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

olefins is oxygenates, such as C;-C; alkanols, especially methanol and ethanol; Cs-
C4 dralkyl 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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nezokeiron, nawheihmecke], mhrganeasmnhmahlum and mixtures thereof, composed
of particles at least 50% of which have a particle size less than 1.0 ym and no
more than 10% of which have a particle size greater than 2.0 pm, exhibit
improved selectivity and catalyst life in the catalytic conversion of methanol to
olefins.
[0007] International Patent Publication No. W003/048084, 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 metai 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.
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about 0.9 g of alkali netals/nole of alum na.

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 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 [(dgy - 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 varation 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 m the synthesis mixture has an important
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1. p0ogdrnB 1a8d Batet! R9.I SCONIENL didcidsesSat Pastess Udr Whreparing
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 1s no disclosure of producing CHA and/or AEI framework-type materials.
[0014] International Patent Publication No. W003/048042, published June 12,
2003, discloses a process for the manufacture of 2 SAPQ-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 tetraalky] orthosilicate. The resultant SAPO-34
crystalline molecular sieve has a mean particle size of at most 400 nm.

[0015] International Patent Publication No. WQ03/048043, published June 12,

2003, discloses a process for manufacturing a silicoaluminophosphate crystaliine
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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 tetraethylammonium hydroxide, to produce a precursor gel.
The gel is then put into a steel autoclave and, afier 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.
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Seotember 12. 2002, discloses a silicoaluminophosphate molecular sieve, now
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material, 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;

(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.
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'DE[IQ{)LS:I_SJ|A r atln a f?.lrther aspect, the invention resides in 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 Jeast 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) prepanng 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,0; : Al;O; from about 0.6 to about 1.2,
Si10; : Al,Os from about 0.12 to about 0.20,
H,0 : AL O; from about 25 to about 50,
(b) heating said mixture under agitation to a crystallization temperature

of between about 100°C and about 300°C; and
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conprising at | east one intergrown phase of a CHA
framework type material and an AElI framework type
material, wherein said at |lefast one intergrown phase
has an AEI/CHA ratio of from about 5/95 to about 40/60
as determ ned by DI FFaX anal ysis, the nethod

conprisking: (a reparing a,synthesis mxture

conpri éoll)ng v&%?aéllﬁgng algfrbog?ﬁu@rgl&f"?'ecti ng agent and

SQP6EAS Of RAVSABANISpiLWMER ARdudi {a) 4o | it
tg[ta%‘ﬁ arml?r??' of al)}léafﬂl r?g)tal pres‘éntda?n SSfi\ii ‘agnt s?swn
mwithin ¢he follbwigrahgagt 0. 08 to about 0.90 g/ nol e of

alum na and said m xture has a nolar conposition within

the follow ng FaRgedlCatom aboyt @Fofbeihlabout 0.6 to
about 1.2, Si - from t. 0,12 tq about 0. 20,
H20 : A1203 fr%%bgjfﬁ%ﬂg‘?"?gb%@@ﬂ? tg@PO%tS))l eating said
m xture under agyt@ti t L Lb&alkkon

tenperature of Eé?wég%b3a€%1ﬁ?8€%§%qaﬁg&gbout 300C;, and
V\P0aPN6/ 06 &8 Oyet PCTHikIRS0 @Epe0t] 3the 4inv8ntidic kesidsgOuera mgethod of

sai d_nol ecul ar, si eve. L‘OOZG] Conveniently, said
syspthesiziag i siligpduminephesphale rpplgeulat mswe CPMBrising; at Heast one
the following ran 1o P205 - A1203, frpom abo .8 to
BisteRan] Phig dr3CRR ssyork B miera P FOAEE GameSeitpe
HafteridhlwRd e QI8 K044k 0RD irkt@ o RMALPhaEe corhPees bt |asty St wi
furtt?}r(ler a@pgct, theeﬁ}\?en%i on resi desC(i) nplg m%% hoa %%\ % of
s waidheBl framegwerkstypd matdriahhndyodros pdhb e DiFa3C atahysiss teviaethod
conprising at |east one intergrown phase of a CHA

f CEMPWSPE: t ype material and an AEl framework type

e gy, R "8, el RO ] SR8 S
NRfiREti aght d6d SHuttatest Prosphdring A hdiaYenid Silidah @ heRED @ total
amount of alkali metal present in said synthesis mixture is at least 1.00 g/mole of
alurmina and said mixture has a molar composition within the following ranges:
P,05 : Al,O3 from about 0.6 to about 1.2,
S10s : Al,O5 from about 0.005 to about 0.15,
H;0 : Al;O; 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) recovenng 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 (dog - d1)/ dso crystal size distribution less than

1.0.



conprising: (a) preparing a synthesis m xture
conprising water, an organic directing agent and

f phosphorus alum na and silica,
W(?Q"J[d /ﬁ&%alsmunt of alkali netal present in samg%mﬂ'%%%?“
m xture is at least 1.00 g/nole of alumna and said
m xture has a nol ar corrposulé)n within the foll ow ng
ranges: P205 : A1203 from about 0.6 to about 1.2, Si02
A1203 from about 0.005 to about 0.15, H2O : A1203
fromabout 10 to about 50, (b) heating said mxture

unBRIEE D ESCRBTHON QK THE! BBB&H\JG n terrperature of

bet ween ahout 1 OC abo é(} ecoveri ng

sdP82No! ediguEsS 13 ?‘f ﬁ SF‘F’N at§ Iﬂ{ﬂmw fgfterns for
h

Sllﬁﬁ%g%ﬁ%%@%ﬁ%? hﬁﬁﬂé %Sﬂ A@I/%I\;Ié\ rsa%i hesi zed by a

met hod described herein and its use in the conversion
of an oxygenat e-contai ni ng feedstock to a product
TAJLED BESORIFTIONOE FIRHHNMBODIMENTS
SI | i coal um_nophosphat e npl ecul ar sieve has an average
(dB8830lcr ysilhe sresent olvention isshrected 49 @r sisthod,eh syathesizing

bi%"“ceo%“@“?ﬁﬁ(ﬁé“a% PCELRF SR0% TR o R R pewor

e ¥EA 2906 @5&%5\3@5{ 5152641emBhdhdhatem ity s1eves in the
DE CRI PTI ON OF THE DRAW NGS [0029] Figures la and | b

ar@n@trﬁléamfsmmﬂygcre&-@ntaﬁmag tfeadmtoph,t gughras nheshanol, to a product

| nt er ses haV| ng varyi ng AEl/CHA
’@E’i&ETEEﬁ % YEpe- EMBODI MENTS [ 0030]

The present i nventi on |s d| rected to a nmethod of

synt hesi zing silicoal um nophosphat e nol ecul ar si eves
haviogulairSiAlk and/ or CHA franmework type and to use of
the resultant silicoal um nophosphate nol ecul ar sieves
|r{003id corﬁrmiellum rroflecahrcsxa}-gedmfeacMIamwmgl four-connected

ek, BB TRt B! P B
S' t@tY:ﬁl%drally coordinated cation. In the case of s:llcoalummophosphates (SAPOs),
the framework structure is composed of [Si0s], [AlO4} and [PO,) 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 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, 5th edition, Elsevier, London, England (2001),
which is herein fully incorporated by reference.
[0033] One known molecular steve 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

