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;_"i .. ::.<:··METJiOD OF MAKING MICROPQROUS 

. >.t<:}NQN .. ZEOUTIC MOLECULAR SIEVES .····· .. :,.. .. . :· . 

j. 

· .\:_/BACJ<GROVND OF THE INYENIION ::··· .. ·.· 
.. -;' 

: ·'Th;~;-pr~s~nt-:inve~ti6.i;i)elates to a method for Ule synthesis Qf non-zeolitic .\ ..••• ·:_, · .•.. : . · .• ~ ,·.::·· • ;: :: • ·: .. • . -~l .: .;· .· ... : .•· . 
.. ; ... ·:· 

:· ~.9l·~~~r-'..~iev~$.'..-:::~OJ:'~. particularly, the method relates to non-zeolitic . ·~.:._::.:\: 
~ ;.: .... -~. 

in91~s~l~r~iev~$-..~Ncl\may be synthesized from an ·aqueous reaction 

··· ~x~~;~··having ~~l203.:P20s molar ratio gJ:"eater than,3:
0 :~ (jP 

1
'f<'V . . ·. . . "-. . •0\1/ 

: : .· ·. . . ... ~'&"(3/\. .,/t{"' 
.·· . <· ·~:-~ ::· 

2~ :/; p~~:c:ript~.ef.tpe Rs:lated Art 
. ' 

/?<::· •· 
,'. 15 \ . Rec~ritiy~·.fber~.:iu1y~{be~n repe>rted several classes of microporous . .·. . <· .. ::.·;. · ... ,.._: .. :·;._ .... :.<" ''. : .:.: .... '·;~.::··. 

·i c()iij.po~fo<>n~ Wfiic~ a_r~ not zeolitic, and which will collectively be referred to . ··~ . :'. : ... : .· .• ·•. ~ ... ,,. · .. . :"• ~ . . . ...... 

. pz:~~isely Ctefi11,~a'i;i:¢~h.~fter. These materials are formed from [AIOiland . . ·: :·~.: ~- ' : ~ . . . . .... ::,. : :::;· ·. . ; ::r, :: . . . . : '. • ·.· :;: -' • ··:· ... ~::: ·~>; ·: .. :··· ... ·.; :··:~·- .. · .. ":·;·. 
_:• :_: lf'Qiltetraheaf·)~ria:ll~ve electrovalently .n.elJ.tral frameworks, for example, as · .. :~ . . : .. ~-: , ....... ·. ~ : . . ... : ... · : : . :-. :-: . ; . , . :· , : ..... '" :-;-:-: -~ .. ~>···· .. :-: .. 

• 20 : ·• :.~· in the~#~¢ of ~il~bit:polymorphs and include the frystalline 
... · .. ,::· .. :. ;.' . _,/:· 

·:~ : . : alt1~n<)phC>spb~~-tt,iµpositions disclosed in U.S. Patent No. 4,310,440 issued 
:;:·~'.,·.":~ .... '. .'.:\_;;:.( ·. :;· 

:;· .. 

.· '· Ja~ui~ry~'~'~,· 1.~~7::to:··W"i15:~n.et al., the disclosure of which is incorporated 
:~ ;: :; . . : .. · . .:! 

.:=· . .-,· ··:;:·,-.=:·:-:-:· 
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her~ip i,y ·r~feiei)ce~:;; ! · .. 
' .. · .. :·: .. ·' . ; ~ ·:. '· 

.. ·.··.·. ···: 

··:. ·;_ '. 

~-· ... 

Cla$s~~ ·:~('alull'lintjp~sphate .compositions coropdse AlP04, SAPO 
: -~ :·>·:< :'., . :: . 

(sili_cq~Il1rn.~11opl\.<>,sph~te), .1v!eAPO (metalloaluQ'linophosphate ), and ElAPO 
.. ,. . .. • . . . •. . . . . . . ;:-· . -~ .· .· ·.• . 

foo11~4!taI)~*p~titUted(~l,'1.@inophosphate famili~~). Vses for crystalline 
·.::·.- .. ·: .. :: ··. ·. "-;'··: 

a~u!l'littoph6sp~!e<~6Iri~ositions have included .. ,molecular sieves, catalysts, 
. .. . . '· .. ·.. ' - . ... . ·-: 

· .. ··; ·.:,.., 

' .. -~ .. .· .. •: - :_:: 

···.: ... · 
. .\\~- > .. · _:_. :: 

V•S~;l~a,t. ~o~A,~~9;~1i)J~~\led on April 3, 1984 to J,.ok et al., the entire 
:· .. .:=::. .··::;·. ·. ~:.··: . ·. '· ... , •: .. ,· ... >· 

dlscl~sui"~.~tjf:w}lic~:ls.~n~~tporated herein by· ref~rence, describes a class of 
.... , ~ -: .. 

sili~onfs~b~~i~u~~--:·:•itihti~ophosphate non-zeolitic molecular sieves which 
. . . . '· : . ·. . .. ' . .. . . . . ; · .. :.· :· ·'. ~ ·' '. . 

are .both' Irii¢rol>9r9u$·'~hd. c;rystalline. These materials have a three-
. .. ..... .· : ... . . . ~ . . .. .. . .. 

and, e)(f~~iv~ '.~f ~ny'.~1~~µ metal or calcium which may optionally be 

prese~t;\a~ ·as-~ynt~elk~~ empirical chemical Composition on ~ln anhydrous 
·.- ....... 

basis of:: 

":.-.·. 

·:.:.· 

. . : .-.'.~ . ;, ;>·· 

·.::_._:·\.: ·:.:•:r 

:.-·,·;')··.·:/·.·.:~;.:: 
.. :·:: ... , -:·· ... 

20:·, . wherein :"R'' repi-~se~ts_;t:;_;)_east one organic temi;>l~ting agent presel\t in t,b.e 

intra¢rysJallil.le -~,•"syst~~; "m" represents the ~oles of "R" present per 

mole of (SixAly:g~"2·~rid has a value of from zet~'·to 0.3, the maximum value 
. . . ... . . - . ~ . 

<'.;::.: ·:·:.~ ·· ... 
~- _-\:~·:::;·: <· . .>·: ; 
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. ., 

in e~~ ~Cl~'· dep~n<iing upon the molecµla~ di~~nsions of the templating 
"·:.: 

ag~it(~11.¢:1)he.. avaU~ble void volume of the .PQI'.~-system of the particular 
>-:=' 

sili~~l.\i~inopbosphate species involve4; ~nd, :"~'', "y", and "z" represent the 

m<?l~:.fr~c:~i~ns of silicon, aluminum and phospJ:u~~us, respectively, present as 
.· .· .· ....... :· · .. ·· . . ..... ·. 

tetr~}\~d.ral ·:pxide_s. The minimum value for eac}) of "x'', "y", and "z" is 0.01 
. . '····· . . :. .... ·.:_ :; 

aru:l Pi~ferM>ly Q.02:: The maximum value for "~':', ~ 0.98; f9r "y" is 0.60; an~ for 
=:. ,._ :" 

·.·. . .:. · . 

"~" is q;s2.; these• silicoaluminophosphates exhi~l~ sev,ral physical and 

· chemi~8cl properties. which are characteristic of ~()th aluminosilicate zeolites 
:···.:-."'.. 

and. al4minophosphates. 

