hod of. claim7, .

it o 105 R, B B LR Lt o ByrlBE BB ing afling s

C oyHthd3Rrtrhixfure to hfreatphemplratuws oSusiesh BIPE HIdBVICTor a time up

directing agent sinultaneously with the introduction

ofo ahwutlZbeiree of al uminum 11. The nethod of any

preceding claim wherein said source of phosphorus is

phosphoric acid. 12. The nethod of any preceding

chai m Thheiethdd sACHiMIIGamidc fidihee CompsiAgapitating @id synthesis

ni trogen conpound. 13. The nethod of any precedi ng

c maxtiroiing agingdhereefapri si ng al | owi ng sai d synthesis

m xture to age at a tenperature of between 10C and 30C

for atinme up to about 12 hours. 14. The nethod of

cli&i m The attthddust 6T preécyiitig dhifg alD flrther BEMPadiflg agitating said

synt hesi s m xture during a?ing t hereof. 15. The nethod

ofymdspisgpistue duang (ad ppd/and@)f ur t her conpri si ng

agitating said synthesis mxture during (a) and/or

(b). 16. The nmethod of any preceding claim wherein

sabd siThé aetodd Moghreqdnigeclanl, atiste sdd Mzoglamdidphesphate

at |l east one of an AEl structure type nol ecul ar sieve.

afwWlegulgHAiey e COBIPTFE atylprst Rbe eEan a\cbylsﬁt@v@.re type nrpjgcular sieve

cpg % fstmurgbg)%qgélg&lﬁls?év@ \Nhe_r ein said .

siT'1 coal um nop phat'e nol ecul ar sieve conprises at

| east one intergrown phase of an AEl structure type

nol ecul ar sieve and a CHA structure type nol ecul ar

siléve. Thgmethnd ofeariquecsringrijaiph sdetnimnie sHicaplumprapbpsphate
Sﬁlo‘ijecﬁfar l&%@é %oﬁBSsés N fa9¢ &Yg]intergrown phase of an AEI structure type

molecular sieve and a CHA structure type molecular sieve.

18.  The method of any preceding claim, wherein said at least one intergrown
phase has an AEI/CHA ratio of from 5/95 to 40/60, preferably from 10/90 to
30/70, more preferably from 15/95 to 20/80, as determined by DIFFaX analysis.



phase has an AEI/CHA ratio of from5/95 to 40/ 60,
preferably from 10/90 to 30/70, nore preferably from

wQ 2408551883 20/ 80, as determ ned by DI FFaX anal yBCEHUH05/040285
The nethod of claim 17, whergin said
si li coal um nophosphat e nol ectil ar sieve has an X-ray
diffraction pattern conprising at |east one reflection
peak in each of the following ranges in the 5 to 25

18%%. 187 Pyt PR d7ovieti Gid staflurgBdsgndy myjgoute
Thievernbhd anl d0fayadiffraztion phttarh aiompridinigat Idast whe kefiedtismpebk in
si li coal um nophosphate nol ecul ar sieve conprises first

afierhsaf thmbolloming gpesadn fhsr o 24P Bng&n AEI framewor k
type material and a CHA f type material. 21.
The nmet hod of claim 20, mg%%égai d first intergrown
formhas an AEI/CHA rati o ®f3-9.60m about 5/95 to about
40/ 60 as determ ned by D AeaXimpal ysis and said second

intergrown formhas a diffigreepd gAEI/ CHA ratio from
said first intergrown fornyg The nmet hod of claim 20

or claim2l, wherein saidgg%%ﬂ i ntergrown form has
ALy
HHh

an AElI/CHA ratio of about "70 to about 55/ 45,
preferably about 50/50, as 36 m ned by DI FFaX
anal aysis. 23. A silicoal Ain osphat e nol ecul ar

si eve produced by the nmet B3d-#0.any preceding claim
24. A process for nmaking an ol efin product from an

o&igenqjhee fn?eetggc{ 08}( any one of claims 1 to 17, wherein said
silicoaluminophosphate molecular sieve comprises first and second intergrown
forms each of an AEI framework type material and a CHA framework type

material.

21.  The method of claim 20, 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 AEI/CHA ratio from said

first intergrown form.

22. The method of claim 20 or claim 21, wherein said second intergrown form
has an AEI/CHA ratio of about 30/70 to about 55/45, preferably about 50/50, as
determined by DIFFaX analaysis.

23. A silicoaluminophosphate molecular sieve produced by the method of any

preceding claim.

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 claim 23.



conprising contacting said oxygenate feedstock with a
catal yst conprising the silicoal um nophosphate

woiemsdsas si eve of claim 23.25. The process oPCT/IUS2005/040285
24, wherein the oxygenat e-cog%ai ni ng feedstock
conpri ses nethanol, dinmethyl“ether, or m xtures
t hereof and the product conprises ethyl ene and
propyl ene. 26. The process of claim?24 or claim25 and

Lg?; Prs p‘h‘e‘f %Eés? i JH9cIGiMVAS t\i/ﬁ‘égeih ht?le oéxglfgéﬂllte%o%qéiﬁﬁlgt Redstock
comprises methanol, dimethyl ether, or mixtures thercof and the product

comprises ethylene and propylene.

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

olefin product to polymer.