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



[00311 Crystalline nolecular sieves have a
3-di nensional, four-connected franework structure of
comer-sharing [ TO41 tetrahedra, where T is any
tetrahedrally coordinated cation. In the case of
WOs10D4/@6881lumi nophosphat es (SAPGs), the franewdCR/TS2005/043524
structure is conposed of [Si041, [Al04] and [ P04] coner
sharing tetrahedral units. 100321 Mol ecul ar sieves
have been cl assified by the-$ructure Commi ssion of
the International Zeolite Association according to the
rules of the I UPAC Conmm ssion on Zeolite Nonencl ature.
Accor-di to thi lassif]qati r - liypew -
S ool s RobBinR, EF Falshl SR a7y EUEHEY o s in
Stoupabdlr StiedtaSale Mt A9diab!| Veihegh, gy.e173isi TBedUa, t p4i8R No.
| etter code and are described in the Atlas of Zeolite
Froc2adyiailk J T ipaset abtin "dolirhaloof, PiEkiselvClranistrgh dod, 95 pgl 611 6-

2001), _ which herein fully i ted b
' 30274 19000 1o e et Lo EaT Ao ot o8 T 245190,

: . L . tori L
0% SARE AL gl SE R ARGy DeliE PUBEY tPinseriogs” Vol
POLE) Js. 12091206 [WO4R et Rb O8N AT WoldhaPES e TWhHeritaA Society,
channél’s each having a cross- sectional dimension about

3 Faratiayg skramsacticistA VialaBe@yr kp.t 439e42ta({ E90R| SCHAcframdeworkhtype
natural |l y-occurring mneral .chabazite, together with a

napateralrarg yiomak it hayg: adivily s andh Selgali ity dmethe conversion of
Sioggé&%ke% fb%pgfseﬁ'}l?t e nol ecul ar sieve, SAPO 34. The
nr

rati on and char‘acteri zati on of SAPO 34 have been

r epe94) ed | AR Meiedork VB 0A6100188 kvl Wiy 26 CIBR Aaterials
-10 publications, including U S. Patent No. 4,440,871,

J in @redrthar patosity ms d&inedi yschannelSihavimgen Seisesentionalddimension
Cat al ysj s", Vol. 84, . 31-1738; U. S, Patent . )
52 %,%éangﬁmezhéﬁh@'e@ﬁﬁﬁ eyt rms msecplay Sieues 86 not exist

ottt Byt ¥mmbof ninffhoch e angiicigy mhlaHosgtey e he
( PH94améwork Nypdhaseabdenedyntilesized) indlodihp HARD-18hALPO-18 and
Chem cal Society, Faraday Transactions™ Vol. 90(15),

pRUW2IH. - Dlog®ver boeanse whthei sl pore size, ABbtypaanoloqularisieves
ST, 58t 8% Bt sBHE HHalhR0ER"Y 3RS AF eGPt sgmica

KRAYRsde®, ih@mging%é ¥bhvVer8Bs of %}ggﬁﬂafe&l g fohéﬁn*sh See, for example,

conversion o oxygenates to ro i ns.
U.S. Patent No. 5,095,163, incorporated herein by reference.

[0035] Regular silicoaluminophosphate molecular sieves, such as SAPQ-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 i 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 AF] and CHA framework tvpes, the Periodic Building Unit is a double



10034] AEl franmework type nol ecul ar sieves are simlar
to CHA materials in that their porosity is defined by

wﬁﬁmrb% 1haV| ng a cross-sectional dinmension g&ﬂﬁﬁ%’\ﬁ%@m*

Al t hough AEl framework type nol ecul
do not exist in nature, a nunber of al um nophosphates
and silicoal um nophosphat es hﬁvi ng the AEl franmework
type have been synthesized, 7'ncl udi ng SAPO 18, ALPO 18
and RUW 18. Moreover, because of their small pore
size, AElI-type nol ecul ar sieves have been reported as

suikaiigagar!l aAMesd Srefto tapev af ity "o andioy taidh &8 esiotadically
processes, |nclud|ng t he conversi on of oxygenates to

ol slentim] exgept "t'as thexwimor anagewf &". %{h@hkaym of ﬁleagmem@ stack

i ncor por ated her.ein, by referenc [OO 5
si PR é‘gJaIO rﬂ"ﬁoﬂ?&ﬁfrh’a? e 1itt ectfl a g?] fram %Stype CHA 1s

ngi]a%e a”w ﬁ & vl g ubd L) d;falég{@ S%égc.?%ﬁﬁ# \Y a_different

ariant b units, calle rio di ng

Unfrhﬁewé\ﬂkdty@l%enmélyoﬁlilg anHQén&ﬁté&I ethé finteipréen mo}ecular sieves
di nrensi ons. Structurall ﬁ@gdl sor der ed st ructures show

pedésorihad loardior ¢amgprisa stHckings iob feyetse'ad andah” tooniaining regions of
in one zer di nen Thi s hen

A CHA R QR hpE A reiate 7 AR Trameiars Rt R A e of CHA
Pel [ s built from
Per |Hgf| [ @w{)% t%ge 9%%@@%%@% t 13;5} -err'gFrber

St [0087)Ur edn ithe p&yel (drostals daith plnarsfauhshtheVig@riretaddd of X-ray

three di nensions. Disordered structures are those where

t hdiffractian ipatigms seAwires an ebilithie sPavlasdhe eHaets of sgcking disorder.
to st

St L SRt WS 8% BT 58 i
Si jntdn@igkd 'Hdﬁ?&??ﬁﬂ?%ﬁtaﬁ%geﬁ%ﬁf RS VE& ALSHL| Peface ﬁ:ba al.,

hereirn are di sordered planar i1 ntergrowths of end-ne
st Pioctedires offie Royhl CBetAicaFbociet| Lauddn Okl@l??ldn’émb A83, pp. 499-
tvoes, the Periodic Bui|ding Unit |sqe<1 doub] e WO

20545 0 RGP Asssioo wAcEBaan. seledied, by Ryl pegilaple from the
{oiFuiolal Peli Bt AR Sl "R KRR WY Pligs for

