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si | i coal um nophosphate (SAPO) nol ecul ar sieves. 1o Background of the

I nvention Methods for the preparation of netall oal um nophosphates, such as

MeAPSCs, EI APSCs, and MeAPCs are known ip _the art and are nmenbers of a

cl ass known as non-zeolitic nol ecul ar sieves. (See EM Flanigen, B M

Lok, R L. Patton, S.T. WIlson, New Devel opnents in Zeolite Science 15 and

Technol ogy, Y. Mirakeni et METHQR FORTHE SYNTHESI®Mam p.  103(1966)).
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| i nked by oxygen atons. A negative change in the framework is bal anced by
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mat eri al s hasién made by the substitution of a netal (Me) for Al 34 and
P5'" to formthe above referenced netals. Although the ALPO structures are
neutral franmeworks, the substitution of Me" for Ps inparts a negative 30
char ge on,t h@éé;@%d(om;gg in?entién! ess than 5. By suitable choice of a
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. / H?_| ver, %Iternate
Methods for the preparation of metalioaluminophosphates, such as

MeAPSOs, EIAPSOs, and MeAPOs are known in the art and are members
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 AlO., 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 manner similar to aluminosiiicate 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 AP** 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, altemate
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shown for some substitutions that when MeAPOs contain low amounts of
the Me, the metal atoms are mostly isolated. 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
Jattice positions. These metal islands result in a loss of catalytic activity of
the molecular sieﬁe, and increase the cost of the catalyst when using
expensive metals such as gallium and germanium.
1t would, therefore, be desirable to further increase metal content in
20 a MeAPO molecular sieve without forming undesirable metal islands in

order to increase catalytic activity 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
molecuiar 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 source 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 particle measures from 0.5 microns to 30 microns In Slameter. The

10 particle further includes 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

15 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
20 another SAPO-34 molecular sieve formed by the process of the present
invention;

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

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

invention.

Detailed Description of the Invention

30 The metalioaluminophosphate (MeAPO) molecular sieve of this

invention comprises a three-dimensional microporous crystat framework



30 The netal | oal um nophosphate (MeAPO) nol ecul ar sieve of this invention
conprises a three-di nensional m croporous crystal franmework WO ﬁ'ﬁ‘?fﬂﬁ? -4
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t et r ahed™Q OWA933%. The MEAPO nol ecul ar sieves, made by the 38HY of
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The MeAPO 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 useful for forming a MeAPO molecular
sieve, a source of a metal (Me), and a water soluble organic solvent. The

15 mixture has the formula (1)

TEMP:A)LO;5 P20s:Me0,:H,;0:SOL )]
wherein TEMP is the template, SOL is the water soluble organic solvent,
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 R:N* wherein each R is an alkyl or aryl group containing from 1 to
8 carbon atoms. Polymeric quaternary ammonium salts such as

30 [(C14H22N2)(OH)z} wherein "x” has a value of at least 2 are also suitably

employed. Mono-, di and tri-amines are advantageously utilized, either



conpounds for use as tenplating agents are the am nes and quaternary
anmoni um conpounds, the latter being represented generally by 8 HeMAY 8binul a
RAN+ wherein each Ris an alkyl or aryl group containing Pégfﬂ?s&oﬁﬁw
carbon @pBIIE®| yeri c quat ernary anmoni um salts such as

[ (C'"H32N2) (OH) 2],, wherein "x" has a value of at least 2 are also suitably
enpl oyed. Mono-, di and tri-am nes are advantageously utilized, either WO
01/36328 3 1 NMAY 2004 PCTIUSQOO 3033 9.8l-one or in conmbination with a

quat ernary anmoni um conpound or other tenplating compound. M xtures of two
or nore tenpl ating _agents can ther buhberdstper ed
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met hyI pyr| di ne; i di ne; I_l)\lo g,\é]:ﬁ,tnla}‘,lurh of & A3 AP IsmabalMm Rork) oct ane
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of different "sreves or predom nantly one sjev
methyldtethanolamlne N-methylethanoiamme N-methyipiperidine; 3-
methylpiperidine; N- methylcyclohexylamine; 3- methylpyridine; 4-
15 methylpyridine; quinuclidine; N, N'-dimethyl-1,4-diazabicyclo(2,2 ,2)octane
ion; di- n—butylamme neo-pentylamine; di-n- -pentylamine; isopropylamine;
{-butylamine; ethylenedlamlne pyrrolidine; and 2- imidazolidone. Not
every templating agent will direct the formation of every species of
MeAPOQ, 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. Midures of two or more templates
can produce mixtures of different sieves or predominantly one sieve
where one templéte is more strongly directing than another.
25 Representative templates for forming a MeAPO-5 molecular sieve
include tetraethylammonium hydroxide (TEAOH), tetra-n-propyl-
ammonium hydroxide (TPAOH), tri-n-propylamine (PraN), tetra-n-
butylammonium hydroxide (TBAOH) and diethylethanolamine (DEA).
Representative templates for forming a MeAPO-11 molecular sieve

30 include di-n-propylamine (Pr.2NH); tetra-n-butylammonium hydroxide



where one tenplate is nore strongly directing than another. 25
Representative tenplates for formng a MeAPO-5 nol ecul ar si eve SilneAlgg

tetraet W%)%m'bum hydr oxi de (TEACH), tetra-n-propyl - ann%ﬂﬁhwg)gwi de
r r oxi

( TPACH) , I'=n-propylam ne (Pr3N), tetra-n- butyl amoni um hy e ( TBACH)
and di et hyl et hanol am ne (DEA). Representative tenplates for formng a
MeAPO- 11 nol ecul ar sieve 30 include di-n-propylamne (Pr2NH);
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(TBAOH) and di-n-propylam ne (Pr2NH); diisopropylamne (i-Pr2NH) and
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nol ecul ar s MeAPO-1 7 | ecul’ar si‘eve or a” MAPO- 35 nol ecul ar si eve
i's 5 quinuchi-diprepylantiheer representative tenplate for formng MeAPO-17 is

cycl ohexyl am ne (CHA). Representative tenplates fo orm ng MeAPO-1 8
include TEACH, diA fesspsepiphiue fgmatatadon W@i%?bﬁ%g]mg'%&l ar

