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SI LI COALUM NOPHOSPHATE MOLECULAR SI EVES FI ELD OF | NVENTI ON [ 0001] This

i nvent i on W@PRM6#es288b a net hod of synthesizing silicoal uRCHASHISpHAER

nol ecul ar sieves and to the use of the resultant nolecular sieves as

catal ysts for the conversion of oxygenatles, particularly methanol, to

‘ol efins, particularly ethylene and propyl ene. BACKGROUND OF | NVENTI ON [ 0002]
Li ght ol efins, such as ethylene, propylene, butylenes and m xtures thereof,
serve as feeds for th r ction of n S i nportant icals and

pol ymers. Typi %&Woéwgﬁ ngéwgf@ﬁ&g 1 m%ﬁ@%%@aﬁé petrol eum
refinery streans, such as C3+ A VEBn view of limted supply of
conpetitive petroleum feeds, production of |low cost light olefins from
petrol eum fi& i8 ' wani ng supplies. Efforts to devel op |ight
_olefin produ based on alternative feeds have therefore

i ncreased. | An imort: type | ternati d r .t -oducti on
of light ol i@ﬁi is gg}%geﬁlg‘&e]gwsugﬁgt%sg CE? al eetllﬁl()?s,gf(e)ss ciﬁeasfjﬁr"?éjnet hanol
and et hanol ; siliRoalGhintipabipHatechbRtHar dew@sGndlid yhedisawl iy reqilfagr molbMx: net hyl
ethyl ether and diethyl ether; dinmethyl carbonate and methyl formate, and
m xt ures thesiEses apgaiplyses for s eonysreien snfeexganattse partisalrskydmethamlaka er nat i ve
sources by fe ntation, .or. fromsynthesis gas derived fromnatural gas,
petrol eum | | &Eﬁr}?g’,pagécr%%f}?’a%%}’)lﬁ%e ar‘r‘r‘eﬁ@?ﬁfq%ﬂ%, i ncl udi ng coal, recycled

pl astic, nunicipal waste, or any organic material. Because of the w de
variety of sources, alcohol, alcohol derivatives, and other oxygenates have
prom se as aBACEKAIROIEND OBANENITONN sources for light olefin

production. 100041 The. preferred process for converting an oxygenate
F eedst ock, sfiQ?PlAs i iptins; sich Bﬁwéthéﬂen?ml’ré‘l’bl?’é?aingl}equ"idrﬁﬁ’cxit‘llfﬁs et hyl ene

and/or propyleg,s sdrly 9% %@%%P%C@ﬂgg&t%%eoff rﬁ%ﬁe@&%ﬁn@é&ﬁt Enenlidad %H]' ne

nol ecul ar si eve catal ys conmposi t nong ar sieves at have
been investi gatypserd. OrTyps@allas C,-C4 light olefins are produced by cracking petroleum

refinery streams, such as C;+ paraffinic feeds. In view of limited supply of

competitive petroleum feeds, production of low cost light olefins from petroleum
feeds is subject to waning supplies. Efforts to develop light olefin production
technologies based on alternative feeds have therefore increased.

[0003} An important type of alternative feed for the production of light
roleﬁns is oxygenates, such as C;-C, alkanols, especially methanol and ethanol; Cs-
C,4 dialkyl ethers, especially dimethyl ether (DME), methy! ethyl ether and diethyl
ether; dimethyl carbonate and methyl formate, and mixtures thereof. Many of
these oxygenates may be produced from altemative 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 silicoalummophosphates (SAPOs),



oxygenat e conversion catalysts, small pore silicoal um nophosphates (SAPGs),
WO 2006/ 052883 PCT/ US2005/ 040285 2 such as SAPO 34 and SAPO 18, have shown
particul ar prom se. SAPO-34 belongs to the famly of nol ecul ar sieves

havi ng t NWOr8GRSERPk type of the =zeolitic mneral chabd@SWES20EHRP28Snher eas
SAPO- 18 belongs to the famly of nol ecul ar sieves having the AElI franmework
type. In addition to regular ordered sTlicoalum nophosphate nol ecul ar

si eves, such as the AElI and CHA framework types, disordered structures,
such as planar intergrowths containing both AEl and CHA franework type

materials, ar AP | i C §jon
catal ysts. F%Gglbéfloﬁ@%éls}’?’n%@ém S o%??‘ﬁécégt%»yﬁnmﬁﬁgfp&ﬁ%ag a gse'm)igecu g? si eves
i nvol ves  prigfsiigh N8 the Nashilréf #RNERGIa8 I sied HaOimk Ce Offari@b &k, tyBe SlTUthee Of
silicon, a source of alum num a source of phosphorus and at | east one

or gani ¢ di r exeplithg neipeal chabazitad (CHAD); mherehe SARCOrdE ibstongs tgdhel famlleedl ar
sieve. The resultant. mxture js e heated, normglly with agitation, to
sui tabl e crfg?lﬁ?‘lt]"i‘rz%?‘ieé aygshe ékﬂré"’,met% 8N ng{t\ﬂééﬂ regitidR ordeise and
about 300C, af ' I e £ wdTE,
typically be@m?%g%ggﬁ%%@mﬁ%ﬁ%mgﬁ%}%% g%%éw t?1 %frﬂ%(r:égstag I('—iszlgthdgltr‘\e o(%‘rﬂEt he
desired nol sadisSrdered stractafsd Usuchd3Qénar Agergfovithe carsiing tioth tARE apdoduct i on
of nost synthetic nol ecular sieves, the synthesis of
si | i coal um rleBAdsreyrasl typeriaateralpaare kaavaend Aot odRmciivityas oOXYaspast | nust
be cl osely contéol I %glt i;gnt order to avoid or mnimze the production of
i mpurity pha°§’8¥ TPIRAFE ﬁs‘adversgl y affect the catalytic properties of the
desired progged). 10G@ELyAmeas drnatidoaluitifopoSRaRd moeeank isRies idvoigs now been
found that the "order of "addition of the starting materials, particularly of
t he al um nunprspanng e, mixdurd compesipgrat soardearflwaterf alsowrae pfialiadny @ ssumesdur ce and
the silicon Eﬁource, and the. tenperature ﬁ’f t he syntheajs m xture _during the
[

addi tion of A'WENSMard $9HECeeh BRGSRIQrus 23 Aileast OPe &Reanys Ahirhine qeeRt Qiccess of
SAPO Synt NeShiRciP AR RihaiifR bF s AblotulalBR0e. C UG An® thiturd i fren

commercial sc e organic recting agent use e synthesis
of silicoal umarapimsplatas dghtatbl,an asuitablke ergeailipotion terdptedture, typically

between about 100°C and about 300°C, and then held at this temperature for a

a

sufficient time, typically between about 1 hour and 20 days, for crystallization of
the desired molecular sieve to occur.

[0006] As is the case with the production of most synthetic molecular sieves,
the synthesis of silicoaluminophosphates, and in particular intergrown forms
thereof, must be closely controlled in order to avoid or minimize the production of
impurity phases that can adversely affect the catalytic properties of the desired
product. |

[0007] According to the present invention, it has now been found that the
order of addition of the starting matenials, 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.



as a basic nitrogen conpound, whereas an attractive phosphorus source is
phosphoric acid or a simlar phosphorus acid. The m xing of these materials
can ther eVor2@o6serssat e heat and hence rai se the tenperafGraSa¢05{04eess
synthesis m xture. WD 2006/ 052883 PCT/ US2005/ 040285 3 It has now been found
that such a rise in tenperature can | ead® t o undesirable side reactions and
possi bl e production of inpurity phases if the alum num source is present in
the m xture or is added thereto before the m xture has been allowed to

|. (00081 U S. Patent_No. 5 879,655 discl t
Crysial [ine. df biM MORHESHADG OBt S4B APRUANS PHLEE HOFIEOFANe Sbve. and

teaches that r’eécnﬁ»ﬁs Gha ogg#)}g p‘?@cﬁﬁﬁbﬁloﬂmhﬂn@ﬂg fg%@al%ﬁﬁ%ﬁ%h&@%s that at

| east sonme of e organic di'recting agent to t aqgueous reaction

m xture bef orgesent & @e ifhixoae br sradded thetetd hefoad the rpixmrs bus beeni Sloaddad, Since
otherwi se the alum numcan precipitate to produce a viscous gel. In
particul ar, t4eladdition of the phosphorus source, al uni num source, and the

organi c direcgti ag tp .t a r on mx ure d s controlled so
that the di re@p%g S’%ﬂ It%Be"Pﬁgo gl@gﬁ%ra i% }}0 r d’,f%%il{l&p fhan
about 0. 05 beér?sl’tﬁhhé‘ealﬁ%ﬁ‘[@pﬁébﬁihﬁt@ oP RARBAAAIE '@Blz;ﬁfatcr %&dl&u!a@aﬁexees aaBout 0.5.
[ 00091 According to Exanple 1 of U. S. Patent 5, 879, 655, SAPO 11 can be

produced fr oneacheytitahess mmuaktespwladibumammscbge preparataink yhadiulelag smme&z kg of

