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Ffoylarly, the nethod rel atey®o non-zeolitic
syntheS|zed from an -aqued®& reaction
:P[err]O[err] molar ratio greater than O. 3.
ed Art . Recently, there have been
“m Cr opor ous - - conpositions which are
| collectively be' referred to
i ¢ ol ecul ar sieves”, which termwll| be nore
r. These materials .are formed from|[AlJd err]
tetrahedra and have el ectrovalently neutral
in the case of silica pol ynorphs,
' alun1nophosphate conposi tions

dimensional crystal framework of [Pz, {AlOy] and [SiO;] tetrahedral units

arid,' exclus f 'ém‘ alkali- metal or calcium w-_hi_ch may optionally be

Sl x R S D L e - e i ot e e o S ST A ] )

15 ptesent’an as-synthes -empirical chemical composition on an anhydrous

| ba51s of
mR:(Six AlyP;)0,

20, wherein "R" represents at least one organic templatmg agent present in the

intra_crysétalliné'_iparé m"” represents the moles of "R" present per

mole of(SxxAlsz)ozand has a value of from zero-: to 0.3, the maximum value
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;’January 12, 1982 to Wl son al ., the disclosure of h is incorporated
‘ _f_herel n by reférence. ) dsses of al um nophosphat e ‘§ posi tions conpri se
POerr], SAPO.:('si’licoal uni nophosphat e), MeAPO (netall oal um nophosphate),
_nd EEAPO (‘nonfret al ‘substituted al um nophosphate families). Uses- for
rystalline al'uminophosphate conpositions have I ncl uded nol ecul ar si eves,
atal ysts, and cat aI yst carriers.

ase depending upon the molecular dunensmns of the templating

agent ' 'df-__f'tﬁe-."-'-avail:able void volume of the pbr.: féystem of the particular

sxlxcoalu 'mophosphate species involved; and "x”, "y", and “"z" represent the

rac_-tlons of silicon, aluminum and phosphor-us, respectively, present as

: "___-oxxdes The minimum value for each of "x", "y", and "z" is 0.01

and referably 0.02. The maximum value for "x" is 0.98; for "y" is 0.60; and for

" u ¥

is. 0 52 These silicoaluminophosphates extubnt several physical and

: chemxcal propertxes which are characteristic of both aluminosilicate zeolites

: an_d & m_;nopho_s__phates.

10

USS. Patent No. 4,943,424, issued on July 24, 1990 to Miller the entire

chsclosure of which is incorporated herein by refé@gnc-_e, describes a crystalline

siliéoé{ﬁminOthSRhate molecular sieve (designated therein as "SM-3")

havingan as synthesized composition empirical chemical composition on an

15 anhydrous basis of:

wherein "R" represents at least one organic tem la ng agent present in the

20 intracrygtalliné pore system; "m" represents the moles of "R" present per

mole of (SiXAlsz)@Z and has a value of from o.o '2, and "x", «yn and

represent the mole fractions of silicon, aluminum and phosphorus,

3 = e
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‘U. S. Pat No. 4,440,871, igmgued on April 3, 1984 to Lpmet al., the entire
dlsclosure of mhlch Is in porated herein by referen'!Pk descri bes a cl ass
of . siil i con-substituted al um nophosphate non-zeolitic nolecul ar sieves
which™ are both' m croporous and crystalline. These nmaterials have a three-
dlnen5|onal crystal framework of [P err], [AldJerr]] and [Si(err] .
tetrabedral units and, exclusive of any alkali metal or cal cium which may
optionally be present, an as-synthesized-enpirical chem cal conposition on
an anhydrous basis of: '

MR (Si[err] HeE?édtﬂv@Iﬁ [présent @k tétrahedraleXides) THE mirianes Valfe Al "kefst one
organlc tenpl ati.ng agent present in the
0.02; for "y" is 0.24; and for "z" is 0.24. The maximum value for "x” is 0.51; for

"y" is 0.50; and for "z" is 0.51.

: 5 U.S. Patent No, 4 500-651 issued to Lok et al. on February 19, 1985 the entire
disclosure of whxch 1s incorporated herein by reference, descnbes a class of
txtamum-contalmng non-zeolmc molecular sieves whose chemical
composition in the as-syntheslzed and anhydrous form is represented by the
unit empirical formula:

10

mR:(TixAlyP,)O;

wherein "R" represents at least one organic templating agent present in the

intracrystalline pore system; “m” represents the moles of "R" present per

15  mole of (Tlelsz)Oz and has a value of between zero and about 5.0; and “x"

y" and “"z" represe_nt-.the mole fractions of titanium, aluminum and

phosphorus, respectfx\f_e__j__x,.__pres_eint_ as tetrahedral oxides.

U.S. Patent No. 4,567,@29, issued on January 28, 1986 to Wilson et al., the
20__.. entire disclosure of Wthh is incorporated herein by reference, describes a class
of crystalline metal _aigminophosphate non-zeolitic molecular sieves

(designated therein as. "MeAPO") having three-dimensional microporous
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31 nol e of (Sl[err]AI[err]P[ ¥])Jerr]. and hasavalue fromzero to 0.3,
-3 thezmaxi mum:val.ue _ 3 in each
ependl ng upon the rml ecul ar di nmensi ons of the tenplating agent and

{ the:avail abl'eé-voi d vol une of the pore systemof the particular
; -si Fieoal um nophosphate speC| es involved ; and "x" , "y" and "z" represent
the- mole fractions of silicon, alum num and phosphorus, respectively,
present as -tetrahedral oxides. The m ni nrum val ue for each of "x", "y", and

1 Z"-_ +s: 0. 01 framework structures of (MO, ] [AIO;] and{f;.;., %) tetrahedral units and having

i | ntracrystal i ne pore syst "m' represents the noles "R' present per

. an empmcal chermcal composition on an anhydrous basis expressed by the

formula
s mR: (M, ALP,)O;

wherein "R” represents at least one organic templating agent present in the

_ i'r"\_t__r_a'i:r' 'st'_al_-l'ine_.{ pfpire’-ﬁsyst,em; “m" represents the moles of "R" present per

(MxAlsz)Ozand has a value of from :'zg_x_'-o to 0.3; "M" represents at

S least o'i\e metal .of the group magnesium, manganese, zinc and cobalt; and

: "x", "y and z" represent the mole fractions of the metal "M", aluminum

and phosphorus, respechvely, present as tetrahedral oxides.

us. Pat No,'$,§44,_71_43, the entire disclosure of which is incorporated herein
15 byreference, _c_lescz__}'ib_e_s_ a class of crystalline ferrogturrﬁnophosphate non-
zeolit'ié ?7molééu'l'ar? sie"v'es having a three-di-mehsional microporous

_framework structure of [FeO3z,] [AlOy] and [P.zl"tetrahedral units and havmg

an’ empmcal cherrucal composrtnon on an anhydrous basis expressed by the

formula. '

2%

mR:(FexAl, POz -
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'zand preferably 0.02 The nmaymyum value for "x" is 0.98; sor y" is 0.60;
4and for "z" is 0.52. Thes éi | i coal um nophosphat es. exh#bi t sever al
._’.fphy5| cal and chem cal properties which are characteristic of both

;gal um nosilicate zeolites and al um nophosphates. = U. S. Patent No.
34,943,424, issued on July 24, 1990 to MIler the entire disclosure of
swhich is incorporated herein by reference, describes a crystalline
:silicoal um nophosphate nol ecul ar sieve (designated therein as "SM3")
dhaving an as synthesized conposition enpirical chem cal corrposi tion on an
i#anhydr ous bawihereif "R" represents at least one organic templatmg agent present in the

AnR (Si[err]A[err]Plerr])Jerr] wherein "R" represents at |east one
or gani c t enpirtacrystaitinetpope spstem; I'm" régresents the. moles of “R" present per

mole of (FexAlyPz)O; and has a value of from zero to 0.3; and “x", "y" and "z"
represent the mole fractions of the iron, alumigi_,um and phosphorus,

s respectively, present as tetrahedral oxides.

U.S. Patent No. 4,686,093, issued on August 11, 1987 to Flanigen et al., the

entire disclosure of which is incorporated herein by reference, discloses a class

of crystalline non-zeolitic molecular sieves designed therein as "“FCAPO"

10 (denoting "Framework Constituents”), having a three-dimensional
tetrahedral framework composed of [AlO;], [PO;), and [MO,] units and having
an empirical chemical composition on an anhydrous basis expressed by the

formula:
15 © mR(MALP,)O;

wherein "R" represents at least organic templat:_i;tf_}g_ agent present in the
intracrystalline pore system; "m" represents .fh?z-;'_'.;l'_I.\OleS of "R" present per
mole of (MyAl,P,)O; and has a value of from--zefbs to.0.3; M represents at least

20 two elements present in: the tetrahedral units selected from the group

consisting of arsenic, berylhum, boron, chrommm, galhum, germanium,

lithium, and va_nadnum, and "x", "y" and "z"* represent the mole fraction of
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intracrystalline pore syst "m' represents the nol esm

e "R' present per
zm)le of (Sl[err] Alferr] Pl ])derr] and has a values# from0.02 to 2,

and 'y", -and -"z" represent the nole fractions of silicon, alum num
and phosphorus 4

grespectively, present as tetrahedral oxides. The m ninmum value for "x" is
io.oz;'for "y" is 0.24; and for "z" is 0.24. The nmaxinumvalue for "x" is
§0.51; for "y" is 0.50; and for "z" is 0.51. '

"M eIUEIﬁnum, and phosphorus, respectively, present as tetrahedral oxides.

USPatent No. 4,973,785, issued on November 27, 1990 to Lok et al., the entire
'diQEIc;é.pre being incorporated herein by refer'ence, discloses a class of

- 5 crystalhne non-zeolitic molecular sieves, desxgnated therein as "ELAPSO".
._The ELAPSO composmons are formed with elements capable of formmg
'framework oxide units in the presence of [A_I_Q__z,],_ [SiO;] and [PO;] tetrahedral
.u.n_it"'s. :w.here element "EL" is at least one elemehf capable of forming a.
_three-dxmensxonal oxide framework in the presence of aluminum,

10 phosphorus and silicon exide units, and has a mean "T-O" distance in

t,eﬁ'_:_a'h‘:edral oxide structures of between about 151 Angstroms and about
2.06, '-_Aix,__xgstroms, has a cation electronegativity bem'een about 125 kcal/g-atom
andabout 310 keal/g-atom and is capable of forming stable EL-O-P, EL-O-AL,
end-ﬁi Ef:...fO-,EL bonds in crystalline three-dimens_jpnal oxide structures.

15

Typic_jéll_y, the aforementioned classes of non-zeql_itic -molecular sieves are
symhe'%;ized by hydrothermally crystallizing a h_y_drous gel made from a.
substanhally homogeneous aqueous reaction rmxture containing reactive

sources of aluminum, phosphorus, silicon (in the case of the

. éo’ silicoaluminophosphates) and the other elemen' ), if any, required in the

molecular sieve. The reaction mixture also prefg_’:ably contains an organic
templ_a_t_ing, i.e., structure-directing, agent, prefi ably a compound of an

b — S — ..._‘
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3 U S Patent No. 4,500, 651, gmgsued to Lok et al. on Febpmary 19, 1985 the
gdenti ré disclosure of which.#s i ncorporated herein by & erence, describes
FJa class of titaniumcontaining non-zeolitic nolecular sieves whose

jchem cal conposition in the as-synthesized and anhydrous formis
Srepresented by the wunit enpirical fornula:

anR (Ti[err]JA [err]Plerr])Jerr] wherein "R' represents at |east one
jorganic tenplating agent present in the intracrystalline pore system "ni
2represents the noles of "R' present per nol e of (Ti [err]Al[err] P[err])02
gand has a valeleméit dfeGirpVAssfehe PdriobivuTable, Aindyof optonally ai allaidor’ z
Qrepresent the nole fractions of titanium alum num and

other metal. The reaction mixture is general!x t;__),_l_:__aced in a sealed pressure
vessel, preferably with an inactive metallic surface or alternatively, lined with
an inert plastic matérial-.such as polytetraflué?éet‘_hy_lene and heated,

5 preferably under at__,x-togepous_ pressure, at a r_t_e%i)e_rature between 50° C. and
250° C., and preferably between 100°C. and 2°C, until crystals of the
non-zeolitic molecular sieve product are ob_tai:;\__ed-. Usually this is for a p;tiod
of from several hours to several weeks. Bffegfiye crystallization times from
about 2 hours to aﬁout 30 days ;re generally gix?}ployed. The molecular sieve

10 is recovered by any convenient method, for e:%émple, centrifugation or

filtration.

In preparing the hydrous gel, it has been rg._po_r’téd by Romarneni and Roy

(The Role of Gel Chem’iStfy in Synthesis of ummophosphate Molecular

15 Sieves, Zeolites, vol. 11, Feb 1991 Pp- 142-148) that the gel's chemistry is
essential in the a-lunun_o_p_hosphate s forma-h_qn.;_; On a laboratory scale where
reagents are readily mixed, the crystallization Q@t'_l__lods described in the

aforementioned patents-have been effective m ér_bducing non-zeolitic

molecular sieves in high yields. However, for larger scale preparations,

20 synthesis techniques require the constituents l?:éfcombined over a

substantially longer period of time. When th . lummum source is added to

the phosphorus source :_t__,l'fuere is a voluminous: cagulum of an aluminum
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‘phosphorus, respectively, .esent as tetrahedral oxi dge

e U S. Patent
No. .4, 567,029, issued on uary 28, 1986 to Wlson e

Al ., the entire

'jdlsclosure of which is incorporated herein by reference, describes a class

- of crystalline nmetal alumi nophosphate non-zeolitic nolecul ar sieves

(designated therein as "MeAPO') having three-dinensional m croporous

5 framework structures of [MJerr] [AlJerr] and [PJerr]] tetrahedral

-units and having an enpirical chem cal conposition on an anhydrous basi s
expressed by the

specxe or species; resulting in a fmal mixture that is thxck viscous, and not

readxly dlsper51ble Therefore, there is a need for a method for producing non-
zeolmc molecular sieves in quantmes suffxcxent for commercial applications,

a'_nd.: gl}at avoids the problematic aluminum eo____;_a___g‘-ula_txon.

As used herein the terms "coagulum” and "preg_ipitate" are used
interdia_tugeably and refers to the separation and binding together of the

reagent, in solid form, from the solution.

- 10 Among other factors, when a crystalline, non-zeohtxc molecular sieve is
synth'es’ized from a r.eac-tion mixture having a A‘lg‘03 :P20s5 molar ratio greater
than .3 it has now unexpectedly been found that it is critical that at least some
of the templatmg agent(s) be added to the aqueous reaction mixture before a
mgmﬁcent amount of the aluminum source is added This reduces the

15 precipitation of the aluminum and thereby the formation of a viscous gel.

It is,:_.the:efore, the principal object of the process ‘embodiment of the present

20

‘by the invention set

[PO;] units. This and other objects are accomplis

forth in the description and examples below.

9 [P —
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“fornul a: {g% nR (M err] err]Plerr])Jerr]

§ wherein "R' represents at st one organic tenplatin gent present in the
' |ntracrystaII|ne pore ‘system "ni' represents the noles of "R' present per
fmole of (Merr]Al[err]P[err])Jerr] and has a value of fromzero to 0.3;

i "M represents at |east one netal of the group nmagnesi um mnanganese, zinc
{and cobalt; and "X', "y", and "z" represent the nole fractions of the
fnetal "M, alum num and phosphorus,- respectively, present as tetrahedral
oxi des. U S. Pat. No. 4;544,143, the entire disclosure of which is
incorporated herein by reference, describes a class of crystalline

f erroal um nophosphat e non- zeolitic nnlecular S|eves havi ng a

t hr ee- di nensi onal nlcroporou<gf . : ) ; N

In its broadest process embodiment, the present invention is a method for

5 preparing- a crys' ' he, non-zeolitic molecular sieve having a
three-dxmens:onal mxcropotous framework structure comprising [AlOz] and
[PO,}: units, wherem the method for preparing | ‘the molecular sieve mcludes

the steps of prepan____r__;g; an aqueous reaction mixture comprising at least one

reactive source pfa;pt@ésphorus, at least one reactive source of aluminum, and

0 at lea§t one templang agent and having a Al2Q;: P2Os molar ratio greater
than 0.3; and maintaining the aqueous reaction.mixture at conditions suitable

for crystals of the molecular sieve to form, the improvement comprising

cqntrq_lling the addmon of the phosphorus .sc_m_gce, aluminum source, and the
templa;t_ihg agenttothe aqueous reaction nuxture so that the templating agent
15 to the phosphorus molar ratio is greater than aﬁ_i_;out 0.05 before the aluminum
to thSphoru‘s mqlé_;ﬁ-- zjatio reaches about 0.5. Preferably, the phosphorus is
present in the aqueous reaction mixture before the aluminum source is

added.

