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ptesen , an as-synthesxz d empirical chermcal cemposmon on an anhydrous

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

20, whereinf"-R‘.‘ -répr.es east one organic templatmg agent present in the

mtracrystallme por syst m"” represents the moles of "R" present per

mole of (SxxAlsz)Oz-fand has a value of from zero to 0.3, the maximum value
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""eége-.depending upon the molecular dizifiensions of the templating

he avallable void volume of the po :-"}:-;_system of the particular

sxhcoalummophosphate species involved; and "x”, "y", and “"z" represent the

"a"tnons of silicon, aluminum and phosphorus, respectively, present as

tetra dral oxxdes The minimum value for each of "x", "y", and "z" is 0.01

and-: efera'bly 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

: and al mmophosphates

10

U:--s'--Péi'ﬂént' No. 4 943,424, issued on July 24, 1990 to Miller the entire

chsclosure of whxch is incorporated herein by reference, describes a crystalline

s1hcoalummophosphate molecular sieve (desrgnated therem as "SM-3")

hav-_x-n_g__-;@n-;as_ §.ynt_,hesxzed composition empirical qhemxcal composition on an

1 anhydrous basis of:

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

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

mole of (SixAlyP;)O; and has a value of from 0. 2102, and "x", "y", and "z"

represent the mole fractions of silicon, aluminum and phosphorus,
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resp:ectively, present as tetrahedral oxides. The minimum value for "x" is
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.

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 m-the_ as-synthesized and anhydrous form is represented by the

unit empirical formula:
mR: (TixAlsz)O;

wherein "R" represents at least one organic templating agent present in the
intracrystalline pore system; “m” represents the moles of "R" present per

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
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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' __ork structures of [MO, ] [AIO;] and{" ].-_ tetrahedral units and having

- an' mpmcal chenucal composition on an anhydmus basis expressed by the

formula
mR:(MxALP,)O;

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

"'t’_al_-l‘ine__{pj'pi_xfe'-;:system, “m" represents the ‘moles of "R" present per

mole M,Alsz)Oz and has a value of from zero to 0.3; "M" represents at
| least 3 __ne 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.

|82 S Pat No. 4 544, 143 the entire disclosure of whlch is incorporated herein
by reference, descnbes a class of crystalline ferroalununophosphate non-

zeohtlc molecular 51eves having a three-dlmensxonal microporous

rk- structure of [FeO3,]} [AlOz] and [P.zl etrahedral units and havmg

an-'empl_;l;cal c.he_mcgl_ ___.CQmpOSItIOII on an anhydrous basis expressed by the

formula;:

mR:(FexAl, POz -
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wherein "R" represents at least one organic t,e_r;‘xiglating agent present in the
intracrystalline pore system; “m" represents thé.-. 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, alumiq.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 desi___g__-ned therein as "FCAPO"

10 (denoting "Framework Constituents"), having'__a. three-dimensional
tetrahedral framework composed of [AIO,], {PO,), and [MO,] .uni-ts and having
an empirical chemical composition on an anhydf,ous 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 systém; "m" represents .fh?z-;'_'.;l'_I.\OleS of "R" present per

mole of (MyAl,P,)O; and has a value of from---.z.ész 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" rgp;.esent the mole fraction of
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"M ?lurrﬁnum, and phosphorus, respectively, present as tetrahedral oxides.

U S Patent No. 4,973,785, issued on November 27 1990 to Lok et al., the entire

'dlsclosure being incorporated herein by reference, discloses a class of

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

units where element "EL" is at least one elem.e.tit capable of forming a

three-dxmensxonal oxide framework in the presence of aluminum,
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,

énd-;i EI:...fO-,EL bonds in crystalline three-dimens_j?nal oxide structures.

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

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

silicoaluminophosphates) and the other eleme_q; )_._, if any, required in the

molecular sieve. The reaction mixture also preferably contains an erganic

templ_a_t_ing, i.e., structure-directing, agent, prefi ably a compound of an
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element of Group VA of the Periodic Table, and/ or optionally an alkali or
other metal. The reaction mixture is general-!g ;p{aced-m a sealed pressure
vessel, preferably with an inactive metallic surface or alternatively, lined with
an inert plastic material- such as polytetrafluereethylene and heated,
preferably under autogenous pressure, at a temperature 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_tarr\__ed-. Usually this is for a pieriod
of from several hours to several weeks. Bffeefiye crystallization times from
about 2 hours to aﬁout 30 days ;re generally erx?}ployed. The molecular sieve
is recovered by any convenient method, for earemple, centrifugation or

filtration.