Ofmt owﬁ%ﬁsés@f%&&ht@sf (st ECHRGBo M&nﬁﬂ@l@éf XFID pb#BerMfattemns

one another i.e..... aaa.... or ....bb t he

f rﬁ)lm?millcsl' y:pel\tHM i b Tg:e%e rand dd.B. W‘Imgnhaylﬂ()é ‘Faurth ndition,
|t ernate

f r {1)}:&@ l?rfg'n@p)ﬁtﬂgfure a&dn&fgﬁ'&o&t %ttjtherhgematlonal Zeolite

| TASGERNY, TRIRGUI ks LR RS AUt o
AE], CHA 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 la and 1b show the simulated diffraction patterns obtained
for intergrowths of a CHA framework type molecular sieve with an AEI
framework type molecular sieve having various AEI/CHA ratios. Figure la shows
the diffraction patterns in the 15 to 35 (28) range simulated by DIFFaX for
intergrown phases with AEI/CHA ratios of 0/100 (CHA end-member), 10/90
(AEVCHA = 0.11), 20/80 (AEVCHA = 0.25), 30/70 (AEV/CHA = 0.41), 40/60
(AEVCHA = 0.67), 50/50 (AEVCHA = 1.00) and 60/40 (AEVCHA = 1.50).
Figure 1b shows the diffraction patterns in the range of 5 to 20 (26) simulated by
DIFFaX for intergrown phases with AEVCHA ratios of 0/100 (CHA end-

member), 10/90 (AEVCHA = 0.11), 20/80 (AEVCHA = 0,25), 50/50 (AEVCHA



CHA framework type and regions of AEl franmework type.

Each change of CHA to AElI franework type is a stacking

di sorder or planar fault. 100371 In the case of
WO2ph4168803 wi t h pl anar faults, the interpretat PEE/USRO05/043524

X-ray diffraction patterns requires an ability to

sinmul ate the effects of stacking disorder. DI FFaX is a

comput er program based on a jmt hemati cal nodel for

calculating intensities fromcrystals containing

planar faults (see M M J. Tracey et al. Proceedi ngs

L ISE) 2 By (EICER, £l g by e
SBLFREE DLa00 PIARHES g L B0 o

f eftire ised EVsghewed PRAGAS i.ef (h29edlt itedolsRe de@@bd mfdr?’ﬁreoi‘HA
Si mul ated XRD Powder Patterns for Zeolites" by M

J(ABV/€HRy ratid of . 0/ EQO)Hnggh reyrmaliation Fofl inthnsidi valoes allows a
Conmi ssi on of the

publ i shed on beha %n t he S{ructur
't“’é‘rt‘t‘?&’("ieéiﬁﬁpnwé‘{i?’?? IXRTEH ek IMTFRY IS t has al so been
I [ .
g 5 O 8 A SR s e
" phiasd] e ¢an @déﬁv@@&iecﬁﬁseeﬁﬁﬂteﬁﬁh@y @ﬁ&ﬁiaxls ESaks ?&%{am]!l%l the
84, pp. 543-550. [0038] Figures la and Ib show the

speald @ab@tdﬂﬁim@nm ipereaserin sntensitiiof @ther peaks, for ehample the

I ntq?fragﬁ‘%ﬁﬁl Zﬁ)évﬁﬁ'idléﬂet %@%E&g ngr &gl’a?émsll,p ases with
VaELRYE, AGL 4 CHhshabl 5 SRR W o broad e

Ion patterns iIn

S¢dnidrad achboyt 19,9728 for i ntergrown phases WI t h AEIl / CHA
ratios of 0/100 (CHA end-nenber), 10/90 (IAEI/CHA =
0l0049] 20/180 @IsE| ¢rabidimeny, 23)e  BULETVIAEISTEAlumigopheyphate

P leh it oot 8y fhe5°’ Plmog A bR ot one
dfnfér?ﬁ%]‘n GE aR AT S fevi ok N]ﬁ: AnANOEHA! ﬁ%n%@oﬂpty?ﬁ %hel?l&jgld

simurated by DI FFaX for T'ntergrown phases

r tieazs ond infr 301l BidfareABY Chrixtio)of fidih QBo§tAR I (Hfbort 40/60,
0. 11) 20/ 80 (AEI/CHA— 0, 25 50/ 50 (AElI/CHA WO

290 6rBRlgrorpeud IRt hagy /70,1sgclﬂs drom Fegusd 5(Ao@bRut

3505l gk LI b 84 A, B

hinahRdrizB@ 8% aGlowdee XRENHiffictRflp a@tfenﬁ% iRéHomad Ea(iﬂplé after
i.e. the peak at about 9.5 degrees 20 for pure CHA

calcination and without rehydration after calcination) having at least the
reflections in the 5 to 25 (26) range as 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




(AEUCHA ratio of 0/100). Such normalization of

intensity values allows a quantitative determ nation
woboogiossser es of intergrowths. 100391 As the rapd'nusfoosEss2s

increases relative to CHA in the intergrowmm phase, one

can observe a decrease in intensity of certain peaks,

for exanple, the peak at abadt- 20 = 25.0 and an

increase in intensity of other peaks, for exanple the

peak at about 20 = 17 05 and the shoul der at 20 = 21. 2.

nteragro hases 50/ 5

ar S0P A s el R R 4Ren g et v
ab@@ﬂ\l’ﬁﬁGgX(zzl@-)Ra %%Qﬂﬂdﬁa@{bﬁleﬁm@n fERnc, t[F@A) using copper
intergrown sili coa um nophosphate " nol ecul ar siéve
priQdiisied rdalyatidne e difffactfont tata iany eeviorded bys step-scaanig ané.02
|ntergrovvth of an AEl franmework type and a CHA
f r daEsRsr o mtéletawéﬁréu thetads dhe Braggeengle. and 3 powntipe dime of 1

has an of fr om,about 95toa

o B AT Gl it to mRRHRE S ssth Easnd i ey yaction
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D @@gﬁpgﬁ%f%@‘éﬁ’“wﬁ% grpgoly Bﬁamm ARG et usd n

c hity spitbedig esindeythe simondeted péREIndiaié calchiated watg enly framework

(obtai ned froma sanple after cal ci nation and w t hout

r eHORPaBPlpXtEg-Tapewerk anatgrialosch ras Valgr 8T tereplate inqibe cavities.

re@ egtﬂ‘ng}%rﬂ 1Pv1bhgf2§h%c&1ul§g n%B@Bsgﬁ@Q %ﬁat%galg Q(?Wadérnat-r cbc|»r8mg

el el e G O g o

Thlemradfremaqudmg toohe Miaawngpm':ﬁ@mt o herein are

Collol ec]t ed WIAbout 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 1s 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 pattemn 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 ratic 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