86% H3IPO4 to 59 kg of dei oni zeg i C CL illstai nl ess steel. drumgv?vl
ext ernal col d 6\,955451,10 dysringgasent M@ée fo HheuARUSaHs TSP FUXIUER PSISEF 21. 0 kg

of dei oni zed figagale SN BAYRY. SLAVRAANGAHS! ¥ TastBlilcd RRIAVRRL geover a

time period m XI ng using a stan m Xi ng 1 npe er and
honogeni zat i oglutwiivig cén pReipitkteas pr@dlée akgsoobs gek ninpyapgyulamheeadditntdfen added
slowmy with mxing. An additional 21.59 kg of al um num i sopropoxi de and
18.0 kg ice afhe phasmwrismsas Rlumineparbiesasl b rseipdirgetiigowent to Bgr hour s
with mxing/h

et ] RRRED R gl LR Bl S L e R Wgen w11
m Xi ng/ ho NogsRYsgiRrh® MRt irhiic IS peiteththanPeEALN.09f bdfbre dRr &mﬁzlnﬁﬁn'tﬂ the m x
are smaller than 64 mcrons. It is reported that,

phosphorus molar ratio reaches about 0.5.

[0009] According to Example 1 of U.S. Patent No. 5,879,655, SAPO-11 can

be produced from a synthesis mixture obtained by imitially adding 17.82 kg of

86% H3PQ, to 8.59 kg of deionized ice in a stainless steel drum with external cold

water cooling. 9.70 kg of aluminum isopropoxide and 21.0 kg of delonized ice are

then added simultaneously in small increments over a time period of 1.5 hours

with mixing using a standar@d mixing impeller and homogenization using a

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.
. [6010] 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 tetracthylammonium hydroxide (20% by



during the entire procedure, the tenperature of the m xture never exceeds
30C. ]10010] Exanple 2 of U S. Patent No. 5,663,480 discloses the synthesis
of a crystalline titanoal um nophosphate froma m xture obtained by placing
34.6 g ofwO pleeesdses i c acid (85% by wei ght aqueous sol ut PeRjUSEZSO4R@8DHeaker
having a capacity of 500 m and then adding 73.6 g of tetraethyl anmoni um
hydr oxi de (20% by WO 2006/ 052883 PCT/ U42005/ 040285 4 wei ght aqueous
solution). After stirring, the resulting m xture is cooled to room
tenperature, and to this mxture, 18.0 g of ion-exchanged water and 21.9 g

of . pseudo-boehm te are added, ,and then 15.8 ¢. of titanium.etrai sopropoxide
is also add&teht pgyeops tsﬂlBt“B'g)nt‘éﬁFrsStBTm&ng B%Sé'%g}g IS 1p FP%‘SE %OOPO? hour s,
the resulti ! SOl Lt i 0 j _ r out

hydr of her mal Ui s P28 S TP RBCH BE bR RpaEAR AN P2 E R B Ol

02/ 70407, pybludsiedhmbeptecadded, did, thah) 02 8andf iinasminp tstraisepropexide is &yo

reference, discloses a silicoalum nophosphate npol ecul ar sieve, now
desi gnat ed Bfdadp Aftesihe canitenys af thebagker arprstirredtfar 2 hovss, the repubmemwred ul ar

si eves havin El . and fr rk. types erein said intergrown form has
an AEUCHA r STFETbI ROPEH 14 oauaaq‘g‘?v‘cg%’_ett%Cx‘ﬁb?’%‘d‘%?tﬁ%{r@m“ﬂb%ﬂby DI FFaX
anal ysi s, usega)t heln&@ﬂﬂ%halx'Pﬁé’ntd'ﬁufb[iééiidnorNo.pa\W@r02/‘704@,0?{1151!5&1@&1 sanpl e

of the nol ecul ar sieve. Synthesis of the intergrown material is achieved by
m Xi ng r eacSeptembaur tks 26062 sihd corprpordabhlosreia dryd raferdngelr atisstbses uai num

oxide in the _presence.of .an organjc directing.agen rticularly a
t et r aet hyl aﬁﬂﬁﬁﬁﬁ%‘%ﬁﬁﬁﬂbﬁﬁ. m?ﬁ"é“]@é?ﬁ}’%a’mw H?%!W@t F@’ﬂ@t - CPEETEAE Al heated to

a crystalli i t , v £ rom ' en
mai nt ai ned g%%f[ ﬁ%shl?ée}g%g& a{bt%@eoﬁlﬁllgfee(réﬁls %1¥¥%Sn§&'§9§é%8£§%¥ %ﬁaa?lrgeq{fg% hour s.
In the Examglesswhetainisaidsinfeegrd@ncosnm dkae afliAICIgadafiobf foadabdung/oshe EM 2 -

synthesis mxture, in which the phosphorus source is initi al'lgf%/p conbi ned
with either 4068 asdidptenningd) bagPRFagk anlysis vsiepihe gawder Fnuytdifactipe

or or col | RERT OB A 4 of IREmBlst Bar e "SPRRGT o BedmBeinn by "
reference, Qh61a0Se%chidvéd bl CRBiNEIrARADOSBORES oiIRGH! %hosﬁ:ihem, arideherred to
as ‘RUWM 19, which is also said to be an AEUCHA ni xed phase conposition.
DI FFaX anal ygimstedf atumsindinr ayide in the presence of an organic directing agent,
particularly a tetraethylammonium compound. The resultant mixture is stirred and
heated to a crystallization temperature, preferably from 150°C to 185°C, and then
maintained at this temperature under stirring for between 2 and 150 hours. In the
Examples, various sequences are disclosed for producing the EMM-2 synthesis
mixture, in which the phosphorus source is initially combined with either the
directing agent or the silicon source and then the remaining components, including
the aluminum component, are added without prior cooling.
[0012]  U.S. Patent 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 witﬁ 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 tetraethylammonium hydroxide, to



diffraction pattern of RUM19 as produced in Exanples 1, 2 and 3 of U. S
Patent No. 6,334,994 indicates that these materials are characterized by

si ngl e i nt\&WPOR00AP28880or ns of AElI and CHA structure type n@CEFAH2eN5/0d40285es with
AEUCHA ratios of about 60/40, 65/35 and 70/30. RUW19 is synthesized by
initially mixing an Al- source, particularly Al -isopropoxide, wth water and
a P-source, particularly phosphoric acid, and thereafter adding a

Si -source, particularly colloidal silica and an organic tenplate material,

articularly tetraethyl anmoni.um,hydroxi.de, to WO 2006/ 052883
DT US2005/ DATSHSE S DA TFeh ra BEnqut Tiq Rt RUOSE RS AT At o a

steel aut ool ayg, Apdiod itefood teABbAGPOHOKBls IO NTHSHRCLRLURRXirh I

aut ocl ave is to a nmaximu t enper at ure bet ween 0C and 260C,

preferably atteinpastur®eech ABOAT ahd @F0°C, proferbly wi Tehstt209°@pfooclt dsast bei ng
shaken, stirred or rotated during the entire process  of aging and

“crystal | i zat i fwr, il thy Qutoglpvebangeshaken stiged o Eieted dwdng HERIBES ISCEE  t he

i xed ph @i nc] LRt ai i 5 of _the gel
bl ow 5% - reatcietl TREGHH ARG, R s A 8 dFuBe SR BN SR he 02
source and CihgshiRéd df)Ea%E'RQIWaEQ TSERSY iaéMIEMaRaidial thel 102 @BktentITiRe g¥l and

CHA phases are said to be favored at tenperatures of 200C to 230C. SUMVARY
OF | NVENTI ON tedov 31, Iradunmeg the pieotd, cantant iofithergel afterradditvesofithe SiGweohed of