In preparing the hydrous gel, it has been re._por'ted by Romarneni and Roy

(The Role of Gel Chem’iStry in Synthesis of ¢ lummophosphate Molecular
Sieves, Zeolites, vol. 11, Feb 1991 Pp- 142-148) -that the gel's chemistry is
essentxal in the a-lur_run_o_p_hosphate s forma-h_qn.;_; On a laboratory scale where
reagents are readily mixed, the crystallization methods described in the
aforementioned patents-have been effective m éreducing non-zeolitic

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

synthesis techniques require the constituents l?:éfcqmbined over a

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

the phosphorus source :_t__,l'fuere is a voluminous:coagulum of an aluminum
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speci.é‘ or species; resulting in a final mixtute;'fhat -is thick 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 .cqqgulatlon.

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

reagent, in solid form, from the solution.

Among other factors, when a crystalline, npn-z}é'__e%dlitic 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
51gmf1cant amount of the aluminum source is added This reduces the

precipitation of the aluminum and thereby the qu'ﬁmat-xon of a viscous gel.

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

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

) me, 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 preparmg an aqueous reaction mixture comprising at least one

reactive source of-.phosphorus, at least one reactive source of aluminum, and

at; le_ast one templ 1 g agent and having a AlyO3 : P2Os molar ratio greater

than 0.3; and mamtaxmng the aqueous reaction.-mixture at conditions suitable

for crYstais of t-h"é :riidleeulat sieve to form, the éimprovement comprising

controllmg the addmon of the phosphorus source, aluminum source, and the
templatmg agent to the aqueous reaction nuxture so that the templating agent
to the phosphorus molar ratio is greater than ab_put 0.05 before the aluminum
to thSphorus mqlef zja_tio reaches about 0.5. Preferably, the phosphorus is
present in the aqueous reaction mixture before the aluminum source is

added.

One preferred group ;gflnon-zmlitic molecular si’éves to be produced by the
process of the pre__,_se_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 Col R R
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All_’.g,;ﬂ:i,- The_;;p;f;eferred organic templating agents for the synthesis of the
A1P04'sare tetragthylammonium hydroxide, stetrapropylammonium

hyd;qgg;ide, diethylethanolamine, di-n-propylamine, and tripropylamine.

A second preferred group of non-zeolitic molecular 31eves to be produced by
the: process of the. present invention is the sxhcoalummophosphates (SAPO's)
claimed in uUs. Pat. No. 4,440,871, desirably SAPO—S;, SAPO-11, SAPO-31,
andSAPO—41, andmost desirably SAPO-11. The prefer-?ed organic templating
,ag,ex_,\_t_'_e '_fox.'_.,th__e 5ygt!1esis of SAPO's are tetraet;k{f;ifa_mmoqium hydroxide,

Eetpé;f;ij:ﬂamm@tﬁum hydroxide, diethane_l-’alili-ne, and di-n-propylamine.

The term “non-zeolitic molecular sieves” as used herein has the same
meaning as given in U.S. Patent No. 4,861,743, columns 5 and 6, the
disclosure of which is ihcorporated herein by 'ré.f.fé..l_'.ence_ and the inclusion of

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

The molecularzsi'es‘__r_ee 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

[AIO;] and [POy) umts Optionally, these nucro us molecular sieves may

11
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ind-u‘de with the aluminum, phos,p,horus and, m _th_e case of the
Siliéoaluminophosphates, silicon one or mofg.f...,_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; 4567029 4,686,093; 4,943424; and
4,973,;?85.

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
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.