U;:S.:f~t~nt Nq. 4,943,424, issued on July 24, 1990tQ Miller the entire 
' ·.":.. . . . .. 

disc:l~~.e qfwhic:hJs incorporated herein by refe~~nce, describes a crystalline 
; ·. ~ 

. . 

silicoalpminopho.$phate molecular sieve (design~ted therein as "SM-3") 
. . 

having. an .as liY,nt~sized composition empiric:al chemical composition on an 
:·.·. ·.: 

arihy.clr&µs bas,i~ ()f: 
.. ' .. :·.'" ·. 

where~n "R" l'.epre.$ents at least one organic tempi,ting agent present in the 
-::·:;-:· .. · 

intracry~talUne pore system; "m" represents the .~~les of "R" present per 

mole of .(SixAlyfzl02 and ·has a value of frpm O.Q~,'~o· 2, and "x", "y"; and "z" 
.. : . .:·:::· :•. 

represe~t. the mole fractions of silicon, alumin~u~, .~nd phosphorus, 

3 . --··-··--- --·-------- -----------· -------·-~----·-
j 
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respectively, 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 11x" is 0.51; for 

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

s U.S. Patent No .. 4,500,651, issued to Lok et al.·on February 19, 1985 the entire 

disclosure of which ~s incorporated herein by reference, describes a class o_f 

titanium-containing n0n-zeolitic molecular sieves who" chemical 

compQsition in the as-synthesized and anhydrous form is represented by the 

unit empirical formul(l: 

mR:(TixAlyPz)~ 

wherein "R" represent$ ·at least one organic templating agent present in the 

intracrystalline pore system; "m" represen~s the moles of "R" present per 

15 mole of (TixAlyPz)Oi ;and has a value of between zero and about 5.0; and ''x", 

"y"· and "z" represent the mole fractions of titanium, aluminum and 

phosphorus, respective:!y,ptes~nt as ~tra~dtal oxides. 

U.S. Patent No. 4,567,02~, issued on January 26, 1986 to Wilson et al., the 

20 entire disclosure of wl\ich is incorporated herein by reference, desQ'ibes a class 

of crystalline metal aluminophosphate non-zeolitic molec1J}ar sieves 

(designated therein (ls, ·"~eAPO") having three .. dimensional microporous 

4 
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frame:w(>rkstructUres of [M~,] [Al~] aitcltr.Q}] tetrahedral units and having 
.. _ .. :·.· ... : .. ·.·, .... ·· .. ·. .. . .... ·:· .· .•. ·.· 

. ·.·.·· 
···,··· 

an::~mpitical ch~~i~al composition on an at:Ll'ly~oµs basis expressed by the 
. ··.~· ": . ·." . . . . . . .. ·. ':· ' .·· 

forit)u}a: 

· .. '.. 5 

whereirt ''.R'' ·represents at least one organic t~#ipl!;tting agent present in the 
.. •. 2 . .,. . . 

intra~ty~talline Wi'.e:system; "m" represents ~he ·roc>les of "R" present per 
· . .< i .. 

n),qle.,.~('(MxAlyPzX>l and has a value of from ·z,ro to 0.3; "M" represents at 
· ... -:···.:·.· . : ,. .·. :. ·' 

. . -

: 10 le,,st 'o~ metal, of the group magnesium, manganese, zinc and cobalt; and 

">(",_ "(, :and "z" repJ'.esent the mole fractions :of,the metal "M", aluminum 

· ·· an4'.phosphorµs, re~pectively, present as tetra·h~c\ral oxides. 

U.S; P~t. No. ~,!)44~143, the entire disclosure of wNch is incorporated herein 
.. ·. '. 

. . 

:~15 by.tef~i'_t!pce, gescdl>e.s a class of crystalline fer:ro•IuJ,ninophosphate non-

zeolitic.:mplecµlar:$ieves havh'.lg a three-dimensi9nal microporous 

fram¢work strµcture of [Fe02;] [Al(h] and [P02l·t~trahedral units and having 
•. .. . . • . . • . • . . ~ . . ... . I ~ 

.... ,,. 
·;·., 

an· emp~ical che~cal .composition on an anby~tou~ basis expressed by the 

formula: 

mR:(FexAlyPzA : 

5 
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wherein "R" represents at least one organic t~mplating agent present in the 

intracrystalline pore sys.tem; "m" represents tb~.moles of "R" present per 

mole of (FexAlyPz>Ol and has a value of from ~ro to 0.3; and "x", "y" and "z" 

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

respectively, present as teU-ahedral oxides. 

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

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

of crystalline non-zeolitic molecular sieves desi~ed therein as "FCAPO" 

(denoting "Framework Constituents"), having a, three-dimensional 

tetrahedral framework composed of [AI02]1 [~,and [M02] units and having 

an empirical chemical composition on an anhydtous basis expressed by the 

formula: 

wherein "R" represents at least organic te~plati~g agent present in the 
. ·. ,_:·:: '· . 

intracrystalline pore system; "m" represents the>~oles of "R'• present per 

mole of (MxAlyPz)02 and·has a value of fromz~r9:to.0.3; M represents at least 

two elements present.in the tetrahedral units ~t~ted from the group· 
·:;;·;· 

consisting of arsenic, beryllium, boron, ch~omiim,t, gallium, germanium, 

lithium, and vanadium, and "x", "y" and "z" ,r~p~esent the mole fraction of 
\:· 

6 
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"Mi,•,. aluminum, and pho$phorus, r~spectiveiy,.present as tetrahedral oxides. 

u~$/.Patent N(). 4,973,785, issued on NQvem~r 27, 1990 to LQk et al., the entire 

. dlsclosµre being incorporated herein by refer~q~e, discloses a class of 

s c:ry$t;iUin~ non-zeolitic molecular sieves, designated therein as "ELAPSO" . 
. : .. : ... 

Th~: :E,WSO comp<:>sitions are formed with el~II\ents capable of forming, 

frame~ork oxide units in the presence of [AlO,z], [SiOi] and [P02] tetrahedral 

units where element "El" is at least one elemeP'.t capable of forming a 

three-dimensional oxide framework in the pr~sence of aluminum, 

10 p.hospporus and silicon oxide units, and has a mean "T-0" distance in 

tetr·a~dral oxide structures of between about l.51 Angstroms and about 

15 

2~06; !\,Ilgstroms, has a cation electronegativ.ity between about 125 kcal/ g-atom 

and-,Ci~Qµt .310 kcal/ g-atom and is capable of for~~ng stable EL-0-P, EL-0-AL, 

and. E~"O-EL bonds in crystalline three-dimeA!ii9Aal oxide structures. 

Typically, the aforementioned classes of non-zeqlitic me>lecular sieves are 
. . . . ~ 

syr~,the~~zed by hydroUlerll\ally crystallizing a by~rous gel made from a . 

substantially homogeneous aqueous reaction I(li~ture containing re~u:tive 

sources of aluminum, phosphorus, silicon (in ~he case of the 
·:··::· .... 

20 silicoaluminophosphates) and the other elemeI)t(s)., if any, required in the 

:m,ol~cular sieve. The reaction mixture also pret~rably contains an organic 

templating, i.e .• , stl'.11cture-dire(:-ting, agent, prefe~~~ly a compound of an 

7 
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element of Group VA of the Periodic: TabJe, and/OJ; optiQnally an alkali or 

other metal. The reaction mixture is general~)" ;p.l~ced in a sealed pressure 

vessel, preferably with an inactive metallic s~l'.fa~e Qr.alternatively, lined with 
. . .-:' ., .... 

an inert plastic ma~erialsuch as polytetrafiu~te>ethylene and heated, 
: . ~ :·; . 

!i preferably under aµtogenous pressure, at a telp'perature between 50° C. and 

10 

15 

20 

250° C., and preferably between 100°C. and 2oo~C., until crystals of the 

non-zeolitic molecular sieve product are obtai1led. Usually this is for a period 

of from several hours to several weeks. Effec~:ve crystallization times from 

about 2 hours to about 30 days are generally ~In,ployed. The molecular sieve 
. _.., 

is recovered by any convenient method, for e)(.~mple, centrifugation or 

filtration. 