DL e LSRR B P o R B
combi ning a sgurga t@Be?ﬁB?e‘aPR'i itredlor b§Pet 10086 @r ganic directing agent;

(ii) introducing a source of alumnuminto the conbination of the
phosphorus source and organic directing agent, the tenperature of said

conbi nation being | ess than or equal to 50C when addition of said source of
al um num begi ww&ﬂa’_%ynt hesis nixture to a crystallization
tenperature ofgg et veey §0%a0d iA00Gn R ekibs FPE WERSA S SPhfleIRhE G &

P g

si eve.
silicoaluminophosphate molecular sieve, the method comprising:

(a)  preparing a synthesis mixture comprising the steps of:
(1) combining a source of phosphorus and at least one organic
directing agent;
(i)  introducing a source of aluminum into the combination of
the phosphorus source and organic directing agent, the temperature
of said combination being less than or equal to 50°C when addition
of said source of aluminum begins;
(b) heating said synthesis mixture to a crystallization temperature of
between 100°C and 300°C; and
(¢} 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



10014] Conveniently, the tenperature of said conbination of the phosphorus
source and organic directing agent is |less than or equal to 40C, preferably
| ess than or equal to 30C, and nore preferably in the r%nﬁje?ﬁf 1%_to 30C,
when addY®PM§O3438% ai d source of al um num begins. [0015FCHAS3HE %8N8 di ment ,
the tenperature of said conbination of 4 he phosphorus source and organic
directing agent is controlled so that said tenperature does not exceed 50C,
preferably does not exceed 40C, nore preferably does not exceed 30C, and
nost preferably is within the range of 10C WD 2006/ 052883 PCT[ US2005/ 040285
6 to 30C dyg ?G@:,%&Hﬁg Mty tRCerRiE ke (5! Wonbkdients MeRhREA e ofhe
tenperature o sald conbination is controlled by cooling the conbination
and/ or cool ismg c@mbimtion hotdntafiled iy @odiaphios cembinatiaearaie aodingionedirr ect i ng
agent. 10016] Conveniently, the source . of alum numis an inorganic alum num
conmpound, s oM ¢idhephpsphoriiepuErs FARTERES AUectE@ERRr t i cul arl y boehnite or
pseudoboehm te. .[ 0017 i Q! j.d s I ): re al so
conpri ses i[ﬁ@rﬁéduci ng% ogg é;fx\é%ﬁiérg%% ¥%‘|"F% gg%ﬁ@ﬁggﬁ@asi %ﬁg?%blﬁﬁda?llug?ﬁ%% t he
phosphor us s@heend Nflch &% GRMiyEratéd QRiniRemagaas -andNgaridiabP boslghii€ @rcan be
introduced into said conbination before, after or sinultaneously wth the

i ntroduct i orpsefdobeghtnittour ce of al umi num Preferably, the tenperature of

sai d conbi nat | is less than or equal tqQ 50C when, additjon of said source
of silica bié"ﬁﬁ 105?8‘1“&5‘?’0’9&?@3%‘}% S es)@g%ﬂ W’W?rﬁePfSEOF&JPP%% al | owi ng
t he synt hesi; 1 r : . ng{gmgasbﬁ and
about 30C féﬁtr%(mtciﬁ%e% S%B%Qtoggigﬁg%tuﬁg%ﬁ%ﬁ{ngwpﬁngﬁg}% nbodi nment td}cteﬁgsynt hesi s
mxture is aggdnid afirediiig ragentagi The sIBETHO boMioaves det introdubrl Sytot bsidi s

m xture is agitated during (a) and/or (b). 100201 Conveniently, said
si | i coal uni rFepteibaR belorp pRen Qrimyltapausly Y the B¥roductengefisaghwue ofn  AEI

framework type 1ml e ] BV, n g:l—lﬁ . . C r..Sieve.
[00211 In o euné]ﬁ%d%t%{a})@sg‘leﬁe%P?riaﬁgaPumalélé%rﬂgli%{%a }esx%gltg%u e#lhgii t8ve
50°C when addition of said source of silica begins. :
[0018] Conveniently, the method further comprises allowing the synthesis

mixture to age at a temperature of between about 10°C and about 30°C for a time

up to about 12 hours. In one embodiment, the synthesis mixture is agitated during

aging.
[0019] Conveniently, the synthesis mixture is agitated during (a) and/or (b).
{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
compnses at least one intergrown phase of an AEI framework type molecular
sieve and a CHA framework type molecular sieve. Conveniently, said at least one
intergrown form has an AEVCHA ratito 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 sécond intergrown forms each of an AEI framework type
matenial and a CHA framework type material, the first intergrown form having an
AEVCHA 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



conprises at |east one intergrown phase of an AEl franework type nol ecul ar
sieve and a CHA franmework type nol ecul ar sieve. Convenient sai d at | east
one i nt erYPARF48$%h has an AEI/ CHA ratio of from about @@é V280448 40/ 60,
for exanple from about 10/90 to about 30Q/70, such as from about 15/85 to
about 20/80, as determ ned by DI FFaX anal ysis. [00221 In a further

enbodi nent, the first silicoal um nophosphate nol ecul ar sieve conprises
first and second intergrovvn forms each of an AEl framework type nmaterial

andaCI—lAfrasq?#\qi |\ eudiheysf WL £f O JI havting,san
AEI/CHA ratio O rom a@%ut 5/0}5@ tsg }ggagu%lﬁzféjl:‘%ghg[sqggt er ma%ed by DI IgFaX
-anal ysi s, andddtértniseidonOiFaKeamgheisn form having a different AEI/CHA ratio

from WD 2006/ 052883 PCT/ US2005/ 040285 7 said first int ergrown form such as
an AEUCHA r at {0823 abdnta Sohetesaect, e tevantine desides Dr FF&WOéH@FWhQSPhF@OZB] I'n

.a further aspec t he. i nvention si des al um n

nol ecul ar si eV8 egk}‘ﬁ’f ﬁ@giezséatthﬁ?z%({ ﬁﬁt%gbe‘tlﬁoéisgf’ﬁcﬁlbag%glfeé’? r'ﬁm‘gﬁg ¥ smugg inthe
conver si on of c AReAAAINAIR Ozga{a{eaécmdaﬂn eaddsioecko 4 oﬁu&%@ﬂ)‘ﬂﬁ&mﬁ@f%ﬁ]ks' ng

ol efins. BRI EF DESCRI PTI OF THE DRAW NGS [0024] Figures la and | b are

Dl FFaX sinul ated diffraction patterns for i nt ergrown AElI/ CHA phases havi ng
varying AEUCHA rat i os DETAI LED DESCRI PTI O\I OF. THE EMBODI MENTS [ 0025] The
present invenBRIBFIRESCRIRTED e DBAWINGS nt hesi zi ng

sil'icoal um nog@ hatﬁgdrg el%u}arﬁ{ 1%' gl‘éef)[ﬁklﬂg‘; +191 & bfiHh@lon pattems Tfor
silicoal um no hat' e ecular sieves useru he conversron of an
oxygenat e- CONinddr m@y@meﬁmmg@m PBITCHA r&icd. product conpri sing

ol efins, such as et hyl ene and propyl ene. | ecul ar Sieves [0026] Crystalline
mol ecul ar sieves have a 3-di nensional, four-connected franmework structure
of coner-sharj hedr r i rahedral | y coordi nated
cation. In tht’%ﬁﬁnﬁéu mm t he framework
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silicoaluminophosphate molecular sieves and, n particular,

silicoaluminophosphate molecular sieves useful in the conversion of an
~ oxygenate-containing feedstock, such as methanol, to a product comprising

olefins, such as ethylene and propylene.

Molecular Sieves

[6026} Crystalline molecular sieves have a 3-dimensional, four-connected
framework structure of comer-sharing [TO.] 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.