20 One preferred group ;gflncn-zmlitic molecular si’éves to be produced by the
process of the pre__,_sg_x_}_____t_invention is the alumingého;spha.tes (AIPOg4's) claimed

inUS. Pat. No. 4,310,440, desirably AIPO=5, AIPOy-11, ALPO;-31, and

10 e
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framework structure of [F err] [AlJerr] and [PJerr t et rahedr al

“and havi ng

an enpirical ckhemcal conposition on an anh¥dr ous basi s

‘}expressed by the forml a:

mR: (Fe[errJAl[err]Plerr])Jerr]
R represents at |east one organic tenplatlng agent present in
the :intracrystalline pore system "m' represents the noles of " R' present

6 wherein "

per m)le of ('I':'e'[err]AI[e'rr]P[err])qerr]

03 and

15

2

" and
AlP 4-41 The preferred organic templating agents for the synthesis of the

.A1P04 s are tetraethylammomum hydroxrde, tetrapropylammonium

h-.yd__rqg_c;rde_-, _c_l_xethy__lethanolamme, dx-n-propy«la_rmn_e, and tripropylamine.

A second preferred group of non-zeolitic molecular sreves to be produced by
the: process of the. present invention is the srhcoalummophosphates (SAPO's)
clarmed inUS. Pat No. 4,440,871, desirably SAPO—S SAPO-11, SAPO-31,
and SAPO—41 and most desirably SAPO-11. The preferred organic templating
agents for the synthesxs of SAPO's are tetraethylammomum hydroxide,

t_'etra;prg_pylammqmum hydroxide, drethane_l-’aml;n'e, and di-n-propylamine.

The:term "non-zeolitic molecular sieves" as us_‘e_.g_i_ herein has the same
meaning as given in U.S. Patent No. 4,861,743, columns 5 and 6, the
disclosure of which is irxcorporated herein by 'ré.f.fé..l_'.ence_ and the inclusion of

U.S. Patent No. 4,943,424.

The molecularf-zsi'es‘__r_es which can be produced b / the process of the present

invention comprise a large number of non-zeolitic: molecular sieves, each

having a three-dimensional microporous framework structure comprising

[AIO2] and [PO;) umts Optionally, these rmcro us molecular sieves may

11

units

and has a value of from zero to

eet Has Been- Replaced '
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2represent the nole fracti of the iron, alum num angmbhosphorus,

& respectively, present as ta&tfahedral oxides. U S. Pat#t No. 4, 686, 093,
Fissued on August 11, 1987 to Flanigen et al, the entire disclosure of
gdwhich is incorporated herein by reference, discloses a class of
'gcrystalllne non-zeolitic nol ecul ar sieves designed therein as "FCAPO'

g4 (denoting "Framework Constituents"), having a three-di mensional
dtetrahedral franework conposed of [AlJerr] [POJerr]], and [MJerr] units
1and having an enpirical chem cal conposition-on an anhydrous basi s

g expressed by ihdigde Wit M aluminum, phosphorus and, in the case of the
grR (Merr]A [err]Plerr])Qerr]

sxhcoalummophosphates, silicon one or mo;:e-._,_o_,__the_r elements. Non-limiting

examples of such molecular sieves includes. those disclosed in U.S. Patent
Nos. 4,310,440; 4,440,871; 4,500,651; 4,544,143; 4,567,029; 4,686,093; 4,943424; and
5 4,973,785.

The proportions of the various components m the _quuid reaction mi-xtur.e _
affect, inter alia, the rate at which the synthe5$.,htéggesses, the yield, and the
crystal framework of the non-zeolitic moleculézé i"_s_i,eve_. Broadly, the.reac-tion

10 mixture of the present invention has an AL O3 P205 molar ratio greater than
0.3. In the synthesis of a specific non-zeolitie -_niéleculaf sieve, the

constituents molar ratio in the sieve's reaction mixture is given in the

aforementioned U.S. patents' description.

15 Surprisingly, in preparing the aqueous reaction mixture, the amounts in
which the above mentioned elements are mixed together are critical in

effecting the aluminum source's coagulation. In accordance with the present

invention, a reaction mixture is prepared wherein a sufficient quantity of
templating agent is added to the reaction mixture to reduce or eliminate the
20 coagulation of the aluminum source in the reaction mixture. Preferably, in

preparing the aqueous reaction mixture, the ph phox:us source is added prior

to the addition of the aluminum source. Acco ly, the molar ratio of the

12
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‘wherein "R
mtracrystal i ne pore sys "mM' represents the nol
nol e of - (l\/[err]AI[err]P[err])qerr]

represents at ast organic tenplating ag@ present in
es’of "R' presen

represents at | east two el ements present in the tetrahedral units
sel ected fromthe group consisting of arsenic, beryllium boron,
chromium gallium germani um lithium and vanadium and "x", "y"
represent. the nole.fraction of

al umi num and phosphorus, respectively, present as tetrahedral

n M‘,

10

15

20

templating agent to.'phosphorus in the reaction mixture should be greater
than about 0.05, preferab-l-y, greater than about 0.1, and most preferably greater
than about 0.2 before .'tt}e molar ratio of gluminuﬁt to phosphorus in the
reaction mixture is gjre'aﬁ_ter than about 0.5. Preferably, the above molar ratios
of templating a.gént to phosphorus should be present in the reaction mixture
before the molar ratioj__o_f aluminum to phosphorus in the reaction mixtu;e is

greater than about 0.3, and most preferably greét.er than about 0.25.

The term "templ‘ati-ng— -aéent" although used in the singular includes the
plural Thus, if more than one template i is used in the reaction mixture then
to determine the molar rat:o of templating agent present in the mixture, the
molar ratios of each template should be added together. Additionally, the
above molar ratio of f_gmplate includes the amount of any compound that
itself does not cont:_ibu:tei-to the formation of the desired non-zeolitic
molecular sieve but does reduce the viscosity of the reaction mixture. Such a
compound would not mterfere with the molecular directing properties of the
template. An exa_,mpl_g,_ :ygpu,ld include the ad@xtxon of small amines to

supplant the extensive us

e of the higher molecular weight quaternary

ammonium compounds.

In preparing a targeted non-zeolitic molecular sieve, one of ordinary skill

would follow the teaqlﬁ#gs known in the art for synthesizing the desired

13 st s o e TR T e ey o ot T T .

t he
t per

and "z
7

and has a value of fromzero to O3; M

oxi des.
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4U.S. Patent No. 4,973,785 sm{ssued on Novenber .27,
jthe entire disclosure be@ i ncorporated herein by reWerence, discloses a
#class of crystalline non-zeolitic nol ecular sieves, designated therein as
§ "ELAPSO'. The ELAPSO conpositions are forned with el ements capabl e of
§formng framework oxide units in the presence of [AlJerr]] [SiJerr]] and
@[PJerr]] tetrahedral wunits where element "EL" is at |east one el ement

@ capable of forming a three-dinensional oxide framework in the presence of
4 al umi num  phosphorus and silicon oxide units, and has ‘a nean "T-0"
ddistance in I l, j _ ol V=Y= r ons

_ sleb;, 380681 ¥k bhdl H PSS &Eg&ﬁé}’@gﬁaﬂﬂ%&% fererafgal,

dkcal / g-at om b 2 TR 4 S Ca) Or (¥ stabl e
AEL-0-P, EL- o-e%E'fi"ﬁaﬁgg E{Iﬁ%l Eﬁq%%%&%'ﬁ%m@‘imﬁ?ﬁ‘?ﬁ‘g“E*B gty

#structures.

R0 )
. to Lok et al.,

‘Angst r ons, s a cation el ectronegativity between about 125

S In cCrys ree-dimensronal oxide

templating agent to phosphorus in the reactipx_i;'__:___.mixture be greater than about
0.05 before the molar ratio of aluminum to pl}_gj.;phoms in the reaction

L] mixture is greater than about 0.5. Subsequentlf___:_y:;,' in crystallizing the targeted
non-zeolitic molecular sieve, the reaction mlxture should have the proper
molar amounts and proper conditions shoul_;é be maintained for producing

the targeted molecular sieve.

10 As mentioned above, the aqueous reaction mi;ﬁme used in the metl'.\éd of the
present invention comprises at least one re_ac_—ti&_g_- source of phosphorus.
Preferably, the reactive phosphorus source is ph;;sphoric acid or a salt thereof.
Organic phosphates such as triethyl phosphate mair also be employed as well
as crystalline or amorphous aluminophosphate;s_';.such as the AIPO,

15 . compositions of U.S. Patent No. 4,310,440. .(;Zo:ns_/ent_ional phosphorus salts,
such as sodium -metaphosphate, may be used,_a_tgigl__east in part, as the

phosphorus source, but are not preferred.

uch as, gibbsite, sodium

Sources of aluminum used in zeolite synthesis,
20 aluminate, alum, and a-l_nminu-m\"trichloride can be employed equally
effectively. Preferably the aluminum source is: either pseudoboehmite or an

aluminum alkexide, such as aluminum isopropoxide. Crystalline or

14
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3Typically, the aforementi orFq cl asses of non-zeolitic pal ecular sieves are
gsynt hesi zed by hydrot her nal

Jsubstantial | y honmbgeneous aqueous reaction m xture containing reactive
gsources of alum num phosphorus, silicon (inthe case of the

‘4si | i coal um nophosphates) and the other elenent(s), if any, required in the
gnol ecul ar sieve. The reaction m xture also préferably contains an organic
gtenplating, i.e., structure-directing, agent, preferably a conpound of an

|y crystallizing a hydrous & made from a.

amorphous aluminophosphates which are a suitable source of phosphorus

‘are also suitable sources of aluminum.

When the liquid reaction mixture is to cont_gi_i:_x__:q source of silica, the silica
s may be any silica source capable of being d_isés:gi_i}__\:{ed_and/ or dispersed in the
liquid reaction mixture. Preferably the silica is introduced into the reaction

mixture as___eithe_';'__a silica sol or as fumed silica..

The liquid reactié.n mixture used in the proc_-g_s{pf the preseﬁt invention also
10 contains at least one organic templating agent._-;__'fl‘he organic templating agent
can be any of those heretofore proposed for usé- in the synthesis of
conventional non-zeolitic molecular sieves. Ié:.-._'ge_neral these compounds
contain elements.of Group VA of the Periodi__c:?rable of Elements, particularly
nitrogen, phosphorus, arsenic and antimony, pé;gférably nitrogen or
15 phosphorus and most preferably nitrogen, whxch compounds also contain at

least one alkyl or aryl group having from 1 to 8 carbon atoms. Particularly

preferred compounds for use as templating agents are the amines, quaternary
phosphonium and quaternary ammonium com ouﬁd.s, the latter two being

represented ge_'nexially by the formula Ry X+ -w‘: ' .“X“ is phosphorus or
20 nitrogen and each R is an alkyl or aryl _grbu,-p‘. Ec iaix_gin_g_ from 1 to 8 carbon
atoms. Polymeric quaternary ammonium sale_tis; such.as [(C14H32N2)(0mz]x

wherein x has a value of at least 2 are also suitably‘employed. The mono-, di-

15
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jel ement of
{1 ot her netal

jvessel, preferably with an inactive netallic surface

glined wth.

{heated, preferably under autogenous pressure,

§50[err] C

jcrystals of the

G oup VA of theE‘Reri odic Table, and /or optnal ly an al kal'i or

. The reaction Kixture is generally placed

¥ a seal ed pressure
or alternatively,

an inert plastic material such as pol ytetrafluoroethyl ene and

and 250 C., and preferably between 100[err]C and 200 C.,

at a tenperature between

until

non-zeolitic nol ecul ar sieve product are obtained. Usually

this is for a period of fromseveral hours to several weeks. Effective
crystal | i Zajrdfi-hiviRs dredvadi@ebusly RRilized] SitRiI04bneBr B XEmbiatiner al | y.
enpl oyed. The nol ecul ar sieve "Is recovered by any conveni ent nethod,

exanpl e, cepfthid ga%\shggﬁghmbhidnn %bg\??und drothe BdhpREng@nipeliR)s gel , it

has been reporte

10

15

20

rneni "and _
Mixtures of two or more templating agents can either produce mixtures of the

desired non-zeolitic molecular s_iéves or the more strongly directing
templating species may control the course of the reaction with the other
templating species serving primarily to establishj; the pH conditions of the
reaction gel. Representative templating agents in(;igde |
tetramethylammonium, tetraethylammonium, tetrapropylammonium and
tetrabutylammonium ions; tetrapentylammeni\jm ion; di-n-propylamine;
tripropylamine; triethylamine; triethanolamine; piperidine; cyclohexylamine;
2-methylpyridine; N,N-dimethylbenzy}amine; N;N-diethylethanolamine;
dicyclohexylamine; N,N-dimethylethanolamine; choline; N,N-
dimethylpiperazine; _1,4-di_az_abicyclo-(2,2,2)-octé_;\e; N-methyldiethanolamine;
N-methylethanolamine; N-methylpiperiine; 3-.1__;::_1§thyl,piperidine; N-
methylcyclohexylamine; 3-methylpyridine; 4-m§thylpyri@ine; quinuclidine;
N,N'-dimethyl-1,4-diazabigyclo-(Z,Z_,Z)—octan_e ion; di-n-butylamine;
neopentylamine; di-n-pentylamine; isopropyl,ar;.x_;_i_fije; di-isopropylamine;
t-butylamine; ethylenediamine; pyrrolidine; a_na-* midazolidone. Not

every templating agent will direct the form_atio_n__-_jqif{_,every species of non-

-zeolitic molecular sieve but a single templating é‘gént can, with proper

manipulation of the reaction conditions, direct formation of several non-

zeolitic molecular sieve e@;__npositions, and a given, non-zeolitic molecular

6 . o ]
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(‘The Rqgl e of Gel Chenistryqﬁ Synt hesi s of Al um nopho ate Mol ecul ar
Sieves, Zeolites, vol 11, Reb. 1991, pp. 142-148) thats¥he gel's chenmistry
is essential in the alum nophosphate's formation. On a | aboratory scale
where reagents are readily. nmxed, the crystallization nethods described in
the aforenentioned patent's: have been effective in producing non-zeolitic
nol ecul ar sieves in high ylelds However, for larger scale preparations,
synthesi s techni ques requite the constituents -be conbi ned over a

substantial|ly.|onger, peri-od-of. time, \Wen the @l um num source is added to
t he phosph¥eV&camppsition ﬁéﬁ‘ 223 03“%9\ USNg seNver aké‘é@EﬁfUrfP@P HNgREAMtHum
REPLACEVENT SHEET -