Representati ye. tennl far r.m : D ' . o include
t et r amet hyl amFort gﬁ\}}l E{L}E’rﬁo&?d@g%gﬂé;ﬁ?%%@gm%g@%@%eaﬁd
pyrrolidife. oA RRHRREE NAAbING résradenitativiedteniplate fog fernib M AP QM 7as ul ar
sieve is PrgNH. Representative tenplates for form ng a MeAPO 34 nol ecul ar

sieve is incycobexgemiee{GHAAnmoni um salts, cycl opentyl anine, ani nonet hyl
Pyr oxyet hyl ani he ReRPRRBIAE EESREB PR BAPOHE eldds FEROR
171 Byl At NG e e o O pa B e e e | sopr opyl a ne, 20
tetraet hyl armmoni Reakesiatardempltatesder tanmirga MGABO-20tmalecarSigvdmi um
salts Ingiude & et IR LYY SkidR pentahydrate (TMAOH:5H,0);
TEAQCH; and pyrrolidine.
A representative template for forming a MeAPO-31 molecular sieve
is PrzNH. | _
Representative templates for forming a MeAPO-34 molecular sieve
15 include tetraethy! ammonium salts, cyclopentylamine, aminomethyl
cyclohexane, piperidine, triethylamine, cyclohexylamine, tri-ethyl
hydroxyethylamine, morpholine, dipropylamine (DPA), pyridine,
isopropylamine and combinations thereof. Preferred templates are
triethylamine, cyclohexylamine, piperidine, pyridine, isopropylamine,
20 tetraethyl ammonium saits, and mixtures thereof. The
tetraethylammonium salts include tetraethyl ammonium hydroxide
(TEAOR), tetraethyl ammonium phosphate, tetraethyl ammonium fluoride,
tetraethy! 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.
Representalive templates for forming a MeAPO-40 molecular sieve
include TPAOH and ammonium acetate (NH,OAC).
30 Representétive templates for forming a MeAPO-41 molecular sieve

inciude TBAOH, diethylamine and dipropylamine.



" (TEACH), tetraethyl ammoni um phosphate, tetraethyl ammonium fluoride,
tetraethyl ammoni um brom de, tetraethyl ammoniumchloride, tetr hyl
anmoni um acetate. Preferred tetraethyl amoniumsalts are tet rifwy?@éi

_ammoni umyiy giseskgle and tetraet hyl ammoni um phosphate. Represesi@iiye
tenplates for form ng a MeAPO 37 nol ecul ar sieve include TPAOH, and TEACH
and tetrapropyl ammoni um hydroxi de. Representative tenplates for formng a
MeAPO- 40 nol ecul ar sieve include TPAOH gnd amoni um acetate (NH4OQAc). 30
Representative tenplates for form ng a MAPO 41 nol ecul ar sieve include
TBACH, diethyl am ne and di propyl am ne. WO 01/36328 -7 3 1 MAY 2004
PCT/ USOQ 34319 ReReprseatative tempbdtas dor foomiridpa iedP @-42 rreadtamsievsul ar

sieve include tetranethyl ammoni um hydy oxi,de pent ahydr 20 and
TEACH. A reprt@@leﬁ?aﬂr@@%@ﬁam@'tﬁfanﬁvwc{wwﬂﬁg)ea'?%@f&%e4@1 'ﬁ%b%géﬁsi )eve 5
is cycl ohexylajiBEEAoTl_rl\e source of the netal (Me) may be any source which

contains net rticles nmeasuring, in their |argest dinension, equal to

or less than fiveangp@sehtitive téhpistedoctoraiing bevieaPa-44ayoleculansiens al
species, for exanple, the netal may be a cluster of a netal, a conplex of
a netal, 6r tigcyelohexyl@mineof a netal. It has been found that, through the
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acronym gg S/A¥Gpticle(s) of a metal. It has been found that, through the use of particles
measuring, in their largest dimension, equal to or less than five
nanometers, more reactive sieves can be formed because the metal is
easily and effectively dispersed 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 equal to or
less than five nanometers, and/or metal particles which measure equal to
or less than five nanomelers. 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 tetramethylorthometallate,
tetraethylorthometallate, tetrapropylorthometallate, and

30 tetrabutylorthometaliate; colloidal metals; and metal sots. Desirably, the

source of the metal is a tetraalkylorthometallate.
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and it ur s DRI P e ey a1 S oneor nor 6 sour ces
sel ect ed frogources of alumina are one or more sources selected from the group
consisting of the following: hydrated alumina, organo alumina, psuedo-
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
triethyl 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



“the group consisting of phosphoric acid; organic phosphates, such as
triethyl phosphate, tetra ethyl-ammoni um phosphate; aluninophqspmng@g and
m xtures_thereof. The phosphorous source should al so be c |§m8319 ei ng

~di sper se¥Cd1>¥sol ved in an aqueous synthesis sol ution. e Wat er used
can be fromany water source and is desirably deionized. The synthesis

m xture of formula (1) may optionally include a norphol ogy nodifying agent
(MvR). The MVA can be provided to affectd-the norphol ogy of the resulting
nol ecul ar sieve particles. Useful MVAs 25 include surfactants; divalent

cations of al ' / :qga i . als; trivalent
cati ons; seeaﬁ%thyﬁiekégeﬁ@%@éﬁpgrwﬁ@sy; ak%nﬁggy%ﬁd synthesis m xture
not her | i quogriméityldiairndiiemesamdl yueh asrfimetiaihexadsdfyidmyouhaghant s

include one or nore of the follow ng surfactants selected fromthe group
consi sting o€hlorigkeg chai n al kyl am nes, such as 30 hexadecyl anm ne,

Byl am ne. conpountisaHliaTP AERAES VaRos o BEuf kR RB e kA2 0516
di met hyl hexagdg Gyl AET RS Pintsligfdi Vb sk NMBAP Temoitsbiar sibves by paightymoni um

salts, such as trinethyl hex‘gfgecyl amouni um chl oride. An al um nophosphat e
(ALPO) ol ecriized siittMbedde AR OurAluminopihespimte molecuhas sigyesdrent er gr owt h of

t he MeAPO nol ecul ar sieves or physi cal.l m.xed w h

Al uni nOphospﬁat%a'ﬂﬁﬁéﬁﬁ%ﬁo@%géé’%ar@““%Fy"é‘trbﬁ‘ﬁe! %’_é%@r g’ﬁ%@‘oﬁh&é’s whi ch
can have an @LRG} vferé"cﬁﬁiﬁ@r'iéﬂ-el%ﬁ@%ts WARINRESr RASWbHQ tepicaIlEREvE BInWbérhi n t he
framewor k, typically have uniform pore dinmensions ranging from about 3

angst rons t opshodiméfsiangsanging fraro shout 3rangstiems @ @poutel) Agosiromes,

sel ective separations of nolecular. species. Mre. than t en structure
types ha¥e bebf aregaRable of MeEINGIHIAE s;&gtﬁvpesetp@ﬁgﬁqbq 8%@@%‘%?%'

gues.
Preferred ALEQe&fdsUGhlfefhai tio dozen structure types have been reported,

including zeolite topological analogues. Preferred ALPO structures are
ALPO-5, ALPO-11, ALPO-18, ALPO-31, ALPO-34, ALPO-36, ALPO-37,
and ALPO-46.