In preparing the hydrous $e!, it has been ~po~~~ by Romarneni and Roy 

(The Role of Gel Chemistry in Synthesis Qf '·t\./uminophosphate Molecular 

Sieves, Zeolites, vol. 11, Feb. 1991, pp. 142 .. 148) 1;hat the gel's chemistry is 

essential in the aluminophosphate's formaticm; ~n a laboratory scale where 

reagents are readily mixed, the crystallizatio~ ~~tl.tods described iQ tJte 

aforementioned pate11ts ;hav~ been effective i(l'.: pr()ducing non-zeolitic 
. ' ':· ; 

molecular sieves in high yields. liowevet, for ;i~rg~r scale preparations, 
. ·? :.:' " 

synthesis techniques require the constituents b~.:~Qmbiiled over a 
. ·.: 

substantially longer period of time. When the.,~1:u~num source is add~d to 

the phosphorus sour,~e -t,~re is a voluminqus',cQagulwn of an aluminum 
.·. :.-

8 
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spec~e or species; resulting in a final ~ixture: ~~-~ :is thick~ viscQus, and not 

rea(:J.µy dispersible. Therefore, there is a neec:l fqr ·a method fQr producing non­

ze()litic: :molecular sieves in quantities sufficien~ for ~ommercial applications, 
. . . . . . . ~ :··· . ·. 

and. t~t avoids the problematic aluminum CQ~$µlation. 

As used herein the terms "coaguh1m" and "prt!tjpitate" are used 

interc:~angeably and refers to the separation anc:l l;>inding together of the 

reagen~, in solid form, from the solution. 

Anl,on~ other factors, wl\en a crystalline, non-~~9litic molecular sieve is 

synth~ized from a reaction mixture having a A;ltOJ :P20s molar ratio greater 

than -. .31 it has now unexpectedly been found t~t .it is critical that at least some 

of the t~mplating agent(s) be added to the aquetjys rea~on mixture before a 
' . ·:, 

significant amount of .the aluminum source is a,Q4ed. This reduces the 

15 precipit~tion of the aJuminum and thereby the fQr~ation of a viscous gel. 

It is, ther~fore, the principal object of the pro¢es~)~~bodiment of the present 
~--, . ·. . 
-::·;,··.: 

inven*iO:n to limit, and prefer~·q~y avoid, t})~ visfOtls predpitate that forms 
:-;··· 

•.i. ; 

during preparation of crystalline, non-zeoUti( ~'C>,i'!.cular sieves haviJlg a 
. '· .. .: ;; ~ ;~ 

20 three-dimensional micropo~ous f:ramewoi=.~ str\lS~' comprising [.t\lOa] and 
. ··,.-:·:···,.;· 

[POi] units. This and other objects are acco~ptii;hecfby the inventioq.set 
. .. ·'i'·:·. . . 

- .. .-;. '::;; 
.: :.:···-

forth in the description and examples below. 
-:. . t~ . 

9 ·····-··---------------;": i --- ----···---- ---~--- -·--, 
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SUMMARY OF 'THE INVENTION 
. . . . . . . . ' . .. ~ ~ . . . . . , . ·' . . 

In its: broadest l"l'Ocess embodiment, the present invention is a method for 
.. '·.··· 

s preparing a cry~t~lline, non·zeolitic mQlecular sieve having a 

three~dimensionaf.microporous framework st.rpcture comprising [Al02]- ~nd 

[POi]: units, wher.'fri the method for prepari~$ 'the molecular sieve includes 

the steps of preparii:ig: an aqueous reaction mix~ure comprising at least one 

reactive source of,.pposphorus, at least one reac,~ive source of aluminum, and 
. . . ·:· :·,. '' . 

to at; least one templ~t.i:dg agent and having a AliQ-3 :.P20s molar ratio greater 
: ·.: . . ~ .. 

than 0.3; and mal~~(lit\ing the aqueous reaction,-mixture at c:onditio!l$ suitable 
. ··-·· . ·.· . 

for crystals of th~ :o:\c:ilecular sieve to form, the Jmprovement comprising 

contr<>;lling the ad,~~tiQn of the phosphoru' so.w;ce, aluminum source, and the 
.j_ : 

te~plating agent t<>:tli.e aqueous reaction mlxtu.r,~ so that the templating agent 

15 to -the ,phosphorus ~<>;lar ratio is greater than a~put 0.05 before the aluminum 

to phe>sphorus mol'r i;atio rea~es about o.s. Pr~ferably, the phosphorl1S is 

present in the aque()il$ reaction mixture b~fore the aluminum source is 
·.,... .": I 

added. 

20 One preferred gr9~p qf.non·zeolitic molecular si~ves to be produced by the 

process of the pre~e11qnvention is the alumbtQppo~phates (AlP04s) claimed 
. ~·. 

in U.S. Pat. No. 4~10,~40, desirably AlP04-S, AlP0.-11, ALPQ4-3.l, and 
. . 

10 ~-·----------·-· 
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0 

AIJ:>Q4~l'. The,:pi'eferred organic templating:~,~e~ts for the synthesis of the 

AU!()4'$ ~r~ te.~r.a~thylainmonium hydroxide, :teti:apropylammonium 
:; .··· •· : . .: . . . . 

hyd.r.9xide, _ctie~yJethanolamine, di-n-prop~la1n~ne, and tripropylamine. 

!i A ~econd preferr~d group of non-zeolitic mQl~cwar sieves to be produced by 

the prpcc;?~s of the:'present invention is the silicoaluminophosphates (SAPO's) 
.. ·. -~ 

claimed in U.S. Pat. No. 4,440,871, desirably SAP0-5, SAP0-11, SAP0-31, 

and:SAP0-41, anctmost desirably SAP0-11. Y,~ preferred organic templating 

ageI\~S for ,the sy~_thesis of SAPO's are tetraet~ylaµlmonium hydroxide, 

10 · tetr.aprQpylammorii~m hydroxide, diethanofall\iJ:le, and di-n-propylamin'e. 

The term ''non~zeolitic molecular sieves" as used herein has the same . ' .... - .. _,. . . . ;,·.'. . . . . .. 

mearut,tg as given-in U.S. Patent No. 4,861,743, columns 5 and 6, the 

disclos1;1re of w}tjc}l is incorporated herein by .ref.erence and the inclusion of 

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

20 
·' 

:.=.·;·_ ·-

,DETAJLED QESCRIPTIQN Qf UlE·INYENIION .. ········· ··: .. ·- . . . . .. , .. '• "· .. •:. .. . .. ·. 

The molecular sieye~ which ca~ be produced b,i::the, process of t;he present 
;-·-,_:: . . : 

invention compri.~ ~· l~rge number of non~z~o,u;tiC: qiolecular sieves, each 
.. · ··. '-· ' : ..... : . •. . -

having a thre~-dlroensional mic:roporous frail\.~Work structure comprising 

[Al02] and [P02] iµU~s. Optionally, these inicroi;o~bµs molecular sieves may 

11 
·-···· --·--··----····- ... ---·---------··-·--·--



0 

include with the aluminum, phospnorus and~ in the case Qf the 

silicoaluminophosphates, silicon·one or more.9ther el,ments. Non·limiting 

examples of such molecular s~eves includes t1'~~e ~isclosed in U.S. Patent 

Nos. •.310,440; 4,440,871; 4,500,651; 4,544,143; ~;?~7,Q?9; 4,686,093; 4,943,424; and 

s 4,973i785. 

The proportions of the various components lJt :~l"le Uquid reaction mixture 

affect, inter alia, the rate at which the synthesi$ .P.~og~esses, the yield, and the 

cryst&d framework of the non-zeolitk molecul:ili sleve. Broadly, the reaction 

10 mixture of the present invent~on -has an Al20J : P20s molar ratio greater than 

0.3. Ir\ the synthesis of a specific non-zeolitic molecular sieve, the 

constituents molar ratio in the sieve's reaction p:iixture is given in the 

aforeo:te.ntioned U.S. patents' description. 

