PERTURBED SYNTHESI S OF MATERI ALS BACKGROUND OF THE
| NVENTI ON [ 0001] The famly of materials known as
woealirems3consti tute a | arge group of silicat eBCnasrong047850
appreci able void volunme within their structures. In
the ideal state they may be viewed as built from
corner shared Si 4 tetrahedral building units which
forma large range of architectures conprising
cavities, channels and cages. In the pure silica forns
the structures are charge neutgal frameworks stuffed
with either neutral molecul es, usually water or other
neutral solvent nolecules, or salt pairs, such as
NaCl . These B ' E:ﬁg OFeRfA ag ed
“clathrasils tes,
v.6, 373, 1986). Mre commonly Al substltut es for sone
of the silica, in V\/nl ch case the framework possesses a
ACKGROUND OFTHE B Obal anced by
exchangeabl e" catl ons-comonly those of Groups 1 and
2 of the Periodic Table (Kirk-O hmer Encycl opedi a of
[19 | cal TiecHieily of mat¥fihRkddVeway eedlites\constififte a large group of

However numsr ous substitutions are now
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with the recognltl on that Al PO4 has nmany st ruct ures
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zeolites occuf as m neral s (Tschernl ch, "M nerals of
dehignatad tlatheesitsi arlzeosile'sd i¢trhoenalx, Zoolites,)v.699723,, 1986).

ome of whi.c e .no synthetic
1\§Iore commonly APS stltutes or some Of the silica, in which case the

framework possesses a net negative charge which is balanced by "exchangeable”
cations-commonly those of Groups 1 and 2 of the Periodic Table (Kirk-Othmer
Encyclopedia of Chemical Technol., J. Wiley (New York), v.8, 94, 1965).
However, numerous substitutions are now recognized as being possible both in
the Si framework substituents and the exchangeable cations, as demonstrated in
much of the recent art. A major expansion of these structural types has been
achieved with the recognition that ATPO,4 has many structures beyond the well
known silica analogues of quartz-tridymite--cristobalite (Flanigen et al., Proc.
7th Intl. Zeolite. Conf., Ed, Murakami et al., Kodansha/Elsevier (Tokyo), p. 103,
1985). Many zeolites occur as minerals (Tschernich, "Minerals of the World",
Geoscience Press (Phoenix, Ariz.) 1992), some of which have no synthetic
counterparts. Similarly many synthetic zeolites have no naturally occurring
counterparts. The large number of existing known structures has been reviewed
by Meier and Olson ("Atlas of Zeolite Structures", Butterworths-Heinemann
Press (London), 1992). The unique catalytic, sorption and ion-exchange

properties of these zeolite "molecular sieves" have been utilized in many



counterparts. Simlarly many synthetic zeolites have
no naturally occurring counterparts. The |arge nunber
woho@rsisB ng known structures has been revi ewed#CDYS2006/047850
Meier and A son ("Atlas of Zeolite Structures”,
Butt erwort hs- Hei nemann Press (London), 1992). The
uni que catalytic, sorption and ion-exchange properties
of these zeolite "nol ecul ar sieves" have been utilized
i n manyi ndustrial and environnmental processes, and
numer ous consuner products. ( reviewed in the
periodi c Proceedi ngs of the Irternational Zeolite
Conferences). [0002] There are a | arge nunber of
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alkylammonium salts) as structural "templates”.

[0003] The prior art includes two standard methods for materials processing
for either crystallization or precipitation. The first is the standard autoclave
crystallization process using commercially available equipment in a batch
operation. This is the preferred approach to crystallizing microporous and
mesoporous materials. The reaction mixture is stirred to assure uniform
composition of the product. The finished product is typically washed, sent
through a filtration system, and then dried for further processing. A second
approach is a continuous precipitation process, producing a product that again

requires filtration prior to further handling.

