WD 01/ 36328 PCT/ US00/ 30319 -1 METHOD FOR THE SYNTHESI S OF MOLECULAR

SI EVES Féaéj f the Invention 5 The present invention relates tgo a method
for th& %t8is of netall oal um nophosphat e (MeAPO moPESHSP Iy es and

particularly to a process for the synthesis of silicoal um nophosphate
(SAPO nol ecul ar sieves. i0 Background of the Invention Methods for the
preparation of netalloal umi nophosphat es! -such as MeAPSOs, El APSCs, and
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of a class known as non-zeolitic molecular sieves. (See E.M. Flanigen,

B.M. Lok, R.L. Patton, S.T. Wilson, New Developments in Zeolite Science
15 and Technology, Y. Murakemi et al. eds., Elsevier, Amsterdam, p.
103(1986)). These non-zeolitic molecular sieves are referred to herein as .
- MeAPO molecular sieves and have frameworks of AlQ,, MeO, and PO,
~ tetrahedra linked by oxygen atoms. A negative change in the framework
is balanced by the inclusion of exchangeable protons or cations such as
20 alkali or alkaline earth metal ions. The interstitial spaces of channels
formed by the crystalline framework enables MeAPOs to be used as
molecular sieves in a mannér similar to aluminosilicate molecular sieves, .
such as, for example, zeolites.
- Accordingly, numerous microporous framework structures
25 analogous to the aluminosilicate zeolites can be synthesized having an
' AIPO, composition and have been called ALPOs. A modified family of
materials has been made by the substitution of a metal (Me) for A** and
P* to form the above referenced metals. Although the ALPO structures
are neutral frameworks, the substitution of Me* for P** imparts a negative
30 charge on the framework when ‘a’ is less than 5. By suitable choice of a
cation, this can be translated into catalytic activity. However, alternate



-2 substitutions may be possible that may result in a disproportionately

| ow excMhYS62Bracity. The exact nature of Me substituti AECHYNE/3RIIPO
structures is conplex and highly variable and may depend on both the

t opol ogy of the ALPQO MeAPO and the nethod of preparation. See D. 5

Bart homeuf, J. Phys. Chem, 97, p. 10092 (1993) and D. Barthoneuf,
Zeolites, 14, p. 394 (1994)). The result is that preferred catal ysts may be
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MeAPGs cont ai | catons are npstly isol ated.
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atoms in neighboring lattice positions. These netal islands result in a
| oss of cat a%ﬁdltesag#i pi 394 (1994)heTheresuit isrthat preferraddataiystsanay bee cost

of the catal yst en usj expensi ve et al s, such as gallium and germani um

't woul d, thé’?%quﬁ za%.gtag&ﬁ)%{ Q?ISQST‘WPFHEPﬁ%rease metal content in 20

a MeAPO ol ecul ar BricaySe thé BRibtRITDIWe A MG MEAPO frithahohcLfiekls 1n or der
unmmary o e

to increase catalytic activity and selectivity. nvention In
order to ovecataigicachvityf thehcatalyticlactivity ohMeAROS$ thereforprdepenadston 25 t he

O eves. Hhe. Retthi oiRbal SinPorion anddhe Me SisBuGn oThis e beanbpsk of -
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form ng a MeAPO nol ecul ar sieve; providing a source
i ncl udi ng meshowpdor semessubstitutions dhatpeinen MeAP OB zontdin jow iamdurts of | ar gest

T aeann peTHEMs: T metedtoms are mosty isofted.” However, when the Me. ¢

content increases, islands of the metal may start to appear, i.e., Me sites

15 having metal atoms and no aluminum or phosphorus atoms in neighboring
lattice positions. These metal islands result in a loss of catalytic activity of

- the molecular sie\)e', and increase the cost of the catalyst when using
expensive metals such as gallium and germanium.
It would, therefore, be desirable to further increase metal content in

20 aMeAPO molecular sieve without forming undesirable metal islands in

order to increase catalytic adtivity and selectivity.

Summary of the Invention
In order to overcome many of the problems inherent in the prior art,

25 the present invention provides a method for the synthesis of MeAPO
molecular sieves.
The method includes the following steps: providing a source of
alumina, a source of phosphorus, water, and a template suitable for .
forming a MeAPO molecular sieve; providing a sourcé of metal (Me)
30  including metal particles, the metal particles measuring, in their largest
dimension, equal to or less than five nanometers; providing a water
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the water, the tenplate; the source of netal, and the solvent;

a MeAPO nol ecul ar sieve fromthe synthesis mxture. 5

he nmetal is silicon and the AeAPO is a silicoal um nophosphat

nol ecul ar si eve. Anot her enbodi nent of the present invention is directed to
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ion conprises a three-dinensional mcroporous crystal franmework

rariiciedurtheningludes crystallites measuring from 0.05 microns to 1
micron at their largest dimension. This particle is desirably made by the

process set forth-above. Desirably, the particle is a SAPO-34 molecular

sieve.
Other advantages and uses of the present invention will become

apparent from the following detailed description, appended figures, and
appended claims.

Brief Description of the Drawings

Fig. 1 shows an electron micrograph at 5,000X magnification of
another SAPO-34 molecular sieve formed by the process of the present
invention; |

Fig. 2 showé an electron micrograph at 5,000X magnification of
another SAP0O-34 molecular sieve formed by the process of the present
invention; and

Fig. 3 shows an electron micrograph at 5,000X magnification of
another SAPO-34 molecular sieve formed by the process of the present

invention.

Detailed Description of the Invention
The metalloaluminophosphate (MeAPO) molecular sieve of this

invention comprises a three-dimensional microporous crystal framework



structure of@gpeNEOZ], [ Al 02] and [PQ2) tetrahedral units. The MeAPO

mol ecul AVO91RRRE rmde by the processes of the present inVeKUSHB31%onprise
a nol ecul ar framework of coner-sharing [ Me02], [A102], and [P02)
tetrahedral units. MAPO nol ecul ar sieves are generally classified 5 as

bei ng m croporous materials having 8, 18,- or 12 nenbered ring structures.
Useful nmetals (Me) are any netal which is capable of being incorporated

Into the W aBie Of (VRO IGLNIFYS tetaildrhl B! ThaMeapgl ccted from

the group consisiing bery rom unm coba gal | ium
germani um imoeleculareves; madsby thse processes of thespiesentinvéationpadi um  zi nc
and conbi nations thereof. The MeAPO nul ecul ar, sjeve Qoéz t{]e pr esent

i nventi on i compRs® Melgeuiar framaworkiaf soenef-sharnng MefdalalAiQel @8dof  al uni na,

a source of t f ) APO
nmol ecul ar 4?@12%59{5%%% 0 %ge%ﬁ?aﬁg%béga? sgb;\fﬁ s;ﬁ ’ﬁaﬁge'}&gm%géﬁc‘?ygam C
sol vent . sTheas béing micnoporoas mdterials maving 8110, SEAP nmdndbereidiing MeO, | :

H20: SOL (1) wherein TEMP. is the tenplate, SO. js the water sol ubl e'organi C
sol vent, arfirysturesy ddssfulbmetals dMe) gee apy mptabwhichds fapable ahkeingnpl ate i s

Conpounds. cdipRERrafd B e frdfewBHbAE HidhallaF RIsbE  \ofdl Bl ard P2l ¢
(Lanoe's Harkﬁ)éﬂbdﬁforﬂtﬁ@bﬁéup'conéiﬁﬁﬂq etibéron) beryliivin, Esromiuny cobalt,

MG aw Hi ||, New York(1985)), particularly nitrogen, phgosphorus, arsenic
and ant i nonygallimg; GEEBARIUN, donpmanganese, magnesig, ynickel, Siieem conpounds

al so cont ai .east. : Of: up having 25 from1l to 8 carbon
atons. | rtirkf: ag‘%'%ﬂng:f %k@!‘gééﬁe{%ﬁai'ni ng conpounds for use as
tenpl ati ng agent sTiag MeAROaNDIeCalarsibv@LEf the (présentdnventionisanagebyds, the

| atter being represented generally by the ornmul a RAN+ wherein each Ris

an al kyl or farping,? sypthesia mdunefromensource of alumingo A MuRe of po| yneri c
oo er o Y VBBHDGE et e A UF AN LRRP OB 1o 2
are advant agsieve,| & soliicel gferimetalt(Vi), ¥ AW ates s8IuBIg bidRiNi¢ 86R6ht. The
' 15 mixture has the formula (l): ,
TEMP:Al,05:P,05:Me0,:H,0:SOL | 0]
wherein TEMP is the template, SOL is the water soluble organic soivent,
andnis dependeht upon the charge of the metal.
The template is a structure directing agent. To form MeAPO
20 molecular sieves, these compounds contain elements of Group Va of the
Periodic Table of Elements (Lange’s Handbook of Chemistry, 13™ edition,
-J.A Dean, ed., McGraw-Hill, New York(1985)), particularly nitrogen,
phosphorus, arsenic and antimony, preferably N or P and most preferably
- N, which compounds also contain at least one alkyl or aryl group having
25 from 1 to 8 carbon atoms. Particularly preferred nitrogen-containing
compounds for use as templating agents are the amines and quaternary
ammonium compounds, the latter being represented generally by the
formula RN’ wherein each R is an alky! or aryl group containing from 1 to
8 carbon atoms. Polymeric quaternary ammonium salts such as
30 [(C14H32Nz)(OH)2L wherein "x" has a value of at least 2 are also suitably
empioyed. Mono-, di and tri-amines are advantageously utilized, either



-5 alone or in conbination with a quaternary amoni um conpound or ot her

tenpl ati ngv@eompend. M xtures of two or nore tenplating agegirfis@suziei t her
produce m xtures of the desired MeAPGs or the nore strongly directing

tenpl ating species nmay control the course of the reaction with 5 the other
tenpl ating species serving prinarily to g,,stabl ish the pH conditions of the
reaction mxture. Representative tenplates include tetramethyl amoni um

t etraet hyl amtmoni um tet rapro yl ammoni um or tetrabutyl anmmoni um i ons;

di - n- pr opy| anidifne ef inpaspkingtiemwithia Auateynanyafmoniune comporadiarethen