SCI NTAG X2 X-Ray Powder Diffractonmeter (Scintag Inc.,
USA), using copper K-alpha radiation. The diffraction
data are recorded by step-scanning at 0.02 degrees of
WORMs068881 a, where theta is the Bragg angl e, aR@I/ES2005/043524
counting tinme of 1 second for each step. Prior to
recordi ng of each experinental X-ray diffraction
pattern, the sanple nust be-1%-the anhydrous state and
free of any tenplate used in its synthesis, since the
simul ated patterns are cal cul ated using only franmework
a : - fir [ s s
© ST, SR Bl BBRCE AP 3 oBuHED OF) WFREGAH (o the
Stdfle6@ad putkBppReHPIaie IMaterials to water at recording
tenperatures, the nolecular sieve sanples are calcined
af@0dd] pr epbr ztti orfuding detpidiment] $h€uu"~@%ﬁ¥e mtergodi molecular
the foll ow

d 10042]. About .2 f h
P odnced W e gsmao e eaien CTPriges Gy CA e eaghes
t f i . f .
SRR GRSttt Bl BB s Relchfiel by DIFFaX
f bigiysid. NeSiANBh AEBrAE listedtowdB0fs Eiiractétizel Ny @Spowdd XRD

the tenperature of the oven is then raised at a rate of
2 diffractione patierd5 Gebtaindthefrganp| sampet dféar caltimahenl il 65MGut

s by SEid i oAt s b £ B
ppa%%gg%g%\%olquabgatzﬁﬁg{vm nute and, when the XRD pattern
IS TO ed,

e recor e Sanple is transferred fromthe
oven directly to a sanple hol der and covered with Ml ar

foil to prevent rehydration. Recording under the sane
conditions imediately aft®&ablerznoval of the Mylar foil
will also provide a di H+act+er—pettern suitable for

use in DI FFaX analysis. 18043K®n an alternative
enbodi ment, the intergfown giyl¢goal urfi nophosphate

nol ecul ar si eve produced—by—+hre—rethqd of the invention
conprises a plurality of ildt%elfPown |[forms of the CHA
and AEl franmework types, t%@lS‘-’ﬁ% y with a first

i ntergrown form havi nglan—-AEH-GHA—+ati o of from about
5/95 to about 40/60, as ddf&h.hed hy DI FFaX anal ysis,
and a second i ntergrown for1g17ljpé/?ng a different

AEI /CHA ratio from sai g—f+st—rAtergrown form The
second intergrown form tyaB&al%.y has an AEVCHA ratio -
of about 30/70 to abou bb/”ﬂg’-"(?ﬁ(:h as about 50/50, as
determ ned by DI FFaX analysis —i'h whilch case the XRD

di ffracti on WD 2006/ 068801 2PCQT24J$2005/ 0- 43524

A

[0045] Preferably, the CHA framework type molecular sieve in the
AEI/CHA intergrowths described above is SAP0O-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/Al;)
greater than 0.16 and less than 0.19, such as from about 0.165 to about 0.183, for
example about 0.18. The framework silica to alumina molar ratio is conveniently

determined by NMR analysis.



-14 pattern exhibits a broad feature centered at about

16.9 (20) in addition to the reflection peaks |listed
wohodeafekgdr 1. [0044] In yet a further enbodi nenbeTARR0S/043524

AElI / CHA intergrown nol ecul ar sieve produced by the

nmet hod of the invention conprises at [east 50 wt% such

as at |least 75w % of an AEl1§ranmework type material,

as determ ned by DI FFaX analysis. Such an AEl-rich

intergromh is characterized by a powder XRD

diffraction pattern (obtained froma sanple after

call\@?lﬁ‘é’(l?'bﬁleéiﬁém\ﬁﬁ‘t"ﬂgut rehydration after cal cination)

hayj at | t e I 0 ' h t.6: .
YOS L BRR AR St S5 PRt ok Sk it RpngMphosphate
9. $notecllar 1 8ievesl 3of0 the 3inYedifbnO arél SsyAthkbizdd BE. thelthylrothermal
18.9-19.1 20.5-20.7 23.7-24.0 [0045] Preferably, the
CHanfsaiizetion kf tysparcewlf ebuhing, sseves ¢fhphdsphowBkjGHeource of silica
i ntergrowm hs descri beg, above i s SAPO 34. and t he AEI .

£ 1 ARV STy ORE OREANISG QITESUNG AgRBL[ sins BRICHEt £ Tsagtion mixture

SAP ; 3 ] ; I
i P SRS AR S P, one o

CHiyidré eftafi! difdceihg agdnde(RNARY ptionklly speed aoabhnbthé@orahe same
framework silica to alumna nolar ratio (Si/Al 2)

gr Eameworkh e nalecudarchi¢vies & nlhced 10 alsBaled pressurs vessah optionally
about . 0..165 to abopt .0.185, for, , e | e. about 0. 18.
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reaction mixture has a composition, in terms of mole ratios of oxides, within the

following ranges:

Reactants Useful Typical
P»05/AlO4 0.6t01.2 0.75t0 1.1
Si0,/Al,04 0t0 0.3 0.1t00.2
H,0/ALO; 2510 50 30to 45
R/ AlLO; 0.5t01.2 07t01.0

[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
/95 to about 40/60 as determined by DIFFaX analysis, the reaction mixture
preferably has a molar composition within the following ranges:
P,0O; : Al,Oa 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-0s : Al,O4 from about 0.8 to about 1.1,
Si0s : AlLOs from about 0.12 to about 0.15,
H,0 : Al,O; from about 35 to about 45,



Mol ecul ar Si eve Synthesis [0046] The AElI and/or CHA

framework type silicoal um nophosphate nol ecul ar sieves

of the invention are synthesized by the hydrothernal
WO0a68801i zati on of a source of alumina, a soBETAISFO5/043524

phosphorus, a source of silica and at |east one

organic directing agent. In particular, a reaction

m xture conprising sources-o6-silica, alunina and

phosphorus, together with water, one or nore organic

directing agents (R) and optionally seeds from anot her
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r @referablfhasairaelar compositian prtin thel folowing rangsges

React ants Usef ul p 1.2 0.75 to
L & A0 POy DAGB, fighratsyth83e Pyl 18022 0 1o 10
30 to 45 R ARRY3 A6, fioimkbduid.d03 @ sholk §.9947] Wher e
the silicoal um nophosp%ate mol ecul ar si eve conprises at

| east one inter HsOwhl{ihasmm ebowt 10HA abowti@wor k t ype and
an AEl franework type, wherein said at |east one

i rﬁ?wgljr own I*fowdgemﬁasexampm ofcryatabla pidicesomcesminelusigt silicates,
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from about 0.6 to about 1.2 Si 02 : from about
0 oftBotibicabnut f@. 2@xampl0 .tewaxﬁahyl‘ r mnkmbrbmttezs(TMQﬂ)oumnd
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Wilmington, Delaware, silicic acid or any combination thereof.
[0050] Non-limiting examples of suitable alumina sources include
organoaluminum compounds such as aluminum alkoxides, for example aluminum
isopropoxide, and inorganic aluminum sources, such as aluminum phosphate,
aluminum hydroxide, sodium alﬁminate, pseudo-bochmite, gibbsite and aluminum
trichloride, or any combination thereof. Preferred sources are inorganic aluminum
compounds, such as hydrated aluminum oxides and particularly boehmite 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 AIPQs, 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,



-16 [0048] Wiere the silicoal um nophosphate nol ecul ar

sieve conprises at | east one AEI/CHA intergrown phase
waonriessoag at | east 50 wt % of the AEl framerorhiStoop@43524

material, as determ ned by DI FFaX anal ysis, the

reaction mxture preferably has a nolar conposition

within the foll ow ng ranges:-P205 : A1203 from about

0.6 to about 1.2, SiO2 : A1203 from about 0.005 to

about 0.15, H20: A1203 from about 10 to about 50
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Suitabl'e organic directing agents for t uction