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

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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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 ..t_o 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 example, :ygpu,ld include the addition of small amines to

supplant the extensi,ve.}ﬁée 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 o et @ S A T e e et T R ——
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sieve; such as, the amount and types of reagents, crystallization temperatures,

etc., but, it is critical to the insiant inventibﬁ'--itijgifthe molar ratio of the
templating agent to phosphorus in the reactipx_i;'_;:__.mixture be greater than about
0.05 before the molar ratio of aluminum to phd.sphor.us in the reaction
mixture is greater than about 0.5. Subsequently, in crystallizing the targeted

non-zeolitic molecular sieve, the reaction m1x __re should have the proper

molar amounts and proper conditions shoul__g_l be maintained for producing

the targeted molecular sieve.

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,
compositions of U.S. Patent No. 4,310,440. .(;Zo:ns_/ent_ional phosphorus salts,
such as sodium -metaphosphate, may be used,_a.tgg_al__east in part, as the
phosphorus source, but are not preferred. |

Sources of aluminum used in zeolite synthesi s uch as, gibbsite, sodium

aluminate, alum, and a-l_nminu-m\"trichloride can be employed equally

effectively. Preferably the aluminum source : i it-her pseudoboehmite or an

aluminum alkoxide, such as aluminum isopropoxide. Crystalline or

14
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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
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 reaction mixture used in the proc_-gs{pf the present invention also

contains at least one organic templating agent. tThe organic templating agent

- can be any of those heretofore proposed for use in the synthesis of

conventional non-zeolitic molecular sieves. In.general these compounds
contain elements.of Group VA of the Periodi__c:?rable of Elements, particularly
nitrogen, phosphorus, arsenic and antimony, pé;gférably nitrogen or
phosphorus and most preferably nitrogen, whxch compounds also contain at
least one alkyl or aryl group having from 1 to _8ﬁ'i§:?ar.ben atoms. Particularly

preferred compounds. for use as templating agents-are the amines, quaternary

phosphonium and qgaternary ammonium unds, the latter two being

represented generally by the formula RyX+ wh n "X" is phosphorus or

nitrogen and each R is an alkyl or aryl group fcon'iaini-ng from 1 to 8 carbon

atoms. Polymenc quaternary ammonijum salts' E'Chlas [(C14H32N2)(OH)2]x

wherein x has a value of at least 2 are also suxtably mployed. The mono-, di-

15
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and tri-amines are advantageously utilized, e,_i.t-l___\__g:'.alone, or in combination
with a quaternary ammonium compound or ot—_i,__iei% templating compound.
Mixtures of two or more templating agents can giiher.produce mixtures of the
desired non-zeolitic moleéular 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(;iude |
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-diaz._abicyclo-(2,2,2)-octé_;\e; N-methyldiethanolamine;
N-methylethanolamine; N-methylpiperiine; 3-@§thyl,piperidine; N-
methylcyclohexylamine; 3-methylpyridine; 4-m§thylpyridine; quinuclidine;
N,N'-dimethyl-1,4-diazabigyclo-(Z,Z_,Z)—octan_e ion; di-n-butylamine;
neopentylamine; di-n-pentylamine; isopropyla@ii;e; di-isopropylamine;

t-butylamine; ethylenediamine; pyrrolidine; and :_"mid.a_z.olidone. Not

every templating agent will direct the form_ationf___ f ‘every species of non-

-zeolitic molecular sieve but a single templating ag t can, with proper

manipulation of the reaction conditions, direct th ormation of several non-

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

" . This Sheet Has Been: Rerlaue
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‘When the liquid re

-“chlorides, bromide

sieve-.qémpos_itjgn < -produced using severélli__;gi_ff,eren_t templating agents.

mixture is to contain a source of one or more

elemgnts, M, .'wher: represents an element éai_?able of forming stable

MP.M M-—-O—M bonds in cr alline three dimensional

oxide s.truciures, th nt(s) may be.added to:the reaction mixture in any

form which penmt tmatibn in situ of a reactive form of the desired

the-elements prese

'elen._ie_nt_s whxch ma ployed include oxides, élkoxides, hydroxides,

ides, sulfates, nitrates, ca,xjéégylates (e.g., acetates) and
fhe Iik_e.. '.Ex-amp_leS
_bery-lligrxiﬁ.:bgfon, c
magnesium, manga con, titanium, vanadxum, and zinc. U.S. Patent
No. 4,973,785 descnb ';p.es of materials thatmay be synthesized and
their method of’-pfg?_ 1 wnth greater specnfxcnty
These’ additional elem ts
all of the reagents and there
reagents either smgularly