15 The MeAPO synthesis mixture of formula (1) is formed by combining
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 o 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. Nex, 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 minute 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, 1o a temperature of at least



ALPO-5, ALPO-1 1, ALPO- 18, ALPO-31, ALPO-34, ALPO-36, ALPO-37, and
ALPO 46. 15 The MeAPO synthesis mixture of formula (1) is fordiAy2004

conbi ni% téﬂg)sssource of phosphorus, water, the source of palHiEfiaes1hhe
sol vent, ot ource of the netal and a tenplate in a reaction vessel. No

particular order of mxing the conponents is required, however, it is
desired that the phosphorus source and water be conbined prior to the
addition of the 20 other conponents. Ini@-desired enbodi ment, the source of
phosphorus, water and the source of alumna are first mxed in a reaction

vessel . Next,~e P t e dBsii I's added to
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time from giveferrad bepavse thossoernditigns mayRreyenide fopmaliontdle synt hesi s
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pressure,” to a tenperature of at least ;i 1 MAY 2004 WO 01/ 36328
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crystalline roduct is forned. Low tenperature and. shar . i zation
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apparat us current eat such mxtures.
it can be recovered by standard means, such as by centrifugation or

filtration. The process may also include conventional proguct washing
and drying such as by an ethanol rinse and/or a water rinse, with either 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
ternperature 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-3/, SAPO-

25 40, SAPO-41, SAP0O-42, SAP0O-44 and SAPQO-47. Desirably, 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 (11):



- Because the MeAPO nol ecul ar sieve product is forned in solution, it can be
recovered by standard neans, such as by centrifugation or filtédtMan00iThe

process may al so i nclude conventional product washing a Ydon@aguch as
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ri-nses being conducted a plurality of tinmes. The product nmay then be dried
by any conventional drying technique. Typically, the drying is conducted
in a convection oven at a tenperature ftbm about anbient tenperature to
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SAPO- 37, SAPO 25 40, SACFO-ZLt’ SAPO- 42, SAPO 44 and SAPO-47. Desirably, the
process of MeARPEMRRAIMEMntion is used to fornul ate SAPO-34. The SAPO

mol ecul ar, si eve ofyhhe D5 LBENS fMENDY e prodesdefiie presentrigventigmt hesi s
m xture froma source of alumna, a source of phosphorous, water, a

tenpl ate capg sowcefafrsiicon maghe@nyosibeen spedes seeable of RYYBce of a
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tenpl ate and'"s&® he water soluble organic solvent. The conponents are
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aqueous synt ?&Sé)?arﬁ&'e“é icf?ﬁter’%?f s?ﬁc%t, %dcc?'ﬁﬂ\éﬁ of silica, or particles of silica.
The source of the silica may be a monomeric silicon, an oligomeric silicon
compound measuring equal 1o or less than five nanometers, and/or silicon
particles which measure equal to or less than five nanometers. In this

1s context, the term "monomeric" means each silicon atom is not chemically,
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 other. Non-limiting examples of useful silicon source

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

The silicoaluminophosphate mixture of formula (Il) may be formed

15  in accordance with the previously described processes.

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

j0 and more desirably from about 4 to about 20, and the SiO2Al,0; molar

ratio is desirably from about 0.01 to about 2.0, and is more desirably from




in regard to the nmetal, the source of silicon is any source which contains
si.licon particles nmeasuring, in their |argest dinmension, equal 30 MY9

to thanhypsdzagoneters. The source of the silica may be arryrmsﬁoados&pem es
for exanple a cluster of silica, a conplex of silica, or particles of
silica. The source of the silica nay be a nononeric silicon, an oligoneric
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silicon particles which neasure equal 7t | ess than five nanonmeters. In
this 15 context, the term "nononeric" neans each silicon atomis not
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about 4 to ab%ﬁtfwturgrﬁ?rlﬂ%dﬁrﬁf"ﬁ?a@y ng'l Mﬁ& N%o%&%@?ﬁ?’%@ {’%fbrom
about 0. t S bl A mholkeuiafo
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the. 1 asul i ngnibB(SOLA IhairBnoRy <54 tanse PRTL3L Niru? SPIe S PerRAPAbou
0.01 to about Q.2 A0 & AEEsEESH GHth¥ thizP FeaRUrba & 3R geaiaai 20 3.
chemical shift & (Si)) in the range of -88 ppm to -115 ppm, where the &
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 sieQe having a novel crystal
morphology. This morphology is shown in Figs. 1-3. This morphology is
described as being aﬁ 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
necessarily 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 crystallites have

25 the same composition as the non-formulated particle. By “non-
formulated,” it is meant that the particle is not a physical agglomeration
formed by combining molecular sieve particles or complexes with binders
and/or fillers or by external forming devices, such as extruders. The

particle itself has a diameter of from about 0.5p to about 30p. The

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




The silicoal um nophosphate nol ecul ar sieve of this invention conprises a
t hr ee- di mensi onal mi croporous crystal framework structure of  [3S] ) 2004

[AI02] and [PQ2] tetrahedral units. The way Si is incorpo ' t he
_struct ur¥OO¥As38& determi ned by 29Si MAS NMR  See Bl ackwel F}%Eﬁ%()&f%g%tton,
J.- Phys. Chem, 92, 3965 (1988). The desired SAPO nol ecul ar sieves exhibit
one or nore peaks in the 29Si MAS NVR, with a chemcal shift 8(Si)] in the
range of -88 to -96 ppmand with a conbiped peak area in that range of at

| east 20% of the total peak area of all peaks with a chemcal shift 8

Si in th f =88 to 115 : Ie 1l I cal
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Phosphor ous, pﬂo?rﬁwe%ntgviéeheFisn%lljlgr,caeoérygtlalljsmérneucrﬂigé.e Examples of this process
aré presented below in Examples 1-3.

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 the reaction mixture produces a
decrease in the diameter of the spheroidal particle.

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

intended to be nonlimiting.
Example 1. Preparation of spheroidal SAPO-34

A silicoaluminophosphate synthesis mixture was prepared having

the stoichiometry:
16MMA: 2 TEMP: Al,O3: P20Os: 0.6 Si0O;: 50 H,0: 8 SOL




5 mxed, desirably in the listed order, in a reaction vessel. l\tﬁw Lzﬁb?
tenplate is added to the reaction mxture and stirred. The sol v ;AY

nor phol qgééomgljzgyi ng agent, and the source of silica are apg,e,gﬁgﬁog{be

m xture. The“réaction is then m xed until a synthesis m xture having the
appear ance of a honogenous gel or slurry is formed. The synthesis to

m xture is then heated to formthe nol ecul ar sieve crystals. After heating,
t he nol ecul ar sieve crystals are recoverlédd by centrifugation foll owed by
an et hanol wash, repeated tw ce, and a dei oni zed water wash, also

performed t WrtEhick MAA Vs hék@j@dwéhmes%@gmgy, TEMP B estRd @by RimrnBhiunpr ocess
are presented below in Exanples 1-3. 15 It has been found that by varying
t he concent riaydrexidsf (EEAOHYnand SOk is eihariodsiThersyrothasts miKegre was of t he
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reaction m xture produces a 20 decrease In the dianmeter of the spheroidal
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A silicoalu e 'synthesi s mXxture was prepared havi ng