[6027] 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 descnibed in the Atlas
of Zeolite Framework Types, 5th edition, Elsevier, London, England (2001),

which is herein fully incorporated by reference.



tetrahedral units. [0027]
Structure Commission of the International Zeolite Association according to
the rules of the | UPAC Conm ssion on Zeolite Nomenclature. According to
this cl a¥4(#006/83288%h, framework-type zeolite and zeol i t BCTA/S200KB#B8Y| ar
sieves, for which a structure has bee% established, are assigned a three

| etter code and are described in the Atlas of Zeolite Framework Types, 5th
edition, Elsevier, London, England (2001), which is herein fully

i ncorporated by reference. WD 2006/ 052883 PCT/ US2005/ 040285 8 100281
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CHA, EDI, FAdm HeReroufdcOnsibtid, ot EMT, VEAR), Adl subifdtedMbims Mrdf. Tdier and TON.
100301 Mol ecul ar sieve are ty |call¥( described in terns of the size of the
ring that daefdiepadarsigise havemaelremenerksype s¢lsctphdmin die greaprmeapisind Pl T at ons
in the ring, I I Lev | av to 8-rin
structures Wﬁ‘kagg’ga‘?m @F%i‘ﬁe@@ﬁgﬁﬁgngf‘gg@mdl um po?e _
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of about 5A'to about 6A. Large
for converting an oxygenate containing feedstock into olefin(s), include those

having a framework-type sclected from the group consisting of AEL, AFY, BEA,
CHA, EDL FAU, FER, GIS, LTA, LTL, MER, MFI, MOR, MTT, MWW, TAM
and TON.

[0030] Molecular sieve are typically described in terms of the size of the
ring that defines a pore, where the size is based on the number of T atoms in the
ring. Small pore molecular sieves generally have up to 8-ring structures and an
average pore size less than SA, whereas medium pore molecular sieves generally
have 10-ring structures and an average pore size of about 5A to about 6A. Large
pbre 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



pore rml ecul ar sieves gener aI I y have at Ieast 12-ring structures and an
average pore size greater than about 6A. O her framework-type

characteri ude the arrangenent of rings that f and when
present, ﬁ@%ﬁ%‘ﬁg %on of channel s, and the spaces bet vv(e)lredr? e%%gg%s See
van Bekkum et al., Introduction to Zeohite Science and Practice, Second
Conmpl etely Revi sed and Expanded Edition, Volune 137, pages 1-67, Elsevier
Sci ence, B.V., Ansterdam Netherlands (2001). 100311 Conveniently, the

si |l i coal um nophosphat e nol ecul ar sieve produced by the nethod of the
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cal | ed stacki g e?tgrs&é‘Ft“Eﬁs SV RFECHC AT e inﬁﬁ‘%‘orlﬁéF?S 18i Mg Units.
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structures if périrodic ordering Is I eve nmensi ons.

Di sorder ed st stagdtara e 1am13tnh0fs@mdh>ermuldhg Ustirc Kimgals eguanes filtt fremPer i odi c
Building Units deviates fromperiodic ordering up to statistical stacking

sequences. [ oBgagdiqiRaildingdiuiiconm called sadimembap 5%@ﬁélpmmfepqmﬂ@c@rﬂam$ iseves

descri bed her rder.e | anar._nt.er gr tructures
AE and o egfveRch B REEAN EEpReRlr g e MR pEale B B Uni ¢ i<
a doubl e si X- kfaBfing k@y@hee m&?eﬁ&ﬁctﬂﬁldmgp@ﬁné)aedlﬁ&ef@ ]ﬁbnoaﬁ%r Qm\%hvm' ch
are topol ogically |dent|cal except "b" is the mnor inage of "

| ayers of theupauraamgtp&l sachulg soquenogs. of one another, i.e..... aaa . or
....bbb. .. rarre rk t pe CHA i enera when | ayers "a" and "b"
al ternate, @5%3 bl nter grovp aiicpapRie P&P@%@WR lepylp sieves described

herein are dlsordered planar intergrowth of end-member structures AEI and CHA.

For AEI and CHA structure types, the Periodic Building Unit 1s a double six-ring
layer. There are two types of layers "a" and "b", which are topologically identical
except "b" is the mirror image of "a". When layers of the same type stack on top
of one another, 1.e. ....aaa.... or ...bbb..., the framework type CHA is generated.
When layers "2" and "b" alternate, e.g., ...abab...,, a different framework type,
namely AEl is generated. The intergrown molecular sieves described herein
compnse stackings of layers "a" and "b" containing regions of CHA framework
type and regions of AEI framework type. Each change of CHA to AEI framework
type 1s 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 Zeo!ife Association to simulate the XRD powder patterns for

mtergrown phases of zeolites (see "Collection of Simulated XRD Powder Patterns



nanely AEl, is generated. The intergrown nol ecul ar sieves described herein
conpri se stackings of layers "a" and "b" containing regions of CHA framework

type and_regi ons of AEl framework type. Each change of o AFEl framework
type i s WONRYPY di sorder or planar fault. [0034] In %@3%&5’? %crystal s

with planar faults, the interpretationgf X-ray diffraction patterns
requires an ability to sinmulate the effects of stacking disorder. DIFFaX is
a conputer program based on a mathemati cal nodel for cal cul ating
intensities fromcrystals containing planar faults (see M M J. Tracey et

al ., Procepdingsitdf vyh®i Royal 1Gees ealdl 1SOBI Bhiygind XN Fohrth 188&ibn, Vol . 433,
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has al so beSdentsadd Cataly3ioy WOBCHb]. B4sppid3iss0er gr own phases of AEl, CHA and

KFI, as reported by K. P. Lillerud et al. in "Studies in Surface Science
and Cat al ysi0935] 199&igwes 1a gud 1pphossthesamulaigodifiactiog patiems obigieed b show

the sinmulated diffractio rns _obtained far i.ntergrowhs of, a CHA
framewor k t{PheMBEE SaP?_squi}é‘g_' e&’ﬁ?‘ﬁxﬁh’?ﬁ PRI _Ii“e??p‘gl_ i) r sieve
having vari Riige Bk VO GuRlRUELCIIR Hidd gk IRA erns T n
the 5 to 25 0) rahge sinulated by FFaX for 1 ntergrown phases with
AEUCHA r at i the diffrdxtidf)Cpaft€ind ianthengntoel) , 28D r&e {idkliEdA\ by DIARRX &0/ 80

AEUCHA = 0,25), 30/70 (AElL/CHA =.0.41), 40/60 AEUCHA = Q. 67)., 50/50 o
CAEUGLA = Tintobronnapinss 9 ASBEGHA. 1atibh ot O/ Fat, (B Shesmbetn ot f ract i on

phases i t RARTTRAA P20 GPYESER S REAGE o ey PHA S048) Ao, Lo
B0/ 2 (AE1 1 CHA 4. 0) 2001 6 ( AEL Gnd. memoer ) AL 1 XRD.dl F1ract on pat L& ns
are nor mal i Bigoret smé;SHh@ﬁkf&@Cti@@aJ@ﬁémStihéhe range of 5 to 20 (20) simulated by
DIFFaX for intergrown phases with AEI/CHA ratios of 0/100 (CHA end-
member), 10/90 (AEVCHA = 0.11), 20/80 (AEI/CHA = 0,25), 50/50 (AEIVCHA
=1,0), 70/30 (AEVCHA = 2.33), 80/20 (AEVCHA = 4.0), 100/0 (AEI end-
member). All XRD diffraction patterns are normalized to the highest peak of the
entire set of simulated patterns, i.e. the peak at about 9.5 degrees 20 for pure CHA
(AEV/CHA ratio of 0/100). Such normalization of intensity values allows a
quantitative determination of mixtures of intergrowths.
[0036}) As the ratio of AEI increases relative to CHA in the intergrown
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 26 = 17.05 and the shoulder at 28 = 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



entire set of sinmulated patterns, i.e. the peak at about 9.5 degrees 20 for
pure CHA (AEUCHA ratio of 0/100). Such nornalization of intensity val ues
all ows a woanwdis2dssve determ nation of m xtures of i ntergTARIMS04§89361 As
the ratio of AEl increases relative to in the intergrowm phase, one can
observe a decrease in intensity of certain peaks, for exanple, the peak at
about 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. Intergrown phases
with AEUCHA rajios of 50/50.a ve ((AE > show r.oad_feature
centered at & af6.'§er(1%3d.obflgl§§%%%| %naéysb?'efﬁurcpeﬁl]g%%ﬁhn%}rt\%,gr%fkﬁ@ 8
_intergrown sidnheeglise WEQ@%&&KRD 8t R%16h HattemSBtaAMHGRd shiplehieret hod of
the invention is at |east ‘'one intergrowth’of an AEl framework type and a
CHA framewor keatoyméionwind ewith@ai thydtatibeasfieronalcimtien)ghaving htadeash thEUCHA
ratio of fromabout 5/95 to azinit 40/ 60, for e]%a)rrpl e fromabout 10/90 to
“about 30/ 70, Tefledtions 1y thg mtaBe(#9) 187885 sowh HLT 2/AHPLOY6/ 052883
PCT/ U52005/ 040285 11 20/80, as determ ned by D FFaX anal ysis. Such a
CHA-rich intergromh is characterized by a powder XRD diffraction pattern
(obtained froma sanple after calcinardag@iand wi thout rehydration after
cal cination) having at |east the eflections in the 5 to 25 (20) range as
shown in Table below. Table 1 20 |(Cukd)(Cu&a3-9.6 12.7-13.0 13.8-14.0
15.9-16.1 17.7-18.1 18.9-19.1 265 2@ +—23+724.0 100381 The X-ray
diffraction data referred to herein are'é?ﬂ'qecteq wth a