N N di et hy et %&hﬁﬁiﬁ#@m@& (RGP B e oF oS P 2%#%%“ -

choline; N N eﬂheﬁpiudu@emixnn@eftﬁadeﬂrwm ok fhe%nai@strm

met hyl di et hanol ami_ne, N-net hyl et hanol am ne; N et hyl pi peri di ne; 3-
met hyl pi peri ddifecting templating speeies ynaycortroldheconrsegf theireactian with

o - n- but e R bl spspis BV B o G RS BT o, A e

t-butyl am ne; cehditibAs of titedtioniikiredi ne; and 2-im dazol i done. Not every.
tenplating agent will direct the. formation of ever % speci es of MAPQ, '

i.e., a single tenfRepresantaiivmtemplatesineludg tefsemethylarpmonivon of 20 the -

R A e R T
tenpl ati ng ag@irhpropyiaimine tripfopytamine, tristeylanime, afiethanoRimipepduce m xt ures
of different sieves or predom nantly one sieve where one terrpl ate is nore

strongly # repipeRgine; siciehexyiamine2-metmdpyidine; NN-dimethwikenzylamingi i ng- a.

tetra - propylt ﬁ&@bﬁ@ﬂ%“#‘w SRR NS oAk
tetra-n-_ but ybelineNIN-dinethyipiisersTREOH4-diadaBicotiord Si)oomarNae ( DEA)

Representati ve terrpl at es for or m ng a MeAPC 11 nol ecul'ar sieve 30 incl ude

di - n- pr opy| aninethyldiethanolamine; N-methisthanalaming; Nynetyirieendine1 336328
PCT/ US00/ 303131e,thylpiperidme, N-methylcyclohexylamine; 3-methylpyridine; 4~

15  methyipyridine; quinuclidine; N,N'-dimethyl-1,4-diazabicyclo(2,2,2)octane
ion; di-n-butylamine, neo-pentylamine; di-n-pentylamine; isopropylamine;
t-butylamine; ethylenediamine; pyrrolidine; and 2-imidazolidone. Not
every templating agent will direct the formation of every species of .
MeAPO, i.e., a single templating agent can, with proper manipulation of

20 the reaction conditions, direct the formation of several MeAPO
compositions, and a given MeAPO composition can be produced using
several different templating agents. Mixtures of two or more templates
can produce mixtures of different sieves or predominantly one sieve
where one template is more strongly directing than another.

25 Representative templates for forming a MeAPO-5 molecular sieve
include tetraethylammonium hydroxide (TEAOH), tetra-n-propyi-
ammonium hydroxide (TPAOH), tri-n-propylamine (PrsN), tetra-n-
butylammonium hydroxide (TBAOH) and diethylethanolamine (DEA).

Representative templates for forming a MeAPQ-11 molecular sieve

30 include di-n-propylamine (Pr.NH); tetra-n-butylammonium hydroxide



-6 ( TBA and di - n-propyl am ne (Pr2NH) d| | soprdpyl am ne (MPr2NH) and

di - n-proWPWRFRE. A representative tenplate for form ng aPUEARBGN/0369

nol ecul ar sieve, a MeAPO-1 7 nol ecul ar sieve or a MeAPO 35 nol ecul ar si eve
is 5 quinuclidine. Another representative tenplate for form ng MeAPO- 1 7
is cyclohexylanmne (CHA). Representating-tenplates for form ng MeAPO 18
Lncl ude TEACH, di-isopropylethylam ne and conbi nations thereof.

et r amet hyl abi B ARt Repahiok (AL SlsoRebiBtne trinlif amy " "

pyrrolidine. dfnigtdpgreiinél i ve tenpl ate for formng a MeAPO 31 nol ecuI ar
sieve is Pr2NH Represent ative te ates for form ng a MeAPO 34 nol ecul ar
sieve 15 includeA @NQ%QM?UV%WB %’&OWDQ@WﬁI moiawlaram nonet hyl

hycr oxyet hy| SRV VBRBRS! T HEISKIRF sie e MRARSK 8 TpbiReylarsisve s
i sopr opyl i qu-m&ﬂdmmheﬂmprbbaﬁteﬂf/e téthslats fﬂoﬁrﬁm MBAPGU1Y is

triethyl am ne K hexyl am ne,” pi peridine,” pyridine, isopropylamne, 20
tetraethyl afyelahexylamine(CHAY ni xtures thereof. The tetraethyl ammoni um

hosphat e, 1 ot oo KRHTORHBIVE RrobTalhs oE Foring MEAFON 8 InRAT R EAQH: do.

tetraethyl agpmpe ahtyrarﬁtae dritf éciibistiong teBb/m acetate. Preferred
t et raet hyl ammnPtﬁn?)gal are tetraethyl 25 amoni um hydroxi de and

t etraet hyl anmmoni Bﬂmﬁahveetemwlatmefgefmmmga MeAPO:26 mbleculapisievey a

MeAPO- 37 ncl ude TPA nd T | anmoni um

hydr oxi démﬁ%&@wégy{anB?ﬁP& Yy r° Pﬁ'?{a ﬁ@?\%ﬁ@@'ﬁgﬁf ar sieve

i ncl ude TPAOHEADH 2am®pyrolidinet at e (NH4OAc). 30 Representative tenpl ates
By

for formng a McAPO 41 nol ecul ar sieve include TBACH, diethyl anine and
di propyl am ne.  Arepresentative template for forming a MeAPO-31 molecular sieve

is PraNH.
Representative templates for forming a MeAPO-34 molecular sieve

15 include tetraethyl ammonium salts, cyclopentylamine, aminomethyl
cyclohexane, piperidine, triethylamine, cyciohexylamine, tri-ethy!
hydroxyethylamine, morpholine, dipropylamine (DPA), pyridine,

“isopropylamine and combinations thereof. Preferred templates are
triethylamine, cyclohexylamine, piperidine, pyridine, isopropylamine,

20 tetraethyl ammonium salts, and mixtures thereof. The
tetraethylammonium salts include tetraethyl ammonium hydroxide
(TEAOH), tetraethyl ammonium phosphate, tetraethyl ammonium fluoride,
tetraethyl ammonium bromide, tetraethyl ammonium chloride, tetraethyl
ammonium acetate. Preferred tetraethyl ammonium salts are tetraethyl

25 ammonium hydroxide and tetraethyl ammonium phosphate.

Representative templates for forming a MeAPO-37 molecular sieve
include TPAOH; and TEAOH and tetrapropylammonium hydroxide.

Representative templates for forming a MeAPQ-40 molecular sieve
include TPAOH and ammonium acetate (NH,OAc).

30 Representétive templates for formihg a MeAP0O-41 molecular sieve
include TBAOH, diethylamine and dipropylamine. '
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MeAPO- 42 RphofAdsag Sieve include tetranethyl ammoni um hydr ﬁfﬁ
pent ahydr at e I‘bIBI\/AC]-ISHZO) and TEAOH. A representative teancPeélﬂte og?oag%rm ng

a MeAPO- 44 nol ecul ar sieve 5 is cyclohexylam ne. The source of the netal
(Me) may be any source which contains al particles neasuring, in their

| ar gest di nension, equal to or less than /five nanoneters. The source of

the netal nay be any netal species, for exanple, the netal may be a *
cluster of a netal ,Represeptativedémplates for foominga MeARQ142(replechlar sievenl . |t -

has been found that, throygh the use of particlge a | NG, hei r

| ar gest di rrenéPgHaeéﬁ%meH%'%Pmoé'wWQF&‘#Q/BG"@MQ%?Zf&,"&ﬁ'ﬂﬂ?@act ive

si eves can be JfyTEAQECause the netal is easily and effectively dispersed
in the synthesis mxture. Further, as discussed bel ow, these particle

si zes can be used tArépresentalive témplate foriformingtaMeAP Odidanoleculardieng es. To

determ ne the.a rloF‘riqte;size of the netal particles useful in the
present indent¥ cio ﬁéyﬁ@l"ﬁ'cl es may be neasured by small angle x-ray

scattering which i syl §8urkB OMheietaIIM THAVBGMy HID whlth EgHiafa Of t he

metal may be a nononeric netal conpound/ | 1 gonmeric netal conpound
cont ai ni ng pametal particlassmeasyrirg)la theio largest dimensicn) efjuaktoeniese thars,
and/ or nmetal particles whi nmeasur e r less than five

¢ fe*\ﬂ%al t '(r) 0 b _
nanoret ers. AJVEJEANOMGIETS, T, EOHIEe AN mgtal may beany metal spegigsaforat om i s
not chem cal | %ﬁgﬁiﬂ%‘,%e%é@FH#ﬁ(ﬁ a listérssrid bzf?talp'?ﬂ 16X oP 3 Ph&REI, oFet al

atom As used the term I goneric connotes a netal Species
whi ch contiai nparticle{s) of almetati i hafs bden fdandtbat, threugh the usedf pactidles or

usef Ul et al s FARSURD. Gh e lafdnel dipersigty Saal P oF IR BREVEL o, such as

it 2 opy o PERER R bre oGRS A dbBcayss o metale

met al s; and measily and effettively alispersedh in the synthesis mixture. Further, as
discussed below, these particle sizes can be used to form molecular

15 sieves having novel morphologies. To determine the appropriate size of
the metal particles useful in the present invention, the particles may be
measured by small angle x-ray scattering which is also known by its
acronym as SAXS.

The source of the metal may be a monomeric metal compound, an

20 oligomeric metal compound containing particles measuring equat to or
less than five nanometers, and/or metal particles which measure equal to
or less than ﬁvé nanometers. As used herein, the term "monomeric”
means each metal atom is not chemically, either directly or indirectly,
bonded to another metal atom. As used herein, the term "oligomeric"

25 connotes a metal species which contains no more than six of the desired
metal ions directly or indirectly chemically bonded to each other. Non-
limiting examples of useful metals include one or more of
tetraalkylorthometallates, such as tetramethylorthometaliate,
tetraethylorthometallate, tetrapropylorthometallate, and

30 tetrabutylorthometalléte; colioidal metals; and metal sols. Desirably, the
source of the metal is a tetraalkylorthometallate.