JS Surprisingly, in preparing the aqueous reaction mixture, the amounts in 

which ,the above mentioned elements are mix~d :together are critical in 

effectillg the ·aluminum source's coagulation. lri accordance with the present 
·•:· . :.~.:-.": .. 

invention, a reaction mixture is prepared whet.~ih;a sufficient quantity of 
'L/ ...... · ·:. 
-· .. ·;·._._ 

templl:lting agent is added to the reaction mixtu.f.eJe> reduce or eliminate the 
:~ ;:.<:=. 

20 coagulation of the aluminum source in the l'eat~~~~ mixture. Preferably, in 
.:·~.:. '.·· . 

preparing the aqueous reaction mixture, the ph~~~~ru$ source is acldecl prior 
• 'd ·.·. ~ . 

.. 

to the addition of the aluminum source. Acco~dillsty, 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, pre(~ral>ly, greater than about 0.1, and most preferably greater 

than about 0.2 before;? tile molar ratio of ~luminum tQ phosphorus in the 

reaction mixture is greater than about 0.5. Preferably, the above molar ratios 

5 of templating agent to phosphorus should be present in the reaction mixture 

before the molar ratio·9f aluminum to phosphorus in the reaction mixt~e is 

greater than about·0.3, al.)d most preferably greater than about 0.25. 

The term "templating. ilgent" although u~d in the singular includes the 

10 plural. Thus, if mp.re than ~ne template is used in the reaction mixture then 

to determine the molar t,atio of templating agent present in the mixture, the 

molar ratios of each tell)J>late should be added together. Additionally, the 

above molar ratio of ter,nplate includes the amount of any compound that 

itself does not cont~ibute to the formation of the desired non .. zeolitic 

lS molecular sieve but cl(>e$:·tequce the viscosity Qi the reaction mixture. Such a 

compound would not ~l'lt~rfere with the molecular directmg properties of the 

template. An ex~m:ple. :Would include the addition of small amines to 
. . ·j -~ . 

20 

supplant the extensive 0,u~e of the higher molecular weight quater~ry 
; : ~·-.. ;·~ 

In preparing a targeted·nc:>,n .. zeolitic molecular sieve, one of ordinary skill 

would follow the tea<;hi{lgs l<nown in the art for sy.nthesizing the desired 

13 -- ------~ -·- --- - --



~ 
l 
i 
I 

! 
-i 

~! 
) 

s 

10 

15 

20 

0 

sieve; such as, the amount and types of rea:g~p~, crystallization temperatures, 
' .· · .. · 

etc., but, it is critical to the instant invention -that ·the molar ratio of the 

templating agent to phosphorus in the reacti()IJ.:_mixture be greater than about 

0.05 before the molar ratio of aluminum to ph,9sphorus in the reaction 

mixture is greater than about 0.5. Subsequent•y, ~ crystallizing the targeted 

non-zeolitic molecular sieve, the reaction m4~tllre should have the proper 
'·' ···:: :· . ··. 

molar amounts and propeJ; conditions shoµl;q ~e maintained for producing 

the targeted molecular sieve. 

As mentioned above, the aqueous reaction II\i~ture used in the method of the 

present invention comprise~ at least one reactiv_e source of phosphorus. 

Preferably, the reactive ph9sphorus source is p}l~sphoric acid o.r a salt thereof. 

Organic phosphates such as triethyl phosphate ~ay also be employed C1S well 

as crystalline or amorphous aluminophosphat~s- such as the AIPO, 

compositions of U.S. Patent No. 4,310,440. Cc;:>riyentional phosphorus salts, 

such as sodium-metaphosphate, may be used, atleast in part, as the 

phosphorus source, but are not preferred. 

Sources of aluminum used in zeolite synthesis, sllch as, gibbsite, sodium 

aluminate, alum, and alun:tinum'.-trichloride c;a~ be employed equally 

effectively. Preferably the aluminum source ls.either pseudoboehm,ite or an 

aluminum alkoxide, such as a.luminum isopto~ci~id~.. Crystalline or 

14 

::, . ,: 
':;,·. 

: i ·; 
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amor:phous alurninophosphates which are~ $µitable source of phosphorus 

are also suitable sources of aluminum. 

When the liqukl. reaction mixture is to cont~in ... , source of silica, the silica 
. . ·' .. ~ .· 

5 may be .any silica source capable of being dissqlyed and/ or dispersed m the 
' .. ·.>· · .. 

li~uid rea~tion mixture. Preferably the silica. is intrqduced into the reactiq~ 

mixture as either a silica sol or as fumed silic,. 

The liquid:. reactJon mixture used in the proces~ of the present invention also 

10 ~ontains at least.one organic templating a$ent. 'The orga~c templating agent 

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

15 

conventional non-zeolitic molecular sieves. ~general these compounds 

contain elements .of Group VA of the Periodic Table of Slements, p~rticularly 

nitrogen, ph~phprus, arsenic and antimony~ Pf.e.ferably nitrogen or 

phosphorus and .most preferably nitrogen, whi~h compounds also contain at 

least one alkyl or arrl group having from 1to8 ~arbon atoms. Particularly 

preferred compoiJ:nds for use .as templati11g age,n:~· are the amines, quaternary 

phosphoruum and qu.a,t~rnary ammonium ~~mppl;tnds, the latter two being 
. . . . ~ . -~ . ;; . . . . 

represented generally by the formula R4X + whe,,i~in "X" is phosphol'.\ls or 

20 nitrogen and each Ris an alkyl or aryl grou.p fc:>tltain,ing from 1to8 carbon 
·· ... : (.~. "; 

atoms. Polymeric quaternary ammonium salts,s4d:1,as [(C14H32N2)(0ff)2]x 

wherein x has a y~Jue of at least 2 are also s.µ~t.abiy';~ll\ployed. The mono-, di-
,; ~','.;' . 

15 
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and tri-amines are advantageously utilized, e~ther alone or in combination 
. . ;:: . 

with a quaternary ammonium compound or otbet templating compound. 

Mixtures of two or more templating agents can t?ither. produce mixtures of the 

desired non-zeolitic molecular sieves or the mo!'~ strongly directing 

!i templating species may cont!'ol the course of the reaction with the other 

templating species serving primarily to establish t~ pH conditions of th~ 

reaction gel. Representative templating agents indude 

tetramethylammonium, te.~raethylammonium, tetrapropylammonium and 

tetrabutylammonium ions; tetrapentylammenium ion; di-n-propylamine; 

to tripropylamine; triethylamine; triethanolamine;: piperidine; cyclohexylamine; 

2-methylpyridine; N,N-dill\ethylbenzylamine; N;N-diethylethanolamine; 

dicyclohexylamine; N,N-dimethylethanolarnine; ~holine; N,N-

dimethylpiperazine; 1,4'-diaz!lbicyclo-(2,2,2)-octane~ N-methyldiethanolamine; 

N-methylethanolamine; N-methylpiperiine; 3-~e.thylpiperidine; N-

15 methylcyclohexylamine; 3-methylpyridine; 4-.m~thylpyridine; quinudidine; 

N,N'-dimethyl-1,4-diazabi~yclo-(2,2,2)-octane ion; di-n-butylamine; 

neopentylamine; di-n-pentylaIJl;~ne; isopropylaw~r:~; di-isopropylamine; 
. . ~-- . : ' 

t-butylamine; ethylenedi8ll;line;· pyrrolidine; an4 ~-imidazolidone. Nc:>t 
. ' ~ :· 

every templating agent will direct the formation of every species of non-

20 zeolitic molecular sieve pµt: a single templating ~~~nt can, with proper 

manipulation of the reactiQn cc:mditions, direct .~~;formation of several non-

zeolitic molecular sieve co~positions, and ~ giy~n; n~n-zeolitic mplecular 

--:, ·'· 

16 
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siev~·co~p0$itiQn:~~,~~::produced using severa~;.~ifferent templating agents. 