st oi chi onet r §6r 3@ midE: TRerd BB gAif2B30lUtd @Eharibl51.570¢:060 H2O 8 SOL 31
MAY 2004 WO 01 /36328 PCT/ USOQ 30319 -14 in which MVA is_ he _ad%%\él am ne
(CL6NH2) , TEWPxgecyleming endiainesh ethacHpdedhe s bcatemens) MxardNsdNe; s
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(Vista Cheni gedroughlytisrhoBenizedaopbaainutes and then placed in a 125 mi. tefion
lined autoclave (PARR). 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 produbt 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 Siqe, Al..es, Pas. Scanning electron microscopy showed
spheroidal isocrystalline particles having a particle size of 2-5 pm. 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: ALOs P,Os: 1.0 SiOz 50 H,O: 8 SOL
in which MMA was hexadecylamine, TEMP was tetraethylammonium
hydroxide and SOL was ethanol. The synthesis mixture was formed by
| mixing together 9.0 g of HiPO.(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




s beaker for one mnute. The resulting m xture was allowed to Pi&{fg five
m nutes and then m xed for one nore mnute. To this m xture was duﬂ"34 2
g of 35% aqueous TEACOH (SACHEM and the m xture then stirred

m nut es. W@%é’ﬁﬁ% 0 g of absolute ethanol, 1.57 g of hexdedyix Oﬁéﬂéﬁg 5.1 ¢
of- tetraethylorthosilicate were m xed in. The zo mxture was m xed for one
m nute, transferred to a Waring bl ender and thoroughly honogeni zed for 5
m nutes and then placed in a 125 nl. teffgon 1|ined autoclave (PARR). The
aut ocl ave was placed in a 200C oven for 24.5 hours. The product was
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dei oni zed wat ?Qa%@n% w%?ergaﬁg Ren WE@%% pfodigt %Qfﬂrﬁﬂ in 4-at apal
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dded 32.8 f 35%a 3 1 MAY 2004 01136 I 19 -15
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tetraet hyl ort s |caewere m xture for one
P 13s. Scanning electron microscopy showed the majority of the product 1o

comprise spheroidal isocrystalline particles having a particle size of 36

um. These particles are shown in Figure 2.

Example 3. Preparation of spheroidal SAPO-34

A silicoaluminophosphate synthesis mixture was prepared having
the stoichiometry:

.16 MMA: 2 TEMP: Al,03: P,0s: 1.5 SiOz: 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 H:P0.(85%), 8.5 g of deionized water, and 511 g
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
mixed for one minute. To this mixture was added 31.5 g of 35% aqueous
TEAQOH {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 gof
tetraethylorthosilicate 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 m!. teflon lined autoclave (PARR). The




mnute, transferred to a Waring bl ender and thoroughly honogeni zed for 5 5
m nutes and then placed in a 125 m. teflon |ined autocl ave (PARgQ)‘,.NR'mM
aut ocl ave vvasazgl aced in a 200C oven for 24.5 hours. The phegdh&hodRts
recover‘é’tﬂ”ﬂ{?6 ntrifugation, reslurried twice with a 50:50 m xture of
et-hanol and water, and then twice with water. The product was dried in a
convection oven at 115C. Powder X-ray diffraction showed the product to 1o
be SAPO 34. El enental analysis by | CPESIgave 7.23% Si, 14.67% A, and

12. 64% P whi ch represents a product stoichionetry of Si.213, A.s, P..

Scanni ng el ecttéﬁag,ggwgssg@a;egp éﬁ%%é’»d B6e TR0 idays O hé Produ@duas t o

conpri se sptﬁﬁ Ii'ne" particles having a particle size of 3-6
pm These papkbebes By ecaltivugation, Fegurie@ twite Vileafe58 mirtuspafat i on of

spheroi dal SAPO 34 A silicoal um nophosphate s hesi s, m xt ure.was_ prepared
havi ng t he ethehohsndrimater, amth@etwmwzih?@w{ e Bredus) yeas ‘i‘.‘é@ 8 %2: 50

H20-8 SOL in which MVA wa | afd.Re, tiRg oradBioum
hydr oxi de, i |ome&%aﬁﬁ‘$%%%ﬁ%gﬁyﬁﬁ1x u%@aﬁm%gtbérprged by  mixing
toget her 8. 5,0 iip i Hing Sle2tronThictescupyzsribwed te majority.dfthg  of
hydrated "alum na (Vista Chemcal, Catapal B) in a_plastic beaker for 25 one

m nute. The presutt iogompriserspheesidal isowetstal ing paricles Maying? Aarkc'eand

m xed for one mnute, To this mxture was adde of 35% aqueous
TEAOH ( SACHENRE #h&-184mMy ‘%ﬁ'-’epﬁ%v%_%rﬁ 53?9“(‘?@':@(%33\0 mnutes. Then 13.7
g of absolute ethanol, 1.43 g of hexdecylam ne and 11.6 g of

tetraethyl orpthosili ' bA.4glNe m xture was m xed for one 30
RSP et e g a8

m nute, tran rrng bl ender and thoroughly honogeni zed for 5
m nutes gnd then placed in a 125 m. teflon lined autoclave (PARR). The WO

0)/36328 -16 3 1 NMAY 2004 PCTIUSOCOL30319 autocl ave was placed in..a 200C
ozlen for 5 days. mli@@gg&mogﬁg\sphate synt?\esm mixture was per%FeéjhEUm%

the stoichiometry:
2 TEMP: Al,Os: P,0s: .1 Si0O2: 50 H,0: 8 SOL

In which TEMP was tetraethylammonium hydroxide and SOL was ethanot.

15 The synthesis mixture was formed by mixing together 19.8 g of
H3PO.(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 mixiure
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 blender and thoroughly homogenized for
5 minutes and then placed in a 125 ml. teflon lined autoclave (PARR). The
autoclave was blaced in a 200°C oven for 24 hours. The product was

25  recovered by centrifugation, reslurried 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, Plaet.




recovered by centrifugation, reslurried twice with a 50:50 rn'xtugidpf
et hanol and water, and then twice with water. The product was dr -AWUBA
convection oven at 115C. Powder X-ray diffraction showed the product to 5
be SAPOWE01/%sahni ng el ectron mcroscopy showed the maj or FEJS00PHA%
product to conprise spheroidal isocrystalline particles having a particle
size of 8-12 pm These particles are shown in Figure 3. Exanple 4.
Preparation of SAPO-18. 10 A silicoal uniqpophosphate synthesis m xture was
prepared having the stoichionetry: 2 TEMP. A1203: P205: .1 Si02: 50 H2G 8
SOL I n which TEMP was tetraet hyl anmoni um hydroxi de and SOL was et hanol. 1s
The synt hesi Exampiebe Prerardopsf I Hrxd-ng t oget her 19.8 g of H3PO4(85% ,
15 g of deionized water, and 11.8 g of hydrated alum na(Vista Chem cal,
Catapal B) in a plastic beaker for two mnutes. The resulting m xture was

al lowed to age f ot §jiix8alintiHbERosPHate BiyAthEsit mbeurenass preparerhavigg of 35%
aqueous TEACH (SACHEM and the mixture 20 then stirred for two m nutes.
Then 31.6 ¢ tie atesdhioretet hanol and 1.8 g of tetraethylorthosilicate were

m xed in. The m xt S ., F0rat m S ed to a Waring
bl ender ahd thorou%%@o@ﬁ@z@&Q%ﬁog%ﬁﬁégoyﬁ?t gngl aced in a 125
n. teflon |ipefhidlVMANS hERRIcyIdihe, TEMR hWasdriettsyyimietodadmmorau®00C oven
for 24 hours. The product was 25 recovered b}lh centrifugatign, urried

once with a Hydhdxideandr8Obiwas etanohd ThatsypihesiiMiXere Zﬂ’ﬁéé‘oﬁméﬁ l ter. The
broduct 1o besusdodeiherd L e PLrRAPI)s By § BREleriAE kRles BN 117 6704
S, “Fany, 35 T RGN DBBCIR O e Rty B A
Pr ei)ar at iloh ¢br SAPRIRGe. The resulting mixture was allowed to age for five minutes.
To this mixture was added 62.7 g of 40% aqueous
triethylmethylammonium hydroxide (SACHEM) and the mixiure then
stirred for one minute. Then 34.7 g of absolute ethanol and 5.9 g of
tetraethylorthosilicate 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 biender and thoroughly homogenized for 5 minutes and then
placed in a 125 ml. 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 Si o78Al 503P at8.
25 Example 6. Preparation of SAPO-41.