[0004] The present invention concerns a novel process for the synthesis of
zeolites, aluminophosphates, and mesoporous solids. More precisely, the present

invention describes a unique two-phase synthesis technique of a zeolite,



mesoporous materials. The reaction m xture is stirred

to assure uni form conposition of the product. The
woizo7ansd3 product is typically washed, sent thrPougis2@6/047850

filtration system and then dried for further

processi ng. A second approach is a continuous

preci pitation process, producing a product that again

requires filtration prior to further handling. [0004]

The present invention concerns a novel process for the

synthesis of zeolites, alum ngphosphates, and

nmesopor ous solids. Mre preci"sely, the present

invention describes a unique two-phase synthesis

techni que of a ite m cropor,ous rial . . .
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recrystallization ent to recrystallize the precursor
precursar womcdndmigfemnt crysseldineiphasphase [ 0005]

Another famly of crystalline m croporous conpositions

known as nol ecul ar sieves, which exhibit the ion-

exchange and/ or adsorptlon characteristics of zeolites
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m cropor ous
include Al and P substitutions by B, Si, Be, Mg, Ge, Zn, Fe, Co, Ni, etc. The

present invention is a new molecular sieve having a unigue framework structure.

[0006] ExxonMobil and others extensively use various microporous
materials, such as faujasite, mordenite, ZSM-5, MCM-41 and MCM-68 in many
commercial applications. Such applications include reforming, cracking,
hydrocracking, alkylation, oligomerization, dewaxing and isomerization. Any
new or modified material has the potential to improve the catalytic performance

over those catalysts presently employed.

[0007] Since zeolites are metastable compounds, the nature of the zeolite
formed from a gel depends not only on conventional thermodynamic parameters
(overall composition of the gel, temperature, pressure) but also on kinetic factors
linked to the reactivity of the gel. This gel reactivity, which partially determines
the degree of supersaturating achieved in the liquid phase, is a function of the
method used to prepare the gel, the nature of the starting materials used, and the



materials, such as faujasite, nordenite, ZSM5, MM 41
and MCM 68 in many commercial applications. Such
weapp7ioosasd ons i ncl ude reform ng, cracking, PCT/US2006/047850
hydr ocracki ng, al kyl ation, oligonerization, dewaxing
and i sonerization. Any new or nodified material has
the potential to inprove the catal ytic performnce
over those catal ysts presently enployed. [0007] Since
zeol ites are netastabl e conmpounds, the nature of the
zeolite forned froma gel depgfds not only on
conventional thernodynam c paraneters (overall
conposition of the gel, tenperature, pressure) but
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crystallization. These auxiliary steps dramatically increase the cost of using
zeolites or other crystalline phases as raw materials for use in producing other
crystalline materials. The method described herein does not require separation
of the initial crystalline phase or any additional processing of it as a raw
material. It allows for the properties of the initial raw materials to be

incorporated into the final, desired crystalline phase.

[0009] Similarly, it has been well known to introduce a zeolite during the
synthesis process as a seed to start a synthesis of that type of zéolite. See, for
example, USP 6,324,200 B1. There are also references to using seeds of one type
of zeolite to facilitate the crystallization of a different, unrelated zeolite.
However, the quantity of seeds is typically <5%by weight, perhaps as high as
10% by weight. In the aforementioned prior art, the reactants are all added prior
to any hydrothermal synthesis, including the zeolite precursor, seeds, and any

templates.



crystallization. These auxiliary steps dramatically
i ncrease the cost of using zeolites or other
wonyeiasiss ne phases as raw materials for use i RCT/US2006/047850
produci ng other crystalline materials. The nethod
descri bed herein does not require separation of the
initial crystalline phase or any additional processing
of it as a raw material. It allows for the properties
of the initial raw materials to be incorporated into
the final, desired crystalline phase. [0009]
Similarly, it has been well Krown to introduce a
zeolite during the synthesis process as a seed to
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[pspcgg*yngmbrf@;m;mlpgr mal synthesis, including the
zeolite precursor, seeds, and any tenpl ates. [ 0010]

Anot her wel | -known process is the introduction of
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these patents teaches a method to recrystallize an initial crystalline phase after it

has formed during the hydrothermal synthesis process to achieve a second
crystalline phase. The current invention is significantly different from the prior
art in that it teaches a method of perturbing the original crystal structure after it

has completely formed in the hydrothermal synthesis process.

[0012] One type of material of interest for use with the current invention is
ferrierite. Ferrierite is a natural occurring and well known zeolite characterized
as layers of 5-rings which condense to form a 2-dimensional pore structure

comprised of intersecting 8 and 10 membered ring channels. Synthetic forms of

ferrierite are also well known in the literature.