CH#h the synthesis mixture has an important role in determining the average crystal
size and the crystal size distribution of CHA and AEl-containing matenials. In
particular, it is found that the synthesis of CHA and AEl-containing materials
having an average (dso) crystal size of less than 2.2 micron and a relatively low
crystal size distribution (dsp — dio)/ 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 AEVCHA
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 s desirably allowed to age at a temperature of between about 10°C and



framewor k-type silicoal um nophosphate nol ecul ar sieves
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the CHA Character of the intergrowth is reduced In

part of the phospheric acid and the organic directing agent, and the other stream

comprising the remaining reagents in an acidic “reactive” medium. 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

from1.00 to 2.50 g/ nole of alum na. [0054] After
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the mxture is desirably allowed to age at a

tenperature of between about 10C and WO 2006/ 068801

PCT/ US2005/ 043524 -18 about™ 130C for a time up to about

12 hours. Conveniently, the reaction mxture is

agitated during the aging step. [0055] After the
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by any standard technique well known in the art, for
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the tubul ar reactor, one stream conprising the alum na
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neutr al ution con al ni f the p
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atco%poglklg}{&? Ec% ISPRAR ALY dther cll'ﬂg %o%sefonns of rare earth metals,

other non-zeolite catalyst components, zeolite catalyst 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
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synthesi s process, the crystalline product recovered
fromthe reaction mixture coppains within its pores at

| east a portion of the organi¢c directing agent used in
the synthesis. In a preferred enbodi nent, activation is
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T N
L e BRI SO BB A S5 Bt b,

Catdrhdticd GuclPis ﬁ&@ﬁp?é]ﬁhbﬁzdﬁﬁﬁtdfﬁﬁir ekanpie] @RWr Mors bRYA(S) to
conprising the tenplate at a tenperature of from about
2p6@uce abmelyrs@0 Product;t refqumissgsndwdwigemation; dehydrogenation;

I L IR Ch e S O T -
CRHLHBRTECE APNSBRIE s o YAy SORR G B

C bt alkyRMeN Jf, RF exififleon@ititic IHidications sadem bérzeme and
the intracrystalline pore system Mol ecular Sieve

Calkal penzegomudionaliowith[[0oRE¢ncTive prididec cuthent oropity dgrigachain
nmol ecul ar si.eves produced by the synthesis t hod qf

C RlsT, SR Eoal Lo L RErRAmRICs 7 hnaign (Eog@matc and
0 ' er Si sts. . UsSe | b Sena
thg@rgrtok?léatr:u ;{Eé Si egg%regm&?‘%ﬁéhor rra%%y%%'g Hf or mu e%ﬁ#%ﬁ%%mn’
cdisptopsitictatimoift farnaxample; awvhienatioomakd benehbaind paraxylene;

materials, such as binders and/or matrix materials,
waligamerizalion oTathdi eemple sHalghhend baanchedchaiptalefin(s); and the

tivit th i ni sh I t. 10060] WMat i al
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rtals 1 nclude conpositions such as kaol?n an
otredrodcbhyse imantion aré gartcutdrlyr anabdarat hcatsdyssd for use herthe
non-zeolite catal yst conponents, zeolite catalyst .
CERRYSTRON 8 oxyasnpts to lefiasy ndsh aised herein, thetam Gxygdafes, is

SHEAS, R, B0 P B I B Reb 580, s
Cé‘ér%%ﬁtcoﬁﬁ)‘éhndsa@ddhgdé,s ketones, carboxylic acids, carbonates, and the
like), and also compounds containing hetero-atoms, such as, halides, mercaptans,
sulfides, amines, and mixtures thereof. The aliphatic moiety will normally contain
from about 1 to about 10 carbon atoms, such as from about 1 to about 4 carbon
atoms.

[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; Cs - Ci¢ alcohols; methy] 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-methy] carbonate; di-methyl ketone; acetic acid; n-alkyl amines,

n-alkyl halides, n-alkyl sulfides having n-alkyl groups of comprising the range of
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during regeneration, densifying the catalyst and
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defined to include, but is not necessarily limted to

alshisahle i dilugnisomelude kalnem, sargoaamnmyn, cappoumgBoxide, carbon
car
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SYedh @R, ethdld 468 propeAd 284s8fifily non-reactive aromatic compounds, and
mixtures thereof. The most preferred diluents are water and nitrogen, with water
being particularly preferred. Diluent(s) may comprise from about 1 mol % to
about 99 mol % of the total feed mixture.
[00466] 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 630°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.] kPa to about 10 MPa.

Conveniently, the pressure is in the range of from about 7 kPa to about 5 MPa.
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t heedstapldivillfhasteonan the prieseatiprocesso WHBY LS deﬁh@isas weight of feed
di fferent conversion rates and selectivities

f dexeipdBk dilgent) Pepheyr PREYVHIEY T2 Wi gReG0R \cfﬂwnetoﬁ nolecular

S L IRERES TR A By

t hge riRRATIRGK aBbut RO A abiine¥00 Al ahyis s GO THROShEd MNfrom
and is typl cally used }o reduce the concentration of

t hebouk§.§dwiateabont 3A8 h addsexaiple iothe Irmgetofrfgmnhmloelshr to
of su*mﬁl]e di l uents include helium argon, nitrogen,
c oxi de, carbon

[0070) A practical embodiment of a reactor system for the oxygenate
conversion process is a circulating fluid bed reactor with continuous regeneration,
similar to a modern fluid catalytic cracker. Fixed beds are generally not preferred
for the process because oxygenate to olefin conversion is a highly exothermic
process which requires several stages with intercoolers or other cooling devices.
The reaction also results in a high pressure drop due to the production of low
pressure, low density gas.

10071] 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 oXxygen,
for example air, to bum 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

(especially al kanes such as nethane, ethane, and
essentially non-reactive aromatic

WJS)E@%mx ures thereof. The nost preferred diluen sﬁgfné%u

water and nitrogen, with water being particularly

preferred. Diluent(s) may compyise fromabout | mol %

to about 99 nol % of the total feed m xture. 100661

The tenperature enployed in the oxygenate conversion

process nmay vary over a wi de range. such as from about

20€fmetin t}Ebngﬂneﬂ@@G@pulﬁdle seleetrgh leeachiave mcakbo cint@B G regrnerated

about SOO? i ncl uydi ng _from ab ut 250C to about 750 C,

coRalptaitlesy thy ouh 00 A ilgrship BERIBSS 1e jegpnezaied gatalyst

t 600C and parti cul ari y from
abgl[ﬁuﬂjg%[e,“%gg ef-reggtgg (00671 Light olefin products
wi kgo7hpr m @Elh@%@ﬂﬂ@)ﬁ‘é oﬁ?%"eﬁ&%%ddlsﬁéclkﬂ@@iskd@%ove particularly
anbunts, at a Wi de range of pressures, including but

nok feedmackdcmmalamgogeﬂmuel qonetsls/atr esmpogitign @ sthe eimvention is
t he range of fromabout 0,1 kPa._to about 10 MPa