A silicoaluminophosphate synthesis mixture was prepared having
the stoichiometry:
TEMP: AlLOa: P.Os: .4 SiOz: 40 H,0: 8 SOL
30 in which TEMP is diethylamine and SOL is ethancl. The synthesis mixture
was formed by mixing together 23.2 g of H.P04(85%), 36.8 g of deionized




A silicoal um nophosphate synthesis m xture was prepared having_ the
stoichionetry: s .16 MVA: 2 TEMP: A1203: P205: .3 Si®: 50 H203 1BM&RNN n
whi ch MVA was hexadecyl am ne, TEMP was tri et hyl met hyl ammoni um ha/droxi de
and SOL W&0186¥48nol . The synthesis nixture was formed by REXIUSEYEBYRt her
2.7 g of H3PG (85%, 18.5 g of deionized water, and 13.0 g of hydrated
alumna (Vista Chemcal, Catapal B) in a plastic beaker to for one m nute.
The resulting mxture was allowed to ageqfar five mnutes. To this mxture
was added 62.7 g of 40% aqueous triethyl met hyl ammoni um hydr oxi de ( SACHEM

and the m xture, then tirr for, one m.nute. Then 34.7 of sol ute
cthano! and SveieG. 7 1368 BB WS TRIEBTIUMITE LY S\ CT B G aT) B halt o
the m xture( 78,263 bbéké%r%%eﬂsﬁuté?me9ésmﬁﬁ§¢ﬁ%réma§aﬂ@ﬁem5ta@ee was
transferred to a Waring bl ender and thoroughTy honogeni zed for 5 m nutes

and then pl doefivemimulbant théreMioed forree minwuel AvdhisAARRre Whe agidedc| ave
was placed in a 200C oven for 3 da

( ys. The product, was recovered b
centrifugati ohd 9 etdigthylamirgepd ‘Wt"ﬂ'xﬂ"géhg@ shred fPetwe "@PHmdﬂ%d wat er ,

20 and then tw .t ' ' )
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anal ysi s by |4¥chutasthanoB®4 g of tkTra2ipldtthosilicaiebant Z32 ghofodeionizedesent s

a product stoichiometry of Si.O078Al.50,P.iis. 25 Exanple 6. Preparation of
SAPO-. 41. A swaleromeermixeshios phareddyravrs iranshegrad © ad¥anng blgrdenang ng

TEe i o i ot nPLanat Kiomfiized K s mifuidsiing (b Bdeed irtbo s 0"

by ni xi ng t ogefbariined duteciivesIPRRRHE Wne 36tdtigvervad giated aad 75°BAY 2006
WO 01/ 36328 PCT/ USOCQO 30319 -18 water, and 13.9 g of hydrated al um na é\ﬁ sta
g

Cheni cal , 10Cat @yen for)16 howrs. Jihesprogustwie fecoyerggbyneenififugatian, reslyrie

mxture was 3l oG 8 s3%b mixture of ethanot 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 SAPO-41. Elemental analysis by ICPES gave 1.29 % Si,
18.75% Al, and 20.75% P which represents a product stoichiometry of

15 Si 0a1Al 4osP 450
Example 7. Preparation of SAPO-41.

A silicoaluminophosphate synthesis mixture was prepared having
20 the stoichiometry:
3 TEMP: Al,O3: P20Os: .2 SiO;: 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 H;PO.(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 9.3 g of absolute ethanol, 60 mg.
of SAPQ-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 to a |

Waring blender and thoroughly homogenized for 5 minutes and then




for five mnutes and then m xed for one mnute. To this m xture was added
7.4 g of diethylam ne and the mixture then stirred for two m nuGegsMaf 1ogr S

whi ch tfw ?vgﬁﬁgFat ed am ne tenplate was repl eni shed. Thenp&fako@rBio
absol ut & &CH , 8.4 g of tetraethylorthosilicate, and 232 g of deionized

water were mxed in. The mxture was transferred to a Waring bl ender and

t horoughly honogeni zed for 5 mnutes and then placed in two 125 m. teflon
| i ned autocl aves (PARR). One autocl ave Ws placed in a 175C to oven for 16
hours. The product was recovered by centrifugation, reslurried twice with

a 50:50 m xt fin &H{ENR). RA6n REETautédEvé (BPARRY TRe GiLtbclamé sras  The
product was %ISEQIT% an 115C oven. Powder X!';an i ffraction showed the

product to 3ﬂa§éﬂ’®aél17£|@um tir 2hahpers The prodest wasdetovreshlyy 18 75%
Al, and 20.75% P _which represents a product st oi chi f

Si . 041AI . 4, FeenifuSatiop, eesiur ‘b‘éﬁ‘—%ﬁ*ﬁ‘b@ 5@@@5‘%’& SHEON 2ha waker,

si | i coal um nophgsphat. LK |- STH) 887 ad 1T rever?0 the

stoi chi onetr d%%&gge%%gg%2@bﬁ§a%\§@&4eg%a_ in which TEBI\/P was

di propy! am nepwder Srayvaiiratiiomehowdddhe prodieite berSAPG-41vlementabd by

m xi ng together 11.7 of H3PO4(85% ., 18.3 . g of dejoni ter, and 6.97
g of hydrat eahalbfaiﬁma?ﬁﬁ’g&geeﬁehﬂggl% S(B‘a?%ﬂg%ﬁ‘baé}& ?&r“%%’l%l‘f‘c beaker for
two mnutes. The resul ti panie ld:0 g.age for five mnutes. To
this m xtur e SREESEATHPIL Wai%&'gl prip@l%%ﬁmgﬁ' the mixture then
stirred for two mnutes after which the evaporated am ne tenplate was

repl eni shed. Then 9.3 g of absolute ethanol, 60 ng. of SAPO 41 seeds, 2.1
g of tetraet Byhmplé8sPrepanetionmd Q8AROP b dei oni zed 30 water were nixed in
for one minute. The m xture was transferred to a Waring bl ender and

t hor oughty honogeni zed for 5 minutes and then WO 01/36328 -19 3 1 MAY BOGS
PCTJUSOQ 30319 pl acgflicbaumirdShddphdie tymiheksistaiktiane was prepdeafRvinghe

aut ocl ave was
the stoichiometry:
16 MMA: 2 TEMP: Al,O5: P;Os: .4 GeO,: 40 H0: 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 H,PO4(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
resulting mixture was allowed to age for five minutes. To this mixiure 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 ml.