[0013] Prior art suggests that conversion between zeolites, can be effected
only by converting a zeolite with a relatively lower framework density to one of
a relatively higher framework density (US 6,436,364). The method disclosed

herein demonstrates that with the proper manipulation of the synthesis process,



MFI, OFF and beta zeolites. Wi, et al., teach in USP

5,389, 358 a nethod of adding a reagent in a slow and
woanivoosdsed manner during the hydrot hermal synPOEBRIS2006/047850

order to purify and pronote the original crystal

structure. Neither of these patents teaches a nethod

to recrystallize an initial crystalline phase after it

has forned during the hydrothernmal synthesis process

to achi eve a second crystalline phase. The current

invention is significantly djéterent fromthe prior

art in that it teaches a nethod of perturbing the

original crystal structure after it has conpletely
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wth arelatively |ower franework density to one of a

relatively higher framework density (US 6, 436, 364).
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Ferrieri to MFNBE] or beta hs well Aéa eta to_
MCM 68. {An exadM-b2 di scusslions on d8ék getics, at
| east for high silica zeolites, can be found in: Eric

C. Moloy et al, "High-silica zeolites: a relationship
bet ween energetics and i nternal surface areas "Mcro
SWUMNMARY ORAHERNVENTION jyly 2002, Pages 1-13.

[0014] The present invention is a method that perturbs an initial
crystallization phase into a more desired phase. More specifically, the present

| inventijon is a method to form a different crystallization phase of a zeolite,
mesoporous material, SAPQ,4, AIPO,4.0or porous inorganic oxide after the
hydrothermal synthesis has produced a precursor crystalline phase material.
Even more specifically, one'embodiment of the present invention is a method to
perturb the crystallization of a ferrierite to MCM-68. A second embodiment of
the present invention is to perturb the crystallization of beta to MCM-68.

BRIEF DESCRIPTION OF THE DRAWINGS .

[0015] Figure 1 X-ray Diffraction Pattern of MCM-68 Product from
Example 1.



SUMVARY OF THE | NVENTI ON [ 0014] The present invention
is a method that perturbs an initial crystallization

wohew®753880 a nore desired phase. Mre specifi eariug2006/047850
the present invention is a method to forma different
crystallization phase of a zeolite, nesoporous
material, SAPO4, Al PO‘or porous inorganic oxide after
t he hydrothermal synthesis has produced a precursor
crystalline phase material. Even nore specifically,
one embodi nent of the present,invention is a method to
perturb the crystallization™© ? a ferrierite to MCM 68.
A second enbodi nent of the present |nvent|on isto
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1 [0016] Figure 2 Scanning El ectron M crographs of the

crystalline Ferrierite precursor and the MCM 68

invention is an unexpectedly new nethod for
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m croporous and nesoporous materials. Many zeolites
are limted in
[0018] Clearly, perturbation of a zeolite precursor into a different crystalline

form would have many advantages over current methods of producing zeolites
and other microporous and mesoporous materials. Many zeolites are limited in
their applications due to limits in composition and/or morphology. In one aspect
of the current invention, this invention is a method to remove undesired
crystalline products or to use a desired precursor to direct the synthesis to a
second, more desired phase. The present invention offers a synthesis platform
that one of ordinary skill in the art instantly recognizes will produce many new
forms of zeolites and provide attractive new methods for producing known

zeolites.

[0019] In one embodiment, the present invention consists of a method to

produce zeolites, mesoporous catalysts or microporous catalysts by

(a) preparing an initial reactant gel that forms a precursor
crystalline phase for said zeolite, macroporous or microporous

catalyst;



their applications due to limts in conposition and/or
nmor phol ogy. In one aspect of the current invention,
woOho®/ssgnti on is a method to renove undesi r eBCT/US2006/047850
crystalline products or to use a desired precursor to
direct the synthesis to a second, nore desired phase.
The present invention offers a synthesis platformthat
one of ordinary skill in the art instantly recognizes
wi || produce many new fornms of zeolites and provide
attractive new methods for prgducing known zeolites.
[0019] In one enbodi nent, the present invention
consists of a nethod to produce zeolites, nesoporous