Coffestive fp| Genvem he feedstnck nrgnqmﬂytlﬁ@ PRAGE TBPref plgfim(s). The

bbby GERyh gL Bl b o260 b Ao gyetpy 2 v 8

abpithorp Btokfsa nicte R‘P&hbl}v MRag caiben fatdreg %hllgno@r;ﬁt?féiﬂbbﬁﬁ” to 4

are excl usive of d| luent, if any is present, and refer
t ocarhmswoms aindpmest :pmferabbrf ar¢ lethylepe dad/ot prc@s/leme fTak a¢smdtant

R 5 Al St B o o
O S O 0 10 5B

rrammr m [ﬂ%ﬁheﬂm WAllaRMSSe mbfwaﬂudmargodascmdxﬁmfefaeme
period of tine sufficient to produce the desired

oI wfthe [Qdlowdug Exampilee reaction tine nmay vary fromtenths
ds t Th t t
" F9RRE  Gecler thenBaemy esn DIFFER i, et Re demne the
Prﬁim rhil$ o‘?athéllxﬂc% W ﬁ%{v&d Sibfiatea! %&1{«; g%%byglffractlon

space velocity, the ase or va

S ebﬂ%&opﬂﬁ?ﬂg&aﬁiﬁ%fﬂl/@ﬁﬁh&ﬁt gencsited asing HAAJIFFAX Wrelgam
range of wei %ket hour |y sEace velocities ()ArHSVY) for
t havailplls deamp dhe Tnternatianat Lealite iAssemationr (seeplse pl.otedsTracey et

WY Br5cdghbl §H R RVE SlbmRhi 5888y, London, A (1991), Vol. 433, pp.
499-520 "Collection of Simulated XRD Powder Pattems for Zeolites” by M. M. J.
Treacy and J. B. Higgins, 2001, Fourth Edition, published on behalf of the
Structure Comimission of the International Zeolite Association). The DIFFaX
input file used to simulate the XRD diffraction patterns is given in Table 2 of ULS.
Patent Application Publication No. 2002/0165089, incorporated herein by
reference. In order to obtain best fitting between the DIFFaX simulaied 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 la and 1b). The simulated
diffraction patterns were then compared with the expernmental powder XRD
diffraction patterns. In this respect, a very sensitive range is the 15 to 19.5 28

range.



(excluding diluent) per hour per weight of a total

reaction volune of nolecular sieve catalyst (excluding

inerts and/or fillers). The WHSV generally should be in
WOp/06%898e of from about 0.01 hr-' to about 5BOT/HB2005/043524

such as in the range of from about 0.5 hit to about

300 hrl1l. for exanple in the range of from about 0.1 hi'

to about 200 hrf 1 . [0070}24-practical enbodi nent of

a reactor systemfor the oxygenate conversion process

is acirculating fluid bed reactor with continuous

r ratian, . .simlar to a nodem fluid catal yti .
oNITRE, 7 FCRit otk ResUrgwREt al yhon SaBplER P taken with a
t [STgtens i rsionis a
h ?‘g’ﬂf‘?ﬁ g\ggst?ﬁgr%r‘in@?% S?g%g Ss V\ﬁ ‘f’:ﬁ%@éﬁ‘?ﬂ@@éﬁ eral

stages with intercoolers or other cooling devices. The

reaction also results in a high pressure drop due to
t Examipdell dComparsftivebw pressure, | ow density gas.

Db ey A Tuuiscet i3 el PROsPPBAeAos S Fe ovaleroAcES
e a1 23 BEmCRAMAS) girfh Ky 395 38" Eof erlfiilifzed Miter and
a7QR39 P P eFidigylMMESIDm hiyérox RM¢agathtona(35% i Wates, Bdchem,

coke fromthe catal yst, which restores the catal yst
aeontsining 2 Fpre Neoandi 36 pims Kofwasanemared wras? litsx polyethlene boitle.

__and i d WD 2006/ 068801 .
P EES BRin DA s DT TARIEITEC a8 dsekexnlfocd o Nesiab
b | . .

OB 30 s HBHEL PG Y PR GICRB AR i,
P97.L7 QNLedoxt S 40906NeiRéL dosainigy/ 15 potifi e bRl 38 ppitTK)

to the reactor. [0072] Using the various oxygenate
f weslsddwkty thedealss dallewed by 284011 g of alumina {Céralea Puoad 8B-1,

CApgS B 6F Na b 96 PPOT CORY oS G BdRtsdiand was then
DAL R e el 91 B RE BBl R b L. e
PEShSIsttinofdhé MiBureGR tdRR o kil rali®y WaddsabR6wH| Y 2 to 6

carbon atons, still nore preferably 2 to 4 carbons
atons, and nost G &3iEhaTrQ/BaRs/BEAQPEEREI AN/ or

NG TN i L RN
I@g p#‘%sfﬂ%ggfn@?%re?%@%e ﬂf@é%a&z%at%ﬂm,e\{%g 0'8338 Bfncdd 6F hillhina
and 0.007 g/mole of alumina respectively. The mixture was transferred to a 2 liter
PARR stainless steel autoclave 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 slury 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
AEI/CHA 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/Als) of the crystalline product was found to be



[0073] The invention will now be nore particularly
described with reference to the follow ng Exanpl es.

w({ %]Z/&gs_s(hn t he Exanpl es, DI FFaX anal ysis was pgads2005/043524

determne the AEI/CHA ratio of the nolecul ar sieves.
Si nmul at ed powder XRD diffraction patterns for varying
rati os of AElI/CHA were generafgd using the D FFaX
program available fromthe International Zeolite
Associ ation (see also M M J. Tracey et al.,

Prqceedi ngs. of the m cal. .Soci et.y,. Londqgn, A
(186555 Inifiiopale st e d S5 bslF BEe 61 40 R S van didon -
XR tterns for Zeolites" by M M J. Treacy
an@"gm\@%f i Ggi ns, 2001, Fourth Edition, published on
behal f of the Structure Conm ssion of the

I nternational Zeolite Association). The DI FFaX input

f i [Exampdes 2 v $(Gamparativile XRD diffraction patterns is

gi in Tapgle 2 of U.S.  Patent ljcation

BulTiShe s onORusral Grmplcs TiesoaBer LS DOPGREHE fang thegeults are
ref 2 : tain best fitting between the