Wh~n th~Jiquid r~a¢ti9h mixture is to contain a $ource of one or more 
. ·. . ~ . . . . .. . . .. ·. . .... 

:.. :·: ; .... ~-.. ·. 

elem~I)ts, M, whe~t:i'.?J:;·:.·~~presents an element Cll:pable of forming stable 
... ;:~·-_,:· =-~--:-:~>-:. 

s M~P, · M~~.;/c:>t;··:M--o-M bonds in ~y~talline three dimensional 
;_;-:.-.-: 

oxide st:rnctures, t~)!l_E!fn~~t(~) may be. added tc:>':the reaction mixture ln ~my 

for!Jl which permitS. ::flje t9rD\atfon in situ of a r~~~-tive form of the desired 

elements, i.e., a forin··rea~tive to form the framework tetrahedral oxide unit of 
. . ..·::···'.: _ _.· ;'·.:··.. . ·•. 

the ~leµle,~ts presef\t_-:Ji\·:f~~··non-zeolitic molecul~i,- sieve. Compounds of the . . . . '; . ,. . . ,. .. ,·_:-: ~: . . . . . 
··,· ····•'; 

10 elements which may :b# .. efupJoyed include oxide&~ ~lkoxides, hydroxides, 
·,· .·.· 

· chlo;b:les, bro~ides,i~di~~si. :sulfates, nitrates, car~q)JCylates (e.g., acetates) and 
. . . .···. · ... , ..... · ... ·.: . .,·:-·_:. 

:·.=.::; 

the like .. Exampl~$i'.~(~l~-i.n,~nts which are repreS.:e11ted by "M" include arsenic, 
. . ·: ;;."":" .··. · .. ·• . . 

beryUiµ~,, bqron, -~i#~riil4m, cobalt, galliu~, ge!roanium, iron, lithium, 
.. : ; ::·; .. ,-;_ \.~. :'.-':" ·.:: ;~. . . : .. ···.:. 

magnesium, mangari~;~i<~h~con, titanium, vana~llJ,m, and zinc. U.S. Patent 
. . .. ,;~. _._ .. _.}:::-·:._._: .:-:.,-::'. ··., .·. 

15 No. 4,973,785 ciescri~C!~\h~Jypes of materials thaHi1~y be synthesized anci 
. . . :: . .> .. >:·:'.,<../" .. ··:' . :"·'.. . 

.. ~-,. 

their method ofprep~~~!ibn with greater specifidt}'. 
. •' . . . ... ,. -~ ·: .. : :· 

These· additional el~q\e11t~;.irtay be prepared by f~~ing mixtures of less than 
· .. ·;:-:: -~··:\ :-·: {,_··~ :: ; .'.>:•:: 

all of the reagents -1~('r th~t~~fter. incorporatiqg jrtt~.:(these mixtures additional 
.· ... _'>: .. >/- ... : .. ·· .. ::;: 

20 reagents either sin~l~ly ~~:,1J:\ the form of otbe~;~i~termediate mixtures of 
: ... ;,-.• ,., :':·. :·; 

two or more recigeAt~;.t:i#'SC,,1:pe instances the r~a~~~~s admixe(i retain their 
·:>· .: .. ~ '. ···.· . ·,. . ~\: : ., 

identity in the inte~~~4iat~_··~xture and in o~er\~a~es some or all of the 
. ' . ·'. : : ·. ~ .. : : : ~· 

. ., ': · ... ~; ;., . ;.- .. ''. ' 
.. ····. 

< ·-~/''.·:,. 
":-:·.:-:;· . 
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reag~ilt~ are invol~~~: i~ '.~hemical reactions to p,t"odµce new reagents. The 
.·.<:._ 

terin ''.mi~b.ite" is ilPPii~(;l in both cases. FurtherrnPre, it ·is. preferred that the 
. ~ . . . ' . ., . . . . . 

. ; . ;~ : ' ... : .,: : : ·.. ~ 

in~e,~meqi_C!tei illi>1:~~~!~--~:s.well as the fina~ rea~tio~ mixtures be stirred until 
~ . . . .. '·; '• 

substantially ho~p~~ij,~·!-'s· Preferably at leas.t 8.~%, ancl preferably 90% by 
. :- .. \:.:, ~ .. ~.... :·'... . 

~ weight of Ulese p,a~~!~~/: .. and especially those of;alµn;tinwn and phosphorus 

soul'.ces, in the r~a~~~~/~xture prior to crystaUization of the molecular .~ieve 
are less than 80 llli.~#>~~.:~nd preferably less thc)Jt 9S microns, in diameter. 

·'._::..::_,·:·,, ;:_:.;,;·'.· 

When the p~rticleS'·-h{th~ reaction mixture are larger than that specified, they 
.. ·._-:..::_ .. ,·:-.:-'' . ·,·. 

"•\. =:.-·. -<~·. 

are preferably red\1¢ea_:1ri:size by using, for exampl~, a high shear mixer. 

10 Mixers suitcible fQr .. '~~'.:process of the invention inc.lude, for example, high 
... ,,.,. ·:~;:--

frequency. roech~Ili~~t~~yi~$ such as stator .. rotQr ~yst~ms, and energy mills, 

such,a~ thqse des~l'.!~eci·b~ pages 8-43,44 of Che~i~al Engineers( ttanQ.book, 
. .. . ~· .. . :,::· .. : ';_>.<~_::: . 

Fifth.Edi.tio1,tf Mc~r~~'.~fiil~ Book Company. A ~ypi~al $tator·rotor device 
.·.;::: ·. ·-;; 

useful: for this bw~riJc>i"l)~ the IKA UTC TU5·6.;g¢J\erator, made by Janke and 
--~ ... i" .": . .; . 

\:~; .: 

ts Kunkel, GM:BH: ~Qd' Co./'G~rmany. 
• ' ~I: ' : :". '' • .1: • ; 

A vari~ty of an~lytitalm·e~A()ds are availabl~. tP p:rac;:titioners for determining 
. . .... ·.··; ' ... ,. - .,. :.·.·, 

. : ·. ·;.'-":\'··., '.:")·.;_.,: ·.· . '. : . : . .-: 

the size of sma•l pattid~~(~~ :_aqueous media. o~~,'~µ¢h method employs a 
. ' :.' ;_:·~=-<·:._.::···_;·.-:.·:~. . ... ,.'.:~ .; 

Coulter Counter, :w)i\~h. \:1~'5 a current gener.at,4:~y·,platinum electrodes on 
. :.·'.\~:: :. :·:~.~ : {:": . .. : ::· ::~ 

individual parti(iles·pa~~ilig thfough the ap~rt1;1~~~::,Th~ Coulter Counter is 
~:>:--:: ,.:·· .. · ··_>:•" I ' .· • • >·.:: :,;.·. 

·.·, .. :·: .: 
·. ·., ::'>. -:: . 
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Technology, Vol}: ::Appli~ations and Microanalysi~, C~C Press, Inc, 1984,. 
. ·-~-

p. 183--6, and in T. ~llen, Particle Size Measur:emel)t, iondon: Chapman and 

Hall, 1981, pp. 392~~3. A sonic sifter, which s~pl,l'~tes particles according to 
. . .• . . ~ 

. . . 
si~e by a combinat~<>p. of a vertical oscillating col.UtJ:ln ()f air and a rep~titive 

... , '; . · .. · •''• 

s mechanical pulse on a sieve stack, can also be u~ed t() determine the particle 

size distribution Qfparticles in the aqueous reaction mixture of this 

invention. Sonic s~ft~rs are described in, for 'ex~mple, T. Allen, Particle Size 

Measurement,"Lon~ol): Chapman and Hall, 1981,, pp. l75,176. 