ST



source of the netal is a tetraal kylorthonetallate. iir WO 01/ 36328

PCT/ USOOWVEPIBE328_. 3 SO is a water -'sol ubl e organi ¢ sol vent PEX{H00/30309
solubilizing the source of the netal. Desirably, the solvent is selected
fromthe group consisting of sulfoxides and C, to Cs oxygenated
hydrocarbons. Desirably, the oxygenated hydrocarbon is selected fromthe
group 5 consisting of alcohols (branched or normal), ketones, al dehydes,

diols and acids. g@_efg% Wwéﬂfd;%@'t%%ég“%esﬁ%ﬁ‘g%rgﬁggfeg?fg%ﬂ@ﬁtﬁ ﬁ'lgz | ect ed

from the group consisting of edi ol ,

met hanol , et baurge, ofithemaetal., Desivablypthecsolventtis Belectsd frof the Graripd! Ycol .
Desirably, the so] ven ? an al cqhol. 10 The source of alum na nmay be any

| :
al uni num spe€PRYS %Q%FE' Qsides,and £1dp Ssaxyganatedihydroraronsn an aqueous

synt hesi s so ' ' [ _ODre sources
sel ected frogétgkgagl’ gﬁ&k@&er@?és’(? f‘ﬁg’%’%{g@%‘g\%ﬁ@}ﬁﬁ@%ﬂﬁ% al um na,
organo alan consisting dbalcohelsnibranchad.on mermat) ketoriete aldeHydeisdalolgt! uni na,
and m xtures tgere 5 The source of phosphorous is oné or nobre sources

f.
sel ected frofif t?@gﬁr ful selvents include one o maresalvants selegted frophosphat es,

ZFS% ﬁgphg;Lmﬂgﬁ%ﬁﬁﬁﬁ%ﬁ%%%?%%%ﬁiog%ﬁ%%‘e%% ce should
al so be capaiviethariol, ethanol prbsaral sisdpropatiot BUtIRE!, BRAFIhABHEYhrcoly Nt hesi s

~solution. 20_The tg@ used can be fromany water source and 'S ﬂesi rably
dei oni zed. TRESEJRHthe solventisae aleohe)y nul a (1) may optionally include a

nmor. phol o nodi f y4 \ rovided to fect the
nor phol o% of t heTﬁgssg,Pfélan%‘ no er(':auﬁghsl %@ggﬁﬁﬁp& §B‘?-°'EJ§§PBF§ 25

i ncl ude sur f beihgrdisperdod or digsohaid ivnen aGuedliesyntRasissomicH. SUsBR o"
transition netals; trivalent cations; seeds of MAPO nol ecul ar sieves; and

recycl ed sy$RYIEes Of Alumipaaraone-or mpea spurces selaated fropy thieegroipy a
sur ]‘: ggt 22: . ¢hifdidting s thaThidking! RFritSa SRiiRG, SRYahcdiurisa. é)slde%/g-ng
boehmite, aluminum hydroxide, colloidal alumina, and mixtures thereof.

15 The source of phosphorous is one or more sources selected from
the group consisting of phosphoric acid; organic phosphates, such as
friethyl phosphate, tetraethyl-ammonium phosphate; aluminophosphates;
and mixtures thereof. The phosphorous source should also be capable of
being dispersed or dissolved in an aqueous synthesis solution.

20 The water used can be from any water source and is desirably
deionized.

' The synthesis mixture of formula (1) may optionally include a
morphology modifying agent (MMA). The MMA can be provided to affect
the morphology of the resulting molecular sieve particles. Useful MMAs

25  include surfactants; divalent cations of alkali earth metals and/or transition
metals; trivalent cations; seeds of MeAPO molecular sieves; and recycled
synthesis mixture mother liquor. The MMA is preferably a surfactant.

Useful surfactants include one or more of the following surfactants
selected from the group consisting of: long chain alkylamines, such as
30 hexadecylamine,-tetradecylamine, dodecylamine, decylamine, or |

octylamine; dimethyl alkylamine compounds, such as



selected fromthe group consisting of. |long chain al kylam nes, such as 30
hexadecy| 30 ok36328t r adecyl am ne, dodecyl am ne, decyl am ne, parT/Sed/338911 Ne;
di mret hyl al kyl am ne conmpounds, such as WO 01/ 36328 PCTI USOCQO' 30319 -9

di et hyl hexadecyl amm ne or di met hyl octyl am ne; and trimethyl al kyl anmoni um
salts, such as trinethyl hexadecyl ammuni_yn chloride. An al um nophosphate
(ALPO nol ecul ar sieve structure can also 5 be fornmed as an i ntergrowth of

t he MeAPO nol | ' hysi cal | . xed . with the MeAPO.

Al 5rri nophorsn;h%@eﬁ&fﬁéégay'gmeé%&@"ew@gm'& AT gpor ous oxi des which
t A _ DRREY e o

can have an hﬁﬂgrfyg@ﬁgﬁﬁﬁﬁmlyﬁ%ﬂs?§ﬂcﬁ‘§¥?nﬁ@fi’iaﬁﬁ%c?lh§ﬂ§€%ﬁqu§tt In the

framework, typic ve uniform pore di nensions rangln out 3
angstrons to ehtonidel0 angstrons, to and are capabl e of making size

el ective separatiqns ,of ,nol.ecul ar | es. re than two dozen structure
f ypes Ih\altvesbgen rgg‘&fﬁlﬂm'mmﬂﬂ%béﬁgﬁﬁéim%@ &'SWﬁEPc@ﬁ%Féglﬂéﬁ e -
Pr ef d ALP E _ . PO 34,
ALPO 36, AL P8 TormiEd s téardiardfthe MOARO Inolepilar Sibve dr Bigicafly " P

(1) is fornedmixedwithithe MeAPOe Alominsphuisphatesmotscutar sieves arg he source of
t.he source of late in_a reaction

al um na, the solvept, he netal and e
vessel . No paF'Wlsﬁaﬁﬁ%ﬁ MigHOPOFOUs OXifes Wb'&h@a% ﬁﬁ%ﬁ@rﬁalgbgpmﬁ’%dm%mver ,

it is desired [EE%? : m&‘w&fﬂf( . ' ior to.
the addition g%ﬁ'fﬁhgé%dg er gicggﬁn%@ﬁgﬂﬂﬁ%%ﬂg esl r’e'gﬁggnm%{r}rggﬂn%bﬂe
sour ce of phopplreodimsensiensranging from aboutrangstronhs: to abowutr 10 &hgstromsxed in a

reaction vessel. Next, the tenplate required to form{he desired MeAPO is
added to iho ABA@e GAPFRISmakng Size-seldrting spparations pmglechlan the

heTobir | on, 4kt FEPb UG e Babl S s cenale bih e ¢ 201 10,
a period of tincludihg aeclitecopolbgicahlanaloguesh Rrefetfsd ALRO: structirssiarabl y, the
Synthesis A1 po-5, ALPO-11, ALPO-18, ALPO-31, ALPO-34, ALPO-36, ALPO-37,

and ALPO-46.

15 The MeAPO synthesis mixture of formula (l) is formed by combihing
the source of phosphorus, water, the source of alumina, the solvent, the
source of the metal and a template in a reaction vessel. No particular
order of mixing the components is required, however, it is desired that the
phosphorus source and water be combined prior to the addition of the

20 other components. -

In a desired embodiment, the source of phosphorus, water and the
source of alumina are first mixed in a reaction vessel. Next, the template
required to form the desired MeAPO is added to the reaction vessel and
the solution is stirred. Then, the solvent, the MMA if employed, and the

25  source of the metal are added to the reaction vessel.

After the synthesis mixture is formed, it is mixed for a period of time
from about 1 mim}te to about 480 minutes. Desirably, the synthesis
solution is mixed for a period of time sufficient to form a gel or slurry which
has a homogenous appearance.

30 The reaction vessel containing the synthesis mixture is sealed and
heated, desirably under autogenous pressure, to a temperature of at least

*

T



solution is mxed for a period of tinme sufficient to forma get or slurry
whi ch 8@ 0K368%ogenous appear ance. 30 The reacti on vessePCTASI®IMWING t he
synthesis mxture is sealed and heated, desirably under autogenous
pressure, to a tenperature of at |east WO 01/36328 PCT/ US00/ 30319 -10 80C,
desirably from about 100C to about 250Cg_until a crystalline product is
formed. Low tenperature and short crystallization tines are preferred

because thos ngli t.i ons, nay .prev, t he for i griof  undesirabl e
product s. Théoﬁgﬁ?ﬁ'r@%&f@%%ﬁlfoﬁg tStabQ%E&s&:'émdfa ervstalin@hout 0 bar
to about 70 bgNn % ' : : nywher e
from ar ound ?ﬁrﬁuﬁgﬁa%ég's "ﬁ’ut"é sé}énvﬁvégﬁg %rfpé%re%fé%%@sﬁ ‘t"ﬁégﬁr?l ng or
seedi ng wi t hprefersed becassethasel dariditionsmiaypreventithe férmatiort of € t he

formati on of the.product he_w’xt_ure may be heated in a convection oven,
an ext er nal | ynggs] RIAGHAts,, The mixture issrvstallized aha pressuteyof ftamr 10
apparat us ¢ t terabd r Ll LLr t he

Me APO m)lssec #gﬁﬂsq bes\a/e pr o%g(?idllsasﬁf %?%&W%@P%%mhgi ﬁﬁggﬁfe@yf%@over ed
by standard ampwiseredrarh areuny 1animute faoigemuoh as 2 wedks! dhisome tasesr ocess

may al so include conventional pr ct washin and drying such as by an
et hanol ri ns%'rgﬁgﬂfrseggmwah F&ﬁg'ﬁanmﬂp materialwill Jagilitate the ri nses

bei ng condu | | ' : dried by any
convent s onai Fnafiof of i protut. ThEfiigyre gl 66 isatdlih 2 LBGlaRf o T
convect i on ooven, @n extermnallyheated altoviave) @rhiorowaes autdctaves bRaHY othér about
200C. The Mag_ nqlgq:al so be conducted in an externally heated autocl ave
or a mclo atusceuriantiyuserhia thearttpsheat sueh rpxdwres: i nvention is

particularly usefgécéplgge thECngi\f-‘@) @éé’&d,&p&%g%@@%gg%@l seoﬁHtligr{, Si eve.