DI ﬁﬁaﬁ g’?%lfngpggﬂ%g’tl‘i@raﬁg and t he experi nent al

patterns, two sets of sinulated XRD patterns were
generated wusing a line broadening of 0 009 (as
descf i bxampla U. P5Panieron) Agpl i Spen on |No. DIBB&X0165089)
and A line broadening of 0.[04 (Figures AEVORA k4o The

si mul at eq di fracthgn patt ernsggﬁre then qgﬁgare_of Wi th
the - s . . . At e n

this| res@ect, |a verY{.7sensi t|i ve ®.&nge |is thenh5 to 19.5
20 [range. WWO[ 20067 J§88UT K 043524 _, =24 [0075]
Crystal size asurenments iin the"Exanpl es \I\B/P'P t aken
withia Malvegn Mastérsizerl 200@8(d val ues2B#iing
expr essed by volunme). Exanpie I (conparative) | 0076] A

m xture of 385.65 g of phosphoric acid (85%in water,
AcExampl&Biodi2ni ng 122 ppm Na and 4 ppm K), 369.53 g of
dem neralized water and 701.49 g of tetraethyl ammoni um
hy Q801 de sd¢veral aRx{uBSM ¢ prepaead. In UBasaermannenas wi Bkample 1,

o Pt BRI bRk of vhang BE BFRARE s orfeo uhSF ehlaride sl
L1 S tRRlete At arh AEAIRIRL ABfd 10 a Neslab  bath

after 1nitiating strrring of the m xture
with a | aboratory m xer,

Example | gNa/ | gK/mole D50 Span DIFFaX
mole alumina | (micron) AEI/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 0213 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 75125

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 315 ppm of

Na and 39 ppmof K) was added to the beaker foll owed

by 227.01 g of alum na (Condea Pura] SB-1, containing
Wolé‘i'?i?ﬁ??'ﬂf Na and 26 ppmof K). A slurry was BFEQ3ae0§043524

and was then aged for 2 hours in the Neslab bath at

30Cwith the stirring being continued. The conposition

of the mixture in terms of néfar ratios was as foll ows:

0. 15Si @2/ A1203/ P2C6/ TEAOH 35H20 10077J The Na and K

content of the overall synthesis m xture, resulting

T Oy t FrSr Prfl??@d%ﬁ tﬂgn tr@ﬁf\ﬁc@ E}%T)Fd‘%é rhille! elgéﬁg’ dhe appended

mat eri a 5 g/ mol e of um na and

gkhmhefafp ugidses @ﬁdd@ﬁ'ﬂﬁﬁg iheahy scopse{theirdtent ention.
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 165C 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 analysis was conducted and
showed the crystalline product to contain an AElI/CHA
intergrowm h conprising 2S 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
be WO 2006/ 068801 PCT/ US2005/ 043524 -25 0.19. In

addi tion, the product had a d50 particle size of 2.0 m
and a span [(d90 - dio)/d50] of0.8. Exanples 2 to 4
(Conparative) [0079] Several sanples were prepared as
in Exanple | and the results are summarized in the
follow ng table. Exanple D50 (m cron) Span DI FFaX
AEI/CHA ratio 1 2.0 0.8 28/72 2 1.7 0.8 n/a



31.50.8n/fa 41.50.829/71 Exanples 5 to 12 [0080]
Several m xtures were prepared in the sane nmanner as in
Exanple 1, but with variable anpbunts of Na and/or K
added in the formof their chloride salts. The results
are summarized in the following table. Exanple g Na/ ¢
K/ nole D50 Span DI FFaX nole alum na (m cron) AElI/CHA
alunina ratio 5 0.087 0.00721:6 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
crlnps 035 0.522 1.6 0.8 28/72 11 1.064 0.007 0.6 4.1
/5725 12 2.094 0.007 3.3 2.2 85/15 [0081] Wile the

prssent i nvention has been described and illustrated by
Lo ARG, A A SRR SRSl B e

] endls) | t s@dtdctih@ ai axygehate fedsiodk crmq;eﬁﬁ@rméﬂyaﬂol disséthteitbr, or
WO 2006/ 068801 PCT/ US200S/ 043524 -26 herein. For this
a mixtycherephwih a silicealwninerhosphatemelecwapsewamlyst omprsing a

CHX H’gﬂg\?&k t%}géalhggémflloﬁn REf ﬁ‘%@@o&&y@%ﬁ%ﬁ%&?@.Etglialtcf)ﬂlﬁnsmg

scope O pr esent 1 nvention

at lpasd omesmtefrgmwmﬂaang)f an Adll dfamewprlogpe ind a OHAafrarmewyerk mgteeand
f.,eedst o k rising: (1) contacting an oxygenate

madg By a s, FF¥8ng net hanol, dinethyl ether, or a
m xture Mrighy Smihbdid ﬁlﬁéﬁr@%ﬁgﬁglﬁé Qﬂaﬁﬁ %n@é&%lfé%tlng

si eve caﬁ al yst conprising a mewor k type
mat egentland sourgdsiof phespbows, lalunyipe ambsikea, shereor tha tataltasroual of
Corrglli(!ﬂ.? imrg:gal present in said synthesis mixture is from about 0.08 to about 0.90
g/mole alumina;
(b) heating said synthesis mixture to a crystallization temperature of
between about 100°C and about 300°C; and
(c) recovering said molecular sieve, wherein the contacting of the

feedstock and the catalyst forms an olefin product comprising ethylene and

propylene; and
(2)  converting at least part of the olefin product to polymer.

2. The process of claim 1, wherein the total amount of alkali metal present in said

synthesis mixture is from about 0.08 to about 0.80 g/mole alumina.

3. The process of claim 1, wherein the total amount of alkali metal present in said

synthesis mixture is from about 0.10 to about 0.50 g/mole alumina.

4. The process of claim 1, wherein said silicoaluminophosphate molecular sieve

comprises a CHA framework type material.

5. The process of claim 1, wherein said silicoaluminophosphate molecular sieve



at | east one intergrown phase of an AEl framework type
and a CHA franework type, and nade by a nethod
conprising: (a) preparing a synthesis mxture
conprising water, an organic directing agent, and
sources of phosphorus, alum na and silica, wherein the
total anmount of alkali netal present in said synthesis
m xture is from about 0.08-£8-about 0.90 g/ nol e
alum na; (b) heating said synthesis mxture to a
crystallization tenperature of between about 100C and
cmﬁﬁ%ﬁ&m?ﬂ@@ﬁaﬁ@@oﬁ £ RGRYEL I Ng sai d nol ecul ar si eve,
erein the contacfing of the feedstock and the
catal yst fornms an ol efin product conprising ethyl ene

and ropyl epe;. and (2). canverting. at, | east rt. of. the
6. o1 e TPRPess G laind Tuheptin Sd 5icds s Phuesblits plbffeljepigte f o
maV¥pRl @nfprishy dt Rasd ond iRbigtova plakket dn ABL RAmBF @R 8Pe dnl a CHA
said synthesis mxture is from about 0.08 to about
frame®orkgyP®l e al umina. 3. The process of claimi1, wherein
the total ampunt of alkali netal present in said
synthesis mixture is fromabout 0.10 to about 0.50
7. 9/ nTheptésmonalaint 6, Wieeif k4id @slkabn€inddrgion phasy 1k an SEMTHA
si | i coal um ngphosphat e nol ecul ar sieve conprises a CHA
rator o SSROARY J e (Bt U0, a5 detomanest b BUTF a6 anglyaem 1
wherei n said silicoal um nophosphate nol ecul ar sieve
-28- conprises an AEl framework type material. 6. The
8. pr othsprooéss of eaim 4, whdnein said aslzad os¢ Intargrawnrphasiae ap ARIEHA