In the proces~ of tht? present invention, the reactjon mixture is generally 

placed in a sealed pr:~ssµre vessel, preferably with an inactive metallic surfa.ce 

or alternatively, li~g with an inert plastic ma~e~tal such as 

polytetrafluoroethyl~j:\e.(to avoid contamination.C>f the reaction mixture) and 

heated, preferably \lnder autogenous pressure, at a;temperature between 100° 

15 C. and 300° C., and pr~f¢rably between 150° C. atjcl,:250° C., until crystals of the 

non-zeolitic molec:~il.fSieve product are obtaine(i, ·usually for a period of 

20 

from several hQurs t9 ~everal weeks. Effectiv.e·d'Y$tallization times of from 
~- ':: . . '. . 

about 2 hours tQ a1"Ql1(3,0 days ar:e generally employed with from about 24 to 
.. ' . ' . . . . ' ... :, .· : ·. ~ .. 

about 240 hours, ~d,pr~ferably about 48 hp~S,:t() ~bout 144 hours, being 

typically employed. 

.... ::::_ ::-~ } 

While not essential}~ · .. ·~~ synthesis of the no~~zeo~itic:: :molecular sieve 

19 -- ----~------ -------- ----- --·-- -- --- ---·-·····-· 
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compos~~ions;: stirring or other moderate agita~ib~ of~he reaction mixture 
. . ·'·· . ' . ~--:<' 

and/or, seeding the :r~action mixture with seed t.r~$t~ls of either the non .. 
: : . ;' :- ~ : .<:;,. _':. 

ze.oUtic ~olecular .5i~ye species to be produce4 (.)i'a topologically similar 
·;: 

ahiminophosphate,.c.iluminosilicate or molecul~~.·sie;ve comp<;>sition, 

5 facilitate.s the crysti,lll~;,;ation procedure. The pr<>4uct is ~.ec;overed by any 

convenient method ~µch as centrifugation or fjlth1tion . 

. ·.:·; 

The. non~~eoHti~ mol~~ular sieves may be char~c;f~~jied by their X-ray powder 

diffra.c;tiort patterns..r i~~., the various crystal forll}~· of each non-zeolitic 
. . ·~: .. 

. : ,. 

10 .••. mol_ec~ar.si~ve, for ~~ample SAP0-11, SAP0-41~;.~tc., m~y be identified and 

distinguished from. o_~ ~notl:ter by their X-ray ~~def d.iffraction patterns. 

Identification of the :Qon-zeolitic molecular s•e,ve$. .. us~ng this technique is 
! . ::·=. 

standard and well kl}own in the art. This techniq\le may also be used to 
. . . ·.:::: ..... 

determine·the purity•9f the synth,esized non-zeolltic molecular sieve product 
. ·":;·,:' 

15 by reference to its x .. ~"y powder diffraction patte~:n:~ Thus, for example, if a 

sample is stcited to be pure, it is intended only ~o ffi~a_n that the x .. tay pattern 

of the sample is fr~ of lines attribµtable to <:~y~t.al~~1l4! i,mpurities, not that 

there are no amorph..()~S materials present. 

:···.;' 

· 20 After crystallizatiOJ:l t1'e nqn-zeo~itic mo~ecular.:~i~ie pr()duct may be isolated 
. : ···:-: .' . . . -~- . ' 

and advantageously ~~s~,g. .with water and dti~i-t>Af.ter synthesis and 
: :~' <: ·>' 

(optionally) calcinat,ip~, a nQn-zeolitic molecu),ar·.,~i~v~ produced by the 

20 
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process of the present invention may be modilie~'.:by depositing or 

impregnating the ·non..:zeolitic molecular sieve ~ith cations, anions or salts so 

as to improve its efflca.cy as a catalyst in the va~i9µs processes in which non­

zeolitic molecular sieves are useful, as descril:>ed Jn the aforementioned 

5 patents and applications describing non-zeQlit~c:::molecul~r sieves. 

Techniques which may be employed to effect tll.e,deposition or impregnation 

of a non-zeolitic mqlecular sieve are generally :known in the art. 

The non-zeolitic mo.lecular sieves may be admixe~ (blended) or provided 

10 sequentially to other materials which may provid'.~ some property which is 

beneficial under certain process conditions, suc:h as improved temperature 

15 

20 

resistance or improved catalyst life by minhnizif\~ coking, or which are 

simply inert under the process conditions use~. ~uch materials may include 

synthetic or naturally-Qccurring substances as w:e~J as inorganic materials such 

as clays, silicas, aluminas, crystalline alumino$.mc~te zeoUtes, metal oxides 

and mixtures there.of. In addition, the non-ze~li.ti~ molecular sieves may be 
. :.-·.· ·' 

formed with materials·such as silica, alumina,:$ili<:a.,alumina, silica-
. . . , .. •':':··:; ·.:· 

. ·: .. _:_.',• 

magnesia, silica-zirc9ni.a, silica~thoria, sili~a.;pefylia, and silica-titania, as well 
. ' -·· .. . . 

as ternary compositions, such as silica-alumitj:~~tljoria, silica-alumina .. 

zirconia and clays pre,~nt as binders. The r~hi;ffy~ p~oportions of th~ above 

materials and the non-zeolitic molecular sleve~i~ayvary widely with the 
; .... : .. ; \,-~ . 

non-zeolitic molecular. ~ieve content ranging b~tWee~ ~bout 1 and about 99 

21 --·-··-·---·------------ -- ----·-- -- ···---------·----
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percent by weight of the composite. 

The above descriptions and. particularly, the e~ciµtpl~s are set forth for 

purposes of illustration only a,nd are not meai1,t to limit the invention. Many 

s variations and modifications thereof will be apparertt to those of ordinary 

10 

skill in the art and can be made without depar~ihg .from the spirit and scope of 

the invention herein described. 

E)(AMPLEl 

17.82 kg of 86% H3P04 were added to 8.59 kg of 4~ionized i~ in a stainless 

steel drum with external cold water cooling. 9..7Q: kg of aluminum 

isopropoxide (Al(OC3H1]3) and 21.0 kg of deioni~e'ciice were added 

simultaneously in small increments over a 1.5 ·p~ur time period with mixing 

JS using a standard mixing impeller· and homogeni'zation using a Polytron. 

3.49 kg of di-n-propylamine were then added sl~.~ly with mixing. An 

additional 2L59 kg of Al[OC3H1h and 18.0 kg ice•w4!re added in small 
:.-.·'" ·-··. 

increments over a four hour time period with ~x~ng/homogenization, 
followed by an additional 3.49 kg of di-n-propyl~ittl!\e. 2.30 kg of fumed silica 

20 (Cabosil M-5) were then add~d with mixi~g/hofuogenization until 

>95 weight percent of the particles in the mix wkre··~maller than 64 microns 

(by Coulter-Counter). Du;ring the entiJ;"e procedtiref }he t~mperature of the 

22 
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mixture never exceeded 30°C. The mixture hac:l the following composition, 

expressecf. in molar ratio -of oxides: 

A 3-ga:llon portion of the mixture was placed ii'.' a_glass-lined 5-gallon 

autoclave and heated to 190°C for three days wil'l-l:Stirring at autogeno.us 

pressure. The supernatant liquid was removed. and the product filtered, 

washed with water, dr~ed overnight at 121~C, and calcined in air for 8 hours at 

10 593°C. X-ray diffraction analysis showed the-product to be SAP0-11, as 

disclosed in U.S. Pat. No. 4,440,871. Elemental ~nci_lysis of the calcined sieve 

showed it to have the :following anhydrous molar composition: 

15 

ESCA analysis of the s.urface showed the _foll<>w1qg anhydrous molar 

composition: 

1.2 Si02: Al2')3: P.60 PiOs 
··\::.: 

20 
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<;QMfARATIYE EXAMPLp 

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

not added after the first 9.70 kg of AL[OC3H1h • Af~~r about 60%, (19 kg) , of 

5 the Al[OC3H1h was added, a large gummy mass f~rmed in the mixing vessel 

which plugged up the .homog!!nizer and could not -~e re-d~spersed. 