12.7-13.0
( 13.8-14.0
159-16.1
17.7-18.1
18.9-19.1
20.5-20.7
23.7-24.0

[0038]  The X-ray diffraction data referred to herein are collected with a
SCINTAG X2 X-Ray Powder Diffractometer (Scintag Inc., USA), using copper
K-alpha radiation. The diffraction data are recorded by step-scanning at 0.02
degrees of two-theta, where theta is the Bragg angle, and a counting time of 1
second for each step. Prior to recording of each experimental X-ray diffraction
pattern, the sample must be in the anhydrous state and free of any template used in
its synthesis, since the simulated pattems are calculated using only framework
atoms, not exfra-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 mtrogen 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.



SCI NTAG X2 X-Ray Powder Diffractometer (Scintag Inc., USA), using copper
K-al pha radiation. The diffraction data are recorded by step-scanni ng at
0.02 degrees of two-theta, where theta is the Bragg angle, and a counting
time of |'WOs08@#d8¥30r each step. Prior to recording of ecHeHUSBRREIOAENt al
X-ray diffraction pattern, the sanple nust be in the anhydrous state and
free of any tenplate used in its synt is, since the sinulated patterns
are calculated using only framework atons, not extra-framework nateri al
such as water or tenplate in the cavities. Gven the sensitivity of
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under air. Theovuedr the Mylanfoiloalledsd srovide @ difffacBOfpattat saitsblefor wheim t he XRD
pattern is to be recorded, the sanple is transferred fromthe oven directly
to a sanpl e RUik#&ranahsiscovered with Mylar foil to prevent rehydration.
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Dl FFaX anal ysis, in which case the XRD diffraction

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
AEVCHA 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 convemently 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



‘pattern exhibits a broad feature centered at about 16.9 (20) in addition to
the reflection peaks listed in Table 1. 10041] Preferably, the CHA

f r amewor k WOpRe06/f52&88ul ar sieve in the AElI/CHA intergr owlh3/1$eesi0#038% above
is SAPO- 34 and the AElI framework type | ecul ar sieve is selected from
‘SAPO- 18, ALPO-18 and mixtures thereof. I'n addition, the intergrown

si |l i coal um nophosphate preferably has a franework silica to alum na nolar
ratio (Si/A 2) greater than 0.16 and | ess than 0.19, such as from about
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organic direqcti ent. .Typi.call a_conbi nati on of sources of silicon,
" al unmi num andwgﬂﬁ ’ﬁg?m;g%%h?lﬁg?&j% 455388 or nore directing agents and
optional l'y 56’@@535]‘c roml@&@ﬁﬁﬁfngoéxahgﬁesséf_ RifabRENIKs R 2 AREIAO 88 es,
PCT/ US2005I1 04028 13 type nolecul ar sieve, is placed in a seal ed pressure
vessel , opti ofualedysilidan et enatripleamerosie2d®0 pradlsblecirendbegassa Inc., New York,

pol yt etrafl uoroet hyl ene, and hgat ed, under g crystallization pressure and
tenper at ure, AYi York apg AB1G-RL- Mise organopilicen cpmmpoundssuch e teedodred by

filtration, ceprithaat! op andhap decantingy [ 004N aNan | iAidag granples of

suitable silicon"sources rnclu srlicates, ™ funme , exanpl e,

Aerosi | - 200 apahdtmabrhdsilundETROSR cbNidal NEvasYS kqueollevusieridionsahgre@hB- O Sl L
M 5, organosilicon conmpounds such as tetraal kyl orthosilicates, for

exanpl e, t et rismecimplorkesi iS4 esof TMagblanfiomt &l adu Ranbrdahdeinquest e
(TECS). 2oL b330k, LSRR 40RO BEFEL 1 L0 GiTPLE LU0
1 S "1 PO SO I LiARal ol B4R Nl gt rpaes o
al koxi des, f osrgenabpheual eompounds suebps apmings , allandics pfor geampsle alwrihug m
sources, SUChisggrogcleulg, nzlijnn(il ?n%?ga%ri]catale\iminum sources, such as aluminum- phosphate,
aluminum hydroxide, sodium aluminate, 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.
[0045] Non-limiting examples of suttable phosphorus sources, which may
also include aluminum-containing phosphorus compositions, include phosphoric
f '~ acid, organic phosphates such as triethyl phosphate, and crystalline or amorphous
aluminophosphates such as AIPQ,, 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 N

general formula RyN”, where each R is hydrogen or a hydrocarbyl or substituted



al um num hydr oxi de, sodi um al um nate, pseudo-boehmte, gibbsite and al um num
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amine, ethylenediamine, pyrrolidine, and 2-imidazolidone.

[0048] Since the organic directing agent used in the synthesis of
silicoaluminophosphates is typically a basic nitrogen compound, whereas an
attractive phosphorus source is phospheric acid, it will be appreciated that the
mixing of these materials can generate heat and hence raise the temperature of the
synthesis mixture. According to the invention, it has been 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 1s 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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[0050] The silicon source can be introduced into the combination of the -
phosphorus source and organic directing agent before, after or simultaneously with
the aluminum source, but is normally added when the temperature of the mixture
is less than or equal to 50°C.

[0051] After combining all the components of the synthesis mixture, the
mixture is desirably allowed to age at a temperature of between about 10°C and
about 30°C for a time up to about 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 camed out without or, more preferably, with agitation.
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state, it nmay be recovere y any stand t echni que known Tn the art,
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product nmay then be washed, such as with water, .and then dried, such as in
air. (00541 mixtyrechayingct mekir cempediorewtthinghefadlowRhENges:i coal uni nophosphat e

nol ecul ar sieve conprises a CH@/ El .4 Rt @rar s descri bed above, the
synt hesi s nethod conprises: a) &%%fﬁpﬁgogloﬁ%(g%ﬁbf silicon, phosphorus and

alum numwi th an organic strg,urg,o FERW.003 B8P3y, (tenplate) in the manner
descri bed above to forma
H,0 : ALLO; from 10 to 50;

b) mixing and heating the mixture (a) continuously to a crystallization
temperature, such as between 100°C and 250°C, typically between 140°C and
180°C, preferably between 150°C and 170°C;

) maintaining the mixture at the crystallization for a period of time of
from 2 to 150 hours; such as from 5 to 100 hours, for exampie from 10 to 50
hours; and

{(d) recovering a crystalline product containing the desired molecular sieve.
[0055] As a result of the synthesis process, the crystalline p;oduct 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.
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or
compositions such as kaolin and other clays, various forms of rare earth metais,

other non-zeolite catalyst components, zeolite catalyst components, alumina or
alumina sol, titama, 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

{0058} The silicoaluminophosphate molecunlar 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; potymerization 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;



catalytic activity to the finished catalyst. [0057] Materials which can be
bl ended with the nol ecul ar sieve can be various inert or catalytically
active materials. These materials include conpositions ucg as kaolin and
ot her cl ¥R200§/8%88%s forms of rare earth netals, otherpﬁsﬁliﬁwapﬁacatalyst
conponents, zeolite catalyst conponentgg alumna or alumna sol, titania,
zirconia, quartz, silica or silica sol, and m xtures thereof These
conponents are also effective in reducing overall catalyst cost, acting as a
thermal sink to assist in heat shielding the catal yst during regeneration,
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straight and branched chain olefin(s); and dehydrocyclization.

olefins. As used herein, the term "oxygenates" is defined to mclude, but is not
necessarily limited to aliphatic alcohols, ethers, carbonyl compounds (aldehydes,
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.