catal yst g,Pr Affbgi gg?{iﬁ#‘eta 'h? ¥§f09c1?etaﬁﬂ%e BhEP&SiEHedlksor

initial react ant cur sor

crystal line phestsllinerplmse ds demlmam Macr opor ous or
m croporous catal yst;(b) allowi ng said reactant gel to
crystallize until said precursor crystalline phase is

dom nant (gfoc)raﬁl fﬁty Igg gl‘fﬁ:&gta‘i‘h atfon/ 5%%5t tbzf?%r%l\d%sgecond

agent to rm-a COI’] ase

conpl etion oﬁ;n@i@um@iﬂia@é-l i zation of t he second
crystalline phase; (e) recovering said zeolite,

mesoporous naterial or mcroporous material (f) while

the init |(§gt Iaﬁg%ﬁlg_&)ﬂﬁ%e{f@% of i teﬂﬂszeﬁ o?khe second

crystallirz i'S ho necessary
operation of ciysaltinegsHasej nventi on.

(¢) recovering said zeolite, mesoporous material or microporous

material

() while the initial reactant gel may contain an initial
crystallization template, it is not necessary for the operation of

the present invention.

[0020] In another embodiment, the present invention may be described as a
method for crystallizing a zeolite, mesoporous material, microporous material,
SAPO,, AIPQ,, or porous inorganic oxide after the initial hydrothermal reaction
has been started and after a precursor crystalline material has formed through the
introduction of a reagent(s). The added reagent(s) affects a recrystallization of
the initial crystalline material into an altogether different structure. The initial
crystalline phase is not separated from the synthesis liquor prior to introducing

the second recrystallizing agent(s).

[0021] At no time is the precursor phase separated from the reaction
mixture. Once the desired, final zeolite crystals have formed, the solid product
is separated from the reaction mixture by standard mechanical separation

techniques such as filtration.



[0020] In another enbodi ment, the present invention
may be described as a nethod for crystallizing a
weeel7iors383 mesopor ous materi al, m croporous mat BCTAIS2006/047850
SAPO4, Al PO4, or porous inorganic oxide after the
initial hydrothermal reaction has been started and
after a precursor crystalline material has forned
through the introduction of a reagent(s). The added
reagent (s) affects a recrystallization of the initia
crystalline material into an g together different
structure. The initial crystalline phase is not
separated fromthe synthesis liquor prior to
i ntroduci ng the second recrystallizing agent(s).
[0021] At no time is the precursor phase separated
[6022) t he Tieaprlesamt ifvshtion is §ARAIVOR tRSicaentd Afd@bonditions as
zeqglite crystals have forned, the solid product is
the fellowing examplesshpdact i on i xture by standard
mechani cal separation techni ques such as

Extaniil 1 <Levelalichon ©BuENT Gs imoneb demighic (R 08
exanpl es show. Exanple 1 - Crystallization of MCM 68
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Difrlide nEdiquag”)sias ad@ed téfe @imdifithg slurries. One of the

crystallizations at 160 °C was continued in the tumbling autoclave for 8 days.

The final product was removed and analyzed and identified by x-ray diffraction
as MCM-68 (See Figure 1). Scanning electron micrographs were taken of the
intermediate sample showing the fnorphology of thé crystalline ferrierite
precursor. (See Figure 2). Included in Figure 2 are the scanning electron
micrographs taken of the final crystalline product showing the morphology of
the MCM-68 to be cubes, of approximately 1 um by 1 pm.

[0024] This perturbed method also surprisingly creates larger crystals of
MCM-68.

Example 2 — Crystallation of MCM-68 and B though Ferrierte

[0025] A reactant gel identical to that in Example 1 was produced as a
repetition. The measured K/SiO, molar ratio of the ferrierite in this run was