two or more reagen

identity in the inte_r:_"
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intermediate: mixt

o

reagents are involved in chemical reactions to produce new reagents. The

term mlxture is | d in both cases. Furthermore, it is preferred that the
s well as the final reaction mixtures be stirred until

subgtaix_\t_iélly-_ homq us. Preferably at least80%. and preferably 90% by

w_e'ig'hf of these ga -and especially those of alununum and phosphorus

sources, in the reactio xture prior to crystdl_lij;atfion of the molecular sieve
are less than 80 m nd preferably less than65 microns, in diame_ter..
Whe__'n ‘the particle reaction mixture are Iafgér than that specified, they
are p:éfgrabiy reduc size by using, for examél__g, a hxgh shear mixer.
Mixérs s;ii_t_able fo ocess of the inventio-_n. -iitciude, for example, high
freqqgncy_mechafﬁ"c' ices such as stator-rotpf systems, and energy mills,
such-...é_s_ those desc pages 8-43,44 of Chemxcal Engineers' Handbook,
Fifth..Edi:t;_iic'.n_}_-_; Mc Hill Book Company. Atypxcal stator-rotor device
useful for this i,n__x_?é he IKA UTC '1’1'1.:_5-6,-3j séﬁerator, made by Janke and

Kunkel, GMBH and
A variety of analyti |

me thods are available to practitioners for determining

the size of small particles'in’ aqueous media. One such method employs a

Coulter Counter, ses.a current genera_teti platinum electrodes on

two sides of an-ap;e'_,_rt_u_l" ) un_t the numbe_;-,_ and determine the size, of

through the apertur 1e Coulter Counter is

described in more d tai ].ﬁ'.K Beddow, ed., Pai é.Cha-r!acteriz,atiqn in

%

18
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| Technology, Vol 1 Apphcatlons and Mlcroanalysxs, CRC Press, Inc, 1984,

p. 183-6, and in T. Allen, Particle 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

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,‘Lonqui: Chapman and Hall, 1_9__8.-_1; pp 175,176.

In the process of gﬁé_;p_r.es_ent invention, the reac';t-ipg mixture is generally
placed in a sealedpressure vessel, preferably wi_tﬁ en inactive metallic surface
or alternatively, hned wifh an inert plastic mat_eitjgi such as
polytetraﬂuoroethfylei;\_e:(te avoid contaminatior};_g_f the reaction mixture) and
heated, preferably ﬁnd__e_t autogenous pressure, ata temperature between 100°
C. and 300° C., and: Piéf_,erably 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

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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zeolitic molecular sxeve species to be produced

compositions, stirring or other moderate agitation of the reaction mixture

and/'or.- éeeding the'sfeaction mixture with seed ¢ stal's': of either the non-

: a topologxcally similar

alummophosphate, alummosxhcate or molecular_.__ ieve composition,

facxhtates the crystalhzatlon procedure. The product is recovered by any

convenient method such as centrifugation or hltranon

- The non-zeolitic mo_lgcular sieves may be chara__c'tlé_lgjzi_z_ed'.by their X-ray powder

diffraction patterns,!-‘i'?.'e_.. the various crystal forms. of each non-zeolitic

molecular sieve, for; : _;ample SAPO-11, SAPO-4‘1" t e'tc may be identified and

B dlstmgutshed from one another by their X-ray powder diffraction patterns.

15

20

Identrflcatlon of the non—zeolxhc molecular sreves usmg this technique is
standard an_d wellrknown in the art. This teehmg_ue may also be used to
det_ernrine'the puri,t'y;ifof the synthesized non-zeolmc molecular sieve product
by _refere'nce.to its )._(-.r:e':y powder diffraction pattern Thus, for example, if a
sam_ple is stated to be pure, it is intended only tomean that the X-ray pattern
of the sample is freeof lines attril:_ut_able to crystallme impurities, not that

there are no amorpl'-,\'o_us materials present.