[0060} 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; C; - C;y alcohols; methyl ethyl ether; dimethyl
ether; diethyl ether; di-isopropyl ether; methyl mercaptan; methy! sulfide; methyl
amme; 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-atkyl 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 ferm "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.



[ 00591 Where the silicoal um nophosphate is an AElI or CHA structure type
material or an intergrowth of an AEl structure type material and a CHA
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invention is particul ar| y suitable as catal yst for use in the conversion
of oxygenates to olefins. As used herein, the term "oxygenates" is defined
to include, but is not necessarily limted to aliphatic al cohols, ethers,
car bonyl conpounds (al dehydes, ketones, carboxylic acids, carbonates, and
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desired olefins. Alternatively, the process may be carried out ina liquid
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liquid phase i xn?remﬁ(e?gof. 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.

[0063] The temperature employed in the oxygenate conversion process may
vary over a wide range, such as from 200°C to 1000°C, for example from 250°C
to 800°C, including from 250°C to 750 °C, conveniently from 300°C to 650°C,
typically from 350°C to 600°C and particularly from 400°C to 600°C.

[G064] 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.



vapor/liquid phase, different conversion rates and selectivities of
f eedst ock-to- product may result dependi ng upon the catal yst and the

react i oyl ?5% [0062] Wien present, the diluent(SyctesiBssiodkd v
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non-reactive feedstock or nolecular sieve catalyst conposition and
is typically used to reduce the concaxtrati on of the oxygenate in the
feedstock. Non-limting exanples of suitable diluents include helium
argon, nitrogen, carbon nonoxi de, carbon dioxide, water, essentially
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propane), €9065it i al IThenpcesahbiebeacantmied fooaperiod s tamdsufficientutees
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adversely af.fec ctr Y conv Si o action rate;
novever . | YR car (renidib meB BHAGT sy, Tt VPG ARl B b gss ™
PCT/ US2005/ %%ﬁ%‘é of%rbnli@@@% T&@omﬁﬂcma%hﬁmeqabge &Mmm@d}r*m@o period of
time sufficien produce the desired ol efi n products. The reaction tinme
may vary frih, ferexhspkfin themogelsf framd. hhurr‘bter206ﬂ1rhours The reaction tine is

| argely deternined by the reactron tenperature, the p e{ ure, the catalyst
sel ected, tH96Fki ghtAnBEFtical spmbodimerl 9& |4 yeaciqre SYSHER ofof | the AXyEERG apor )~ and

the sel ect egor%%?o%sﬁrog&? 98 circulating fluid bed reactor with continuous regeneration,
similar to a modem fluid catalytic cracker. Fixed beds are generally not preferred
for the process because oxygenate to olefin conversion is a highly exothermic
process which requires several stages with intercoolers or other cooling devices.
The reaction also results in a high pressure drop due to the production of low
pressure, low density gas.
[0068] 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 mediurn, 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



-characteristics. [0066] A wi de range of weight hourly space velocities
(WHSV) for the feedstock will function in the present process. WHSV is

defi ned asvanenoghs28sd feed (excluding diluent) per hour PEFURRIOA4628F a
total reaction volune of nolecular si e?/ catal yst (excluding inerts and/or
fillers). The WHSV generally should be the range of from0.01 hr' to 500
hr-1, such as in the range of fromO0.05 hr"l to 300 hr-1, for exanple in
the range of fromO0.1 hr-1 to 200 hr'. [0067] A practical enbodi nment of a

: _ actical "embodi ment of a
bea react or WRPRS ekt AL RIS £ AT TaoAL AR 5T 0R fsliliypdb o 11

catal ytic craghkehs atbim%eshdd@es pRéRrabBN&E AN WerdOdndr Pr&yiaR. T rebill@npr ocess
" because oxygenate to ol efin conversion is a highly exotherm c process which

requires severedins sembeseparaidd fremdhe ovygsnste sonvarsien powlott feg sadeer casbe The
reaction als esults in a high pressure 0 ue to the prodyction of |ow

“ pressure, | o&?‘ij@r‘?‘s QRpsHeAm p{O@%&‘gé’Fr %H‘éfﬁﬂg@%?@egﬁﬁ 40 ggtexﬁ‘ﬂglﬁ B‘gmgﬁenerat ed
frequently, i&hﬂm@eact Phe in%@x\%ﬂn%ﬁi %memtf g%ﬁe«@ﬂ%e scﬁbp@gm&e&fmé he

catalyst to regenerator, ere the catalyst I's subjected to a

regener at i on torgdifulldwing®Examples. gas conprising oxygen, for exanple air, to

bum of f coke fromthe catal yst, which restores the catalyst activity. The

condi tions ofl08Rdper aburtke Esseypdes. JalFREl apaisgsuves vaeid 1o edsteranee thejne in
th t ld b | t 0. achi ev. K ted
catal yor o - ICHRLHOa FETEIGHe AR Soniuld SPragh B flikliEner at e
catal yst  Shouhgmbornatyigsios o ARFCHEARERY penkRRANsindSho DIEIEX Midohs

oxygenat e feedstocks di'scussed above, particularly & feedstock Containing
met hanol , a aatiddbys fromothp dstemiatonad fZephie Assoeiation sek salsogdlf dEtl. Ueadey etonvert

t he feedstock_primarjly into_on r nore olefin(g). The lefin(s) produced
typical |y hawé Proghsdngs o lde Bayaﬁdﬁlemlsﬂéocwlém%,w 21%9(3%8\?9‘04; 0% 052883
PCT[ US2005/ 04@385¢ r B C ons,
CCT] 200! 0438850 EINEAINY S XROGIR Y17 A910eR S
et hyl ene and/Teeacr sy I eBe-Hiffas) 60, t Bairth 8ldgfonh pubhshel €ors &eRIAoEdhEr om t he
oxygenat e conversion product for sale or can be o
Structure Commission of the International Zeolite Association). The DIFFaX
input file used to simulate the XRD diffraction patterns is given in Table 2 of U.S.
Patent Application Publication No. 2002/0165089, incorporated herein by
reference. In order to obtain best fitting between the DIFFaX simulated patterns
and the experimental patterns, two sets of simulated XRD pattems were generated
using a line broadening of 0.009 (as described in U.S. Patent Application No.
2002/0165089) and a line breadening of 0.04 (Figures 1a and 1b). The simulated
diffraction paiterns 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



fed to a downstream process for converting the olefins to, for exanple,
- polynmers. 100701 The invention will now be nore particularly described with

referenggg 2&&,0%155%3f ol owi ng Exanples. [0071] In the Exag@te$ooddohrX
anal ysis was used to determne the AEI/CHA ratio of the nolecul ar sieves.

Si nul at ed powder XRD diffraction patt2@rns for varying ratios of AEVCHA were
generated using the DI FFaX program available fromthe International Zeolite
Associ ation (see also M M J. Tracey et al., Proceedings of the Royal

Chem cal Society, London, A (1991), Vol. 433, pp. 499-520 "Collection of

Si mul at ed XRiePOkigcionpesition o theginay sgithassomixgyre N texms 9f mofgraadss vasd J. B.

Hi ggi ns, 200%6 Fourth Edition, published on behalf of the Structure

Conmi ssi on B | nt ernati onal Zeol i te Associ at i on). The DIFFaX input file -

used to sinulate the XRD qj f4g;@cAall HeEASHISoven in Table 2 of U S
Pat ent Application Publicati Ol’ll %0.2@6%%0165089, Higncor porated herein by

reference. [pO73)r der The mixtae waseshsfeired tong staeflswe atect eoddhvd-and Isdatad at ed
patterns and the experinental Jpatterns, two sets of sinulated XRD patterns
wer e gener &t adateyafi HChonr el Ganbile heng stigedpith@amies st pispeed afB1u. S.