The process of the resent 1 nvention can

si | i coal uni ribpan belrecevereddnustandard meanscsch asl by rcentrifigatioRep -consi st i ng
of SAPO 5, Q.1 1., SAPO- 16, SAPO 17, SAPO 18, SAPO 20, SAPO 31, SAPO 34,

SAPO- 37, SARHrationo The Rrecess mayaisa inclugeconventionabpradust wasbing abl y, t he
process of  dRPAR/iIRG 8lith 865 Un Bthandl HASE ahB/drY Whtdt rinsa WithSsither or

15 both of the rinses being conducted a plurality of times. The product may
then be dried by any conventional drying technique. Typically, the drying
is conducted in a convection oven at a temperature from about ambient
temperature to about 200°C. The drying may also be conducted in an

“externally heated autoclave or a microwave autoclave.
20 The process of the present invention is particularly useful for
- forming a silicoaluminophosphate molecular sieve. The process of the
present invention can be used to form a silicoaluminophosphate molecular
sieve selected from the group consisting of SAPO-5, SAPO-11, SAPO-16,
SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-37, SAPO-

25 40, SAPO-41, SAPO-42, SAPO-44 and SAP0O-47. Desifably, the process
of the present invention is used to formulate SAPO-34.

The SAPO molecular sieve of the present invention is made by
forming a synthesis mixture from a source of alumina, a source of -
phosphorous, water, a template capable of forming a SAPO molecular

30 sieve, a source of a silicon, and a water soluble organic solvent. The
mixture has the formula (l1):



The SAPO nol ecul ar sieve of the present invention is made by formng a
synt hesi swo o828 from a source of alumina, a source of pposRRoIIH
water, a tenplate capable of form ng a SAPO nol ecul ar 30 sieve, a source of
a silicon, and a water soluble organic solvent. The mxture has the
formula (11): WO 01/36328 PCT/ US00/ 303191?11 -

X1ITEMP: X2Al 203: X3P205: X4Si O2: X5H20: XsSOL '(11) wherein TEMP is the tenpl ate
and SOL is the water _soluble arganic .solvent. The conponents are as |isted :

gbOVﬁ in the di scu:?@ﬂﬁM%’Mh@_ai XN NsFaQEXeSOMnen al SAPO (i} fgr ned
o711 con sneq: Mitrel FERPRAAL oo BN SOL IEURAVERT dolupib orgallie T2 Be &MY

I Ssperse

synt hesi s sol sbivemt. Aheiompuheritoare as listedgabavet in thadisatission dfithesour ce of
siliconis an&lsour ce which contains silicon particles measuring, in their
| argest di menMNPORMBediment; | ess 10 than five nanometers. The source of .

the silicacmay be : ] . j lica, a
conpl ex ofssi l'ica, %gﬁeﬁgﬂ“gpg%cfg?ﬁ%ﬂj P?g@es e ?gﬁp@?@#aﬁtﬁﬁeﬁma may -be
a nmononeri ¢ sithe sourcecof siicayomeay ibe ary silicon specips cagableasfbeing equal to or ..
| ess than five_ nanoneters, and/or silicon particles which neasure equal to

or |ess than gisperseehengisselyed in anaquepussynthesis selwtiope As statachabove”

means each sikl | t Woy=1 P PAVES=1 | or. | 'rectly',
bonded to anowéénﬁésrlaltl?%énﬁ‘a ,%mtwéa%@géf )é's"gaﬁ 'lg %ﬁ? rﬁg’? F%)%}eéx éoritﬁ@'st erm

"ol i gonmeric" sikcontpasticles measuingpirctheir latgest dimemsion nequl toor fegshan six |
siliconions directly or indirectly chemcally bonded to each other. '
Non- i mit dhg thamiiye bapemetars, The squres ok the silica mayhe apy metahsperies.one or -

nore of tetra Ll | i SU .anet . klhcat e,
tetraet hyl ort E%r?ﬂ{a?ﬁ a{?%s%ﬂl‘t%go?&"tcétéggﬁéey){ ﬁ%’ﬁ%i#ﬁﬁ"é’?g?ﬁ% hics. '
tetrabutyl ort Theidoured of theosilica ey ts8 & imanorheriesilicon, ars dligomericisilicon sol s.
The silicoal um nophosphate. m xture of fornula (11) may be forped_ 25 in
accor dance- wi £AMPRENG easTingequal ie pplassthan fiyeaanometers, and/or silicon

particles which measure equal to or less than five nanometers. In this

15 context, the term "monomeric" means each silicon atom is not chemicaily,
either directly or indirectly, bonded to another silicon atom. As also used
in this context, the term "oligomeric" connotes a silicon species which
contains no more.than six silicon ions directly or indirectly chemically
bonded to each 6ther. Non-limiting examples of useful silicon source

20 materials include one or more of tetraalkylorthosilicates, such as
tetramethylorthosilicate, tetraethylorthosilicate (TEOS),
tétrapropylorthOsilicaté, and tetrabutylorthosilicate; colloidal silica; fumed
silica; and silica sols.

The silicoaluminophosphate mixture of formula (ll) may be formed -

25  in accordance with the previously described processes.

In either of the embodiments described above, the resulting
synthesis solution has a TEMP:Al,O5 molar ratio of from about 0.1 to
about 5, and more desirably from about 0.5 to about 3. The SOL:Al,O,
molar ratio in the synthesis solution is desirably from about 0 to about 30,

30 and more desirably from about 4 to about 20, and the SiO,:Al,O3; molar
ratio is desirably from about 0.01 to about 2.0, and is more desirably from



In either of the enbodi ments descri bed above, the resultin g nt hesi s

sol uti oWRAY3B2¥ENP: A1203 ol ar ‘ratio of fromabout 0.1 tB T’&’S 038  and
nmore desirably fromabout 0.5 to about 3. The SOL: AI203 nolar ratio in the
synthesis solution is desirably fromabout 0 to about 30, 30 and nore
desirably from about 4 to about 20, andihe S102: Al 203 nolar ratio is
desirably from about 0.01 to about 2.0, and is nore desirably from WD

01736325 PCTLyS000 303 b 7o ATRALR Rl ApAMralifn b8y BB 202 ol ar

ratio in the S esi s ion i rom about 5 and nore

desirably fremmibnus de@nrablycfrdmhbout Sitd\/MS and miorel desirablysremtabdiutent , t hen
the resulting sol ution i 8 A1203 mol ar .rati o of fromabout

0. I01 toI abouD-&tcs1.1a M"lﬂﬁr'%uﬂﬁ i HH??WMW&BBG'PG'G"!%VQ%"%E? ufon. The
T

t hr ee- di nension m croporo s cr

[A102] angl [ stk desirablyciioml abouti0s05 Iabeat0.8i i s incorporated into the
structure can be determ ned. by 298| MAS E . See Bl ackwel | and i o Patton,
J. Phys. Chem, oJhexiligcraluningphospba |ar/sieye.af this inventioneyes exhi bi t

th
one O " &, 857kl fFag ol S icrbbiind U6 fmeti BBkl |1 (e
| east 20% of [SiDB],{[AIQ]] apdi{PO] fetratiednal urﬂtsaKmab Si is irfisorpordted intbt 6
(Si)] inthe range of -88 ppmto -115 ppm where theegﬁlggf(w h] chem cal

shifts refer th®s F@%&Pntb@t‘ﬂ%iﬁﬁﬂm ﬁéW’ﬁ\/HMR-I P aRfbodi ment
ol eun® il o Ption, I Bngs e, 4 30k 1988 Ve HaEHRd SAME hoiecRr s

si eve having a novel hi's™ nor ogy i's shown in Figs.

1-3. This m@l&%b@hbnﬁondesmorbqsém mm@é“mMAsma;smhla Olermjgzer oi dal
particle conpri 5|(nga 20 silicoal um noghos phat e nol ecul ar sieve. As used

herein, the SbBiftd mme)meofnﬁgﬁg- IRB) and avith @ combingd peak agea pher e

DU et DB Aot bt BEGEBP Aol ol Mok B HRoRR Bt B, o1

? ﬁ{af 2;755{ glr lrr:eflggﬁcal@hwss 51)] inctheTERGE OF -85 pPni 102116 pPrA! WHERS & Particl e.
15 (Si)] chemical shifts refer to external tetramethylsilane (TMS).
in a desired embodiment of the invention, the process described

above forms a SAPO-34 molecular sieve having a novel crystal
morphology. This morphology is shown in Figs. 1-3. This morphology is
described as being an isocrystalline spheroidal particle comprising a

20 silicoaluminophosphate molecular sieve. As used herein, the term
“spheroidal“ means a body that is shaped like a sphere but is not
nécessarily perfectly round. As also used herein, the term "isocrystalline”
describes a non-formulated particle having a textured surface formed by
crystallites smaller than the non-formulated particle. The crystaliites have

25 the same composition as the non-formulated particle. By "non-
formulated,"” it is meant that the particle is not a physical aggiomeration
formed by combining molecular sieve particles or complexes with binders
and/or fillers or by external forming devices, such as extruders. The
'paﬁicle itself has a diameter of from about 0.5y to about 30u. The