' Whenthehquxd rea io :rr_'lilxture is to contain a -__siource-ef one or more
elements, M, where epresents an element éqj?;ble of forming stable
5 M—O-—P, M- vy
oxide s.trj_u_c_ﬁxres, the t

forr,rg w-hic_h_.: pemuts he maﬁbn in situ of a reactxve form of the desireci
elemenf_s,_ i.é.,_a fqr-#i- teactive to form the framebiré‘_rk tetrahedral oxide unit of
the-elements presen 1e.non-zeolitic molecular sieve. Compounds of the
10 élenie_nt_s whxch ma _____é_l_oye-d include oxides, élkoxides, hydroxides,
_ '-chlq_;-:i'de's:, l_brom_idés._l’_ . sulfates, nitrates, ca,ggégylates (e.g., acetates) and
fhe Iik_e_. '_Ex-amp_l ﬁié_jnts which are represented by "M" include arsenic,
_bery.l,l__il:.l._ni,_..._b.(___‘)r.on, chromium, cobalt, gallium, germamum, iron, lithium , |
magnesium, manga on, titanium, vanadxum, and zinc. U.S. Patent
15 No. -4,973},7,_85 cl_gsg‘ri ypes of materials that may be synthesized and

their method of’-pfg?__ ‘with greater spec1f1c1ty

These additional elements may be prepared by fo ming mixtures of less than

er incorporating into:these mixtures additional

all of the reagents and then

2  reagents either singularly orin the form of other intermediate mixtures of

two or more reager In some instances the reagents admixed retain their

identity in the intermediate mixture and in other cases some or all of the

17 |
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19 speci e or species; restslng in a final mxture th I's thick, viscous,
I

tand not readlly di spersib

Therefore, there is a n for a nethod for

iproduci-ng non- - zeolitic m)I iecul ar sieves in quantities sufficient for
commerci al appli.cations, “and that avoids the problematic al um num

jcoagul ati on. As used here| n the terns "coagulum' and "precipitate" are
used mterchangeabl y and refers to the separation and bi nding together of
ithe reagent, in solldform fromthe sol ution. Anong ot her factors

iwhen a crystalline,

freaction mrﬁegﬁﬂés hwnrwgl' g
. term .-gr_m_gtu_r_e 15{
-intekirxesiia?fé:r mi
subgté’x_xt_ié_uy-_ hom
5 wéighf' of- _tii.e_Se ga
sources, in the reactio

are less than 80 m

10

frequency _mechaf.ti"c'
such-...é_s_ those desc
FlfthEdmon Mc
useful for this in?é \

15 Kunkel, GMBH and

A variety of analyti al

the size of small particlg
Coulter Counter,

.20 two sides of an aperture to
| individual particles

described in more detai

non-zeolitic nolecular sieve is synthesized froma

An[@prqqu geadtionplte rprt]JdI!@r ngw redgents. aThe gr eat er
d in both cases. Furtt__l_gzjgx_lg_xje, it _1s,.preferred that the
}E'w.gl.‘l as the final rea;ti({n mixtures bé stirred until

us. Preferably at lea5t80%c and preferably 90% by

-and especially those .9., alununum and phosphorus
xture prior to crystdlligation of the molecular sieve
nd preferably less than65 microns, in diame_ter..
reaction mixture are Iafgér than that specified, they
si;e by using, for examé‘l__g, a hxgh shear mixer.

ocess of the inventio-_n. -iitciude, for example,. high
ices such as stator-rotpf systems, and energy mills,
pages 84344 of Chemical Engineers' Handbook,
Hill Book Company. Atyplcal stator-rotor device

he IKA UTC T1'1..5-§-% géﬁerator, made by Janke and

me thods are available to practitioners for determining

- aqueous media.' One such method employs a

ses.a current genera_teti platinum electrodes on
un_t the numbe_;-,_ and determine the size, of
1e Coulter Counter is

through the apertur

J.K. Beddow, ed,, Pa é.Cha-r!acteriz,atiqn in

%

18
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@han .3, it has now unexpecpmdly been found that it is itical that at

4 east sone of the tenplatihg agent(s) be added ta the @ueous reaction

@n xture before a . significant amount” of the al um num source is added. This
& educes the preci pitation.of the alum numand thereby the formation of a

Bvi scous gel. It is, therefore, the principal object of the process
#enbodi ment of the present invention to limt, and preferably avoid, the

Wi scous precipitate that - forms during. prepar at ion of crystalline,
Mon-zeolitic nol ecul ar sieves having a three-dinensional m croporous

¥ ramevor k stredaidiegy, SuImE I&% dahﬁh@éﬁ‘dMlcfﬂ%ﬂal){sBCCRUi’ﬂeszhéSwSIh' s and
e

?lo ‘her Obj ects are accorrpl iS by the inventidn 'set forth in t he
flescri pti onpafgs.&XHiPirFe. hﬁeﬁ"Parhcle Size Measurement London: Chapman and

_Hall 1981, pp 392-413 A sonic sifter, which separates particles according to

size by a combmatxon of a vertical oscxllatmg column- of air and a repetitive

5 mechanical pulse on a sieve stack, can also be used to determine the particle
size distribution of: parncles in the aqueous reacnon rmxture of this
invention. Somc s__ggt_ers- are described in, for exq_x_nple, T. Allen, Particle Size

Measurement,‘l.onqui: Chapman and Hall, 1_9__8.-_1; pp 175,176.

100 In the process of th‘é p"resent invention, the reac'tibn mixture is generally
placed in a sealed pressure vessel, preferably thh an inactive metallic surface

or alternatively, hned with an inert plastic material such as

polytetraﬂuoroethyleg\_e:(to avoid contammatxor}__‘_g_f the reaction mixture) and

heated, preferably und__e_t autogenous pressure, ata temperature between 100°
15 C. and 300°C., and Pfeferably between 150° C. _a_t_l_'fdsZSO-" C., until crystals of the

non-zeolitic moleculariis‘ieve product are obtained? usually for a period of

from several hours to several weeks. Effective: crystalhzatxon times of from

about 2 hours to about 30 days are generally empl- ed with from about24 to

about 240 hours, and _p;eferably about 48 hours to about 144 hours, being

20 typically employed. = .~

While not essen__tia_lfj;_tb.f’if\e synthesis of the _nen:?ed}i.tic;smolecular sieve

19
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10 . S RY OF THE I NVENTION I ngms broadest process
lenmbodi nent, the present invértion is a method for - preQi ng a crystalline,
inon-zeolitic nmol ecul ar sieve having a three-dinensional m croporous

if ramewor k structure corrpri'si'ng [AtOerr]] and [PJerr]] wunits, wherein

t he nethod for preparing the nol ecular sieve includes the steps of
preparing an aqueous reactlon ‘mi xture conprising at |east one reactive
source of phosphorus, ~least one reactive source of alumnum and at

| east one tenplating agent and _havi ng a Al Lerr] derr]: Plerr]Jerr] nolar
r at | o) gr e at@mposrtlons, stu'rmg or other moderate agitation of the reaction mixture

and/or: seedmg the freactxon mixture with seed stals‘- of either the non-

| zeohnc molecular sxeve species to be produced o‘_ a topologxcally similar

alummophosphate, alummosxhcate or molecula : 'eve composition,
5 _' facxhtates the crystalhzatlon procedure. The product is recovered by any

convenient method such as centrifugation or hltratlon

~ The non-zeolitic mo_lgcular sieves may be characterized by their X-ray powder
diffraction patterns, i.e., the various crystal forms. of each non-zeolitic

10 moiecular- sieve, for ZEXamp.le SAPO-11, SAPO-41, t.ei.tc. may be identified and

B dlstmgutshed from one another by their X-ray powder diffraction patterns.
Identlflcatlon of the non—zeohtxc molecular steves usmg this technique is

standard and well known in the art. This techmque may also be used to

determine the punty;-fof the synthesized non-zeo}tttc molecular sieve product

15 by _teference.to its )._(-.;_-':a':y powder diffraction pattern Thus, for example, if a
sam_pte is stated to be pure, it is intended only tomean that the X-ray pattern
of the sample is freeof lines attrih_ut_able to cftyS-tailine, impurities, not that

there are no amo_rpho_us materials present.

20 After crystallization the non-zeolitic molecular sieve product may be isolated

and advantageously ‘washed with water and dred frer synthesis and

(optionally) calcin_at_,i_gt?j}, a non-zeolitic molecula

20
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sthan 0.3; and maintaini ng t#M® aqueous reaction mxture condi tions
jsuitable for crystals of tthe nolecular sieve to form e i nprovenent
fcomprising controlling the addition of the phosphorus source, alunm num
dsource, and the tenplating agent to the aqueous reaction m xture so that
ithe tenplating agent to the phosphorus nolar ratio is greater than about
§0. 05 before the alum num to phosphorus nolar:ratio reaches about O.5.
iPreferably, the phosphorus is present in t he .aqueous reaction m xture
gbefore the alum num source is added. One preferred group of non-zeolitic

gol ecul ar sigrgedss of the préiseAlineention hidg bdmOaR BY dep&siRhgdent invention is
gt he al um nogﬁosphat es ?AI PO err]’ Mh? aimed in %; ﬁ@‘sx ERO 4, 310, 440,

jdesirably A'zE@r@ﬁﬁJtnnﬁH@Q&{&&dlﬁﬂe mﬁie@ga? rsfdve%&;th%ﬁﬂqns, anions or salts so

as to improve its efficacy as a catalyst in the various processes in which non-

zeolitic molecular sieves are useful, as described in the aforementioned

5 patents and applications describing non—zeqlit:i:fg;;mol.ecular sieves.
Techniques which may be employed to effect the '.d._ep.os._ition or impregnation
of a non-zeolitic molecular sieve are generally known in the art.
The non-zeolitic molecular sieves may be admixeé (blended) or provided

10 sequentially to other materials which may prm'_‘_r_’idﬂe some property which ie
beneficial under certain process conditions, such as improved temperature
resistance or 1mproved catalyst life by mxmmxzmg coking, or which are
simply inert under the process conditions used. Such materials may include
synthetic or naturally-occurring substances as well as inorganic materials such

15 as clays, silicas, aluminas, crystalline aluminosjliégte zeolites, metal oxides

and mixtures thereof. In addition, the non-zeolitic molecular sieves may be

ca-alumina, silica-

formed with materials such as silica, alumina,

magnesia, silica-zirconia, silica-thoria, silica-berylia, and silica-titania, as well

as ternary compositions, such as silica-alumina-thoria, silica-alumina-

20 zirconia and clays présent as binders. The relative proportions of the above

materials and the non-zeolitic molecular sieve:

non-zeolitic molecular sieve content ranging between about 1 and about 99

21
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11 AIPJerr]-41. The pre&erred organic tenplating agagts for the
r

synt hesis of the Al PO4'

e tetraethyl ammoni um hydr dxijde,

t et r apr opyl ammoni um hydr oxi de, di et hyl et hanol am ne, di - n- propyl am ne

tripropyl am ne.

to be produced by the process of the present invention is the
silicoal um nophosphates (SAPO s) clained in:U.S. Pat. No. 4,440,871,
desiraby SAPO- 5, SAPO 11, SAPO 31, and SAPO-41, and nost desirably

SAPO-11. The preferred organic tenplating agents for the synthesis of

SAPO s are tatdeABh\ASRISEHE LN BbAK. de.

10

15

20

The above descriptions and particularly, the exa\_;:tpgl,es'a.re set forth for
purposes of illustration only and are not meant to limit the invention. Many
variaﬁons and modifications thereof will be apparent to those of. ordinary
skill in the art and can be made without departmg from the spirit and scope of

the invention herein described.

17.82 kg of 86% H3PO4 were addea to 8.59 kg of géionized ice in a stainless
steel drum with external cold water cooling. 9. 70 kg of aluminum
isopropoxide (Al{OC3Hyls) and 21.0 kg of dezomzed ice were added
simultaneously in small increments over a 1.5 hour time period with mixing
using a standard mixing impeller and homqgenifgat'ion using a Polytron.

3.49 kg of di-n-propylamine were -theh added slowly with mixing. An

additional 21.59 kg of AIJOC3Hyls and 18.0 kg ice:Were added in small

increments over a four hour time period with mixing/homogenization,
followed by an additional 349 kg of di-n-propyl ne 2.30 kg of fumed silica

(Cabosil M-5) were then added with mixingi/hqmbgenization until

>95 weight percent of the particles in the mix w -;mal'l_er than 64 microns

(by Coulter-Counter). During the entire procedure, the temperature of the
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{tetrapropyl ammoni um hydr oxiee, di ethanol am ne,
iterm "non-zeolitic nol ecul & “si eves"
as given in U S. Patent No. 4,861, 743,

iNo. 4,943, 424.
The nol ecul ar sieves which can be produced by

and di - .ropyl am ne
as used - herein ha he sanme neaning
colums 5 and 6,
fwhich is incorporated herein by reference and the inclusion of
' DETAI LED DESCRI PTI ON OF THE

The
the disclosure of
U. S. Patent
| NVENTI ON
the process of the present

jinvention conprise a |arge nunber of non-zeolitic nolecular sieves, each
thaving a three-di nensional mcroporous framework structure conprising

fLAOlerr] ]y fpkthfRhevet lekodédedl B0°CPTHRAbltre hiP it FIIWIRG cOHoRToR; Ul ar

expressed in molar ratio of oxides:
0.9 PryNH: 05 SiOg: AlyO: 1.02 P2Os: 36 HyO

A 3-gallon portion of the mixture was placed in a glass-lined 5-gallon
autoclave and heated to 190°C for three days wit@gstirring at autogenous
pressure. ‘The supernatant liquid was removedénd the product filtered,
washed with water, dr_i_,ed overnight at 121°C, and_ 'éalcined in air for 8 hours at
10 593°C. X-ray diffraction analysis showed the product to be SAPO-11, as
disclosed in U.S. Pat. No. 4,440,871. Elemental analysis of the calcined sieve

showed it to have the following anhydrous molar composition:

0.32 5i0;: Al;0O4: 0.98 Pz
15

ESCA analysis of the surface showed the following anhydrous molar

composition:

1.2 5iOz: Al;O3: 0.80 P:0s

23 - 3' This Sheet Has Been Rep laced
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12 include with the alum phosphorus and, in the se of the

si l.i coal um nophosphates, s ¢4 con one or nore other.el nts. Non-limting
exanpl es of such nol ecul ar sieves includes those disclosed in U S. Patent
Nos. 4,310, 440; 4,440,871; 4,500, 651; .4, 544, 143; 4,567,029; 4,686,093;
4,943, 424; and 4,973, 785. The proportions of the various conponents in
the liquid reaction mxture affect, inter alia, the rate at which the
synt hesi s progresses, the yield, and the crystal frqnemork of the
non-zeolitic nol ecul ar sieve. Broadly, t he reactlon

The procedure of Example 1 was followed, except that di-n-propylamine was

not added after the first 9.70'k_g of ALIOC3Hy)s . Aftg; about 60%, (19 kg) , of

5 the Al[OC3Hy}s was added, a large gummy mass fq;_;hed in the mixing vessel

which plugged up the homogenizer and could not ".b'_e re-dispersed. ‘.
EXAMPLE 2
10 109 grams of di-n-propylamine was added to 134 grams of deionized ice in a

Teflon beaker in an ice bath, 490 grams of Al[OC; H7]3 were slowly added with
homogenization using a Pfol:ytror_\. 282.5 grams of 85% H3PO4 and 609 grams
of ice were simultaneousiy added in small incremé;}ts to the mixture with
homogenization. 36 grams of Cabosil M-5 were then added with '

15 - homogenization. The mixture had the following i;émposition, expressed in

molar ratio of oxides:

09 Pr;NH: 05 Si0z: A Os: 102 PyOs: 36 Hp0

20 - The mixture was placed in a Teflon bottle in a stamless steel pressure vessel

and heated for 3 days at 190°C at autogenous press 're The supernatant liquid

was remoye_q and the prgglqgt_fﬂtergd, washed ater, dried overnight at

24
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Pr esent

Aol ecul ar

®limnate the

10

15

20

i nventi on,

#i xture.of the- present i nvqﬂbl on has an Al[err]Jerr]: errJderr] nolar
fati o greater ithan '0.3. In‘tHe synthesis of a specifi&@hon-zeolitic
sieve, the constituents nolar ratio in the si eve' S reaction
ji'xture is given in the aforementioned US. patents' description.
Surprisingly, in preparing the aqueous reaction m xture, the anounts in
whi ch the above nmentioned el enments are mnixed together are critical
gffecting the al um num .source's coagul ation. In accordance with the
- a reaction mxture is prepared wherein a sufficient
fuantity of 121°6imhdtqalwgm!glamr fos Schirlerd at 593°Qe X-emycdiffractivnanalysis o reduce or
coagul ation of the alum num source in the reaction m xture.
Pref erabl y, showedthpprodugt tdbe SARHIL Emmmaimnaiyﬂwoﬂhetdam:ﬁd)ﬁmr us
#ource i s added prior

in

showed it to have the following anhydrous molar composition:
0.19 SiO2: Al;O3: 0.95 P20s

ESCA analysis of the surface showed the following anhydrous molar

composition:
$i0;: AlO3:0.83 P,Os

In Eggmples 3-5 the intended non-zeolitic molecular sieve product is

aluminophosphate AIPO4-11 as described in U.S. Patent No. 4,310,440.