Pat ent lication No. . 2002/ 0165089). ,an i ne broadening of 0.04 (Figures
2 and | b} e T ANSHAE Wil KPR ot A5 Code (2 HETer AL IO ID8 IBPRd wi t h-t he

exper i nment i L L.oN [ fo er
Sonel tive. emBOURE, dERpd ds a0 THEMARPaukl ol BRBEH sedl Y
5017 kg of phasphemeasaed dvith85WUalvernelaete)sized Q00 ki3, ofprededrbpesmhiejed wat er

and 9157 kg of tetraethyl amoni um hydroxi de_solution (35% in water, Sachem
was prepar ebhe Afasked ishirey a4as ngjertdnad apd on dheaynilitfragtionapetters odfi theg t he

m xture to 30C,.,.392 k X AS 40 (40%si.ljca) was,added to .the _beaker -
ol | owed by i profoet Wil akSh By bt il F iR G5 Rg §ve nae wo
2006/ 052887 §kd tMSZHRRIA4O P8Rern2 DIMEDE hnaly8 wiRNGdaghdte@an@fshéNed tHenal
synthesis mxture in ternms of nolar ratios was as foll ows:
0. 12Si 2/ Al @@R4IRREOpTHEACE @atdp0 an AEI/CHA intergrowth comprising 26 wt% of an

AEI structure type molecular sieve and 74 wt% of a CHA structure type molecular

sieve. The silica to alumina molar ratio (Si/Aly) of the crystalline product was

found to be 0.16 and the yield of the AEI/CHA intergrowth was 20.2 wt% of the

solids in the starting mixture.

Examples 2 to 6
[0074] The procedure of Example 1 was repeated but with the mixture of

phosphoric acid, demineralized water and tetraethylammonium 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 impunty 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 tetracthylammontum

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



-100731 The m xture was transferred to a stainless steel autoclave and heated
at a rate of 20C/ hour to 165C while being stirred with a m xer at a speed of
31 rpm YHR2WOFEBAve was kept at 165C for 72 hours. AfPEFUBWENIEESt 0 room
tenperature, the slurry was washed. The , washed slurry had a d50 particle
‘'size of 1.7 m as neasured with a Mal vEt n Mast ersi zer 2000 (d50 expressed
by volune). The washed slurry was then dried and an X-ray diffraction
pattern of the «crystalline product was taken after the cal cination
procedure described above. Using thi ‘?agf’efzfracti on pattern, D FFaX anal ysis
was conducted and showed the crystalline product to contain an AEUCHA

intergrowth donpgl si MhoiigM Bcaf RAB | ARlel$t UCEIMCRALY POHRP! €CUARB/SI Sijeve and
74 wt% of a A;HA S”U?&Hﬁe’d« pea(fm]l ecul %% sileve. Thel silica t?mgluHm' na nol ar
ratio (Si/AlZy—af—the Lll'*y'st e prioduct g §/ el tzﬁ—kcjrl. r?rlﬁuﬁ'l t he
yi el d of the [AEYCH -qigpgu 2 soids H-n—tHe-starting
- mixture. Exarplés 2 to!lé [0074120he Inr d0édurle &4/ 7€xanpl e 1 was%laépeat ed but
with the mxtjuret off pROsphori c2laci d, d8 ner al7/43d water and 0.15
t et raet hyl ammonisum thydoxi d¢ sopti on 2bgi ng coet7ed it o APEr i Qus Oti@nper at ur es
bet ween 10C gnd pUU Defspre @ddi 3 On 07 Hoine [ST kg and al uminayg @parjt from
sone m nor changes— i the rateof heatrmgto—the—crystatiTtzatTomn
tenperature of 165C, all the other paraneters of Exanple 1 renuained the
same. The regyhhpldLavg/gmarized in Table 2, where "Qrher” designates any
impurity phaSeés present 1n the crystalline product as determ ned by the
X-ray anal ysi807hd " Cdbt progediwap! Example dtves repratademp entitthe erystallizhiah t he

yor oxi da. s R B LG DEBBISURETILT B UATAIOR) o L Wers (Piegto ks Ut no. v
y s !
1 other ALzl ST YRR PR R A e tnd bt on BEELRh, TG S 1s

20 20.4 24/ 76fOphbsphoric acid, demineralized water and tetracthylammonium hydroxide

solution was cooled to 30°C before addition of the silica and alumina. The results
are summarized in Table 3, where “Other” designates any impurity phases present

in the crystalline product as determined by X-ray analysis.

Table 3
Ex Heat Rate Yield | AEI/CHA Other Aly/Si
°C/hr wt% ] Product
7 20 19.5 30/70 APC 0.15
8 20 20.2 27173 0.16

Examples 9 (Comparative)

[0076] 8221.1 g of phosphoric acid (85% in water) was diluted with 6693.8
.g of demineralized water. To this solution was added 535.6 g of Ludox AS40
(40% silica in water) and 147.1 g of water. After mixing until homogeneous,
15001.3 g of tetraethylammonium hydroxide solution (35% n water, Sachem) and
147.1 g of demineralized water were added and the mixture was stirred until
homogeneous. Then 4886.2 g of alumina (Condea Pural SB-1) and 367.8 g of
rinse water were added. The temperature of the mixture was 53°C, The
composition of the final synthesis mixture in terms of molar ratios was as follows:

0.10810/AL04/P,0s/ TEAOH/34H,0



4 20 21 19.7 27/73 0.15 5 40 20 20.1 26/ 74 APC 0.16 6 50 20 22.5 30/70
0.14 Exanples 7 and 8 100751 The procedure of Exanple | was repeated but
with the ation time at 165C being either 48 e 7) or
60 hours ‘5@@@ éésé all the other paraneters of Exangf(g{/ﬁsﬁgm >ng the
sane. As in Exanple 1, the m xture of gphosphoric acid, dem neralized water
and tetraet hyl ammoni um hydroxi de solution was cooled to 30C before addition
of the silica and alum na. The results are sunmarized in Table 3, where
"Qther" designates any inpurity phases present in the crystalline product
as deternmi ng@oly X-r The dngturshas triadibeedSokXstiahks Ratiu¥otdvéd sAIHesidd Ot her
Al2/Si  Cdhr wt% Product 7 20 19.5 30/70 APC 0.15 8 20 20.2 27/73 0.16
Exanpl es 9 (cd2pas &b iNﬁz‘)C modiE deirgoitred withoh mixes ptha speedandi 49 (85 %lhe wat er)
was diluted with 66 of denmineralized water. To this solution was
added 535. 6 agtqghvm@é)kew@igﬁ?@mls’?i hQUéSa Merv@pbng tcamnmwpfragursfthﬁ/at er.

After m xing,until t et droxide
sol ution (3%3 rfynw\%%lt &gaiﬁeé%as%#dsq g’ %tﬁe%fm%‘% 413%{3? fa?' wer e
added and t hauBindfuhe ch@slBid lszroeﬁctwvﬁsl thkenhmﬁfb%%'tswaér t&ﬂnﬂ&ﬁfb Qe g of

al um na (Condea Pur a] -1) and 367.8 g of rinse water were added. The

t enper at ur e nfkturtof BAROUS end/\&APGSE The conpositi on of the final synthesis
' [ rati os was as foll ows:

f |
o503 pod IRy T prsgts oaan meheesﬂ@wb@amsmumatf@@m The
it r e s | ARSE o B a SIBHIGSS ShEChroyiashAYEIRlY healed n 12 hrs

to 175C whil'e ngswr m Xer at a

alﬁt ocl ave wagpkente &iat Wdfavbmionlenbousaf to%ﬁxﬁhoﬁ@@bt Aecdscarily Alish:aE@er at ur e,
t he
herein. For this reason, then, reference should be made solely to the appended

claims for purposes of determining the true scope of the present invention.



slurry was washed. The washed slurry was then dried and an X-ray diffraction
pattern of the crystalline product was taken. The product was identified to
be a mxture of SAPO-5 and SAPO 34. [0078] Wile the present invention has
been described and illustrated by reference to particular enbodi nents,
those of ordinary skill in the art wll appreciate that the invention |ends
itself to variations not necessarily 23lustrated herein. For this reason,

t hen, reference should be nade solely to the appended clains for purposes
of determ ning the true scope of the present invention. 25 W claim 1. A
met hod ofWeglaimhiesi zi ng a si | i coal umi nophosphat e nol ecul ar si eve, the method
conprising: (a) preparing a synthesis m xture conprising the steps of: (i)
conbi ning a source of phosphorus and at | east one organic directing agent,
wher ei n tihe MAmBGo®bf SatitbsRhRsiodEnfifipheghardnsisdular sivgant methbd ect i ng
agent can generate heat and raise the tenperature of said synthesis

m xt ur e; “GRAYNE) cooling the conbi nation of the phosphorus source and
organi c direghi ng ] I or equal to 50C,

prior to intg@ducPﬁ%gg&%%8?@g%§gﬁgﬁﬁ%§%ﬁﬁgpl€@§§ éh%gnbination; (b) heating
sai d synthesis m x{iire canpningiaxgusaiofipssphaes afd phaspierougnicsai d  at | east

one organic directi,ng agent, said source of.alumnymand a source of

Silicon 1o a cryst AFFPEEEDH VESFHBIaR Bree BERISEORhoar s St ahd about
300C, and (c) re?@Yg%hicQﬁ!re@@i%aQ@Hﬂ @6 4kdrats heM@nd faisc thetcieRRde f safd @i m 1,
wherei n said conbination of the phosphorus source and organic directing

agent is cool ed tosgthesispeixtirerandof | ess than 40C, prior to introducing a

source of al um num,.i.nto _the i nati.on. . The thod of ¢claimil1, wherein
S eombi mat Ton ol 2chdlie SRORARNAERR of e pEOSHIRINS oSty bBhIL 1. WNET Sl

cool ed to a tenper dirtitrghetmesn taiedturt OC 3 thad BOEGualdG0°Cpricdto t O
i ntroducing a source of alum numinto the conbi nati on.
introducing a source of aluminum into the combination;
(b)  heating said synthesis mixture comprising said source of phosphorus, said
at least one organic directing agent, said source of aluminum and a source of
silicon to a crystallization temperature of between about 100°C and about 300°C;
and

(c) recovering said molecular sieve.