G S AT S LR Semina RS bt
framework type. 7. The process of claim®6, wherein said

at | east one intergrown phase has an AEI/CHA ratio of
9. f r olheiproetss 6f olsim 6, wihrsein said/26lBast age éargrominipbdsedyas Bh BEHCHA

raB R R fon 13y B BRACATR, & PRt HRERR Padfy o
from about 10/90 to about 30/70, as determ ned by

DI FFaX anal ysis. 9. The process of claim®6, wherein
10.5ai dhewpropess &f claine 7, Waeseip sedssilispluminepkosahatamolecpiar sicve has

an g(?/l[a%:ai._f%é%fogx g}t%gll%gﬁlpglg/ng 3t &t S‘Eeo }éhe&%/n%gak f?lseagﬁegfeﬁlgif&%%ing

ranges in the 5 to 25 (2.8) range:

20 (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.

11.  The process of claim 6, wherein said silicoaluminophosphate molecular sieve
comprises first and second intergrown forms each of an AEI framework type material and a

CHA framework type material.



10. The process of claim7, wherein said

si |l i coal um nophosphat e nol ecul 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

(2.0) range: 20 (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.

11. The process of claim6;2%herein said

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

and second intergrown forns each of an AEl framework

typ ' . ' -
124 Py o ) L ARSI ROR Y kP
of fromabout HitH tbabout@H0ams daeiniGei\by PAFIRX ofalysiscimd akidsecond

. .5/ 95 to about ,40/ 60 t er.m.ned by.Dl FFaX an Si s
im gD BerhAberaRn AR R P SR LA i P ot
AEI/CHA ratio fromsaid first intergrowmm form 13. The

process of claim12, wherein said second intergrown
13f or Fhtprocess ofelpinCHA whegain sidsecanrbintergowndoms hasrAEUCHA
rati3r 480t 307050 S5 55 ¢ dPLFAAXS BYBIYBhE anafidys, The

process “of craim 12, erein sart second 1N er grown

formhas an AEI/CHA ratio of about 50/50, as

det er m ned bﬁ Dl FFaX anal ysi s. 15, The process of claim
141 hWheperess ohelaip 42 whyrqu said secophmtregronm; farm hasoam

[ p i i , through which said

ro s e B TP RR i an ot ot

t hrough which said nol ecul ar sieve is recovered. 16.

The_process qf claim1l,, rei.n e heating in (b) is
15 g on B1E PGS RGP PR | ’o‘ﬁh@.lﬁmam1 ating F@ﬁp@lﬁt RESpioys
vl RGEb AL § hiMEe SPHRL) BR3¢ lvhl a8k sOMBediNhBEGE PV RAIBARSE
° ofsa ghA fran@%ork type gnd gh AL%ggr%ﬁemngg%typé,
andvreoutie) tiwaugh which szid modevelar meer igrevamerphase has an

ARL/CHA ratio of from about 5/95 to about 40/60 as

det erm ned by DI FFaX

16.  The process of claim 1, wherein the heating in (b) is done under agitation and the

silicoaluminophosphate molecular sieve comprises at least one intergrown phase of a CHA
framework type and an ALT framework type, wherein said at least one intergrown phase
has an ARL/CHA ratio of from about 5/95 to about 40/60 as determined by DIFFaX
analysis, and wherein said synthesis mixture has a molar composition within the following
ranges:

P,0s: Al O, 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.

17.  The process of claim 16, wherein the alkali metal present in said synthesis mixture

is sodium and/or potassium.

18.  The process of claim 16, wherein said synthesis mixture has a molar composition
within the following ranges:

P,0;5: Al; O3 from about 0.8 to about 1.1,



anal ysis, and wherein said synthesis m xture has a
nol ar conposition within the follow ng ranges: P2Cb:
A1203 from about 0.6 to about 1.2, SiQ2: A1203 from
about 0.12 to about 0.20, H2O A1203 from about 25 to
about 50. 17. The process of claim16, wherein the
al kali netal present in said synthesis mxture is
sodi um and/ or potassium 1830Fhe process of claim 16,
wherein said synthesis m xture has a nolar conposition
mﬁthin the foll'ow ng ranges P20C5: A1203 from about 0.8
u [ fromabout 0.12 to about
R? A g %Rﬁ%% ?cl)%oa out g to about 45. 19. The
pr oHe@sAbQ Goai abol635 whbowidd. sai d organi c directing
agent conprises a tetraethylamoni um conpound. 20. The
process of claim 16, wherein the heating in (b) is
19C0NGHE b RHest Of BRink P6,vHeP@n k418 ordaRTRIBEAIHY a‘%eﬁ’tfcoﬁﬁ:hges a
m xture at a rate of at |east 8C hour. The process
tetrafthylaginmanign coimpeusidn t he heating in (b) is conducted so
as to raise the tenperature of said mxture at a rate
of from about 10C/ hour to about 40C hour. 22. The
201 OTRS Brodéss ©f alatih 16, whiéh Eiethestaigtn 2) ik 8bnduBtell So as to raise the
conducted so as to prevent Pre0|p|tat|on of the
ter@ﬂﬁfﬁﬁﬁé@féalmﬁu?eeﬂtéé@fﬁef@#@ 8°#hourhe process of claim
16, wherein said crystallization tenperature is between
about 150C and about 200C. 24. The process of claiml,
21 vvheﬂ‘hé protéwe of tlhing 06| witerdin ﬂied&pdin‘ghﬁ (Iﬁmb emduafed 36 ev® rhiasthe

averag (dso) cryst SsS th cron.
terggsrarpg &f ﬁfﬂg BEEHreqyt agfig phirem ﬂglﬂ‘étr 1 Gfipweto sbout g0t

si li coal um nophosphat e nol ecul ar sieve has an average
(dso) crystal size of between about 1.5 m cron and

22 abolihe frogessiof cloim 1@.6vheTdin sgid egitation o comtledted sb, aswh prewem

the siligcpal um nopho hate nol ecul ar sieve has a
PR PSR SO ARTSRAPHPLE | but i on | 656 than 1. 0.

23,  The process of claim 16, wherein said crystallization temperature is between about

150°C and about 200°C.

24,  The process of claim 1, wherein the silicoaluminophosphate molecular sieve has an

average (dsg) crystal size of less than 2.2 micron.

25, The process of claim 1, wherein the silicoaluminophosphate molecular sieve has an

average (dso) crystal size of between about 1.5 micron and about 1.9 micron.

26.  The process of claim 1, wherein the silicoaluminophosphate molecular sieve has a

(dgp-dy0)/dso crystal size distribution less than 1.0.