30 crystallites have a width, at their largest dimension, of from about 0.05y to



25 the sane conposition as the non fornulated particle. By "non-

formul at ew0'01r36328s neant that the particle is not a physi cecT®g@IBY ati on
formed by conbi ni ng nol ecul ar sieve particles or conplexes with binders
and/or fillers or by external form ng devices, such as extruders. The
particle itself has a dianmeter of from apgut 0.5p to about 30p. The 30
crystallites have a width, at their |argeSt dinension, of from about 0.05N
to WO 01/ 36328, PCT/ US00Q/ 30319 -13 about 2.Sp., The diapeter of the particle”
and the size 8bPouheSpk yEhediamater ofthg nartigieandthesize of theerystallites ect r on

m croscopy (SEM, beT@regﬁi&%tHﬁBfg%ﬁed %@%ﬁh%iﬁﬁégpl(%@r med in the

foll ow ng manner. osphorou f and the source

of alum num are s Mhesphetoidal partigle is desirablysfoatied'inl the folldwing Atminepn
vessel. Next, the tenplate is added to the reaction mxture and stirred.

ng 3 ol vent, Fifsh $he sauireRfrhasphgrause waterand th%smmel@é a&um'@uhm 3 are
to t . t, t
having hes - et deBirablyin i3 leibrsdr, AR voHclBl viBesl, Mo e,c ™ T

synthesi s io tamplatecis addetbtd theabactisromixture e stimbdC Thersclvente crystal s.
After heating, the nolecular sieve cr)‘stals are recovered ba/
cent ri f ugat i oforpnolegk madifying,agentaand the seurcefsilicaanepdded to-ine, o

dei oni zed wat g I . e f i co  Ei A are

ari ed. ~xanpl ERAHRE T8 rasenditl herTRibod Lifh a Bifesly mdieTiabfidtre 3¢ c |
has been foungppéarants of arhomagéntiiscgel F slurny isformeds Mhecsynthesis he :
synthesis m xture, the size of the spheroidal particle can be adjusted. As

t he concett r afiguresis toenihegted to fora the molecylsr sieve arystals: rAlierheating,

di anmeter of t | | | i - SI ] a
decrease in tﬂ% @B%&gﬁ%@%‘ﬁ%@%{a& sf%tééro(‘a’gtﬁ?%Bgnbﬁ?aﬁaet'o?lr@gbgjgg%g 20
decrease in t&e ethavotwashofepdited Bhicepand a deiohized evatéiwash,algot i on wil | be
better understoaod with reference to the follow n%Kexanpl es, which are

i nt ended t o i PerfieAmed twispe Finally, the,erystalsaee diipd.n Examples,otihis Processe of
t he inventi O”aéspl“egéhf%élﬁ@ i%;ﬁé?bﬂ.”t ended to be nonlimting.
15 It has been found that by varying the concentration of silicon in the
synthesis mixture, the size of the spheroidal particle can be adjusted. As
.the concentration of silicon in the synthesis mixture increases, the
diameter of the spheroidal particle will also increase. Similarly, a
decrease in the silicon content of thé reaction mixture produces a
20 decrease in the diameter of the spheroidal particle. _

This invention will be better understood with reference to the
following examples, which are intended to illustrate specific embodiments
within the overall scope of the invention as claimed and which are
intended to be nonlimiting.

25
Example 1. Preparation of spheroidal SAPO-34

A silicoaluminophosphate synthesis mixture was prepared having
the stoichiometry: .
30 16MMA: 2 TEMP: Al,05: P20s: 0.6 SiO,: 50 H.0: 8 SOL



25 Exanple 1. Preparation of spher0| dal SAPO 34 A sili coal um nophosphat e
synt hesiWOM&32% e was prepared having the stoichi onetry: PEHUSHSIRIR 2
TEMP: A1203: P205: 0.6 Si02: 50 H20: 8 SOL WD 01/ 36328 PCT/ USO0/ 30319 -14
in which MMA is hexadecyl am ne (C16NH2), TEMP is tetraethyl amoni um

hydroxi de (TEACH), and SOL is ethanol .-{#e synthesis m xture was fornmed by
m xi ng together 9.4 g of H3PO4(85%, 9.3 g of deionized water, and 5.60 g

of hydrat ed gy 8 xEUEEERine [ELARE), TEMPTs folphahy oAk e | o

one m nut e. ng mxX I've m nutes and
then m xed flwdromder(D'EAOHnlmd SOb ISbﬂmnulemeesyfmsisidﬁxturQWa% g of 35%

aqueous TEACH ( SACHE andt tur or,two mnutes. Then
L0 of - atoBme BYamMiRlooetier® 4 &pf B dEakIPrico oh Beisnized water

tetraet hyl or [ mﬁﬁ {Modt gﬂﬁ kel or one
m nut e, tranéwardgdga‘ﬁg&%??%\ aégésrtgraq"cfnjneﬁdrou%@y rr%Bem zed for 5
m nutes and beéakerforore minute. Ihérstsultmgfrhmturelwawaﬂmd)td age f¢rfiVeR) . The
aut ocl ave was_placed . in a 200C oven for 24.5 hours. The product was

recovered byminkies andshen ixed for ane mere mipte. Tqithis ralwesmaﬁadﬂaﬂe of

et hanol and ried in a
convecti on o%%?%?f q%é‘ﬂgg’\kﬁerf@ﬂaﬁﬁﬁmcﬁn%e@%mﬁgﬂgh%(ﬂuct to be
SAPO- 34. El efortwaminotesy Thenhs.0 grifabsolute ethdrivt Ri67 d ©f88% Al , and 13.22%

P which represents a product st0| chiometry of Si:16r Al ..w, P, 341.
Scanni ng el dexdseylandingAndy. 1 geliedraetpriant %ﬁatﬁytﬁ,rpyw&mmnsh@amc|es

havi ng ar S Fi gure
1. Exa 310p Z'H)@'r'rgpgégﬁlgénd ér% Sp e} %aﬁagigg%fdéwé @%SP um noﬁ‘rqgsphat e
synt heSI S mthbmugmp mngenim foaﬁl munutégahdnhm placeddna 135 miliefbh: 2
TEMP: A1203:  P205: 0 S102: SOL in which MVA was hexadecyl am ne,
TEMP was t etlingd qytpg{qvgr(PMR) The autoclave was placed in a 200°C oven for

24.5 hours. The product was recovered by centrifugation, reslurried twice

with a 50:50 mixture of ethanol and water, and then twice with water. The

15 product was dried in a convection oven at 115°C. Powder X-ray diffraction

showed the product to be SAPO-34. Elemental analysis by ICPES gave

5.63% Si, 16.88% Al, and 13.22% P which represents a product

stoichiometry of Si.1s, Al 4, P.341. Scanning electron microscopy showed

spheroidal isocrystalline particles having a particle size of 2-5 ym. These

20 particles are shown in Figure 1.

Example 2. Preparation of spheroidal SAPO-34

A silicoaluminophosphate synthesis mixture was prepared having
25 the stoichiometry: |
.16MMA: 2 TEMP: Al,O3: P,Os: 1.0 SiO;: 50 H,0: 8 SOL
in which MMA was hexadecylamine, TEMP was tetraethylammonium
~ hydroxide and SOL was ethanol. The synthesis mixture was formed by
mixing together 8.0 g of HiPO4(85%), 8.9 g of deionized water, and 5.37 g
30 of hydrated alumina(Vista Chemical, Catapal B) in a plastic beaker for one
minute. The resulting mixture was allowed to age for five minutes and then
mixed for one minute. To this mixture was added 32.8 g of 35% aqueous



hydr oxi de and SOL was ethanol. The synthesis m xture was fornmed by m xing

t oget her Wwdogseais H3PO4(85% , 8.9 g of deionized water, angcrrsddz@i$0 of
hydrated al um na(Vista Chem cal, Catapal B) in a plastic beaker for one

m nute. The resulting m xture was allowed to age for five mnutes and then
m xed for one mnute. To this mxture was added 32.8 g of 35% aqueous WO
01/ 36328 PCT/ US00/ 30319 -15 TEACH (SACFE@Gl and the m xture was then
stirred for two mnutes. Then 14.4 g of absolute ethanol, 1.50 g of

hexdecyl am ne HRAOH (SACHEM)and ﬁ@tmwtunetmthen:snreed\mréwmmwesq Theme

Thor oughl v horfdod LalRfve3Behs, 43020 3t Feididegnthetfd RULSES N “Ti ) on

lined aut ocl avetraBNpiBrthoSilfcaté Wepé hilxéd Wi THe Mb&Gre Was mikdtfar\one for 24.5
hours. The product was recovered by centrifugation, reslurried tw ce with

a 50: 50 ni xt urgingte, teansfersed 1o@ Waring blendertanstthofeughlyhomagenized fone

Choved t he Spr gutiutBs Ao BN Siaclin s 225 . felior e R Rbeipye TEARE), 108 7 2:0,
Si, 14.67% Al aut@éldvé%:a%"ﬁfa@eﬂ\ﬁh 820020 @A ToP 23. PhAureC The (ppodlidtavad ry of
Si.213r Al.45, P.m Scanni ng Iectron m croscopy showed the maj ority of

the product t geceveredibycentri eal reisbuﬂeyswmwﬂmpﬁosnmmtym@fu ng a

particle size Qf 3-6 The es,.a 2 .15 Exarrplne
52" b epar at  otor pne Bhtek Sa8 L AGe Shpidiar el Hsirbrt RS o -
m xture was prcaaaée@bﬁlaveﬂatﬂbm FWESr XrBY diffradfion %ﬁowmhépifﬂd%t t\1203:
P205: 1.5 Si02: 50 H2O. 8 SOL in which MVA was hexdecyl am ne, TEMP was

t et r aet hylambei SAP O34+ Blenrntabanaiysie bydCPESgave 7. Siy#.62% Almi xture

water . and o 2nd;i2Bi% B rededafiscd ol stiidliomdty E S apolle (n a
plastic beaketPJaprs%m@eracnuhemc?amw%hbmghmm&,un@ mﬁeqirbewdoto age

for five mnutes and mxed for one mnute, To this mxture was added 31. 5
g of 35% aque&amprise spheroidal isocrystalline particles having a particle size of 3-6

pm. These particles are shown in Figure 2.