2. The method of claim 1, wherein said combination of the phosphorus source and
organic directing agent is cooled to a temperature of less than 40°C, prior to introducing a

source of aluminum into the combination.

3. The method of claim 1, wherein said combination of the phosphorus source and
organic directing agent is cooled to a temperature between about 10°C and about 40°C,

prior to introducing a source of aluminum into the combination.

4. The method of claim 1, wherein said combination of the phosphorus source and
organic directing agent is cooled to a temperature of less than 30°C, prior to introducing a

source of aluminum into the combination.



4. The nmethod of claim 1, wherein said conbination of the phosphorus source
and organic directing agent is cooled to a tenperature of |ess than 30C,
prior to introducing a source of alumnuminto the conbination. 26 5. The
met hod of claim 1, wherein said conbination of the phosphorus source and
organic directing agent is cooled to a tenperature between about 10C and
about 30C, prior to introducing a sogkpe of alum numinto the conbination.

6. The nethod of claim 11, wherein said source of alumnumis an inorganic

al um num conmpound. 7. The nethod of claim 1, wherein said source of alum num
is a hydrated Théfmethddof Olintl €. witereid B€id ¥Bimb@dti@f ofth@pibsphoruhesuederingdai d source
of alum numis boehmte ar seudoboehnlte 9. The nethod of claim1l

wher ei n pP@ﬁ&lﬁdﬁﬁc"%%eWﬁW@%‘}@WI%P?IF@T?W?@@W%%Q|a§é§b9“ﬁ§9&jum ng said
source of g#ﬁpphorus source and
organic dP?@??%ﬁgﬂgggﬁt g??%gpgg#{ﬁ%gﬁg C&H@n e nethod of claim9,
wherein the source of siliconis int roduced into said conbination of the

phosphorus sourgce and.o recti prior to introduction of said
sour ce of%alun&ﬁ ﬁ@ﬂwiofa ﬁ@?ﬁ%ﬁnawﬁg?%ﬁ éﬁ'%ﬂ@?@?ﬁnPﬁﬁgg%hrce of silicon
is introdyp@fmiMtondsind. conbi nation of the phosphorus source and organic
directing agent after introduction of said source of alum num 12. The

nmet hod of claim1, wherein said source of phosphorus is phosphoric acid.

13. The met hod f i . Wher C dlrectl e

it rogen compbnaetay Bt dyint TR g B SoRt SRt SRR hlin s g

al l ow ng saidd synthesis m xture to age at a tenperature of between about
10C and about 30C for a tine up to about 12 hours. 15. The nmethod of claim

14 and further conprising agitating said synthesis m xture during aging
t hereof. ¢

The method of claim 1, wherein said source of aluminum is boehmite or

pseudoboehmite.

9. The method of claim 1, wherein preparing said synthesis mixture further
comprises introducing said source of silicon into said combination of the phosphorus

source and organic directing agent after said cooling.

10.  The method of claim 9, wherein the source of silicon is introduced into said
combination of the phosphorus source and organic directing agent prior to introduction of

said source of aluminum.

11. The method of claim 9, wherein the source of silicon is introduced into said
combination of the phosphorus source and organic directing agent after introduction of
said source of aluminum.

12.  The method of claim 1, wherein said source of phosphorus is phosphoric acid.

13.  The method of claim 1, wherein said organic directing agent is a nifrogen

compound.



16. The method of claim1l and further conprising agitating said synthesis

m xture during (a) and/or (b). 17. The nethod of claim1l, wherein said

si |l i coal um nophosphat e nol ecul ar sieve conprises at |east one of an AEI
structure type nol ecul ar sieve and a CHA structure type nolecul ar sieve.

18. The method of claim 1, wherein said silicoalum nophosphate nol ecul ar
sieve conprises at |east one intergrgwn phase of an AEl structure type

nol ecul ar sieve and a CHA structure type nol ecul ar sieve. 19. The nethod of
claim 18, wherein said at |east one intergrown phase has an AEI/CHA ratio
of from kboutTiBymehedoldeot 1 as) Hoheasoderisingipledingpaibisprhssismitysis. 20, The

A s e O LT e e G L A

21. The mmirhod of claim 18, wherein said at | east one intergrown form has an
AElI/CHA ratio of from about 15/95 to about 20/80 as determ ned by DI FFaX.
22. The nmethod of claim 18, wherein said silicoal um nophosphate nol ecul ar

sieve h anxs [ ty) Moo S o QF efl ection
eak i n Bach ope Ftotob ol AR RS TR g O i Bl e 50
CuKu, 93- urbg agihgtha®f0 13.8-14.0 15.9-16.1 17.7-18.1 18.9-19.1

20.5-20.7 23.7-24.0. 23. The nethod of claim1, wherein said

si |l i coal um nophosphat e nol ecul ar sieve conprises first and second i ntergrown

fornms eagd of T m&Ebd bf AmBIWDhKI fultRE JoRIpEiking agiddifhs saidGhihEdiamBu@ek type
material. 24. The nmethod of claim 23, wherein said first intergrown form has

an AEUCHMringge) andest (B)r om about 5/ 95 to about 40/ 60 as determ ned by DI FFaX
anal ysis and said

17.  The method of claim 1, wherein said silicoaluminophosphate molecular sieve
comprises at least one of an AEI structure type molecular sieve and a CHA structure type

molecular sieve.

18.  The method of claim 1, wherein said silicoaluminophosphate molecular sieve
comprises at least one intergrown phase of an AEI structure type molecular sieve and a

CHA structure type molecular sicve.

19.  The method of claim 18, wherein said at least one intergrown phase has an

AEVCHA ratio of from about 5/95 to about 40/60 as determined by DIFFaX analysis.

20.  The method of claim 18, wherein said at least one intergrown from has an

AEI/CHA ratio of from about 10/90 to about 30/70 as determined by DIFFaX.

21.  The method of claim 18, wherein said at least one intergrown form has an
AEI/CHA ratio of from about 15/95 to about 20/80 as determined by DIFFaX.

22.  The method of claim 18, wherein said silicoaluminophosphate molecular sieve
has an X-ray diffraction pattern comprising at least one reflection peak in each of the

following ranges in the 5 to 25 (26) range:



second intergrown formhas a different AEI/CHA ratio fromsaid first

I ntergrown form

25. The nmethod of claim24, wherein said second intergrown

formhas an AEIICHA ratio of about 30/70 to about 55/45 as determ ned by

Dl FFaX anal ysi s.

26. The nethod of claim 24, wherein said second intergrown

formhas an AEI/CHA ratio of about 50/50 as determ ned by DI FFaX anal ysis.

28

20 (CuKa)
93-9.6
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.

23.  The method of claim 1, wherein said silicoaluminophosphate molecular sieve

comprises first and second intergrown forms each of an AEI framework type material and

a CHA framework type material.

24.  The method of claim 23, 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 satd

second intergrown form has a different AEI/CHA ratio from said first intergrown form.

25.  The method of claim 24, wherein said second intergrown form has an AE/CHA
ratio of about 30/70 to about 55/45 as determined by DIFFaX analysis.

26.  The method of claim 24, wherein said second intergrown form has an AET/CHA

ratio of about 50/50 as determined by DIFFaX analysis.