25 tefion lined autoclave (PARR). The autoclave was placed in a 200°C oven
for 24 hours. The product was recovered by centrifugation, reslurried
twice with a 50:50 mixture of ethanol 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.




placed in a 175C oven for 24.5 hours. The product was recovered b
centrifugation, reslurried twice with a 50:50 m xture of EtOH aneﬁyllvéﬂ%ml]&
and thenwbiigeis th water. The product was dried in an 1156-pNRGe 3RS oWder
X-ray diffraction showed the product to be SAPO-41. Elenental analysis by
| CPES gave 1.807 % Si, 19.45% Al, and 20.4% P which represents a product
stoichionetry of Si.o045Al.4wP. 4e. Exanple 8. Preparation of GeAPO-41. 10 A
si |l i coal um nophosphat e synt hesi s m xt urebhas prepared having the
stoichionetry: .16 MVA: 2 TEMP: A1203: P205:.4 Ge02: 40 H20: 8 SOL in which
MVA was hexadecyl am ne, TEMP was di propyl ami ne and SOL 15 was et hanol. The
synthesis m xture was forned by m xi ng together 11.4 g of H3PO{ (85%, 20
g of deionized wathsra residt of e gystallisaiiontr@cesses Aascribgdabowmantcal |

Catapal B) in_a bl LG ker t ) nut ' L xf ure was
il oed to agemAtRIEE iRk FlanBles. MBSy MoSROTMeE 4 % ot

di propyl am nghAneorhfam Witkirite pbheatlebsl 8 Horion bhe2(empiatd asedld er whi ch
t he evaporated "am ne tenpl ate was repl eni shed. Then 18.2 g of absolute

et hanol , 1. 9making thenitislopaationeix@re. Jhefcrydtaling sttactues encompa@sses g of
e o S o s o e BT
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01/ 36328 PCThdie6hia0 3isve. 20
In many cases, depending upon the nature of the final product
formed, the template may be too large to move freely through the
intracrystalline 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-containing gas, by
contacting the template-containing sieve in the presence of the oxygen-
containing gas and heating at temperatures from 200°C to 900°C. In
some cases, it may be desirable to heat in an environment having a iow
20 oxygen concentration. Inthese cases, however, the resuit will typically be
a breakdown of the 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 removatl from the
25 sieve can be accomplished by conventional desorption processes such as
ihose used in making standard zeclites.
As another additional step o 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
30 s typically referred to as a formulated catalyst, with the formulated

catalyst comprising the MeAPQO molecular sieve.




"As a result of the crystallization processes described above and
denonstrated in the exanples, the recovered MeAPO nol ecul ar si evke! T%QUU’
contain within its pores at | east a portion of the tenplate used in 5

maki ng t RO M6l reaction nixture. The crystalline strucPti@SeHEBhbasses
the tenplate, and the tenplate nust be renoved so that the nolecular sieve
can exhibit catalytic activity. Once the tenplate is renpoved, the
crystalline structure that remains has \whyat is conventionally referred to
as an intracrystalline pore system As an additional step, the processes

of to this inventiqQn m als Inc t St mvi.n the tenplate
fromthe nolecul ah(a 'ﬁh%% ‘%‘ b g’i%'ﬁe Eﬁg'ﬂﬁl %Jeﬁlbgﬁs%n ﬁ?e of the
final producyaibpsTRent drf&télﬁ@@t&n@awnmrﬁago dr%ra@a%usmlﬁ@yﬁmfat@eény t hrough
the intracrystalline pore system In such a case, the tenplate can be

renoved 15 Ohesehwaterialemohede cqmpoemsnnslfsucheasdrqﬂlm amdmeth&lmjayﬁe can be
cal ci ned, or essentially, conbus i.n the resen n_.oxygen- cqnt ai ni ng
gas, by conf’ﬁE‘PPﬁéofrﬂéofé?fﬁl%ﬁ @8!’@'&1 ‘Htlhﬁ’b ON&RD '??1 Hﬁvi}rféé@ﬁme $ the
oxygen- cpnt n@%ﬁﬁ% ;,.%rmeé fn 0 900C. In
some casegs) QFBM&QC%%%&SSH bl e td m In J%ﬁﬁ%%ﬁ’or}@% %gﬁﬁg a low 20

oxygen concemguadlzl siticalor dilieser s:uhsa?sol iwdenedureshbermm'ﬁheael I typ| cally be
a breakdown of the terrpl ate into a smaller conponent, rather than g/ t he

conbustion pfs@me ase pisneefigclivednseducing %’@f ik catalyst o8t13EINGR
complete I enpVibierMal SiHk i tbea”agksanﬁ hEEaPEPuEiH?n% e BSlarR AringeraRheraiie,©
ot her cases, re rom t he

tes, conpl or partia
25 sieve Cand@ﬁsﬁpmnmlel@tal@sband:cmweﬁmgrn:allalgleSslrmgtbn Tp're)aarmnatsofsuch as
t hose used in making standard zeolites. apot her addi tional &n% to the

pr ocessed® of MPECYIAE Higie th?\/he'ﬁtqoﬁff?'”?ﬁ@ Breotiealyps! risieyagataly® step of
S 10y ARG Ebes A1 e RNl AGe ot ol lpepisg. e
catal yst, wi G fo'ED erightl peredntoeftthbtstat eatgiystsi ng t he MeAPO nol ecul ar
steve. 3 1 MY 20I\Ac\i/(\?mgr%éIanglze%uEﬂlgvseor?{a?gr?allg can be mixed with the MeAPO
catalyst if desired. Molecular sieves that are suitable for use in this
15 invention include AEI, 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, MFI1, MEL, MTW, EU0O, 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. Oisen, 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:




-21 WMaterials which can be blended with the nol ecul ar sieve can be
various inert or catalytically active materials, or various binHémMAY 700
materials. These materials include conpositions such as kaolin and ot her
clays, wvarious forns of rare earth netals, other non-zeolite catal yst
conponents, 5 zeolite catal yst conponents, alumna or alumna sol, titania,
zirconia, quartz, silica or silica or sjjica sol, and m xtures thereof.
These conponents are also effective in reducing overall catal yst cost,
acting as., a thermal sink to assist in heat shielding the catal yst during
regener at-g@H?—s densifying the catal yst and increasing catal yst strength.
The anmount of io nolecular sieve which is contained in the final nolecular
sieve catalyst product ranges from 10 to 90 weight percent of the tatal
cat al yst, l.desi Aah¢thod 0 makimpa wetajleelupinenbasphate (g”ﬁ%‘“?@ mplegulan pig, said