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

and advantageously washedW1th water and drl ter synthesis and

(optionally) calcin_at_,i_or?j}, a non-zeolitic moleculé sieve produced by the

20
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process of the preseht invention may be modi'fi_'f_e_'__:él_é:}by _depositing or
impregnating the non-zeolitic moleculaf sievé thh cations, anions or salts so
as to improve its efficacy as a catalyst in the V.‘-jr_:igﬁs prqcésses in which non-
zeolitic molecular sieves are useful, as described in the aforementioned
patents and applications describing non—zeqli§i§};molecular 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
sequentially to other materials which may provxde some property which i§
beneficial under certain process conditions, sui,c.h_'as improved temperature
resistance or impr'oved 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
as clays, silicas, aluminas, crystalline aluminosjliégte zeolites, metal oxides
and mixtures thereof. In addition, the non-zeg§§§¢ molecular sieves may be

formed with materials such as silica, alumina -a-alumina, silica-

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

as ternary compositions, such as silica-alum oria, silica-alumina-

zirconia and clays present as binders. The rela ve proportions of the above

materials and the non-zeolitic molecular sieves

non-zeolitic molecular sieve content ranging b ween about 1 and about 99
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percent by weight of the composite.

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 AI{OC3Hy]; and 18.0 kg ieé ."ér.e 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 mixing-/hqmbéenization 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

22 —
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mixture never exceeded 30°C. The mixture h_ad '_;he following composition,

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
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

ESCA analysis of the surface showed the following anhydrous molar

composition:

1.2 5iOz: Al;O3: 0.80 P:0s
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The procedure of Example 1 was followed, except that di-n-propylamine was

not added after the first 9.70 kg of AL[OC3Hy); . After about 60%, (19 kg) , of
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

109 grams of di-n-propylamine was added to 134 g;ams of deionized ice in a
Teflon beaker in an ice bath, l490 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 '
homogenization. The mixture had the following E-;émposition, expressed in

molar ratio of oxides:

09 PryNH: 0:5 51052 AlpOy: 102 P;05: 36 H20

The mixture was placed in a Teflon bottle in a stamless steel pressure vessel
and heated for 3 days at 190°C at autogenous pres u re The supernatant liquid

was removed and the prgglqgt_fﬂtergd, washed : ' ater, dried overnight at

24
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121°C, and calcined in air for 8 hours at 593°C. X-ray diffraction analysis
showed the product {0 be SAPO-11. Elementa;.-{a-?lalysis of the calcined sieve

showed it to have the following anhydrous molar composition:
0.19 Si0,: Al,Os: 095 P05

ESCA analysis of the surface showed the following anhydrous molar

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

In Eggﬁ\ples 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 addgg% with stirring. Then 307
grams of aluminum i‘So;propoxi;le (A1[0C3Hy]3)plus 791 grams of deionized
ice were slowly added over a one-hour time penod with stirring and
homogenization using a Polytr-on.. 49 grams of gifi-n-progylanﬁne were then

added. The amine/phosphorus molar ratio wasGll and the

25
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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,

remained below 100 ¢p throughout the procedure

502 grams of 86% HaP-O; were added to a stainless steel bucket cooled in an ice
bath. 240 grams of deionized ice were then add‘e_'_cj with stirring. Then 307
grams of aluminum isopropoxide (AI[OC:;HZ];;;)- plus791 grams of deionized
ice were slowly addeql over a one-hour time perxod with stirring and
homogenization using a Polytron. 20 grams of dx-n-propylamme were then
added. The amine/phoSphoms molar ratio was 0,045 and the
aluminum/phosphorus molar ratio at this point_;_'.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 mixiing%.tvessel which plugged up
the homogenizer and could not be redispersed. "'At that point, the

aluminum/ phosphorus molar ratio in the mix wa' 0 45.
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502 grams of 86% H3PO4 were added to a stai-nl_éé#. steel bucket cooled in an ice

bath. i40 grams of deionized ice were then addea' with stirring. 105 grams of

: Catapal alumma (73 wt% Al 03,27 wt% HyO - avallable from Vista Chemical,

Houston, Texas) and 791 grams of deionized ice were slowly added with

- stirring’ and homogenization over a 90-minute t-une period. At that point,

the viscosity of the le, 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
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 a';dd}tiw of 192 more grams of Catapal alumma (,io reach an Al/P of 0.97)

and 250 grams of ice,

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

aluminophosphate AIPO,-5.