502 grams of 86% H3PO4 were added to a stainlé"_s_sj; steel bucket cooled in an ice
bath. 240 grams of deionized ice were then added- with stirring. Then 307
grams of aluminum 1sopropox1de (Al[OCaHylg) plus 791 grams of deionized
ice were slowly added over a one-hour time penod with stirring and
homqggmzatxon using a Polytr-on. 49 grams -Qf._'; gi.g-n-progylanune were then

added. The amine/phosphorus molar ratio wasGll and the
25
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%0 the addition of the al unigmm source. Accor di ngly, thaenolar ratio of the
43 - tenplating agent to ph horus in the reaction m xt@#f e shoul d be
greater than about 0.05, preferably; greater than about. 0.1, and nost
Preferably greater than about 0.2 before the nolar ratio of aluminumto
dhosphorus in the reaction mxture is greater than about 0.5. Preferably

% he above nolar ratios of tenplating agent to phosphorus shoul d be present
An the reaction mxture before the nolar ratio’ of alumnumto phosphorus
4N the reaction mxture is .

aluminum/ phosphorus molar ratio at this point s was 0.34. 571 grams of

Al[OC3Hy7]3 and 250 grams of ice were then slowly added over a two-hour time
period with stirring and homogenization. The fxnal alummum/ phosphorus

molar ratio of the mix was 0.98. The viscosity of the xmx, measured at 50°F,

S remained below 100 ¢p throughout the procedure

502 grams of 86% HaP-O; were added to a stainless steel bucket cooled in an ice
10 bath. 240 grams of deionized ice were then add‘e_'_cj with stirring. Then 307
grams of aluminum isopropoxide (Al{OC3Hyla) plus791 grams of deionized

ice were slowly addeql over a one-hour time perxod with stirring and

A TR i

homogenization using a Polytron. 20 grams of dx-n-propylamme were then
added. The amine/phoSphoms molar ratio was 0,045 and the

15 aluminum/phosphorus molar ratio at this point_i.'.vf\'_r._as 0.34. 104 grams of
Al{OC3Hy7}; and 46 grams of ice were then slowlj-?__a_.dded over a twenty-minute

time period with stirring and homogenization. At the end of that time

period, a large gummy mass formed in the mi-x;____' -vessel which plugged up

the homogenizer and could not be redisper_sed."ff:;'-; that point, the

: 20 aluminum/ phosphorus molar ratio in the mix w s 0.45.
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dreater .than about 0.3, and fBst preferably greater t hggyabout 0. 25,

#he .term "tenplating agent" éT“though used in the singul 2 i ncludes the
@lural. Thus, if nore than one tenplate is used in the reaction mxture
shen to det er ri ne the nolar ratio of tenplating agent present in the

@i xture, the nolar rati os of each tenplate should be added toget her.

Addi tionally, the above nolar ratio of tenplate includes the anount of any
gonpound that itself does not contribute to the formation of the desired
Hon-zeol'itic nolecular sieve but does reduce the viscosity of the reaction
#i xture. Such a conmpound woul d not EXXMPLESe with the nol ecul ar directing
;iropertles of the. tenpl ate. An exanple woul d- include the addition of

f4mal | amines to suppl ant the extensive use of the higher nolecul ar weight
Huat ernary anmoni um corrpounds

|- 502 grams of 86% H3PO4 were added toa stamless steel bucket cooled in an ice

bath. 2}0 _gtams of dg;p_xp_zed ice were then a_dde.g with stirring. 105 grams of
LI Catapa‘l:_' _alﬁmina-?(73 wit% Aly03,27 wit% HyO - a§ailable from Vista Chemical,
Housté@ ’I’eﬁcéé)' énd— }91 grams of deionized ice ')_fete sldwly added with .

- stirring’ and _f\omogegization over a 90-minute f-ime period. At that point,
the viscosity of the nux, measured at 16°C, had tiégn to 29,000 cp. 98 grams of
di-n-._prbjayl_amixie were then added. The amine/phosphorus molar ratio was

10 0.22 aq@ the aluminﬁiﬁ/ p‘hos_phords_ molar ratio '_;a_t tﬁat point was 0.34. The
visco‘sif:y'qf the n‘uxfell to 15,000 cp and did not go above this value during
the as';dd}ﬁon of 192 more grams of Catapal alumma (,io reach an Al/P of 0.97)

and 250 grams of ice,

15 In Ex-amplés 6 and 7 the intended non-zeolitic ni’_olecular sieve product is

aluminophosphate AIPO,-5.

20 . 502 grams of 86% H3POy were added to a st_air\lés§ steel bucket cooled in an ice

bath. 240 grax-_n_s_ of deionized ice were then added with stirring. Then 307

grams of Ai[OC3H7]3 plus 791 grams of deionize ‘were slowly added over a

e et 27
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In preparing a targeted nongeolltlc nol ecul ar sieve, qag of ordinary skil
woul d follow the teachings wown in the art for synthesi®ing the desired
{14 sieve; such as, the anount and types of reagents, crystallization
itenperatures, etc.; but, it is critical to the instant invention that the
inol-ar ratio of the. tenplating agent to phosphorus in the reaction

m xt ure. be greater than about 0.05 before the nolar ratio of alumnumto
iphosphorus in the reaction

one-hour time penod with stirring and homogeruzanon using a Polytron.

100 grams of an aqueous solution of 40% tetrap__;_,__ pylammonium hydroxide
(TPAOH) were then added The TPA/ phosphorus molar ratio was 0.045 and
the aluminum/ phqsphorus molar ratio at this _pgmt was 0.34. 82 grams of

s _Al[OC:,Hz]s_ and 46._§r§ms of ice were then slo.wl;_z; added over a twenty-minute
| time period. with stirring and homogenization.. At the end of that time |

period, a large gummy mass formed in the mxxmg ?essel which plugged x;rp

~ the homogenizer and could not be redispersed. At that point, the
aluminum/ phosphérus molar ratio in the mix was 0.43.

502 grams of 86% H3P04 were added to a sta‘i_i'die_s_____s steel bucket cooled in an ice
bath. 240 grams of .;_t_ieiionized ice were then added with stirring. Then 307

15 I grams of Al[OCaH}]},' plus 791 grams of deioni;ed’f,ice were slowly added over a
one-hour time period with stirring and homqgeﬁizatien using a Polytron.

- ‘400 grams of an aq@g,ous solution of 40% t,e,t:ag;gpy-lammonium hydroxide
(’I'PAOH) were theﬁ added. The TPA/ phospboxgé_molar ratio was 0.18 and
the aluminum/phosphorus molar ratio at this pomt was 0.34. 571 grams of

o -'2_:(_5‘. Al[OC3Hy); were then slowiy added over a two-hour time period with stirring

" . ..and homogenization. The final aluminum;[:ghfo?ﬁhorus molar ratip of the

e . 28
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m xture is greater than abogt0.5. Subsequently, in crygfallizing the
targeted non-zeolitic noledufar sieve, the reaction n1 re shoul d have
the proper - nolar anmounts and proper conditions shoul d be naintained for
producing the targeted nolecul ar sieve. As mentioned above, the aqueous
reaction m xture used in the nmethod of the present invention conprises at
| east one.reactive source-of phosphorus. Preferably, the reactive
phosphorus source is phosph= Tic acid or a salt thereof. O ganic phosphates
such as trieth ’hb’ﬁﬁgs hg’é may haI so be enployed as well as crystal I i ne or
anor.phous al %h ecviscosity of thdmi; |réed sk tIO

Pat ent No. 4,310, 440. Con -on{;l phospﬁor us: s‘fi ?tsg@@%% EG'&“U

met aphosphat eCP ?hi?ughoutsth "'ratteduw.st in part, ‘as the phosphorus source, but
are not preferred. :
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Sources of alum num used inpm=xeolite synthesis, such as i bbsite, sodium
- jal um nat e, alum and alum s trichloride can be enpl ol equal |y

: SRV 'I_".y Pr ef er aI y the alum num source is either pseudoboehnite or an
as#:al um num i sopropoxi de. Crystalline or

ates which are a sui tabl e. ~Source—of- phasphorus

i __"l-'_'IIIIIIl_IIIIll IlI\I IlIlI I llII
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Wien the liquid reaction ngsure is to contain a sour iﬁOf silica, the
silica may be any silica 3elrce capable of being di sse¥ved and/or

di spersed in the liquid reaction mxture. Preferably- Phe-5|+rea__lsuwww-
i ntroduced into the reactiion nixture as either a silita.sol. -as fumed

silica. The |iquid react.__l on mixture used in the pr m H Ilmﬂﬂruﬂﬂent
invention also contains | east one or-gani c tenpl ati: ani c
tenpl ati ng agent can belany of those heretofore proposed ~use in. the:

{synt hesi s of conventlonah-non zeolitic nol ecul ar sieves. In general these

conpounds  c@Nt ai ThelkemB of Tlaint2oWRerdth Siid (hslaPeati® of the Wlﬁnﬁé
El ements, particularly nitiogen, phosphorus, “arsenic and ant’i non

Ipreferably nitrogggedito %eéxsxdfaswgkeatmﬁan %&Wﬁﬁéﬁb@tﬁéﬂ%} raiBi ch
conpounds al so cohtain ai _

10

6. The metho '-Qf:' laim 5 wherein said aluminum alkoxide is aluminum

isopropoxide

15 7. The metho laim 1 wherein the aqueous solution further

comprises

tive source of at least one element "M" capable of
forming stable- M~-O--P, M—-O--Al, or M—éQr-M bonds in crystalline
three dlmens al oxide structures. |
20 8 The method of Claxm 7 wherein said 'e_l'ex.;thgfeint "M" is selected from the

group consxstmg of arsenic, beryllium, boron, chromium, cobalt,

o e s S S
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| east one al kyl or aryl rgup having from1l to 8 carbogsatons. Particularly
preferred conpounds for B tenpl ating agents are _thé __q_m_ﬂgs quat ernary

tphosphaoni um and quat ernary ammoni um conpounds, the | atter two bel"'ng ---------------- _-

irepresented generally by the fornula Rlerr]X[err] wher Jor us
. an alkyl or aryl group Coﬁ'm, u"l ﬁ

gor nltrogen and each" Riis
. -jcarbon’;: atonms. Pol yneric:quaternary amoniumsalts such:as

' -’[(C[err]H[err]N[err])(C]—I)[err]]x wherein x has a val ue of at Ieast 2 are
jal so suitably enpl oyed. The nono-, di-

16nbandt tri-am nesgam&na%waaﬁaaw%ﬂ lithidrhZ eﬂl.agﬁestitiﬁr rﬁ’éﬂg&ﬁe&’f silicon,
co i nati on

txtamur_n,_ a _admm, and zinc.

9. The methodof Claim 8 wherein element "M" is selected from the

5 group consisting of silicon, magnesium, manganese, cobalt, or zinc.

10. The meth_g__ of Claim 9 wherein element "M" is silicon.

11. The method of Claim 1 wherein said templating agent is a quaternary

0 ammoniurj\ r quaternary phosphonium compound having the
following formula
RygX+

wherein X xs nitrogen or phosphorus and each R is an alkyl or aryl

ing from 1 to 8 carbon atoms.

s

12.  The methqs:; of f__'Claim 1 wherein the :o;g'aj_nic templating agent is an

amine.

~ 13.  The methodofClaxm 1 wherein the templaﬁng agent is selected from

20 : the group consxstmg of tetramethylam_qi?nium, tetraethylammonium,
tetrapropylammonium and tettabutylaxﬁfﬁbnium ions;

tetrapentylajihmqnium ion; di-n-propyla-@ine; triprdpylanﬁn_e;

e
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with a quaternary amoni uncagrrpound or other tenplatinemconmpound. M xtures
of two or nore tenpl ating nts can either produce nmiwures of the
{desired non-zeolitic nol ecul ar sieves or the nore st rongl ydiTectiAg—
fterrpl ating species may, control the course of the reactiof e -ot-her- .+
tenpl ating species serving primarily to establish the pH”'ﬂ"m “h ’m””m
reaction gel. Representative tenplating agents include:
{tetranmet hyl ammoni um tetraethyl anmmoni um tetrapropyl amoni um and
tetrabutyl ammoni umions; tetrapentyl ammoni umion; di-n-propyl am ne;
tripropyl anine; tfrie&hﬂxhaﬁ@ ﬂ@xetﬁdﬂoﬁrﬁﬁi&@ ridine PéRISHeKyitine; 2-

cycl ohexyl ami ne;  2-net hyl pyri di ne; i ‘et hyl benzyl am ne;
NN-di et hyl et hanol gyt di (}kpﬁaﬂé@, Behzyniing! READY! et hanol ami ne;
choline; NN- dineth Bf}quger%\zll ne; glazagilxcygl 0- (2, 2, 2) - oct ane;

N- et hyl di et hanol &i@tl&?lethaﬁbfg?ﬁi}?\\él %éﬁwﬂ&mé}ﬁiﬂew Hﬁi\é’t‘h?ﬂthé&ﬁanune,

¢ 3- nethylplperldlne
' choline; N, N-dlmethylplperazme, 1 4-dxazab1cyclo-(2 2,2)-octane; N-

] methyldlethanolamme, N-methylethanolamme, N-methylpiperiine; 3-

z methylpxp' 1dme, N-methylcyclohexylamine; 3-methylpyridine; 4-
octane 1on, dl-n-butylamme, neopentylamine; di-n-pentylamine;
1sopropy-lam1§1e, di-isopropylamine; t-butylamine; ethylenediamine;

10 pyrtolidinéi 2-imidazolidone; and a polymeric quaternary ammonium

salt [(C14}13§}§Ig)(OH)2]x wherein x has a value of at least 2.

14. The methocif;of Claim 1 wherein the non-zeolitic molecular sieve
produced 1san alﬁminophosphate as claimed in U.S. Patent No.

15 4,310,440.

15.  The method of Claim 14 wherein the non-zeolitic molecular sieve

produced is AIPO-5, AIPO-11, AIPO4-31, or AIPOs-41.

20 16. The method of Claim 1 wherein the -non-.zeolitié molecular sieve
produced is a si‘_l-i.coa-luﬁinophosphate as claimed in U.S. Patent No.

4,440,871,
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gnet hyl cycl ohexyl am ne; 3- yI pyridi ne; 4-methyl pyri dm qui nucl i di ne;

AN, N - di' net hyl -1, 4- di azabi ¢ 0-(2,2,2)-octane ion; utyl am ne;
,neopentyl am ne; . di - n- pentyl am ne; i sopropyl am ne; d| -i sopropyl am ne;

&t - but ykam ne; et hyi enedi ani ne; pyrrolidine; and 2-im dazol 1d0ne~—-~Net~---—evepy
sterrpl ating agent will- diirect the formation of every spec

. #zeolitiic nolecul ar sieve but a si ngl e tenplating agent!.c mﬂlﬂmgﬂﬂ J",
- #@mani pulation of the redction conditions, direct the fors

#non-  zeolitic nDIecuIar S|eve conpositions, and a glven non: zeolitic -
#nol ecul-ar : )

, REPLACEI\/ENT SHEET

17 The method of Claun 17 wherein the non-zeolitic molecular sieves
produced is any one or more of SAPO-S SAPO-11, SAPO-31, or
SAPO-4L,
»
18.