Addi ti onal ol ecul ar'nﬁitﬁé’s% t tferi als can be mxed with the MeAPO catal yst
i f desir FOCRBICMIPENESTLVES That are suitable for use in this 15 invention
include AEl, Apbyvid¥iCa stAikbe ollminATYsouN T fBlokphoBASwaCiifend aCleimpldBAS) i tabIoR,
EDI, ERI, GOO KFI, LEV, LOV, LTA MXN, PAU, PH, RHO ROG THO M-I, MEL,
MIW  EUO, forformipgg MeARO mtesulagsieve: ToN, and substituted forns t hereof .
These nol ecul ' ?zjlpé ' | HlmdtAl Jahtel A hasufhg,
Zeolite Struct 1}03,?&%%3@%‘8 M%E%%%g%de%rlﬁéatﬁgsa@bﬁﬂegaﬁsen, utterworth £

Hei neman, in3heir éalgest 88ahsidnhequabtoatriled thahelsor ngppingiersf which is explicitly

incorporated herein by reference. Preferred ecul ak s [ Bape

conbi ned with PWé’lcﬁﬁﬂxé@’a%rﬁBﬁB%eorgﬁlfs }-‘ffn?zﬁlaﬁpgl% r %(lalﬂzug% |%é@rg%%§goﬁs’ of
ordinary skill girhit$® sithestd hixtire ¢RaNiaE sdied ofremyiind Ssabstivireecaf plossharay  be
made to the present invention w thout departiglrgq%from ‘tjhe spirit and scope

of the preaématerspichtempiate, Tl soass ot mstl: andeseld 5obwdtBfein i s neant to be
illustrative o . hosth L1 Sicl @KBR sadBsyntiBsisimidudréle i nvention, which
i s defined by ?‘#e ”?%?P’gvm ngqéolrﬂ% ms.wV\ﬁatHllssa C?)Jé.li med is: 3 1 MAY 2004 -22

2. The method of claim 1 wherein said source of metal is selected from the group

consisting of boron, beryllium, cobalt, gallium, germanium, iron, manganese, magnesium,

nickel, silicon, vanadium, zinc and combinations thereof.

3. The method of claim 2 wherein said source of metal is selected from the group
consisting of monomeric metal compound; oligomeric metal compounds containing metal
particles measuring, in their largest-dimension, equal to or less than five nanometers; and

mixtures thereof.
4. The method of claim 3 wherein said source of metal is monomeric metal compound.

5. The method of claim 2 wherein said source of metal is selected from the group

consisting of tetraalkylorthometallates, colloidal metals, and metal sols.
6. The method of claim 5 wherein said source of metal is a tetraalkylorthometallate.

7. The method of claim 1 wherein said template is selected from the group consisting of

tetraethylammonium hydroxide (TEAOH), tetra-n-propyl-ammonium hydroxide (TPAOH),

tri-n-propylamine (Pr3N), tetra-n-butylammonium hydroxide (TBAOH) and
diethylethanolamine (DEA).




Claims 1. A nmethod for making a metall oal um nophosphate (MeAPQ), nol ecul ar
sieve, said process conprising the steps of: providing a sour & MAY 2004
al um na, a source of phosphorus, water, and a tenplate suitable for
form ng a McAPO nol ecul ar sieve; providing a source of netal including

metal particles, said netal particles neasuring, 1in their |argest
di mension, equal to or less than five naponeters; providing a water soluble
organi ¢ sol vent capable of solubilizing said source of nmetal; formng a

synthesis m xture from said source of alum na, said source of phosphorus,
said water, said tenplate, said source of nmetal, and said solvent; and

form ng g MeAPRhdm@6H 0AEIafh FUehdréig g aigABY i MRSIPO-F] xt ure. 2. The met hod
of claiml wherein said source of netal is selected fromthe group

consi sting of boron, beryllium cobal t, gallium germanium iron,

manganese, T@ggs' #ihd of ofl fak[ﬁg; LL&ea: tea&st@?eqt Ukctdd Hﬁm%gg&ﬂpﬁbﬂﬁéﬂr@tﬁ"

t her eof . mhere In'said source of is selected
from t he grppRpykeisd GriNg), @étrmowmmomatratydm@@umow pgbReNH net al

conpounds containing netal_ . particl es rreas i
| ar gest - clirmeRepymine ). Gh-n RIGRY K- ROV S EY R ot n-byfylpming.apd die

t her eof &;[%ﬁ thod of claim3 wherein sai d source of netal is nononeric
nmet al corﬁ)o The nethod of claim2 wherein said source of nmetal is
selected fromthe group consisting of tetraal kyl orthonetal | ates, coll oi dal
met al s,

me 6, . t hod. i in said source of
netal is {a}?t et &E%ﬂ?ﬁtoarotfﬁmt a‘f'ﬁ?lg L?%El‘ﬁbé e&wg?cl aim1 wherein said
tenplate is selected from the group consisting of tetraethyl ammonium
hydr oxi de (TEACH), tetra-n-propyl-anmmpni um hydr Oé%‘%’
tri-n-pr oblyl anifhéﬂ(elitogl‘bfdat“@tlr‘é el peis IEmREHi ’ﬁﬁ?lﬁﬁla‘&éefrﬂ@ Rd&}“la%ﬁ of
di et hyl et thyBinSanddbgnbiRitiond tidredt] ai m 7
wherein said k’@%@%?ong%g’r&%& gﬁ!%ﬁggynlgt Hod 11(])f anc a| m 1 wherein said
tenplate is sel ected from t he group consisting of - n- propyl am ne
(Pr2NH) , tetra but ni h dI‘OXI C]-I)E Rg 2NH,
di i sopr op¥#-ani & Zﬁlgfa““glm‘ﬁ PrIpH M%ﬁé ?{lq? ?hyl ani ne,
di - n- butyl am ne and di -

13. The method of claim 1 wherein said template is selected from the group consisting of

tetramethylammonium-hydroxide pentahydrate (TMAOH-5H;0), tetraethylammonium

hydroxide, and pyrrolidine.
14, The method of claim 13 wherein said MeAPO is MeAPO-20.

15. The method of claim 1 wherein said template is di-n-propylamine and said MeAPO is

MeAPO-31.

16.  The method of claim 1 wherein said template is selected from the group consisting of
tetraethyl ammonium salts, cyclopentylamine, aminomethyl cyclohexane, piperidine,
triethylamine, cyclohexylamine, triethyl hydroxyethylamine, morpholine, dipropylamine

(DPA), pyridine, isopropylamine and combinations thereof.
17. The method of claim 16 wherein said MeAPO is MeAPO-34.

18. The method of claim 1 wherein said template is selected from the group consisting of

tetramethylammonium hydroxide and tetrapropylammonium hydroxide.




pentyl am ne. 10. The nmethod of claim9 wherein said MeAPO is MeAPO 11. 11.
The nmethod of claim1 wherein said tenplate is selected fromthe grgup..,
consi sting of tetraethylamoni um hydroxi de, di-isopropylethylanﬁﬂg&gﬁ@q
conbi nations thereof. 12. The nethod of claim 11 wherein said MeAPO is
MeAPO- 18. 13. The nethod of claim|l wherein said tenplate is selected from
the group consisting of tetrarnethyl anmani uan- hydr oxi de pent ahydrate
(TMAOHS5H20), tetraethyl ammoni um hydroxi de, and pyrrolidine. 14. The net hod
of claim 13 wherein said MeAPO is MeAPO 20. 15. The nethod of claim1
wherein said tenplate is di-n-propylam ne and said MeAPO i s MeAPO 31. 16.