15
Example 3. Preparation of spheroidal SAPO-34
A silicoaluminophosphate synthesis mixture was prepared having
the stoichiometry:
20 .16 MMA: 2 TEMP: Al,Os: P.Os: 1.5 SiO,: 50 H.0: 8 SOL

in which MMA was hexdecylamine, TEMP was tetraethylammonium

hydroxide, and SOL was ethanol. The synthesis mixture was formed by
mixing together 8.5 g of HsP04(85%), 8.5 g of deionized water, and 5.11 g
of hydrated alumina (Vista Chemical, Catapal B) in a plastic beaker for

25 one minute. The resulting mixture was aliowed to age for five minutes and
mixed for one minute. To this mixture was added 31.5 g of 35% aqueous
TEAOH (SACHEM) and the mixture was then stirred for two minutes. Then
13.7 g of absolute ethanol, 1.43 g of hexdecylamine and 11.6 g of
tetraethylorthosilicate were mixed in. The mixture was mixed for one

30  minute, fransferred toa Waring blender and thoroughly homogenized for
5 minutes and then placed in a 125 ml. teflon lined autoclave (PARR). The



TEAOH (SACHEM and the mixture was then stirred for two minutes. Then 13.7
g of absWOWM@B6&2Bhanol, 1.43 g of hexdecyl anine and 11.6 gPCT/US00/30319
tetraethylorthosilicate were mxed in. The m xture was m xed for one 30
mnute, transferred to a Waring bl ender and thoroughly honogeni zed for 5
mnutes and then placed in a 125 nl. tefgaon lined autoclave (PARR). The WO
01/ 36328 PCT/ US00/ 30319 -16 autoclave was placed in a 200C oven for 5
days.; the product was recovered.hy~centrifugatiaqp, reslurried twice with
285! 5o m x. APAve iR AlRte iR 200 SVan o § BRve afhe Pirdurt iR, The
product was gsdciéréd by cepfiiugation TeSiiffled iwibéith SBEEH mikt I firaction
showed t he product to?S be SgPO 34. Scanni ng gﬁahctgron m cr([)‘g%gf)y showed t he
maj ority of ethangandwater, @nsbiinenitwiceswith watdr I Thesprodust wakidrieddiard i cl es

having a particle.. size of, 8- hese pariicles are shown in Figure 3.
Exanple 4 PPRRMRHOR Vet SRR, Bowdes vl Bicatian showmd dmBraausy 6 hei <
m xture S PO zgv/%d?ﬁ i ﬁ&?@, ] HMR méi . 05:.1

Si 02: SOV\I’iIZO:BéS Sde_d:lslhn 1 cmdl'E%. vvgsrﬁit&gtra .thﬂogvnenom u%éﬁy'@?gga e and SOL
vv?s le_lg E%Z?gsfrmct Ilm:el]iylm'ls_e:s'p!;er:‘mﬁaljtsecmwstalI(ijrn’n:L pagidas I]rcvavg'hg@ ?agetdqer 19.8 ¢
o] 0 i oni zed water, and 11, ydrate

al uni na( Vi st ﬁ%é%—g%|u,m-§i§&£afg9'%5@rs MT‘&'QH&& for two minutes.

The resulting mxture was allowed to age for five minutes. To this mxture

was added 72F&g&ﬁ%43§?@%ﬁy§£§wg?§AmEM and the m xture 20 then

stirred for nut es. absol ute ethanol and 1.8 g of
tetraethyworthosilicate were m xed in. The m xture was m xed for two

m nutes, transferred.to a Waring bl ender and thoroughly honogeni zed for 5
m nutes and then ﬁlsd'd‘"é??"i"ﬁ"@l’l‘?gphﬁt.e synthesis mixteise wasnepated baWRD. The

ecover od by e BIRObBE 0 YN ed once with a 50050 M xture of EtGH
and water, and t h2 TEMPeAKO: P04 et SiDRe5PHeOuBISERS dried in an 115C
In which TEMP was tetraethylammonium hydroxide and SOL was ethanol.
15 The synthesis mixture was formed by mixing together 19.8 g of
HaPO4(85%), 15 g of deionized water, and 11.8 g of hydrated
alumina(Vista Chemical, Catapal B) in a plastic beaker for two minutes.
The resulting mixture was allowed to age for five minutes. To this mixture
was added 72.1 g of 35% aqueous TEAOH (SACHEM) and the mixture
20  then stirred for two minutes. Then 31.6 g of absolute ethanol and 1.8 g of
tetraethylorthosilicate were mixed in. The mixture was mixed for two
- minutes, transferred to a Waring biender and thoroughly homogenized for
5 minutes and then placed in a 125 mi. teflon lined autociave (PARR). The
autoclave was blaced in @ 200°C oven for 24 hours. The product was
25  recovered by centrifugation, resiurried once with a 50:50 mixture of EtOH
and water, and then once with water. The product was dried in an 115°C
oven. Powder X-ray diffraction showed the product to be SAPO-18.
Elemental analysis by ICPES gave 0.512 % Si, 17.67% Al, and 19.35% P
which represents'a product stoichiometry of Si 14, Alsos, P.4g1.
30



oven. Powder X-ray diffraction showed the product to be SAPO-1 8.

El enent al wamai3¢3ass by | CPES gave 0.512 % Si, 17.67% Al , anpct®@sisid Which
represents a product stoichionetry of Si.014, A ., P.481 30 WO 01/ 36328
PCT/ US00130319 -17- Exanple 5. Preparation of SAPO 35. A

si |l i coal um nophosphat e synthesi s m xt ureqyas prepar ed having the
stoichionetry: 5 .16 MVA: 2 TEMP: A1203: P205:.3 Si2: 50 H20: 8 SOL in

whi ch MVA was _hexadecyl am ne, TENP was triethyl met hyl anmoni um hydr oxi de
and SOL was eEampie }?éeBﬁrﬁi'ﬁﬁgygﬁﬁMe was formed by mixing together
21.7 g of H3PO4(85%, 18.5-g of deionized water, and 13.0 g of hydrated
alumna (Vista Chemical, Catapal B) in a plastic beaker 1o for one m nute.

The resul ting m xt W silicoaluniinaptesphategynthesis mixturewast preparddhéving m xture
was added 62.7 g of 40% aqueous triethyl methyl anmoni um hydroxi de ?SACHEI\/)
and the mi xt uth® $iQIFhIomeIY; ed for one mnute. Then 34.7 g of absol ute

et hanol ang 5.9.¢ r 0 b irk C e, ' lH3- To one half of
the m xt urg( 78. 29) OflquV\M/;é %mbiégggapzoqs' zée%'gg(‘:j?l 'g%g:géejsgw"e m xture was
transferred tinwhichiViMA walsdexadeeyldmiire) ' TEMP washtrietihyimetisylafipioriium nut es
and then placed in a éé%pm teflon lined autoclave (PARR). The autocl ave

was placed i Ryéroxidiera . lfW!as?thJ: Th?esmm_mmlm wasdoared byy .
cont 498t | g ThgaReFS1 P57 LB CHGROBD 180 1 Ui s ot e

20 and then tw ce*w ri C oven.

Powder X-ray d8j0f g of hydrateth aimmingl{Vista @hemical CatapadiB)-ida plasticbebRer
anal ysis by | CPES gaye 2.80% Si, 17.27% Al, and 16.46% P which represents
a product 1&¢ offaneinute of hesresyilting middee was allowed g agedop fivemiputes: i on of -

the stoi oni omip (TR HEEBRUES RAAE3A Y BF LM Fadkdglis, (7 PEpar e having
triethylmethylammonium hydroxide (SACHEM) and the mixture then
- stirred for one minute. Then 34.7 g of absolute ethanol and 5.9 g of
tetfaethylorthosilicate were mixed in. To one half of the mixture(78.2g)
15 was added 1;82 g of hexadecylamine The mixture was transferred to a"
Waring blender and thoroughly homogenized for 5 minutes and then
placed in a 125 mi. teflon lined autoclave (PARR). The autoclave was
placed in a 200°C oven for 3 days. The product was recovered by
centrifugation, reslurried twice with a 50:50 mixture of ethanol and water,
20 and then twice with water. The product was dried in an 115°C oven.
Powder X-ray diffraction showed the product to be SAPO-35. Elemental
analysis by ICPES gave 2.80% Si, 17.27% Al, and 16.46% P which
represents a product stoichiometry of Sig7sAl s0sP 1.

25 Example 6. Preparation of SAPO-41.

A silicoaluminophosphate synthesis mixture was prepared having
the stoichiometry:
TEMP: Al,Os: P20s: .4 SiO;: 40 H,0: 8 SOL
30 in which TEMP is diethylamine and SOL is ethanol. The synthesis mixture
was formed by mixing together 23.2 g of HsP04(85%), 36.8 g of deionized



30 in which TEMP is diethylam ne and SCL is ethanol. The synthesis m xture
was f or ed ofyye3ns xi ng t ogether 23.2 g of H3PO4(85%, 36.8 pcrisehsosn zed
11" WO 01136328 PCTNS00/ 30319 -18 water, and 13.9 g of hydrated al um na
(Vista Chem cal, Catapal A) in a plastic beaker for one mnute. The
resulting mxture was allowed to age fgé five mnutes and then m xed for
one mnute. To this m xture was added 4 g of diethylanine and the
‘m xture then stirred for two mnutes after s cht e_eva ted am ne
wihs doa?éﬁ

tenpl at e wasWele &8dstR:8 g affdratedalymina (s mica hﬁﬁtﬂ 4"& of

tetraet hyl or I g %"Waps in. The
‘m xture was H%%@f%ér‘arwggf? a @?@ﬁg@%éﬁ elﬂHg?@QIU{ orou geni zed for
5 m nutes anfortfiveminutes dntdithémmited forl one infriutenTo IthilsantUreMaB/addéd’ARR)
One autocl ave was placed in a 175C i o oven for, 16 hours. The product was

recovered by 7edarafidiethyiamine andthermidure thop stirrad fer tvosmimdesiafielr o of

T18¢ ovens Pl the¥Sapditifad dlfs KimlaOWSE repIonsnBRC Hien 1E7.BE", " "
El enent al anabgoiute bthdridPEB54 qpoftetragthylorfihosiliddte /and 28.2 gruﬂ d@ibnﬁéﬂ P vvhi ch

represents a product stoichigmetry of 15 Si. 04, AI 4aP. 4eo. nple 7.
Prepar ati on Matepweremixed ig; | h@dﬁmﬁmﬁgﬁﬁﬁf@ §9rﬂ Waring memgr andas