The method of Claim 1 wherein the non-zeolitic molecular sieve,

p;oduc,_edjé a silieoaluminOphosphate as claimed in U.S. Patent No.
4,943,424,
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_17_" si gve conposition can by pr oduced using several di @r ent tenpl ating
agesnts. When the liquid dction mxture is to conta a source of one or
nore elenments, M where "M represents an el enent- capabl e of formng
istable MO-P, MOAI, or. MOM bonds in crystalline three dimensional

oxi de structures, the elenent(s) nmay be added to the reaction mxture in
jany formwhich permts the formation in situ.of a reactive formof the
idesired elenents, i.e., a formreactive to formthe framework tetrahedral
foxide unit of the elenmentss present-in the non-zeolitic nolecular sieve.
iConpounds of the elenents which mayABSTRACDyed i ncl ude oxi des, al koxi des,
thydroxi des, chlorides, brom des, iodides, sulfates, nitrates, carboxylates
i(e.g., acetates) and the Ilke Exanpl es .of el enments which are represented
fby "M | ncl ude arsenic, . '

The present mvexit" n is a method for synthesxzmg non-zeolitic molecular

sieves which hav three—dlmenswnal mlcroporous framework structure

5 comprising [AlO;].and {PO;] units. In prepanng the reaction mixture, a critical
feature of the mventxon is for the molar ratio of the templating agent to
phosphorus be grggq_ggr than about 0.05 before the molar ratio of aluminum to

phosphorus is greé't_ér"-;,than about 0.5.

“\\ii\\\\\\\\\\\\\\\
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P n’&gne5| um rranganese silicon, ti tanl um Vg

beryl li'um boron; chromium cobalt, galliut §ﬁEET$th|
e Pﬁ?}a E#gqé Uopaged

:fC“
"Noi: 4,973, 785 describes the types of rraterl gﬁa@ maypﬁﬂ@d ntohpagied
‘their method of preparation 'with greater se@@ﬁé\fm 8) : papRdse. fadphgbdonal
‘el ements may be prepared:by:forning mxtyrs‘%ffkbst@st t hpaged &K toopagedie’..
‘reagents and thereafter icorporating int¢ these m xtures addi tional

‘reagents either singular: @t-‘é‘?r‘l%& ures

qnd

of

. two or nore reagents, I n 56N - et R

The present invention relates to a method for the synthesis of non-zeolitic

mixture having a Al;03:P205 molar ratio greater than 0.3,

Recently, there have been reported several classes of microporous

compositions which are not zeolitic, and which will collectively be referred to
hereinafter as “non-zeolitic molecular sieves”, which term will be more

precisely defined hereinafter. These .materials are formed from [AlO;] and

PO;] tetrahedra_.g_:__pd ha electrovalently neutral frameworks, for example, as

in the case of sﬂxca pbiy_ morphs and include the crystalline

aluminophosphgjt' _ éésitions disclosed in U.S. Patent No. 4,310,440 issued

January 12, 1982 | on et al., the disclosure of which is incorporated

el medi anmommmemdmrmssowe or all of the

i AF



Co

18 reagents are involved in chem cal reactions to produce new reagents.

¢+ The term"mxture" is applied in both cases. Fu rore—TT 1S pyeferred
that the internediate mxtures as well as. the fREﬁlACEUEMi ¢ 'f(tu‘res_be
stirred until- substantially honbgeneous. Preferablfy—at [east 80% } and

‘preferably 90% by weight of these particles, an S%Qi@mymslo:e of

al um num and phosphorus sources, in the reactiornf mi Xture prior §o

- crystallization of the nolecul ar sieve are |ess |t han-86—ntcrons, 4nd
preferably |less than 65 microns, in dianeter. n the particles_iln the

reaction m%‘ﬁ%b%F%efeé}cﬁ'er than that specified, Y“ey—are preferably -

reduced in size by using, for exanple, a high shear nmxer. M xers suitable

for the process of the invention include, for exanple, high frequency

mechani cal devices such as stator-rotor systems, and e_nersgzpm' I'l's,
. _Classes of aluminophosphate compositions comprise AlPOy, SAPO

-4

(silicoaluminophqjspt_ét_g)', MeAPO (metalloaluminophosphate), and EIAPO
(nonmetal substitﬁtgé':f :alni?ﬁmphoééha¥e .farr._.\ij_lies-). Uses- forcrystallme o
aluminophosphate composmons have included molecular sieves, catalyits,
and catalyst carriers; o ‘

U.S. Pat. No. 4,440,‘821}_1 issued on April 3, 1984 :tb Lok et al., the entire
disclosure of which E;'i__,si_.;;-:1__',1___'_\:_c‘._m:pcaratecl herein by _r_efe.:ence, describes a class of
silicon-substituted g:i@iﬁophosphate non-zeolitic molecular sieves which
are both uﬁcroporo@_s_‘-?and-uystall,ine. These materials have a three-
dimensional crystal framework of [POz], [AIO) and [SiOz] tetrahedral units
and, exclusi\;e of anyalkah metal or calcium which may optionally be
present, an asfs_ynthe_égzgg .empirical chext\ical._egomposiﬁon on an anhydrous

basis of:
mR:(Six Al POz
wherein "R" repreqehis _ag,-iéast one organic .teiiiigl:ating agent present in the

intracrystalline poresystem, "m" represents tl}gggpoles of "R" present per

mole of (Six AlyP;)O; and has a value of from zero to 0.3, the maximum value




~useful for thls invention i-s the | KA UTC T115-6 g4gne
and Kunkel, GVBH and Co __Ger many. A variety of

r anke
3?.0{9}7 net hods lar e
available to practitioners.for determining the siz
. ~aqueous media. -‘One such_iethod enployg a -Coul ter - \ _
“.current generated by plati:num el ectrodes on two si . aperture to
= count the nunber, and determne the size, of i nd| vidual parti cI es passi ng

:Characterlzatlon |n

+J. K Beddow, ed. Partl
. | ';void volume of the pore system _of the particular

tetrahedral oxide 'fI_'h_:e-;._x'ninimum value for _each of "x", "y", and "z" is 0.01

and preferably 0.02 The maximum value for "x" is 0.98; for "y" is 0.60; and for
“z" is 0.52. These aluminophosphates exhibit several physical and

chemical propert luch are characteristic of both aluminosilicate zeolites

U.S. Patent No. 4,243;434;. issued on July 24, 1990 to Miller the entire
disclosure of which is incorporated herein by reference, describes a crystalline

silicoaluminophosphafe;___molecular sieve (designated therein as "SM-3")

having an as '-synt" ie‘y‘_;l; composition empirical chemical composition on an

anhydrous b_ais_is of
mR:(Si,Aly POz

wherein "R" represe aif-least one organic templating agent present in the

intracrystalline pozfe_.:__sys_tém; “m" represents the moles of "R" present per

mole of (Six Al-,-_,Pz' ‘has a value of from 0.02 to 2, and "x", “y", and "z"

represent the mole ) t_ig__ns of silicon, aluminum and phosphorus,




“i9 1f chnol ogy, Vol 1: Applications and M croanal SIREPLWENTeSBEETI c,

-1984, p. 183-6, and in T. Allen, Particle Size Masure

and Hall,
accordi ng

1981, pp. 392-413. A sonic sifter, which}skp

;
_ to size by a conbination of a vertical ps |?I23plﬁnlg
-~ air and a repetitive nechanical pulse on a sieve s{a

- to determne the particle size distrijution of pa ticles I n the agugous

coI

- reaction mixture of this invention. Sonic sifters are—desertoedTn, for

- exanpl e,

T. Allen, Particle Size ‘Measurenent, London: Chapnan and Hall,

1981, pp. 173espeltively, present as tetrahedral oxides.:I_‘_he minimum value for "x" is

0.02; for “y" is 0.24;.and for “z" is 0.24. -Theatné-ximum value for "x" is 0.51; for

“y* is 0.50; and for “z" is 0,51,

uUs. éatent No. 4;500,651; issued to Lok et al. on February 19, 1985 the entire
disclosure of whi_c-h is incorporated herein by reference, describes a class o:f
titanium-containing non-zeolitic molecular .__j.§}§eves whose chemical |
composition in the as-synthesized and anhydrous form is represented By the

unit empirical formula:
mR:(Tix AlyP)O;

wherein "R" represents at least one organic témplating agent present in the

intracrystalline pore system; “m" represents the moles of "R" present per

mole of (TixAlsz)Oz and has a value of between zero and about 5.0; and “x",-
"y" and "z" represent the mole fractions of titanium, aluminum and

phosphoms, respectively, present as tetrahedral oxxdes

U.S. Patent No. 4,567 029 issued on January 285= 1986 to Wilson et al the
entire disclosure, of which is incorporated herem by reference, describes a class
of crystalline metal aluminophosphate: non-zeollttc molecular sieves

(designated therein as "MeAPO") having three-dlmensmnal microporous




_"placed I n a seal ed pressure vessel, preferably t etal lic
surface or alternatively, Lined with an inert piagt i znuﬁér sug¢h as
pol ytetrafl uoroet hyl ene (to avoi d contami nation df the react i_on.di Rt ur e)
and heated, preferably..under autogenous pressure ' bet ween
100[err] C. and 300 C. ,- and preferab&{ bet ween 1 O[err err]
C., until crystals of the .non-zeol i tit nol ecul ar e product are

" obt ai ned, usually for a° ;per| od of . from several hours to several weeks.
"Effective criyahewbikstructn ¢si of {MO3,] [AlD3] amd [RD;] 2etrabedral anitband Rdvingys are
. generally “from.about 24 to about 240 hours, and preferably

- about 48 hoygs PRHEmicAt &fa bSitioRSd'd aﬁwl‘?ﬂ?@&du éwﬁkﬁbésﬂzd i | e not
essential to t%ﬂe@‘sr;/%t hesxlns 0’? t he non- zeo?lt nol ec?]l ar ‘sieve bytth‘

mR:(M, Alsz)Oz

wherein “R" repr__é}'_’s__e’_nts--..at least one organic templating agent present in the

intracrystalline pol stem, "m" represents the moles of "R" present per

mole of (M Alsz)Oz nd has a value of from zero to 0.3; "M" represents at

least one metal of group magnesium, manganese, zinc and cobalt; and
"x", "y", and "z" re ggée_rf_x_jt the mole fractions: of the metal "M", aluminum

and phos_phoﬁus,_ 1es cuvely, present as tetrahedral oxides.

U.S. Pat. No. 4,544 43 the entire disclosure of which is incorporated herein

by reference, describes.a class of crystalline fermalunﬁnophospﬁate non-

zeolitic molecular sieve shavmg a three-dimensional microporous
framework structure 0 [Feoz,] {AIO;] and [PO,] tetrahedral units and having
an empirical chermc __xﬁposit_ion on an anhydrous basis expressed by the

formula:

mR:(FexAl,P,)O0;
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conposi tions,

stirring or other noderate agitation et

m xture and/ or seeding the reaction m xture .

ei ther the non- zeolitic nol ecular sieve spegiks to uced or
topologically simlar - alum nophosphate, alu A ndsi2 2 5

si eve conposition, _facilitates g he crystalli Aatii he
.product is recovered by any conveni ent met hody sdc

or filtration. . wme The.non-zeolitic nolecul ar sj
char act er i zedWB§raifeRy represents Afdeast one organic templatirtg

B0
gent present in the

intracrystalline pote system; “m” represen.t_s:. the moles of "R" present per

- mole of (FexAlsz)Oz and has a value of from zero to 0.3; and "x", "y" and "2"

’
represent the mole.fractions of the iron, aluminum and phosphorus,

respectively, presentas tetrahedral oxides.

U.S. Patent No. 4,686,093, issued on August 11, 1987 to Flanigen et al., the

entire disclosure _p_f'-‘which is incorporated herein by reference, discloses a class

 of crystalline _noﬁéggblitic molecular sieves designed therein as "FCAPO"

(denoting "Fraxriéy\{étk Constituents"), having a three-dimensional
tetrahedral fram§W§tk composed of {AlO,], [PO,], and {MO;] units and having

an empirical chemxcal composition on an anhydrous basis, expressed by the

formula:

uiR:(MxAlsz)Oz
wherein "R" represents at least organic templating agent present in the
intracrystalline _-p_c_i:lrgéié_ystem; "m" represents.-._f-t;l.je moles of "R" present per
mole of (M,‘AlyP,)Oz and has a value of fromzero t0.0.3; M represents at least
two elements pre}_s{__en-t.'%in the tetrahedral umtsselected from the group
consisting of arsgéic_, beryllium, boron, chrormum, gallium, germanium,

lithium, and vanadium, and "x", "y" and "z" ;represént the mole fraction of



- standard and well known in the art. This techniquejmay al so be usefl {o
. . 'determne the purity of the synthesized non-zeolitifc ™ol ecul ar sieve

Lot :
diffraction patterns, i.e., the various crystal ap olitic
« molecul ar sieve, for exanple SAPO 11, SAPO 41, etc wcﬁﬁm% E ed and
. . distinguished fromone another by their X-ray powder tdiffraction p tterns.'
! ldentification of the non-zeolitic nolecular sieve$ Hsi2@ QCT 89%echnj que is

- product by reference to its X-ray powder di{ffraction pattesn: Thus,
- for exanple, if a - le is stated to be pure, it i s i ntended only
~.to mean that "M%eabmua;mpamcbp sphorus, reapeqtivsl)sanpsmnas tetrebedrfal loixides.
~attributable to crystalline inpurities, not that there are no

. anorphous nmaterials present. After crystallization the

- non-zeolitic nolecular  sieve product may be i sol ated and

o _advant ageous USN\B&hﬂﬂN& 4979485 rissued ot Nw'emﬁfet' Qv, Wgottbdsoksetaly the entire .
S dxsclosure bex“x_\_g mcorporated herein by refetence, discloses a class of
crystalline non-zeolitic molecular sieves, dee_zgnated therein as "ELAPSO".
The ELAPSO compositions are formed wi‘tﬁ_'felements capable of forming_.
framework oxide '\_n.\its in the presence of [AlO,], [SiOy] and [PO;] tetrahedral
units where element "EL" is at least one e_leﬁe__nt capable of forming a
three-dimensional -oxide framework in the _?r__e_'sence of .aluminum,
bhosphorus and silicon oxide units, and has };a_._mean “T-O" distance in
tetrahedral oxide structures of between about 1.51 Angstroms and about
2.06 Angstroms, has a cation electronegatwity between about 125 kcal/g-atom
and about 310 kcal/ g-atom and is capable of: formmg stable EL-O-P, EL-O-AL,
and EL-O-EL bonds in crystalline ttuee—dlmex_\si__oual oxide structures.

Typically, the aforementioned classes of non-zeolitic molecular sieves are

synthesized by hydrothermally erystallizing_ ahydrous gel made from a .

substantially homogeneous aqueous reacti'o'rif- _'_ixtute containing reactive

sources of alummum, phosphorus, silicon (uf ___he case of the

silicoaluminophosphates) and the other element(s), if any, required in the

molecular sieve. The reaction mixture also

ferably contains an organic

templating, i.e., structure-directing, agent, pre rably a compound of an



(’op.t-i og'nal |l y) calcination, a non-zeolitic nolecular Wﬁm
REPLACEMENT SHEET - REPLACEMENT SHB

the present invention may be nodified by depositin regnat i

non-zeolitic nolecular sieve with cations, anions ér s?s%%s@pw%s
I nprove its efficacy as a catalyst in the various préc es i n whij
| ecul ar si eves.

zeolitic nolecular sieves are useful ,g as describe
a+41O1TOT 1 npr egnati on

patents and applications describing non-zeolitic
of a non- zeolelementrafl GromipaVAsofcthe Rerivdije Table) Axd kowoptiomallyhen atiali or

A 4

Techni ques which nay be enpl oyed to effect the dep

other metal. The reaction mixture is genéra{!ly;.placed ina seale_d pressure
vessel, preferably with an i..!l@?ﬁ.‘_’g_!;!_lgt‘ql_l_!i_c..ét__s_tias.e_Q.li.alt_ema__tiwely,_.lined with
an inert plastic material such as polytetraﬂgq;ggfchylex)e__ and heated,

p-re‘fer_ably under éuto'g_enous pfessure, at é'atngeramfé between 50° C. and

250° C., and preferably between 100°C. andagoﬁPC., until crystals of the
non-zeolitic molecular sieve product are obtained. Usually this is for a p;eriod
of from several hours to several weeks. Effective crystallization times from
about 2 hours to about 30 days Qre generally employed. The molecular sieve

is recovered by any convenient method, for example, centrifugation or

filtration.