E)(AMPLE2 

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[OC3H7~3 were slowly added with 

homogenization using a Polytron. 282~5 grams of ~So/o HJP04 and 609 grams 

of ice were simultaneously .added in small inqemet'ts to the mixtui:e with 

homogenization. 36 grams oJ Cabosil M-5 were thf!q added with· 

15 · homogenization. The mixture had the following c9mposition, expressed in 

molar ratio of oxides: 

.. ;.·· 

. . 

0.9 Pl2Nii:,o~ $i0i: AJi03~ tQZ·P20s~ 36 H20 

20 The mixture was placed in a Teflon bottle in a s~aihl~ss steel pressure vessel 

and heated for 3 days at 190°C at autogen0us pres~~fe. The supernatant liquid 
. · ..... 

. ·:' 

was remoyed and the prqdU,C:.t.filtere,cl.: washed .. w:if,f{water, dried overnight at 

24 
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121°C, and calcined iµ air .for 8 hours at 593°C. X•ray diffraction analysis 

shQ~ed .the product '~O be SAPo .. 11. Elementctl'~palysis of the calcined sieve 

shoWe.d it to have ·tl)e following anhydrous .m9.I•r composition: 

ESCA al)alysis of the surface showed the following anhydrous molar 

composition: . 

In Ex~~ples 3 .. 5 the intended non·ze91itic mol~cular sieve product is 

aluminophosphate AlP04-ll as described in U.,S. Patent No. 4,310,440. 

502 gra~s of 86% HJP04 were added to a stainle'~s, steel bucket coo~ed in an ice 

bath. 240 grams of dei<mized ice were then ~ddeQ, with stirring'. Then 307 

grams of aluminum isap?opoxide (Al[OC~fi7.b);plus 791 grams of deionized 

20 ice were slowly added over a one .. hour time perio,d with stirring and 

homo~eaj.zation using a Polytron. 49 grams -of df .. n .. prop_ylamine were then 

added. The amine/phosphorus molar ratio w~~ 0,•11 and the 

25 
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aluminum/phosphorus molar ratio at this point~as 0.34. 571 grams of 

Al[OC3H7]3 and 250 grains.of ice were then sl<>Wly.;~dded over a two-hour time 

period with stirring and homog~nization. The .~inal aluminum/phosphorus 
. ·~-~ 

molar ratio of the mix was 0.98. The viscosity C>fthe. mix, measured at 50°F, 
.· .. ; 

5 remained below 100 c;:p throughout the proced\¢~.·~ 

10 

15 

20 

EMMPLE4 

502 grams of 86% H3P04 were added to a stainles~ steel bucket cooled in an ice 

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

grams of aluminum isopropoxide (Al[OC3I-17)3) l?~µs 791 grams of deionized 

ice were slowly added over a one-hour time pefi~g with stirring and 

homogenization using a Polytron. 20 grams of ~inrpropylan:Une were then 

added. The amine/phosphorus molar ratio wa~ 9~,045 and the 

aluminum/phosphorus molar ratio at this pointwas 0.34. 104 grams of 

Al(OC3H1h and 46 grarrµ; of ice were then slowly .a.dded over a twenty-minuti! 

time period with stirring and homogenization. .A.t t~e end of that time 

period, a large gummy mass formed in the mix~~~.vessel which plugged up 

the homogenizer and could not be redispersed .. ~t that point, the 
.:··: ;. 

aluminum/phosphorus·mobu ratio in the mix.·wa~ p.45. 
,, ·:.:. ·.; ~-· 
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EXAMPLES 

502 graJ.IlS ¢ 86% ffi~04 were 11dded to a stainle$,s steel bucket cooled in an i~e 

bath. 2-40 ~rams of Cietonized ice· were then ~dde4 with stirring. 105 grams of 

· 5 Catapal alµmina:(73--wt% A1203, 27 wt% H20 ·available from Vista Chemical, 

10 

15 

20 

Houst.on, Texas) and 791 grams of deionized ice w.ere slowly added with · ; 

stirring- and hon:iogeflization over a 90-minute time period. At that point, 

the visc(>sity of the mix, measured at 16°C, had ds~n to 29,000 cp. 98 grams of 

di-n"'.pr:opylamine were then added. The amine/phosphorus molar ratio was 

0.22 an,d the aluminµm/phosphorus molar rat-i<> at that point was 0.34. The 

viscosity of the rilix fell to 15,000 cp and did not go above this value during . . 

the adc\ition of 192 more grams of Catapal al\lll\iila (to reach an Al/P of 0.97) 

and 250 grams of ice! 

In Examples 6 and 1 the intended non-zeolitic molecular sieve product is 

alumine>phosphate A.1P04-S . 

E_XJ\MPLE6 
: ~ .. 

502 grams of 86% H~P04 were added to a stainles.s steel bucket cooled in an ice 

bath. 240 grams of deionized ice were then adde# with stirring. Then 307 
. -. 

grams of Al[OQ~H7h plus 791 g.-ams of dei~ni~4: ~c~ were slowly added over a 

27 
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one-hour ~ime peri9d with stirring and homqge~zation using a Polytton. 
,.. :'',,· ·. 

100 grams .of an aqµeous solution of 40% tetrap~ppylammonium hydre>xide 
. ·. .· ' ,·· . ., .... 

(TP AOH) were then added. The TP A/phosphp~\ls molar ratio was 0.045 and 
:, ... . .. 

the aluminµm/ phosphorus molar ratio at this ppint was 0.34. 82 grams of 

5 Al(OC3H7]3 ~nd 46 gretms of ice were then slo.w\y, added over a twenty-minu~e 

time period with stjrring and homogenization.- At the end of that time .. 

period, a large guJ.'Mly mass formed in the mixing yessel which plugged up 

the homogenizer an(i could not be redispersed • .At that point, the 

aluminum/ phosphprus molar ratio in the mlx )Vas 0.43. 

io· 

EXAMrisz 

-502 grams of 86% }i3·P04 were added to a stainles~ steel bucket cooled in an ice 

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

l5 grams of Al[OC3H,-]3 plus 791 grams of deionized ice were slowly added over a 

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

400 grams of an aqueous solution of 40% tetraprqpylammonium hydroxide 
. . •.. i'•: 

(TPAOH) were then added. The TPA/pho$pl;\o~u~ molar ratio was 0.18 and 

the aluminum/ pho!;phor\;1$ molar ratio at thi~ po~~t was 0.34. 571 grams of 

-- 20: Al(OC3H7]3 were then slowly added over a tw~}\~\lr time period with stirring 

. , -~nd homogenization. The fjnal aluminum/R,ho~~horus molar ratio Qf the 

28 
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JI\ix was 0.98. T.J:)E!:i~is,cg~ity of the mix, mectsu.red at 5()°F, remained below 100 :"··:::.:~.i····:;f" · ... 
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·,what ,is{~faimec:l :isi' 
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·::.;_.'.\·.:i ·;·.;•' . 
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.... · ... =·.·':' 

::._ .. ' 

ll'.\ ··a nl:~~ti(xi·for. preparing a crystallil)_~ .,non-zeolitic molecular sieve 
•..:._.·::--..: .;:: ... ' . 