. 502 grams of 86% H3POy4 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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. .'2_'(_5‘, - Al[OC3Hy); were then slowiy added over a two-hour time period with stirring

c 0

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

100 grams of an aqueous solution of 40% tetrapropylammomum hydroxide

(TPAOH) were thEI:_l added. The TPA/ ph_osphpx_f_ps molar ratio was 0.045 and

the aluminum/ phdsphorué molar ratio at this _péint was 0.34. 82 grams of

Al[OC3Hy)s and 46..fg‘r_ei_ms of ice were then slo.wlx; 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 up

~ the homogenizer and could not be redispersed. At that point, the

aluminum/phosphorus molar ratio in the mix was 0.43.

: 502 grams of 86% -H;Pm 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
grams of _Al[_OCgH}]},‘ plus 791 grams of deionized ice were slowly added over a

one-hour time period with stirring and homqgeﬁizatien using a Polytron.

- 400 grams of an aqueous solution of 40% tetrapropylammonium hydroxide

(‘I'PAOH) were then added. The TPA/ phospl;\o;’ﬁé_molar ratio was 0.18 and

the aluminum/phosphorus molar ratio at this p;q'@t was 0.34. 571 grams of

o and homogenization. The final aluminum;[:ghb?ﬁhorus molar ratio of the

e . 28
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mix was 0.98. The viscosity of the mix, measured at 50°F, remained below 100
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hosphorus is greater than ‘about 0.1 before the mole ratio

hosphorus reaches about:0.5.

; 20 :
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'f;claim 2 wherein said xﬁblar ratio of the templating

agent to the bosphorus is greater than about 0.2 before the molar ratio

to phosphorus reaches abput 0.5.

s 4. The method of Claim 1, 2, or 3 whereiﬁ;:i_sgid molar ratio of templating

agent to p gh__orus is present in the reaction mixture before the .

aluminum to 'phosphon'zlg-_l_ is greater than about 0.3.

£ Claim 1 wherein said aluminum source is selected

10 Ip consisting of aluminum alkoxide or pseudoboehmite.
6 The method. of Claim 5 wherein said aluminum alkoxide is aluminum
15 7. " aim 1 wherein the aqueous solution further
comprises a feactive source of at least one element "M" capable of
forming s.ta_- f--O--P, M~-O--Al, or M—-ﬁQ--M bonds in crystalline
three dimensional oxide structures. |
20 8.
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gallium, germanium, iron, lithium , magnesium, manganese, silicon,
titanium, vanadium, and zinc.

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

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

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

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

ammoniurj\ r quaternary phosphonium compound having the
following formula
RgX+

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

ing from 1 to 8 carbon atoms.

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

amine.

The method?fbféfc'-flaim 1 wherein the tempiating agent is selected from

the group consxstmg of tetramethylammomum, tetraethylammonium,
tetrapropylammomum and tettabutylammomum ions;

tetrapentylammomum ion; dl-n-propylamme, tnpropylamme,

e
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triethylami;;;e; _fr,_i__’ef_hanolamine; _piperi_d_ine; cyclohexylamine; 2-
| methylpyé;i;ine; N,N-dimethylbenzylamine; N,N-
_ diethyleth;;__:liclamii\_e;_ dicyclohexylamir__ge; N,N-dimethylethanolamine;
choline; I*I:é}‘ﬂédimethylpiperazine; 1,4-d-;gzabicyc__lo-.-(2,2,2')-octane; N-
] methyldie}t‘j;t}__t_a_nolamine; N-m_ethylethaniglamine; N-methylpiperiine; 3-
z methylplip‘: :idine: N-methylcyclohexylamine; S-methylpyridine; 4-

octane 1on, dl-n-butylamme, neopentylamine; di-n-pentylamine;
1sopropy-lagppe, 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,

— 33
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| 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-41, .

18. The method of Claim 1 wherein the non-zeolitic molecular sieve
p;oduc,_edjé a silieoaluminOphosphate as claimed in U.S. Patent No.

4943424,
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