20! so 1 B HimAGeEdy RS finytés Brifneiaced it 128 miy 0 ©°

synthesis miefion mwaufacraved (P)ARR)( iOrie howeldvwerwad placeddh a13PSXE 85%) , 18. 3
g of deionized water, and of hydrated al um na(Vi sta Chem cal,

Cat apal 26 BPVER fer i hours TM@ﬂUﬁbwas Fecovarad by cemréfus@sgnt m@yrﬁlies& ure

was al | owed r g of
di propyl am ngﬁ’%g% %%ro éd i‘ﬁ’ftm{wgﬁiﬁn&?hgﬁt& iy tﬁe %qg&t er ich the
evapor at ed . aWer;ﬁoaacpJvas elmed?.n afPl 15Csowsh. Pmmaag dlffraelﬁrwbubwﬁedt hanol ,
60 ng. of SAPO 41 seed g of tetraethylorthosilicate and g of
dei oni zed the product to be SAPO-41 Elemental analysns by ICPES gave 1. 29 % S|
18.75% Al, and 20.75% P which represents a product stoichiometry of

15 Sio41Al 499P 460.
Example 7. Preparation of SAPO-41.

A silicoaluminophosphate synthesis mixture was prepared having
20 the stoichiometry: ' '
3 TEMP: ALOs: P,0s: .2 SiOy; 45 H,0: 4 SOL
in which TEMP was dipropylamine and SOL was ethanol. The synthesis
mixture was formed by mixing together 11.7 g of HsPO(85%), 18.3 g of
deionized water, and 6.97 g of hydrated alumina(Vista Chemical, Catapal
25 B) in a plastic beaker for two minutes. The resulting mixture was allowed
to age for five minutes. To this mixture was added 15.3 g of dipropylamine
and the mixture then stirred for two minutes after which the evaporated
amine template was replenished. Then 8.3 g of absolute ethanol, 60 mg.
of SAPO-41 seeds, 2.1 g of tetraethylorthosilicate and 16.4 g of deionized
30 water were mixed in for one minute. The mixture was transferred io a '
Waring blender and thoroughly homogenized for 5§ minutes and then



30 water were mxed in for one mnute. The m xture was transferred to a
Wari ng bl wediEr36328d t hor oughl y honogeni zed for 5 m nutes anscrivso/igle
01/ 36328 PCTNS00/ 30319 -19- placed in a 125 m. teflon |lined autoclave
(PARR). The autoclave was placed in a 175C oven for 24.5 hours. The
product was recovered by centrifugati o_n19[esl urried twice with a*50: 50
m xture of EtOH and water, and then twi ce with water. The product was

dried in an 115C qven. P r X-ray diffract] showed t he product to be -
SAPO-41. El entlcg mathfym?ﬁ%ﬁg;mh 3“8%%@%&% ne aytpclavg Was and 20. 4%
P which repr Il f rol anple B.
Prepar ati on o? égggg?)%4?9@i8‘;eﬁfg?lzﬂt%glaﬁﬁ @%%@gﬁﬁégs{/n véé!lécésﬁ‘ xture was .
prepar ed havi centrifugationy resiurieat twice with a\88:50 niXkir® of EtQOfBanddater, 4 CeO2:

40 H20: 8 SCOL in which MVA-was hexadecy| ami ne, TEMP was dipropylam ne and
2oL 05 was AN SRS Wy RIeE, ThePrAdwEE WARLANES IR BYSHE VR ©ouet hor.

11.4 g of _ | ﬁ.%dp,qa" g ated
al um na Nﬁ&gﬁg%ﬁ%ﬁfaﬁfé@ai BE Inap agtloce%g'aﬁ?edﬁ%%r %g)mr%i nut es.
The resul ti ngnalysisbyclCRES gaveieB8D7 % 8id A45%Alyand204% P which hi s ni xture
was added 1.0.0 g of dipropylam ne and e mxture then stirred for two 20
m nut es afterr%?%qmﬁl?ep’(%%ﬂgt\;?tﬂwrﬁme}gwh@ 4%as repl eni shed. Then
18.2 g of absolute ethanol, 1.91 g of hexadecylam ne, 9.5 g of deionized
water, and 5.0 g of tetraethylorthogernmanate were mxed in. The m xture

was m xed f orExampla 8iUPreparatiorsofcGeARO-41a Waring -bl ender and thoroughly
honogeni zed for 5 mnutes and then placed in a 125 m. 25 teflon |ined
aut ocl avelq PARR). The autocl ave was placed in a 200C oven for 24 hours.

The product was re ' Welpll ' | i a 50: 50
m xture of et hanolﬁglgo\%gf@%? Bgﬁ%ﬁﬁﬂgﬁ%ﬁg m{%*gm«/a’?gﬁr eﬁ#ﬁgq‘pérv c')é)é]ct was
dried in an ltheGtoichiomélopder X-ray diffraction. showed the product to-be

CeAPO 41. El enent al ANRIR'Y Tefp: A0 PIBY" 4 GeO;: 40 H;0: 8 SOL

in which MMA was hexadecylamine, TEMP was dipropylamine and SOL

15 was ethanol. The synthesis mixture was formed by mixing together 11.4 g
of HsP O, (85%), 20 g of deionized water, and 6.83 g of hydrated alumina
(Vista Chemical, Catapal B) in a plastic beaker for two minutes. The
resuiting mixture was allowed to age for five minutes. To this mixture was
added 10.0 g of dipropylamine and the mixture then stirred for two

20 minutes after which the evaporated amine template was replenished.
Then 18.2 g of absolute ethanol, 1.91 g of hexadecylamine, 9.5 g of
deionized water, and 5.0 g of tetraethylorthogermanate were mixed in.
The mixture was mixed for one minute, transferred to a Waring blender
and thoroughly homogenized for 5 minutes and then placed in a 125 mi.

25 teflon lined autoclave (PARR). The autoclave was placed in a 200°C oven
for 24 hours. The product was recovered by centrifugation, resiurried
twice with a 50:50 mixture of ethano! and water, and then twice with water.
The product was dried in an 115°C oven. Powder X-ray diffraction
showed the product to be GeAPO-41. Elemental analysis by ICPES gave

30 6.53% Ge, 16.47% Al, and 15.01% P which represents a product
stoichiometry of Ge g7eAl 515P 400



30 6.53% Ge, 16.47% Al, and 15.01% P which represents a product

st oi chi ON@OMF6BE Geo 6AI. 515P. . WO 01/ 36328 PCT/ US00/ 303T6TUSHI30AL 4
result of the crystallization processes descri bed above and denonstrated
in the exanples, the recovered MeAPO nol ecul ar sieve may contain within
its pores at least a portion of the tenphate used in 5 nmaking the initial
reaction mxture. The. crystalline structure enconpasses the tenplate, and
the tenpl ate nust be renoved so that the nol ecul ar. sieve can exhibit
catalytic activity. Once the tenplate is renoved, the crystalline
structure that reAsiaresuitofthatrystailizatiemprovessey destribed:dbove and an

intracrystalline pore system As an .additional st th ocesses of 10
this inventi gﬂmﬁﬁ‘gt@t ithéleﬁ‘@@‘ﬂ'% tS?éﬁc%\fefPM@%ﬁﬁQ 'T‘HE 1I8Y® fromthe
nmol ecul ar si : d i ' final

pr oduct for@%,#ﬁ%’%@ﬁg%?ﬁgggﬁéﬁﬁgg o??%ng%ﬁeﬂ?&g%?lat rough the
i ntracryst al makingothecinitiat reactionmixhuare. aTheerystalline struriuse encamplassesnoved

15 by a heat treatnent process. For exanple, the tepplate can he cal cined,
or essential the @G?é]g%ég,‘“hﬁ t@m%@m W%%ﬂg&&%@%mﬁﬂﬁﬁ@ gas, by
contacting t I . W D85l e ' oxygen-
cont ai ni ng g%gvém%gﬁ‘gggw{ye%@ tﬂ%@%@%@qggg@ggga’h@ﬁ sone
cases, it nagrystallivee stratiuee thathenatainsihas what is comesritiohally nefesreldte 250 oxygen
concentration. In these cases, however, the result w %pi cally _be a

. . I ||t
br eakdown of 2R firacnpiadine pefesystama Asan agaitionahstep, e RroceRERS 8 t he
- conbust i i Thi . :
conpl ot ¥ e artbriey 835 ALRbIRERIep Bfretfiolifithe RmpRie KB Bo. . 1
ot her cases, maolédulansiever tenpl ates, conplete or partial renmoval fromthe

25 sieve can be acconplished by conventi onal desorg@ft Eon processes such as
those used in nakImEany £3886doreNding ypopdha natyreofthaifinabreadugt ep to t he

Do nes, RS bela R eton e B AEFTRIRFOLEGEC, | 10 21, o]
resul ting coimaerystalline pore system. In such a case, the template can be removed
15 by a heat treatment process. For example, the template can be calcined,
_ 'or essentially combusted, in the presence of an oxygen-co_htaining_ gas, by
cbntacting the template-containing sieve in the presencé of the oxygen-
| containing gas and heating at temperatures from 200°C to S00°C. In
~ some cases, it may be desirable to heat in __é:n environment having a low
20 | oxygen concentration. In these cases, however, the resuit will typically be
a breakdown of thé template into a smaller component, rather than by the
" combustion process. This type of process can be used for partial or
- complete removal of the template from the intracrystalline pore system. In
other cases, with smaller templates, complete or partial removal from the
25 sieve can be accomplished by conventional desorption processes such as
those used in making standard zeolites.
As another additional step to the processes of the present
. invention, the processes may include the step of admixing the molecular
sieve with additional materials. When blended, the resulting composition
36 is typically referred to as a formulated catalyst, with the formulated
| catalyst comprising the MeAPO molecular sieve.