... '.:-,·;;,.-.:::. 
liaying ~<tJVeS-Cdimensional mkroporgl1S framework structure ... ~ : ~ ·.' .: . ··•·. ·' ... 

. ;·· .. · ·:·.::: .. -.. ·.· 

~pmpr~,4j:.'JAI02] and [P02] units, wl'le,ein the method for preparing 
··:· .. :··'\ . 

· ttie Jl)ol,~~~laf:sieve includes the steps.qf. ·preparing an aqueous re~ction 
· :. ' m~xtuJ;"e::~riipri$ing at least one reactiy~: ~urce of phosphotus, at least 

'·. )·. :. 

o~e rea~.tJ.~~:~q,i:Jr¢e of aluminum, and aJ least one templating agent, 

:and hav~#~ a 'J\120J : P20s molar ratio gre~ter than 0.3; and maintaining 
. '::.-,;;~·- ...... :,;· '. .. · 

. tile aqu_~oti~ r~~~!on mixture at condi.ti~~s suitable for crystals of the 
. . . -·~:.. . .·~ .--. '. . . . . 

. m9l~c~!~i'~it?.¥e;to form, the improve~~nt comprising controUing_ the 
,"·. : •, 

.. telI\pla~~~g.age#tto the aqueous reactiQI} lllixture so that the 
·._··.,/; : .. ;.: ... ; 

· te.~plati~~,~-~g~n,i; ~() the phosphorus m~l_ar ratio is greater than about 

·, o~os· befote~,·ih~'·alwninum to phospho~~-µtolar ratio reaches about 0.5. 

· .. :··=·.:.:, 

2. ·ThE!:' m,~~l:ihti~f G~aim 1 wherein sai.cfm#lar ratio of the templating 
.,·;· ':··,-;> .. :._:"··-~,·· ! .• 

}1g~nt t<f.ffl~·ph()~phorus is greater than ·ab~ut 0.1 before the mole ratio 
·;::.: ;:(-~' ·. :,\ .. ::,·· •'. 

(>f -altuaj#~-.;ic:tJ>pgsphorus reaches a.b,9,~_t:O.S • 

.'. ~ . . . 

..·.· 
~. . . 

30 



10 

15 

0 . . ·_.:.·. 0 
- - ----- -- ---- ------ ------- ---·- - -------
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3. The met}\~d,:<>.f -Claim 2 wherein said ll,l~I.ar ratio of the templating 
. . ·. . . ~ 

agent to ~~'::p~osphorus is greater than~about 0.2 before the molar ratio 
.. : .-~·.' . 

of alu~riuffi to pJ;losphorus reaches al:>oµt 0.5. 

4. The meth9J. 9£. Claim 1, 2, or 3 wherein said molar ratio of templating 

agent to plit)kpborus is present in the -r~action mixture b~fore the .. 
. ';· .·· .. ·. ~ -: . ··. 

molar ratip:·df ~luminum to phosphor~~ is gre~ter than about 0.3. 
~ ·. : • ·.;'.•,I • • ' ' .,: 

5. The method:'(){ Claim 1 wherein said aluminum source is selected 

from the gl'p4p :c<msisting of aluminum alkoxide or pseudoboe:tunite. 
.···.;_, 

6. The meth()d}~f:Claim S·wherein said alµminum alkoxide is aluminum 

isopropoxi4~~:: ·: 
.:::_:·:· .. :· . 

7. The methotf'.fdfq1aim 1 wherein the aqµ~ous solution fµrther 

comprises a}~~~tive source of at least on4i! element "M" capable of 
. . ... '·. . . 

forming sta~l~ ~~··P, M-0-Al, or M·-0·-M bonds in crystalline 
. ·:. : :~. . . : 

three dime~i6ria,1 Qxide structures. 

20 .. 8. The method oftClaim 7 wherein said ele~.~nt "M" is selected from the 

group consistii:':~ of arsenic, beryllium, bo*on, chromium, cob~lt, 

: ., . -- --··· .. ---·---·------ _____________ __:_:.. _______ __, 

. '· . . : . :: : : ~ 

·.: .. :,;:.-::· 
;:":-·· 

-;', ,: 

.. / ·.· 

·.-:·::i;: 
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gallium, g~~maqium, iron, lithium, ~gnesium; manganese, silicon, 

titanium;-,·yariadium, and zinc. 

9. The methdcl:of Claim 8 wherein eleme.nt "M" is selected from the 

group co~isting.of silitQn, magnesiu.ll), manganese, cobalt, or zinc. 

10. The meth6d of Claim 9 wherein element "M" is silicon. 

11. The metho,Ci ()f Claim 1 wherein said templating agent is a quaternary 

:fo ammoniunt()1'· quaternary phosphonlum compound having the 

following :f9_rmula: 

R4X+ 
.... : 

wherein X is Il.itrogen or phosphorus and each ·R is an alkyl or aryl 

group c9~tili~~g from 1 to 8 carbon atoms. 
: :: ~ ·. . : . 

15 

12. The metnQd,J>f :cl~im 1 wherein the -orgilnic templating agent is an 

amine .. 

. . ' . 

13. The methoci:'Qf:Claim 1 wherein the templating agent is selected from 
··:··: .. , .. 

20 the group coll$J~tiJ:lg of tetramethylamm9nium, tetraethylammonium, 
. . 

tetrapropylammonium and tetrabutylanimonium ions; 

.. · .·. tetrapentyla·IrJ,monium ion; di-n-propylalJ)ine; tripro.pylamine; 

------~ _______ .:....-~ 
; : . ' ... d .,_. 

•• .•. tt1i1iiU~iiIT\~ .\ 
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triethylamipe; tr!ethanolamine; piperid~ne; cyclohexylamine; 2-
.. :,_ 

methylpyi:idh'te; 'N,N-dimethylbenzylamine; N,N-
,, ·. 

diethyleth,~nolamine; dicyclohexylamiqe; N,N-dimethylethanolamine; 
.... 

choline; N~~;.dirilethylpiperazine; 1,4-diazabicyc)o-(2,2,2)-octane; N­

methyldie~~nolamine; N-methylethanQlamine; N-methylpiperiine; 3-

methylpipe#dine; N•methykyclohexylamine; 3-methylpyridine; ~-
?-.:i, ~ 

methylpyri,qip.e; qu~uclidine; N,N';.di~~thyl-1,4--diazabicyclo-(2,2,2)­

octane ionL?i-n-bµtylamine; neopentylamine; di-n-pentylamine; 

isopropylamine; di-isopropylamine; t-butylamine; ethylenediamine; 

pyrrolidine~ ,2-hni<;lazolidone; and a polymeric quaternary ammonium 

salt [(C14Ji32t-J~)(OH)2]x wherein x ha.s a .value of at least 2. 

: ... 

14. The method· of Claim 1 wherein the non-zeolitic molecular sieve . :, ~ !. . . .,. . . 

produced is_)m aluminophosphate as claimed in U.S. Patent No. 

IS 4,310,440. 

15. The method<~f Claim 14 wherein the non-zeolitic molecular sieve 

produced is AQ.>o,-s, AlP0,-11, AIP0.-311 pr AlP04-4l. 

20 16. The method .of Cla~m 1 wherein the non~zeolitic mole~ular sieve 

produced is i,l silicoalull\inophosphat~ a& claimed in U.S. Patent No. 

4,440,871. 
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The meth()d of Claim 17 w~rein the ~on-zeolitic molecular sieves 

produced i$ ~l'.lf:. one or more of SArO-~, SAP0-11, SAP0-31, or 

SAPP-41i 

The method <?.f Claim 1 wherein the non-zeolitic molecular sieve 

produc,d is a.:.si,licoaluminophosphate as claimed in US. Patent No. 

4,943,424 • 
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