The net hod of ThAhEMmdd WhERRA 18 Sictbil SIHMIAP(O & slehect®d from the group
consisting of tetraethyl ammonium salts, cycl opentylam ne, am nonet hyl

cycl ohexane, piperidine, triethylamne, cyclohexylamne, triethyl

hydr oxyetfyl anjys nlgeﬂgﬁ RROL] rﬁ'?’w %'trnﬂﬁ OBy lté]‘Hﬁl lﬁ_%@gd‘t\%d frBOMthll gﬂﬁp consisting of

| sopropyl‘am ne 'a conblna I ons er eof e nethod of "claim 16 erein
sai d MeARGIrattNeAROGNIN hﬂa&oxfﬂhgdxmyhﬁﬂn&)madodlmawllarrmr ein said tenplate is
selected fromthe group consisting of tetramethyl anmoni um hydroxi de and

t et rapr opyl ai nmoni um hydroxi de. 3 1 MAY 1004 -24- 19. The method of claim

18 wher eizy Sa'f} t@@g o?c%ﬁ@@v&%‘éreﬁ@wdmp@wpﬁwb-m aim| wherein said
ecte

tenplate is se romthe group consisting of tetrabutylammoni um
hydr oxi de, di ethyl am ne and di propyl am ne. 21. The nethod of claim 20

e P e T o e Relio e it 4 ip TS MERRAY sOberEd oM the BRRHSIRs S or

tenpl ate gr oup “consi |ng of "t et ranmethyl ammoni um

hydr oxi deteﬂ%%&?l@rﬁﬁ@ﬁuﬁ%%@%}ah&&ﬁtd(éﬂ\dﬁ@ﬁh@&ﬂﬁ)ﬁrmndnctmetm:idnmﬂn@m 23.
The nmet hod of claim 22 wherein said MeAPO i s MeAPO-42. 24. The net hod of

claim | viaketidesai d tenplate is cycl ohexyl amine and said MeAPO i s
MeAPO-44. 25. The nethod of claiml further including the step of providing
a norphol ogy nodifying agent to said synthesis m xture.

23. The method of claim 22 wherein said MeAPO is MeAPO-42.

24, The method of claim 1 wherein said template is cyclohexylamine and said MeAPO is

MeAPO-44,

25.  The method of claim 1 further including the step of providing a morphology

modifying agent to said synthesis mixture.

26. The method of claim 25 wherein said morphology modifying agent is selected from
the group consisting of a surfactant, divalent cations of alkali earth metals, divalent cations of

transition metals, trivalent cations, seeds of molecular sieves, and recycled synthesis mixture.

27. The method of claim 26 wherein the morphology modifying agent is one or more
surfactants selected from the group consisting of long chain alkylamines, dimethy] alkylamine

compounds, and trimethylalkylammonium salts.

28. The method of claim 27 wherein the morphology modifying agent is one or more long

chain alkylamines selected from the group consisting of hexadecylamine, tetradecylamine,

dodecylamine, decylamine and octylamine.




26. The nethod of claim 25 wherein said norphol ogy nodi fying agent is
selected from the group consisting of a surfactant, divalent c Hiﬁnﬁ 8{

al kali earth netals, divalent cations of transition netals, t r idviaAh{0
cations, seeds of nol ecul ar sieves, and recycled synthesis mxture. 27. The
met hod of claim 26 wherein the norphol ogy nodi fying agent is one or nore
surfactants selected fromthe group consjssting of |ong chain al kyl am nes,

di mret hyl al kyl ami ne conpounds, and trinethyl al kyl ammoni um salts. 28. The
met hod of cl aim 27 wherein the norphol ogy nodi fying agent is one or nore

|l ong chain al kylam nes selected fromthe group consisting of

hexadecy | nerhetﬁ&ﬂh@&i%Wﬂaaﬁmewhered@dﬁw&ngmm midaiyingrbae iaoek eohyfeani ne.
3 1 MAY 2004 -25 29. The nethod of claim27 erein the norphol ogy

nodi fyi nglizgtnt alkglamiee ermpaynds selegiest fign the gRpPRRPREStEEMAounds sel ected from
t he group,.copsi,sti f .. dj . |.am ne and di net hyl octyl am ne. 30.
The nethé%n%&wyfg?%gﬁgnn %@gﬁﬁﬁﬁhgﬁﬁ%ﬁ%ﬁ§Fbgy nodi fyi ng agent is

tri met hyl hexadecyl anmoni um chl oride. 31. The nethod of claim1l wherein said
wat er sol ubl e grganic salvent is selected fromthe.. group consisting of

sul f oxi de¥- andTteimethogo glaim i avherrin e BARPBIGRY m@gyg‘ﬂ?&gﬁéf hod of claim 28
wher ei n i QFOaSdesol vent is an oxygenated hydrocarbon
selectedqﬁbgﬁﬁﬁ%g&gr J%B%§W§|stﬂﬁgkﬁf al cohol s, ketones, al dehydes, diols,
and acids. 33. The nethod of claim29 wherein said water sol uble organic

solvent is an .al cohol .. 34. . The met.hod ,of .clajm2 r.ej i

mol ecul ar3slsi ev@h‘i Qe Oéﬂié%ﬁe‘g%ﬁrgp sgid water Sgg’ @leﬁﬁr\ég n;%? Jﬁlggﬁgk Q%Pégéﬁ?%% t\}/l\/%er e
sai d SAPQhg §@A§§ﬁ1§@ffsm%ﬂiamngr@ 4P (G OR$Eemhicd GiydfocarBARO- 5, SAPO- 11,

SAPO- 16, SAPO- 17, SAPO- 18, SAPO 20, SAPO 31, SAPO 34, SAPO- 37, SAPO- 40,

SAPO- 41, SAPO 42, SAPO-44, and SAPO-47. 36. The nethod of claim35 wherein

sald SAPQJS SAEOudthod B clahfosTRIRAA A i Blubf HRGKiELaIVERIidlas ofgenar0d

said net Is selecC romthe group consisting O )
t et r aal kyhyaroddisid sebatedsfromdbd gbomborsisting af alcolmds ketdnes aldehmédessilidissandol s.

38. The nethod of claim 37 wherein said source of said netal is TECS.
acias.

33. The method of claim 29 wherein said water soluble organic solvent is an alcohol.

34. The method of claim 2 wherein said MeAPO molecular sieve is a SAPO molecular

sieve.

3s5. The method of claim 34 where said SAPO is 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-40, SAPO-41, SAPO-42, SAPO-44, and SAPO-47.

36. The method of claim 35 wherein said SAPO is SAPO-34.

37. The method of claim 34 wherein said source of said metal is selected from the group

consisting of tetraalkylorthosilicates, colloidal silica, fumed silica, and silica sols.

38. The method of claim 37 wherein said source of said metal is TEOS.