30 is typically referred to as a fornul ated catalyst, with the fornul ated
cat al yst wngwisedisng t he MeAPO nol ecul ar sieve. WO 01/ 36328 PEE/solnf34680319
-21 Materials which can be bl ended with the nol ecul ar sieve can be various
inert or catalytically active materials, or various binder materials.

These material s include conpositions su951 as kaolin and other clays,
various forns of rare earth netals, other non-zeolite catal yst conponents,

5 zeolite catal yst conponents, alum na qr .alumna sol, titania, zirconia; )
quartz, silica or afatggals(%iehFaeies@fngswtﬁ%a%@cvlﬁéﬁ&@ cnbse” .
conponents ar : : . ing. as

Component o febagirl eLAAfuLA BN AR U\ AR it fillendi! "0 o2

regener at i on, Thesamdtgrials intlade zompositionscsuchcaskadiingand btherdlays, r engt h.
The amount of tQ nolecular sieve which is contained in the final nolecular

si eve catal ysYanonstaims ot{AtReanh matats, pthesmoncrenlite satalystcampanants.ot al
cat al yst, éjﬁz#é&ﬁ{ahtﬁ?stt&nﬁ@?ﬂ@itg @Iuﬁﬁﬁ&ﬁpéhﬂiné @?J,:tﬂé@héﬁmgt catalyst

Addi t i onal ecul ar sfeve, erirals can be m xe

i f desired. Mpuartz| silicoresitica bhsilicarsel,and mbitaresdheredf. Mheisdi s 15 i nvention
include AEl, AFT, APC, ATN, ATL, ATV, AWN. BI K, CAS,_ CHA, CH . DAC, DDR
ED, ERI, Q)OSORpenents\areidiso effactivai reducingraverall patalyshoest, agtingasi | VveL,

MI'W EUQ, MIT, R : m | f eof .

These nol ecul%rtﬁ%‘”éav'essﬁ& a%@%é%@ﬁmgégﬁyﬁﬁgg@e%@{%wg 'Phgﬁiﬁi@@' of

Zeol i t e St r uctiensifyiriy thescatdlyist an@ Gndreasingasatialisst-stredigtie.n Theuarheumboft h o
Hei neman, 3rd ed., 1997, the detailed . description of which is explicitly

i ncor por al®d W@FQQWFWW%%\'%@&OW?@PQWg&?h&'éﬂﬂ\eﬁwagisﬁ/‘@s%'y@g can be

combi ned wi t h,?ﬂogag. dfds fi'd}ﬁ:1l¥% Meiﬁ'pteﬁ%%t?gmé QQI %?Ms%:ﬁ%lsitgsfysons of

ordi nary skil etart w recogni ons ‘may be”
made to the pB@&e70 weightpercentoftthetotalieatalystng fromthe spirit and scope:

11 Ustrat e onl v AHAMORLMGlacolar sieveRiaterials caniha miygd wih e BRARR. “whi ch
I's defined bycdiBfst fldesitb8I MAIBEMEr sieves that are suitable for use in this -
15 invention include AEIl, AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA,
CHI, DAC, DDR, EDI, ERI, GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI,
RHO, ROG, THO, MFI, MEL, MTW, EUO, MTT, HEU, FER, AFO, AEL,
TON, and substituted forms thereof. These molecular sieves are
described in greater detail in the Atlas of Zeolite Structural Types, W.M.
20 Meier and D.H. Olsen, Butterworth Heineman, 3rd ed., 1997, the detailed
description of which is explicitly incorporated herein by reference.
Preferred molecular sieves which can be combined with the MeAPO
include AEl, ERI and CHA type zeolites.
Persons of ordinary skill in the art will recognize that many
25 modifications may be made to the present invention without departing
from the spirit and scope of the present invention. The embodiment
described herein is meant to be illustrative only and should not be taken
as limiting the invention, which is defined by the following claims.
What is claimed is:



What is clainmed is: WO 01/36328 PCT/ US00/ 30319 -22- dains . A et hod
for makMPIB6ES; al | oal uni nophosphate (MeAPO) 2 ol ecul arPCs',rl"cIﬁ”@/3 043 d
process conprising the steps of. 3 providing a source of alum na, a source
of phosphorus, water, and 4 a tenplate suitable for formng a MeAPO

nol ecul ar sieve; 5 providing a source-82-netal including netal particles,
said netal 6 particles neasuring, in their |argest dinension, equal to or
| ess than fj / nanoneters; 8 providing a wat e__r;_--,-_:sol ubl e organi c sol vent
capabl e of lizing 9 said source of netal; 10 forming a synthesis

m xture from sai ?%hﬁ? horus, said
wat er, gl dq} errp%a'?'gmd;d;flog sour%qg?taﬁakmm'ﬁaggggﬁ@egh o) 8ent; and 13
forming a Mafdttulat sievepsaidiprucess comprsingtheisteps of. ni xture. 1 .2. The
nmet hod of claim| wherein said source of netal is selected 2 fromthe

roup consisting of .horon, bery Ilum cobal t I rmani um . 3 iron,
ganggnes% magngﬂ‘awa“\ﬂ %ﬁ@!"ceﬁflﬁ wana, \%?%Fﬁ%\?pbpﬁEh%(g'& wateInBNdat i ons
t her eof ?eﬁﬁpﬁ t@%ﬁﬁlé)’ior%ﬁhl %%Aﬁgrﬁg'gcmgpgﬁ,g sai d source of netal

is 2 sefec group con |st| n mononeri c het al conpound; 3
ol i gonmeric netal corrpounds cont ai ni ng rret al particles nmeasuring, in their
4 | argess di nensipoovidinguasourcecof retet irdhuding metahpantictese said metaini xt ures 5

thereof. 1 4. The method of d f et
Tonomer | & 935‘&'%? M&uﬁdm thﬁ!'ﬂ]?f gq\gp S{’EGSS'S&: 9943l o o lesy Plafl"\?é)sm-/ 36328
PCT/ USCQ; 3034R0meters; |

8 ) providing a water soluble organic solvent capable of solubilizing
9  said source of metal,

10 - forming a synthesis mixture from said source of alumina, said
11 .source of phosphorus, said water, said template, said source of metal,
12 and said solvent; and

13 forming a MeAPO molecular sieve from Said synthesis mixture.

1 2 The method of claim 1 wherein said source of metal is selected

2 | from the group consisting of boron, beryllium, cobalt, gallium, germanium,
3  iron, manganese, magnesium, nickel, silicon, vanadium, zinc and

4 combinations thereof.

1 3 The method of claim 1 or claim 2 wherein said source of metal is
selected from the group consisting of monomeric metal compound,

2
3 oligomeric metal compounds containing metal particles measuring, in their
4 largest dimension, equal to or less than five nanometers; and mixtures
5

thereof.

1 4 The method of claim 3 wherein said source of metal is monomeric
2 metal compound.



-23 1 5. The nmethod of claim2 wherein said source of netal is selected 2

fromthe grppmsesanNsi sting of tetraal kyl orthonetal | ates, cobkphRad 3R al s,
3 and netal sols. 1 6. The nethod of claim5 wherein said source of netal

is a 2 tetraalkylorthonetallate. 1 7. The nmethod of any of the preceding
clainms further including the 2 step of p gviding a nor phol ogy nodi fying
agent to said synthesis mxture. 1 8. TKh& ™ nmethod of claim7 wherein said
nor phol ogy nodi fying agent is 2 selected fromthe group consisting of a
surfactant}] dibval erfthecraethmdsofodlaitn 2iwhereinesaid isourtendtmetsl isiselectexht i ons of

transition netals, trivalent.catigns 4 seeds of | ecyl ar sieves, and
recycl ed s¥nt HOR g‘%%@nsithQ %@*’%M@@W@?‘éﬁ@ﬁwﬂ%ﬁ%m@@%’d |
nor phol ogy; mogifyhétal 88@Nt is 2 one or nore surfactants selected fromthe

group consisting of. long chain 3 al kylam nes, such as hexadecyl am ne,
tetradecyl am ne, dodecyl am ne, 4 decyl am ne, or octylam ne; dinethyl

al kyl ani nel cofipoundiie methedef claimib whereinsaid sourceoimetal is a

di et hyl oct yl anine, 6 et hyl al kyl anmoni um salts, such as

trimet hyl hexa E%Ei@ﬂﬁﬁﬁﬂ’l"&}é"aggchl oride. 1 10. The nethod of any one of the
preceding clains wherein said water 2 soluble organic solvent is selected
from the gfoup, conThetmathod ofahy ePthd precéding ¢idimsifarthér ineluding tHed .
hydrocarbons. 1 11. The nethod of any one of the Prec.edl nﬂ‘ clarms wherein
said 2 MAPOstep efcrnoxiding avaorpholpgyaprodifying agest tassaidesynihesis mixure.

I socrystal line spheroidal particle conprising a SAPO nol ecular 2 sieve

made by th t hod : N | 8 ticle
RS, B i 16 VLIS b FRRGRE inl e YA bRy riodind BBRRTE °| ©
| 11 1 1 121 selectédsfromthe group consisting of a surfactant, divalent cations of

3 alkali earth metals, divalent cations of transition metals, trivalent cations,

4 seeds of molecular sieves, and recycled synthesis mixture.

1 8 The method of claim' 8 wherein said morphology modifying agent is
one or more surfactants selected from the group consisting of. long chain
alkylamines, such as hexadecylamine, tetradecylamine, dodecylamine,
decylamine, or octylamine; dimethy! alkylamine compounds, such as
dimethylhexadecylammine or dimethyloctylamine; and
trimethylalkylammonium salts, such as trimethylhexadecylammounium

b I - TV R A

chioride.

1 10. The method of any one of the preceding claims wherein said water
2 soluble organic sdlvent is selected from the group consisting of sulfoxides

.3 and C, to Cs oxygenated hydrocarbons.

1 11. The method of any one of the preceding claims wherein said
2 MeAPO molecular sieve is a SAPO molecular sieve.

1 12. Anisocrystalline spheroidal particle comprising a SAPO molecular
2 sieve made by the method of any one of the preceding claims.
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