In preparing the hydrous.gel, it has been reported by Romarneni and Roy
(The Role of Gel Chemistry in S_ytithesis of Aluminophosphate Molecular
Sieves, Zeolites, \}oL 11, Feb. 1991, pp. 142-148) that the gel's chemistry is.
essential in the aluminophosphate's form'a-tiqn. | On a laboratory scale where
reagénts are readily mixed, the ctystallizatio_n;;szmethods deécribed in the -
aforementioned pafgnts have been effective’ m producing non-zeolitic

- molecular sieves in‘.l':_xi_gh yields. However, fqé‘;_;_la__rger scale preparations,
synthesis techniques’ requiré the constituents i_:e.;combined over a
substantially longer period of time. When the aluminum source is added to

the phosphorus source there is a volumin(__)__\;xs'_f; coagulum of an aluminum



. beneficial under certain process conditions, such as

~-silica- berY*éaaﬂx
bi nders. Th?e&lﬁi@fdd@crﬂ{rpa@%d ﬁf‘ﬁu?ﬁhﬁ&es\?ﬁﬂi’e‘ﬁt for commercial applications,

- such as clays,’
 ‘metal oxides
- nol ecul ar sg

R : —e

The ndn-zeolitic nolecul ar sieves may be admi xed (bl eRERIACEMENDrdiEETep

sequentiall'y to other materials which nmay provide s¢mg—property Whlthjis

V, etajure
LT R
sinply inert under the pkocess conditions used. Such | #n¢l ude
synthetic or nat ural | y--of curring subsPances as well fas inorganic nategials
[ t umi nas, crystalline al umrest+care2eol Tt es,

thereof. In addition, the non-zeolitic

URE idVal findTBhBthR that w:nu@ks vsscbug dandPhot™ Na,

silica-zirconia, lica- thorla

:Ti\bfe?&eé‘th&é %'x{eedqars,.%&%g 6P BRRAldPRS. Suc”

st171 ca-al um na- Zl'rconta an as

—

resi stance or inproved catalyst life by mnimzing do

silica- alumna

as silica-alum

and that .qy._md,s_ the blematic aluminum coagulation.

As used herein the terms “coagulum” and “"precipitate” are used

interchangeably and rgfers to the separation and binding together of the

reagent, in solid form, from the solution.

Among other factors,. when a crystalline, non-zeolitic molecular sieve is

synthesized from.a re ééripn mixture having a Al0; :P;Os molar ratio greater

than .3, it has now unexpectedly been found that it is critical that at least some

of the témp_lating-ri nt(s)be added to the aqueous reaction mixture before a
significant amount-of_ ._ _E-'faluminum source is added. This reduces the

precipitation of the alummum and thereby the formatron of a viscous gel.

Itis, therefore, theg prmcr" 'al object of the process ‘embodiment of the present

invention to limit, and ferably avoid, the viscous precipitate that forms

durmg preparatxon of er :'.talhne, non-zeolitic molecular sieves having a

three-dimensional .mic _pgrous framework structure comprising [AlOzl and

[PO,] units. Thrs an r_ objects are accomplrshed by the mvention set

forth in the descrrptro and examples below.



non- ZeO|ItIC nDIecuIar si eve content rangi ng bet
22 percent by weight of the conposite.
descriptions and partlcularly, the exanpl es are S€

preparmg a crystalhne, non-zeolmc molecular sxeve havmg a

three.-dlmensmn "c;'oporous framework st_;_u_cture comprising [AlOz] and

{PO2] units, wherein the method for preparing the molecular sieve includes

the steps of preparing:an aqueous réaction mixture comprising at least one
reactive source of ﬁ'os_phorus, at least one reactive source of aluminum, and
at least one tempiann‘g -agent and havihg a Al3O3:P205 molar ratio greater

than 0.3; and ma ning the aqueous r'eact_i,_o_n mixture at conditions suitable

for crystals of the olecular sieve to form, the -imptovemént comprising
controlling the ad lition of the phosphorus source, aluminum source, and the

templating agent tothe aqueous reaction mixture so that the templating agent

to the phosphorus molar ratio is greater than about 0.05 before the aluminum

to phosphdru_s_mo}ar_tatio reaches about 0.5. .'_Pgefetably, the phosphorus is

present in the _aqu'é reaction mixture before the aluminum source is

added.

One preferred '8“’59';9:: non-zeolitic moleculai &

process of the pres t invention is the alumii}_é hosphates (AIPOy's) claimed

in US. Pat. No. 4,310 440 desirably A1P04-5 AIPO¢-11 ALPQO4-31, and




.. scope of the invention herein described. - REPLACEMEN'

'f---_-;_hour time period.with mixing using a standard mX|

skill fn the art and can be made wi thout departi ng= ; Aand

EXAMPLE 1 17.82 kg of 86% H err]PJerr] were add to 8.59 kg o
deionized ice in a stainless steel drumw th extern

e
ngl r
-9.70 kg of alum num isopropoxide (AI[OCJerr]Hernd]) azn?ingrm%
n _
n

cpol i ng.

jf

2 )
_ g inpeller and
“homogeni zation using a-Polytron. 3.49 kg of di- opyram ne were then

added sl owl y AlPOip~41i. xXTheypreferred @dgarnio mPMmZQAgeg\tsfomhg Sghthesistéfcthe] and
.-18.0 kg ice were added in smal-l. increments:iover a four hour time period

- Wi th mxing/ MFDQ'Q ruré&btzﬁéthylammomum hydroxxde, tetrapropylammonium

. deionized ice were added sinultaneoughy in small i

. hydroxide, dxethylethanolanune, dt-n-propylanune, and-tripropylamine. -

A se'cor‘id preferted group of non-zeolitic m&leeular sieves to be produced by

the process of the present invention is the sil icoaluminophosphates (SAPO's)
claimed in U. S Pat No. 4,440,871, desn'ably SAPO-5, SAPO-11, SAPO-31,
and SAPO-41, --an_d' most desirably SAPO-IL The preferred organic templating
agents for -the ..;y_nt-h_esis of SAPO's are tetr__a\_e:'_t';'lj\;y_lammonium hydroxide,

tetraprqpylam__x‘gi'pniﬁm hydroxide, diethano‘,l_ifmine, and di-n-propylamine.

The term "non-‘»%eolitic molecular sieves” as used herein has the same
meaning as givéx_x in U.S. Patent No. 4,861,743{ columns 5 and 6, the
disclosure of which is incorporated herein b)gfi_.;gje_;ference and the inclusion of

U.S: Patent No. 4,943,424.

The molecular sieves ':\'(_vhié_h can be produced y ‘the process of the present

invention comptise a large number of non-ze olitic molecular sieves, each

having a three-dimensional microporous fra nework structure comprising

[AlO;] and [PO;} units. Optionélly, these mic D srous molecular sieves may



foI Iow&d by an additional 3.49 kg of di-n-propylan

expressed in nolar rati

td
sitica (Cabosil MD5) vere . then added with mi xi ng/’ oREﬁia\QE | >95
wei ght percent of the pa tes in the mx were sngll ns
(by Coul ter-Counter). Du ~the entire procedure t he
' REPLACEMENT SHEET tjure
never exceeded 30[err]C.

include with. "

~ crystal framew _non-zeolitic molecular sieve. Broadly, the reaction

mixture of the

wention has an Al;O;: P,Os molar ratio greater than

| the sieve's reaction mixture is given in the

aforementioned U.S. patents' description.

Surpnsmgly, m prepa -the aqueous reacti'on mixture, the amounts in

.wluch the abovei'menuoned elements are mixed together are critical in

effecting the alumm _ Z_urce s coagulation. - In accordance with the present

- 1nvent10n, a reactxon mixture is prepared wherem a sufficient quantity of

, templatmg agent 1s added to the reaction mxxture to reduce or eliminate the

coagulation of "he alurm m source in the rea tlon mixture. Preferably, in

_preparing the aqueous rea fxon mixture, the phosphorus source is added prior

to the addition of_ e ;mum source. Accordmgly, the molar ratio of the



0.9 Pﬁ[err]NH: 0.5 SiJerr]: Alferr]gerr]: 1.02 P[ egsspSELL,
A 3-gallon portion of the m xture was placed in a gl
aut ocl ave and heated to 190[err]C for three days with ¥

aut ogenous pressure. The supernatant |iquid was renmjvéd %ﬁ @%ou t
filtered, washed with water, dried overnight at 121[je r] )

air for 8 hours at 593[err]C X-ray g ffraction ang ye+
product to be SAPO-11, as disclosed in U S Pat. No.{4, 440 '
anal ysis of the calcined sieve showed it to have the® 0T ow ng anhydrous

mol ar CO”pEb"h'\ﬁlhﬁﬂg ent to hoséphorus in the reaction:mixture shodfd be @redtet :
Alferr]Jerr] errf, ESCA analysis of the sdrface showed

the foll onypg, M‘U(ﬁ%‘ ﬁémh%iy, greater than about 0.1, and most preferably greater

than about 0.2. bef_p_:e the molar ratio of alummum to phosphorus:in the .
reactig_q ;ru}ct_grg ig-gyg_a}_tg; than about 0.5. ng_f__gggbly, the gtgév_e molar ratios
of templating agexi__f 'to__,.phosphorus should be ptesenl: in the reaction mixture
before the molar r-af_io of aluminum to phosph;ifq; in the reaéti_on mixture is

. greater than about 0.3, and most preferably. greater than about 0.25.

The term "templating agent" although used in the singular includes the
pl\ifal. Thus, if mo_;;e than one template i_s usé._dj_ in the reaction mixture then
to determine the molar ratio ;>f templating age_g;.-preéent in the mixture, the
molar ratios of each-template should be added :gdge_ther. Additionally, the
above molar ratio of template includes the amount of anj compound that
itself does not contributﬁe to the formation of thé.jédesired non-zeolitic
molecular sieve but does reduce the viscosity of. the reaction mixture. Such a
compound would not interfere with the moiecular dzrectmg properties of the

template. An example would include the additlon of small amines to-

supplant the extensive .use of the hxgher molec f:welght quaternary

ammonium compognds.
In preparing a targeted non-zeolitic molecular sit , one of ordinary skill

"would follow the tea.;-mngs-knowh in the art £



?

conposi‘tion:

; 1.2 Siye e e@qg'gq rr]:
- 0.80 Plerr]Jerr] : : L

The procedure of Exanple.l was foll owed, except that
not added after the first ‘9.70 kg of AL[Oerr]Herr]
60% (19 kg),
formed in the mxing ves:

L n- propyl ani ng S

er pI2 067t BP6arout
of the AI[OC[err]H[err]][err] was addefl,|a | arge gu BSS

—

as crystalline or'am -phous alummophosphates such as the AlPOy

compositions of U Patent No. 4,310,440. (__‘:q;\'ventmnal phosphorus salts,
such as sodmmm ohosphate, may be used, at least in part, as the

e not preferred.”

Sources of alumi "'"'um:_used in zeolite synthesw, such as, gibbsite, sodium

aluminate, alum, and lummum trichloride can_.be employed equally

effectively. Pz;el_’__er _the aluminum source X exther pseudoboehmite or an

aluminum alkoxi such as aluminum isopropoxide. Crystalline or




whi ch %I ugged up the honogeni zer and coul d not be re-Hi Ex?é'rAQ%MENT SHEET
EXAMPLE 2 ° 109 granms of di-n-propylam ne was added }o|134 grans of
deioni zed ice in a Teflon beaker in an ice bath. 490lg ar262<ﬂ‘CT1996
Al[OCLerr]H err] were slowy added with honobgenizati ¢njusing a Pol ytfo
282.5 granms of 85% Herr].PJerr] and 609 grans of ic re sinmultaneou Iy
added in small increnents to the mxturg.with honbgeni zation 36.gL of
Cabosil M5 were then added with honbgénization. The m:xture had t he
foll owi ng conposition, expressed in nolar ratio of oxides:

0.9 Prlerr] I\Hnoﬁp&ussal%ﬁhbbhos‘pl{my WhieH aie a 3u€tabla[ suirbbE phbsprisrukl er r | O

are also smtable.. ources of alummum

contains at least | rganic templating age,t-i__f_. The organic templating agent

can be any of tho lié__retofore proposed for use in the synthesis of

conventional non-zeolitic molecular sieves. In general these compounds

contain elements;df;f,G;oup VA of the Periodi_@Table of Elements, particularly

nitrogen, phosph ',-___.arsenic and antimohy',;p;eferably nitrogen or

phosphorus and mq referably nitrogen, wl'uch compounds also contain at
least one alkyl or aryl:___group having from 1 to, 8 carbon-atoms. Particularly
preferred compour ads for use as templatmg agents are the amines, quaternary

phosphonium and quaternary ammonium compounds, the latter two bemg

wherein x has avalue of at least 2 are also sui bly employed. The mono-, di-




'TFJe mxture was placed in a Teflon bottle in a stainl ésﬂEBLMME’NTeSHEBTe
vessel and heated for 3 days at 190C at autogenous priedsure—The

supernatant |iquid was renoved and the product filterjed, S h
wat er, dried overnight at 42 aEF W .

25 121[err]C and calcined in air for 8 hours at 593[ gr ACemX=Lay

di ffraction analysis showed the proddét to he SAPO- 11} El emental analys
of the calcined sieve showed it to have the follow ng
conposi tion:

and tri-amines are advantageously utilized, enther alone or in combination

artryorous—rroted

thh a -_quaternary ammonium compound or._.._other templating compound.

| Mxxtures of two or more templatmg agents. can enther produce mixtures of the
desu'ed non-zeohnc molecular sxeves or the more strongly du‘ectmg
templatmg species may control the course of the reactxon with the other
templating species serving pnmanly to establis__h_ _the PH conditions of the
reaction gel. Representative templating ag—en_t_'s_ ;i_:_r?\clude |
tetramgthylammonium, tetraethylammonium,i-tetrapropylammonium and
tetrabutylammoniuin ‘ions; tetrapentylammonium ion; di-n-propylamine;
tripropylamine; trie'_thy_iamine; triethanolamine; piperidine; cyclohexylamine;
2-methylpyridine; N,N-di_methylbenzylamine\;-_ N,N-diethylethanolar;\ine;
dicyclohexylémi-ne;- :N--'N—dimethylethanolamine} choline; N,N- _
dxmethylplperazme, 1, 4-d1azab1cycio-(2,2,2)-octane, N-methyldiethanolamine;

' N-methylethanolamme, N-methylplpemne, 3-methylp1pendme, N-
methylcyclohexylamme_; 3-methylpyridine; 4-mgthylpyr1dme;,qumuchdine}l
N,N'-dimethyl-1,4-diazabicyclo-(2,2,2)-octane ion; di-n-butylamine;
neo_penty.lamine; di-n-pentylamine; isopr.dpyléhiine; di-isopropylamine;

t-butylamine; ethylenedxamme, pyrrolidine; and 2-imidazolidone. Not

every templatmg agent 'wxll:-dxrect the formatxo of every species of non-
zeohtxc molecular sieve but a single templatmg agent can, with proper
manipulation of the reaction: conditions, dxrec.t-;;hg formation of several non-

zeolitic molecular sieve compositions, and a given non-zeolitic molecular




-4
: t
0.19 Si‘gerr]:

Alferr]Jerr]: 0.95 Plerr](err]

- surface showed the follow ng anhydrous nol ar conpos{t

Sigerr]: Aferr]O[err]: 0.83 Plerr]O[err] In Exapples 3 - 5 the
i nt ended non-zeolitic nol ecul ar sieve product is alr1 n@dh @I 3996
AlPJerr]-11 as described in U.S. Pat ent, No. 4, 310, 440

-EXAMPLE 3

AR ACEMENT SHEET

sieve composition can be produced using several different templating agents.