0.124. The final product after addition of the Diquat was identified as a



crystallizations at 160 OC was continued in the

tunmbl i ng aut ocl ave for 8 days. The final product was
woeonestsand anal yzed and identified by x-ray PCT/US2006/047850

diffraction as MCM 68 (See Figure 1). Scanning

el ectron m crographs were taken of the internediate

sanpl e show ng the norphol ogy of the crystalline

ferrierite precursor. (See Figure 2). Included in

Figure 2 are the scanning electron m crographs taken

of the final crystalline prodg&t showi ng t he
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1 m by 1 nm [0024] This perturbed nmethod al so
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identified. At times greater than 48 hours, dense KSiO; phases and quartz were
observed, no ferrierite was observed at any time. The 2g of N,N,N',N'-
Tetraethylbicyclo[2.2.2]oct-7-ene-2,3:5,.6-dipyrrolidinium Diiodide was added
to the slurries. The crystallizations at 160 °C were continued in the tumbling
autoclaves for up to 8 days. The final products were removed and analyzed by x-
ray diffraction. The 24 and 48 hour gels that had not crystallized into the dense

phase as a precursor crystallized into ZSM-12 and Mordenite, respectively.



identified. At times greater than 48 hours, dense
KSi 2 phases and quartz were observed, no ferrierite
woaesr7onsssved at any tinme. The 2g of N, N, N, N PCT/US2006/047850
Tetraet hyl bicyclo oct -ene r . -dipyrrolidinium
Dii odi de was added to the slurries. The
crystallizations at 160 OC were continued in the
tunbl i ng autocl aves for up to 8 days. The fina
products were renoved and anal yzed by xray
diffraction. The 24 and 48 hour gels that had not
crystallized into the dense pﬂége as a precursor
crystallized into ZSM 12 and Mordenite,
éﬁé@ﬁ@?ively'CLAINB: 1. A nethod to produce a zeolite,
‘ous material or mcroporous materi al
conprising: a) preparing an initial reactant gel that
for e 2 br 000 Blerfbd 30 BHOdLR PLASRC! flosSftnbus SAAIELR or
macr opor ous of m cropor ous natert al; ow ng sard
mivroparvusgahterial coygiriding:ze until said precursor
crystalline phase is domnant; c¢) rapidly introducing
a recrystallization agent to forma second crystalline

prace, ') 1|0 eSSk A e o

zeolite, nesopor agstalimgy pladsedbr Fhidr apbiteusa owd or
2. The nmethod of CJaim1l wherein the recrystallization
agent is an or gadnicrapeigusmdeakect i ng agent.

b) allowing said reactant gel to crystallize until said

precursor crystalline phase is dominant;

¢) rapidly introducing a recrystallization agent to form a

second crystalline phase;

d) allowing completion of the crystallization of the second

crystalline phase;

e) recovering said zeolite, mesoporous material or

microporous material.

2. The method of Claim 1 wherein the recrystallization agent is

an organic structure directing agent.

3. The method of Claim 1 wherein the recrystallization agent is

an organic template salt.
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7. The method of Claim 6 wherein the recrystallizing agent is

sulfuric acid, nitric acid or phosphoric acid.

8. The method of Claim 1 wherein the recrystallization agent is a

basic pH modifier.

9. The method of Claim 8 wherein the recrystallization agent is

ammonium hydroxide or an organic amine.

10. The method of Claim 1 wherein the recrystallization agent is a

combination of organic and inorganic reagents.

11. The method of any one of Claims_1 to 10 wherein said initial

reactant gel is template free.

12. The method of any one of Claims 1 to 3 wherein said initial

reactant gel utilizes a template different from said recrystallization agent.
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mat eri al receovered in step (e) is MCM68. 16. The
nmet hod of any one of clains 1 to 3, wherein the
zeolite, nmesoporous material, or mcroporous materi al
is MCM 68 and the structure directing agent is a
di quat salt. 17. The nethod of C aim 16 wherein the
structure directing agent is N - Tetraet hyl bi cycl o
oct- -ene S . -dipyrrolidinium Diiodide.

13. The method of any one of Claims 1 to 12 wherein the

precursor crystalline phase is predominantly ferrierite.

14. The method of any one of Claims 1 to 12, wherein the

precursor crystalline phase is predominantly beta.

15. The method of any one of the preceding claims, wherein the
zeolite, mesoporous material or microporous material receovered in step (€) is

MCM-68.

16. The method of any one of claims 1 to 3, wherein the zeolite,
mesoporous material, or microporous material is MCM-68 and the structure

directing agent is a diquat salt.

17. The method of Claim 16 wherein the structure directing agent
is N,N,N',N'-Tetraethylbicyclo[2.2.2]oct-7-ene-2,3:5,.6-dipyrrolidinium
Diiodide.