- When the liquid reaction mixture is to contain a source of one or more

_elements, M, where "M" represents an element capable of forming stable

M—O—P, M—O=Al, or M—O—M bonds in crystalline three dimensional .

oxide structures, the eleme”nt(s) may be.added to the reaction mixture in any

form which permits the formation in situ of a reactive form of the desired

elements, i.e., a form reactive to form the framework tetrahedral oxide unit of

the elements presenl;‘j in.the non-zeolitic molecular sieve

. Compounds of the

elementé which may be employed include oxides, alkoxides, hydroxides,

chiorides, bromides, iodides, sulfates, nitrates, carboxylates (e.g., acetates) and

the like. Examples of elements which are represented by "M" include arsenic,

beryllium, boron, chromium, cobalt, gallium, germanium, iron, lithium ,

magnesium, manganese, silicon, titanium, vanadium, and zinc. U.S. Patent

No. 4,973,785 describes the types of materials that ijnay be synthesized and |

their method of preparaﬁon with greater specificity.

These additional elements may be prepared by formmg mixtures of less than

all of the reagents and. thereafter incorporating __,:___to these

mixtures addmonal

reagents either smgularly or in the form of other 1ntermed1ate mixtures of

two or more reagents. In some instances the rea__gj_ents admixed retain their

identity in the intermec_:_li'a'te mixture and in other;?é_:a_se_s some or all of the

[¢)




SR . -
502 granms of 86% H err]PJerr] were added to a stainl ) C
; SEPLMER SHRET

- cooled in an'ice bath. 240 grans of deionized ice

stirring. Then 307 grans of al um num i sopropoxide (A [{CCerr]H err]{ @l us
791 granms, of deionized ice were slowy added over ne2ioQCTt 986 ger}i od
with stirring and honobgeni zati on usi n% a Pol ytron. rams of

di - n- propyl am ne were ‘'t hen added. Thé&®amni ne/ phosphorus=morar Tatio wa

0.11 and the - _ + 26 al um num phosphofus nol ar_ratio.at!
this point was 0.34. 571 grame of AI[OJerr]H:err] and 250 grans of ice
were then stea@pRtsaaedavelyed in chamien seactions to produce new reagents. The

term "mixture” is applied in both cases. Furthermore, it is preferred that the
intt?_miédia_te mixtures as well as the final reachon mixtures _pe.ét__irred until
substaﬁtially homogeneous. Preferably at leas‘t_?s___o%, and preferably 90% by
weiéhtiof these pa.;fticles; aﬁ& especially'thos:e.. of alurmnum and pt;c;s-phor‘-z.s-
sources, in the reaction mixture prior to crystallization of the molecular sieve
are less than 80 microns, and preferably less than 65 microns, in dia.meter...
When the particles in the reaction mixture a;é’; ;jétger than that specified, they
are preferably reduced in size by using, for example, a high shear mixer.
Mixers suitable for the process of the inventiﬁﬁ'inqlude, for example, high
frequency mechanical devices such as stator-rotor systems, and energy mills,
such as those described on pages 8-43,44 of C-hg;’r__tical Engineers' Handbook,
Fifth Edition, McGraw-Hill Book Company. A;;_@jpical stator-rotor device
useful for this invex"ttio,n is- the IKA UTC Tlls.f_‘éf_generator, made by Janke and
'Kunkel.',' GMBH and Co, Germany: |

A variety of analytical methods are ‘available to. practitioners for determining

the size:of small particles in aqueous media. ‘One such method employs a

Coulter Counter, which uses a current generate by platinum electrodes on

two sides of an aperture to count the number, d determine the size, of

individual particles passing through the aper "'1_'9"" ‘The Coulter Counter is

described in more detail in J. K. Beddow, ed., I?aﬁt,tiéle Characterization in




. ‘ 'R'E!u\ Fuqrm SHEET
period with stirring and honogeni zation. The final al ymgrunt-phospherus

- molar ratio of the mix was 0.98. The viscosity of thg i d at
50[err]F, remained below 100 cp throughout the procequie XZZH&?F%&
EXAMPLE 4 502 grans of 86% Herr]PJerr] were added_i90._a stainlefst
. steel - bucket cooled in an ice bath. 240 grams of dei ¢nized ice were than
. - added with stirring. Then 307 grans @b al unm num i sop ==
(A0 err]Herr]) plus 791 grans of deionized ice were sl owly added over
a one-hour tine period with.stirring and honobgeni zation using a Pol ytron.

20 grams of rééhnatugyom_smmm&ﬁans BRA MRESHALYsIS) CROPIGEPIRS pigy, Us Nl ar

rati o was 0. 045

p- 183-6, and in T Allen, Particle Size Measurement, London: Chapman and

Hall, 1981, PP 392-.413 A sonic sifter,. whxch separates parhcles according-to -
size by a combmatron of a vertical oscillating column of air and a repetitive
mechanical -pul_se_-___on_.;a sieve stack, can also be.:used to determine the particle
size distribution of Jparticles in the aqueous reé'ction mixture of this
invention. sOmcsrfters are deseribed in, for'e-,r;ample, T. Allen, Particle Srze

Measurement, London Chapman and Hall, l§§1, pp. 175,176.

In the process of i_t;h_e-_i:_present invention, the reaction mixture is generally
placed ina sealecl_;;-pressure vessel, preferably wrth an inactive metallic surface
or alternatively, hned with an inert plastic ma_rerial such as
polytetrafluoroetﬁ'.:ylene (to auoid contaminaﬁon of the reaction mixture) and
heated, preferably under autogenous pressure, ata temperature between 100°
C. and 300° C,, and preferably between 150° C. and 250° C., until crystals of the

non-zeolitic mol_e_,c__ula_r_: sieve product are obtau}fd, usually for a period of

from several 'hours- 'several weeks. Bffecti‘ve"-crystallization times of from

about 2 hours to abou' :_0 days are generally employed with from about 24 to

about 240 hours,: and preferably about 48 hours to about 144 hours, being

typxcally employed..

While not essential to the synthesis of the nodiﬁolitic. molecular sieve




¢

al uni nunt phosphorus nolar ratio at this poi-nt was 0.34. 104 grans of
- Al[OCerr]H err] and 46 grans of ice were then slowy ]
. twenty-minute time period with stirring and honogeni at lﬂ/\)ﬁﬁi@EhﬁhﬁH Yd of
A\t i vessel whic
_ ul d ! |\ Ap 2 baT 9ebnt
the alum num phosphor.us-_.-;rml ar' ratio in20he ni x was 0. 4p.
27 ' . EXAVPLE 5: -

that time period, a large gumy mass fornmed in the m
compositions, stlrung or other moderate agxtatxon of the redcti

pl ugged up the honogeni zer and could not be redispers

and/or seeding the reactlon mixture with seed crystals of either the non-

Z@Q!_!Ql?;.@l@?!!!é{ :":%ve species to be produced or a topologtcally similar

' aluminophosphate, alummosxltcate or molecular sieve composmon,

facrhtates the crystalhzatron procedure The product is recovered by any

convenient rr__tethod-:._such as centrifugation or__-fi_l_tratlon.

The non-zeolxtrc molecular sieves may be characterxzed by their X-ray powder
dtffractxon patterns, 1 e the various crystal forms of each non-zeolitic
1 molecular sieve, fo__r__exam_ple SAPO-11, SAPO-Q-I__:,.etc., may be identified and

~ distinguished from.i‘}rte' ‘another by their X-ray pbwcler diffraction patterns.
Identification of the non-zeohtxc molecular sreves using this technique is
standard and well known in the art. This techmque may also be used to
determme the punty of the synthesrzed non-zeolrtlc molecular sieve product |
by reference to its X-ray powder dlffractton pattern. Thus, for example, if a
sample is stated to be pure, it is intended only to mean that the X-ray pattern

of the sample is free of lines attributable to crystallme xmpunhes, not that

there are no amorphous materxals present.

ve product may be isolated

and advantageously ashed with water and dned_ After synthesis and

(ophonally) calcmatlon, a non-zeolitic molecular 1eve produced by the




&

- ¢

502 granms of 86 % Herr] PO4 were added to-a stainles q Egoqled
in an ice bath. 240 grans of deionized ice were thenja ri
105 grans of Catapal alumna (73 % Al[err]O[err], 2y W% Herr]0 -
avai l abl e from Vista Chemcal, Houston, Texas) and 7Ppi} g2&2rOCdr 1996i
ice were slowy added W|th Stl rring and honmogeni zat i pn§ over a 90- mi nutje
time period. At that point;. the viscodty of-the mx} measured at
16[err]C, had risen to 29; OOO cp. 98 grans of di-n-p ]
added. The ami ne/ phosphortis nolar ratio was <0.22 and the

al um num ph@sedess ofsthmpmsemamvenaonmwb@madxf‘ndsbwd@bsxtﬁt@or vi scosity of
the mx fell to 15,000 cp.édnd did not go above-this value during the
addi tion of impregratingothenaorotedliticmalecalargiove (With caues, ahioNs' &t Sfltslsed7)

and 250 granms of i ce. n Exanples 6 and 7 the i ntended non-zeolitic
nol ecul ar  siag\te iMpOSNCits. e&icacy as a catalyst in the vanous processes. iri which-non-

zeolitic molecular ves are useful,_as d_escr;__be' in the aforementioned

patents and appli_cé ons describing non-zeoliti¢: molecular sieves.
Techniques wlﬁch_i5§§§y'be employed to effect..,.f__gﬁc-zdepositiqn or impregnation

of a non-zeolitic molecular sieve are general-l}g--;ﬁknown in the art.

The non-zeolitic molecular sieves may be admixed (blended) or provided

sequentially to otheé;.;iiiat_erials which may provide some property which is

beneficial under cert n process condxtxons, such as improved temperature

resistance or imp:_b -catalyst life by mxmmxzmg coking, or which are

simply inert under tt %_gp‘rocess conditions use’d‘ Such materials may include
synthetic or natural __-occumng substances as- well as inorganic materials such

as clays, silicas, alummas, crystallme alummosxhcate zeolites, metal oxides

and tmxtures thereof "In addition, the non-zeoliuc molecular sxeves may be

formed with materials uch as silica, alumma, dlca-alumma, silica-

magnesia, mhca-zu'coma,‘ 'sxhca-thona, szlzca-bery 'a, and snhca-tltama, as well

as ternary composmons, such as slhca-alumma __ hona, silica-alumina-

zirconia and clays présent as binders. The rela-____p > proportions of the above

materials and the non-zeolitic molecular sieves may vary widely with the

non-zeolitic molecu_l_;_i;r-s_j_ieve content ranging b ":egn about 1 and about 99
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-aI um nophosphat e AIPJerr] -

502 grams of 86% H[err]PCIerr] wer e added to a.stainless steel
bucket cooled in an ice bath. 240 granms of ‘dei oni zed

with stirring. Then 307 . grams of AI[G:[err]H[err] LREPESG_EWNg

dei oni zed ice were slowy added over a
one- hour tine per| od with stirringand hom)genl zafi )nzl@igm' 49980!

EXAVPLE

-ddded

A}

I on.

e

percent by weight of the coméo_site.

The above descripti_ons_,--_and---parﬁ_cu_larly,‘ the egiinpleS=are-set forth.for
purposes of illust_ra.t..i;szﬁ only 'a_nd are not meeurlt to-limit the invention. Many
variations and modi.fic-‘ati'ons thereof will be apé_é__i‘gnt to those 'of ordinary
skill in the art and can be made without depafiﬁig from the spirit and scope of

the invention herein described.
EXAMPLE1

17.82 kg of 86% HsPO were added to 8.59 kg of deionized ice in a stainless
steel drum with external cold water cooling.' 970 kg of aluminum
isopropoxide (Al{OC3Hyls) and 21.0kg of deioniiéd ice were added

simultaneously in smali increments over a 1.5 hour time period with nuxmg

~ using a standard mixing-impeller and homogemzatlon using a Polytron

3.49 kg of di-n-propylamine were then added slowly with mixing. An
additional 21.59 kg of Al{OC3H7]s and 18.0 kg i 1c__e__w_ere added in small.

increments over a four hour time period thh:._ xing/ homogenization,

followed by an addmonal 3 49 kg of dl-n-propylanune 2.30 kg of fumed silica

(Cabosil M-5) were then added with mixing/ homogeruzatxon until

>95 weight percent of the particles in the mix vere smaller than 64 microns

(by Coulter—Counter) Durmg the entire procedur,” the temperature of the



| gf

100 granms of an aqueous sol ution of 4096tetrapropy|annn IR&NA&HWEWYGHEET

" al um nunm phosphorus nolar ratio at this point was 0.34.]8p
tAl[OCCJerr]H err] and 46 grans of ice were then slowy pdde

that time period, a large gummy nmass “@rned in the mx ng vessel which

pl ugged up the honpgenizer and could not be redispers it
EXAVMPLE 7 — mbopreynever exceeded 3% r Themixiyreiad:thesfollowivg compositianss st eel
bucket cooled in an ice bath. 240 granms of deionized ice were then added

- (TPACH) wer e then added. The TPA/ phosphor us mol ar ratio
r
YZ s
twenty-minute tinme period with stirring and honogeni zati
the al um nuni phosphor us rml ar ratio in the mx was 0.43. -
with stirrinexpréssed iiGHolar ratio of oxides:

0.9 PryNH: 0.5 SiO3: Al,O3: 1.02 P205: 36 H,0

A 3-gallon portion .of :tﬁe mixture was placed in a glass-lined S-gaﬁon
autoclave and heatédg_to 190°C for three days with stirring at autogenous
pressure. The supernatant liquid was removed :and the product .filtered,_
washed with water, _@’riéd overnight at 121°C, _an_dl calcined in air for 8 hours at
593°C. X-ray diffraction analysis showed the product tobe SAPO-11, as
disclosed in U.S. Pat.-No. 4,440,871. Elemental analysis of the calcined sieve

showed it to have the following anhydrous -molar composition:
0.32 SiO3: Al;O3: 0.98 P;Os

ESCA analysis of the surface showed the following anhydrous molar

composition:

1.2 SiO7: AlxO3: 0.80 P5Os



grams of AlI[OCerr]Herr] plus 791 granms of deionized ice were slowy added’
over a -one-hour tine period with stirring and honogenization Using-a-
Pol yt r on. 400 grams of -an aqueous sol ution of 40%tet} AEEMENT SHEED
hydr oxi de (TPACH) were.then added. The TPA/ phosphorus atto-was]
0.18 and t he al um num phosphorus nolar ratio at this polnt waldsﬁjo.‘%%BM
grans of Alf[CCerr]H err] were thenZd owy added over alt o2 r

period with stirring and honogeni zation. ‘The final alfufi_num phaspharlis
mol ar ratio of the 29 mx was 0.98.
.The viscosity of the mx, "
t hroughout the procedure. -

¢ enai ned

The procedure of Example 1 was followed, except that gli-n-prbpylamine was
not added afté; the first970 kg of AL[OC3H7ls .'igfft_er about 60%, (19 kg) , of
the A{OC;Hylx was added, a large gummy ma__siSi‘j_i_fiérmed in the mixing vessel

which plugged x:1p the_{;homogenizer and could.not be re-dispersed.
EXAMPLE 2

109 grams of di-n-ptﬁéﬁamine was added to 134 _.-grams of deionized ice ina
Teflon beaker ‘i_n an ncebath 490 grams of Al{OC3Hy]s were slowly added with
homogenization usmga i’olytron. 282.5 grams:of_-'_;§5% H3PO4 and 609 grams
of ice were simultan_eq'_i_xjs.ly added in small increqign& to the mixture with
homogenization. 36 grams of Cabosil M-5 were then added with
homogenization. Themxxture had the following f_c'bmposition, expressed in

molar ratio of oxides:

09 P”NH 0.5 5i02: Al;O5: 1.02 P;0s:

The mixture was place‘__gl:'-ein a Teflon bottle in a stamless steel pressure vessel
and heated for 3 days_-a_,t::‘-190°C at autogenous pressure The supernatant liquid

was removed and the éjoduct filtered, washed with water, dried overnight at
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30 What is clained is: 1. In a nethod for preparing FyStal LI &EeT ‘
i --non-zeolitic nolecular sieve : havi ng a t hree-di nens{ off L E&ﬂ%r“ L

. framework structure conprising [AlJerr] and [P edrf units, whereln
..t he 'method for preparing the nol ecul ar sieve includeg tfg GCEASN
Preparing an aqueous reaction m.xt ure conprising at} Ileast one !
edctive source of phosphorus, at |east25 . one reacti

__;m num and at |east one tenplating agent,

121°C, and calcined in air for 8 hours at 593°C. . X-ray dnffracuon analysxs
showed the product to be SAPO-11. Elemental analysxs of the calcined sieve
showed it to have th__e_followmg j.mhydrous molar composition:

0.19 Si0z: Al;O3: 0.95. P05

ESCA analysis of the surface showed the following anhydrous molar

composition:
SiO7: Al;03:0.83 P;Os

In Examples 3 - 5 the intended non-zeolitic moi,eg:ular sieve product is

aluminophosphate AIPO4~11 as described in US Patent No. 4,310,440.

502 grams of 86% H3PO4 were added toa stainless steel bucket cooled in an ice

_bath: 240 grams of deionized ice were then add'f'j w1th stirring. Then 307
grams of aluminum xsopropoxnde (Al[OC3H7]3).,plus 791 grams. of deionized

ice were slowly added over a one-hour time penod with stirring and

homogenization using a Polytron. 49 grams. 'f I;.-n-pr_opylanune were then

added. The amine/phosphorus molar ratio wa ;.11 and the




and having a AI[err]O[efr] Plerr]Jerr] nolar ratio greater than 0.3; and

mai nt ai ni ng t he aqueous reaction m xture at.condi :
crystals of the mol ecul ar sieve to form the inpr ngEMENﬁrS"E g
controlling the : addi ti on of the phosphorus source} gerrTOmmSOUr C§,
and t he . tenplating. agent to the aqueous reaction i At %5 @gﬁtﬁ% % he
tenpl ating agent to the phesphorus nol ar&atio is greater] tih a
0. 05 before the al um num t-0. phosphorus nol ar rati o reachds lahout 2.

The method of Claim 1 whergin said nmolar ratio of the teny

agent to thdupriouphiphospherugimalasratio ah tlabmnmgs B0 571k
of alum numto phosphoru ches about 0.5. .

| ati ng

ratl o

Qeg___i__pd; with stnrnn nd homogenization. 'l'he fmal alummum/ phosphorus

molgr tatio of the ras 0.98. The vxscosxt-y.;_o____f the mix, measured at 50°F,
remained below 1 ;throughout the procedu:tj_'e.

EXAMPLE4
502 grams of 86%H Oq were added to a stainless steel bucket cooled in an ice

bath. 240 grams of deionized ice were then added with stirring. Then 307

grams of aluminu sdgrqpoxide (Al[OC3Hy]a) plus 791 grams of deionized

ice were sibwly '_aé;__lé over a one-hour time period with stirring and

homo‘géniza‘tién usm 'a'lPolytron. 20 grams of @i—n—propylamine were then
added. The amme Qgphorus molar ratio was 0.045 and the
" aluminum/ phosph molar ratio at‘his point was 0.34. 104 grams of

AlfOC3Hyls and 46 'iﬁt's;_fof ice were then slowly added over a twenty-minute

time period witk;,_;_:'._stirring;jg and homogenization. - At the end of that time

period, a large gumm mass formed in the mlxmg vessel which plugged up

the homogenizer an could not be redispersed..

t that point, the

aluminum/ phosphorus  molar ratio in the mix w;
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31 3. The: method of Claim2 wherein said nmolar ratio of the tenplatl
“agent to the phosphorus is greater than about 0.2 bef qre==feE D]

of alum numto phosphorus .reaches about O.5. 4. Tha 7

2, or 3 wherein said nolar ratio of tenplating
IS present in the reaction mxture before the
al um num to phosphorus i s -greater than &out 0. 3. 5.
"Claim 1l wherein said alum num source is sel ected

consi sting of alum num al koxi de or mﬁg@isﬂm te. 6.§
Claim5 wherein said al um num al kox m num

-t gr oup
The nethaod

502 grams of 86% HaPO4 were added to a stainess steel bucket cooled in an ice
bath. 240 grarr___::js_s..qf dexomzed ice were then addedthh stirring. 105 grams of
Catapal alumina (73wt% Al 03, 27 wt% HO ;;:.;Vailable from Vista Chemical,
Houston, Texas) and 791 grams of deionized ice: were slowly added with -

stirring and homogemzatmn over a 90-minute time period. At that point,

the viscosity of-.:;t___,he measured at 16°C, had risen to 29,000 cp. 98 grams of
di-n-.propyla-ni‘ine‘ were then added. The amine/ phosphorus molar ratio was
0.22.and the alummum/ phosphorus molar ratio at that point was 0.34. The
viscosity of the mix’ fell to 15,000 cp and dxd not go above this value durmg

the addition of 192 more grams of Catapal alununa (to reach an Al/P of 0.97)
and 250 grams of ice

In Examples 6 -:a‘ﬁ_d. 7the intended non-zeolitic molecular sieve product is

aluminophosphate A1P04—5

502 grams of 86% H3PO4 were added to a stamless steel bucket cooled in an ice

bath. 240. grams ¢ of. denomzed ice were then added with stirring. Then 307

grams of Al[OC:;H_y]:_;_;_;:-plus 791 grams of dexomz_g. I'ice were slowly added over a



&
K |
| sopr opoxi de. 7. The method of Claim1l wherein tF

_ : -agﬁpgmmu‘é\ﬂﬁ
further conprises a reactive source of at |east
capabl e of formng stable MO P, MO-Al, or MOMDb nds bgg 6
crystalline t hree di nensi onal oxi de structures. _ ‘r@t h

_of d aim 7 wherein said el enent

%el ected fromthe
.consi sting of arsenic; bery_l__l I um boroﬁ

chrom um cobalt)|

qar nnn

one-hour time perio -y_vzth stirring and homogenization using a Polytron.

100 grams .-'off_;-an;_{aiqu us solution of 40% te&apropylanunonium hydroxide

(TPACH) were ¢ dded The 'I'PA/ phosphorus molar ratxo was 0.045 and

the aluminum/ plﬁiqs_pk_:\orus molar ratio at thgs .pomt was 0.34. 82 grams of

rams of ice were then slowly added over a twenty-minute

time period with_gst_lgn__gg and homogenization. At the end of that time

period, a large gummy: mass formed in the mixing vessel which plugged up

the -homggeniier-_- suld not be rédisperse’g:l_; At that point, the

aluminum/ phbs?hotns?&:molar'ratio in the mix was 0.43.

502 grams of 86% 204 were added to a stainless steel bucket cooled in an ice

bath. 240 grams of deionized ice were then added with stirring. Then 307

791 grams of deionized ice were slowly added over a
one-hour time perio wffh stirring and homogenization using a Polytron.
400 grams of an a €0 solution of 40% tetrapropylammomum hydroxide

(TPAOH) were the 'added The TPA/ phosphorus molar ratio was 0.18 and

the aluminum/ phosphorus molat ratio at this: pomt was 0.34. 571 grams of

Al[OC3Hy)s were the ;slowly added over a two-._.__'our time period with stirring

and homogem_zatn_o:__'__ I__l}g._lfinal aluminum/phosphorus molar ratio of the




.32 _ gallium germanium. iron, lithium nmagnesium pese

-silicon, - titanium vanadium and zinc. - 9. The tREBHAWE@Taﬁﬁg ]
‘wherein element "M is selected fromthe “group consj sftng oT

si.l'icon, magnesium nmanganese, cobalt, or zinc. . 10. Th ?’? aiim
9. V\herel n element "M |s SI on. 11. T&e met hod of C &iA wherein

'sai d tenpl ating agent: juat er nary amoni um or §u Re-y

hos honi um ¢ ound haV| nl foll owi ng fornul a:
p p %’Q 8 o g 9
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Rl err] X+ . wherein X |s nitrogen or hos horus and ‘each Ris .an al kyl
or aryl : group contai ni ng fr mm atoms ' -4 '
met hod of Claim1 wherein the orga ent is nRéﬁ.AClEiﬁEﬁLtﬁHﬁ T
13. The method of Caim1 wherein the® terrpl atrng agent i syselected from '

the group consi.sting of tetramethyl ammoni um ‘tetraethyl ammpnju@2 OCT 1996
t et r apr opyl ammoni um and t‘et r abut yl anmoni 3h i ons; : -

‘tetrapentyl ammoni um i-on; di - n- propyl am ne; tripropyl am ne';"-:
What is claimed is: -

1.  Ina -met__ljg'(_i___,f_ox_' preparing a crystalli‘fx_iﬁe;_ non-zeolitic molecular sieve
having 5;:_';{'@f§é-lllmensional mi'cropofl'_)_us framework structure
compi"iSit}g-:-i _-.[A;lOz} and [PO3] units, vlv.-l_le‘r_ein the method for preparing
the molecular sieve includes the stéggj'pf preparing an aqueous reaction
mixture -co_xjﬁprising' at least one reactiﬁe-:source of phosphorus, at least
one réa__ct;i_:}.ie{f.-__s"purce of aluminum, ancl ‘at least one templating agent,

- and havmg a 'Al203 :P20s molar ratio greater than 0.3; and maintaining
the aqueous ffe_ac_tion mixture at conditions suitable for crystals of the
mo_lec_t_‘_‘g_lar §i_e§e to form, the improvement comprising controlling the
addition of -fhe phosphorus source, al'ziminum source, and the
templatmg agent to the aqueous reaction mixture so that the
templatmg agent to the phosphorus molar ratio is greater than about

0.05 before the aluminum to phosphorus molar ratio reaches about 0.5.

2. The method of Claun 1 wherem said. molar ratio of the templatmg
agent to the phosphorus is greater than about 0.1 before the mole ratio

.of aluminum to phosphorus reaches about 0.5.
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33 " triethylam ne; triethanola cycl

nmet hyl pyri di ne; N, N-di net hyl benzyl am Wﬂ"m'ﬂ""m ﬂ! thyI t

di cycl ohexyl am ne; N, N-di net hyl et hanolsamen 22 0CT 199

N, N-di met hyl pi per azi ne; 1,.4- di azabi cycl o- (2, 2, 2) - oct ane N%w

met hyl di et hanol ami ne; N rret hyl et hanol a-gq ne; N- met- hyl pi perii nbe 3
4-

met hyl pi peri di ne;. N-net hylcycl ohexyl am'ne; 3-methyl pyridin

net hyl pyri dine; qui nucl'idine; N N -di met hyl - 1, 4- di azabi cycl'6- (2, 2, 2)

octane ion;3, di “Ph@kﬂéfhamdf@laﬁﬁqpﬁhbyéxﬁ%@mdar FutioPof ﬁ{eat@hﬁ:f!atmg
i sopropyl am ne; di-isopropylam ne; t-butylanine; ethylenedia

pyrrolidine; 2- '&&ﬂ%ﬂ'&@%ﬁspﬁéﬁs% %?éa)é@ieﬁ-la% £Vt V2 BELSr RO ratio

of aluminum to phosphorus reaches about 0.5.
4.  The methpglj.--g_f};(!laim 1, 2, or 3 wherein said molar ratio of templating
agent to phosphorus is present in the reaction mixture before the .

molar ;a_tid;fq'f_'._ glum_inum to phosphorus is greater than about 0.3.

5. The method of Claim 1 wherein said aluminum source is selected

from the group conszstmg of aluminum alkoxide or pseudoboehmite.

6. The methoéfi_éf.._zjc;-l_aim 5 wherein said aluminum alkoxide is aluminum

isopro‘p_oxi&é‘.

7. The mgt_hod*}qf Claxm 1 wherein the aqueous solution further

comprises ai-'reéétiVe source of at least one element "M" capable of

forming stablei M-O-P M~O--Al, or M~O-M bonds in crystalline

three dxmensxona :-.ox1de structures.

8.  The met'héd-=___o__£"-f¢iai'_m 7 wherein said element “M" is selected from the

group consxstmgof arsenic, beryllium, borpn, chromium, cobalt,




sal t ?(C[err,]H[err]N[err])(G—i)[err]

x _has aiva :
. 14, The nmethod of Caim1l wherei. nJ ﬂl’”’g’, ;ﬁiﬁc@%’c%‘?‘bf
i produced is an al um nophosphate a Pat BN
4,310, 440. 15. The nethod of C aim 14 wherein the:nop-f ztgcq' mgéecrl jar
sieve ' . produced is AIPJerr]5, ALPdJ&rr]-11, AIPq hrr -31, or
AlPJ err]-41. - .16._ The nmet hod of CIé?ml V\/nerelnthe noTT=ZzeotTtTC
nol ecul ar si eve : produced is a sili coal um nophogphate as cl ai med n .

U S. Patent No. 71.
- gallium, germaiuum, xron, htiuum magnesxum, manganese, sxhcon,

titanium, vanadium, and zinc.

9. The _mefho_d of Claim 8 wherein element "M" is selected from the

group consisting of silicon, magnesium,; manganese, cobalt, or zinc.
10.  The method of Claim 9 wherein element "M" is silicon.

11.  The method of Claim 1 wherein said}ft_e_mplating agent is a quaternary
ammonium or quaternary phosphonium compound having the
following formula:

RgX+
,whé;‘e_in X is nitrogen or phosphorus a‘_x_;_d each R is an alkyl or aryl

group containing from 1 to 8 carbon atoms.

12.  The method of Claim 1 wherein the organic templating agent is an

amine.

13. .The method of Claim 1 wherein the tenjg}ating agent is selected from
the group co‘,r_.i's.iéting of tetramethylam@énium, tetraethylammonium,
tetrapropylamimonium and tetrabutqux’ﬁ,’;’_nonium ions;

tetrapentylammonium ion; di-n-propy!a’iﬁine; tripropylamine;
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34 17. .The method of Caim 17 V\,here'i‘” The non=zeot i'tﬂEPMWWTetes
produced is any one or nore of SAP ﬂaﬁﬂ)w i@ SAP!

18. The nethod of Cai m1 wherei n ‘ ljequl &f\m
proud is a silicoaluni nophosphat e ‘as *C l’ %8

4,943, 424.

14.

15.

16.

1.

trent

iethanolamine; piperig;li_ne; cyclohexylamine; 2-
N,N-dimethylbenzylamine; N, N-

dnethyleth nolamme, dxcyclohexylamme, N N-d:methylethanolamine, S
cholme,_.;N@______c_limethylpxperazme, 1,4-__(1__1__az-ab1cyclo-(2,2,2)-octane, N- .

methyldigfﬂéﬁpl-amihe;- N-methylethanolamine; N-methylpiperiine; 3-

méthylgipgggque; N-methylcyclohexy_l___amine; 3-methylpyridine; 4-
methylpﬁidiné;;'quinuclidine'; N,N'-dimethyl-14-diazabicyclo-(2,2,2)-

octane ion; di-n-butylamine; neopentylamine; di-n-pentylamine;

isopropylami di-isopropylamine; t-butylamine; ethylenediamine;
pyrrolijdihe;.-'z fhi_dazoli'done; and a polyimeric quaternary ammonium

salt [(Cul-!azfy (OH))x wherein x has a value of at least 2.

The met_hqgf:{_affélaim 1 wherein the non-zeolitic molecular sieve

produééd-}ié--;. luminophosphate as claimed in U.S. Patent No.

4310440.. .

The metho_d_“ E‘f._f.__l_aim 14 wherein the non-zeolitic molecular sieve

produced is AIPO;-5

AlPO4-11, A1P04-31_,10_r AIPO¢-41.

The method im 1 wherein the non-zeolitic molecular sieve

produced is ,:__§i!§;go§luminophosphate as:claimed in U.S. Patent No.

4,440,871. .
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