HI GH SOLI DS MATERI ALS PROCESSI NG BACKGROUND OF THE
| NVENTI ON [ 0001] The present invention relates to a
W@ 064068 on of matter and a process to nake iPCT/UR2004/043183
particul ar, the conposition is a m croporous or
mesoporous material fabricated by a nethod that uses
hi gh solids nmaterials processing. [0002] The prior art
i ncludes two standard nethods for materials processing
for either cHIGHRSOLIBS MATERAESIHROGHIFINGhe fir st
is the standard autocl ave crystallization process
using commercially avail abl e equi pnent in a batch
0 ' IS f ed approach to
Bﬁ@gﬁ&@ﬁﬁﬂ?ﬂi@é@?’ﬁ@f (§W mesopor ous nmateri al s.
The reaction mxture is stirred to assure uniform
conposition of the product. The finished product is
[oo0x]cal | Yhepsded: irdeftioh helateghoa donpdsitid® bf sesteeand a
and then dried for further processing. A second
paquese temake ita Ingpartiowlenshe cenippsitioniis @ mpicsoperous or

produci ng a product that again uires filtration .
MESPBPIOUS TRA[ETIA %ﬁw& R %}%Méﬁl%*rﬁéesgwgbéﬁh s materials
invention addresses materials synthesis and

pg;chg%lgg ng. There is also a need and desire for

efficient exploration of high solids synthesis

regi mes. The typical approach in hydrothernal

[6002]hesi The prioo artsiachudes tvastemdard metiaidsfoo peatatiale processing
Aut ocl aves are pressure vessels capable o

f
fow eithar sryntallizatien au pegapitasion. phhesHt ésthgatanderd gutaclave
o e TR BB S S O8RE: 63088
oﬁé&ﬁ%ﬁ? THY fs'thb g)?eféﬁ%ﬁ aﬁ‘)lpg&d&' BV stallS itk SHSopBtdusnd

nore ‘sem - cont I nuous
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.

[0003] The present invention addresses materials synthesis and processing.
There is also a need and desire for efficient exploration of high solids synthesis
regimes. The typical approach in hydrothermal synthesis is to use autoclaves in
a batch operation. Autoclaves are pressure vessels capable of withstanding the
autogeneous pressures generated at crystallization temperatures in the 100-250°C
range. Autoclaves are cumbersome and manpower intensive. The present
invention uses a continuous feed system that is more semi-continuous to
continuous operation, dependent upon the configuration of the equipment, the

feed, and reaction conditions required for the crystallization.



conti nuous operation, dependent upon the configuration
of the equi pnent, the feed, and reaction conditions
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invention allows the evaluation and manufacture in
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pol ynmer properties may be controlled by adjusting the
rate of periodic batches of manganese di oxi de (see

[0%'0%] ’ S%engsae’ otDc'o;ntilﬁ(lel\é)vhs JBéa;ctor processes is well known, particularly
in the polymer area. For example, many processes for polymers that may be
carried out continuously in extruders (see e.g., Reactive Extrusion, Principles
and Practicé, Xanthos, M., ed., Hanser Publishers, 1992). The advantage of such
processes for continuously varying the product by varying the reagents is also
known. For example, polymer properties may be controlled by adjusting the rate
of periodic batches of manganese dioxide (see e.g., Suwanda, D.; Lew, R.;
Balke, S. T. J. Appl. Polym. Sci. 1988, 35, 1019. "Reactive Extrusion of
Polypropylene I: Controlled Degradation" ). It is also known that the product
may be controlled by continuously varying the temperature and reaction time by
controlling the total feed rate to the extruder (see e.g., Xanthos, M. in Reactive
Extrusion, Principles and Practice, Xanthos, M., ed., Hanser Publishers, 1992,
page 44). It is also known that reagents may be added not only in the initial feed
hopper but at points along the reaction path by injecting reagents into the



Bal ke, S. T. J. Appl. Polym Sci. 1988, 35, 1019.

"Reactive Extrusion of Polypropylene I: Controlled
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be controlled by continuously varying the tenperature

and reaction tinme by controlljng the total feed rate

to the extruder (see e.g., Xahthos, M in Reactive
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[ 0006] The present invention discloses high solids,
conti nuous or seniconti nuous

[0006] The present invention discloses high solids, continuous or semi-
continuous hydrothermal synthesis of microporous or mesoporous materials.
This invention will accelerate the discovery of new materials in the high solids
crystallization regime. The process allows for faster throughput and in-situ
modification of the synthesis by varying what reagents are introduced when in
the crystallization process. In addition, elimination of extraneous liquor allows
for decreased inventory of hazardous materials as well as a decrease in

subsequent mother liquor obtained after crystallization or processing.

SUMMARY OF THE INVENTION

[0007] The present invention is a microporous or mesoporous composition

of matter wherein the composition is formed continuously or semi-continuously



hydr ot hermal synthesis of m croporous or nmesoporous
materials. This invention wll accelerate the
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crystallization regine. The process allows for faster
throughput and in-situ nodifigation of the synthesis

by varying what reagents are introduced when in the
_crystallization process. In addition, elimnation of
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about 98% of the total reagents. [0008] In a preferred
enbodi nent, the conposition is fornmed continuously

[6009T r ealieother preferred ehibddimenscthe cwhpaitidieidchides zeblites,
conbi nations thereof. [0009] In other preferred
meshpoliowsn$ APQ ed AdRQg miatérwalsi ncl udes zeolites,
mesopor ous, SAPO and AlPO4 materials. [0010] The
i nvention also includes a continuous or
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reactor zone at a temperature between 200° and 500°C with a residence time less
than 24 hours. The solid reagents have a weight percent between 45% and 98%

of the reagents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure 1 shows a schematic of a device for the manufacture of the

compositions of the present invention.

[0012] Figure 2 shows the x-ray diffraction pattern of the zeolite formed in
Example 1.

[0013] Figure 3 shows a photograph of the pellet after processing as

described in Example 1.



than 24 hours. The solid reagents have a wei ght
percent between 45% and 98% of the reagents. BRI EF
WOEBSRddE ON OF THE DRAW NGS [ 0011] Figure 1 SPOWESH04/043183
schematic of a device for the manufacture of the
conpositions of the present ipvention. [0012] Figure 2
shows the x-ray diffraction pattern of the zeolite
formed in Exanple 1. [0013] Figure 3 shows a
[pOD4Jogr apipuet 4tshewseahe atragfdiffraqiongesteirn of dse gasdite fdrackd in
i n Exanple 1.[0014] Figure 4 shows the x-ray
Examipledt i on pattern of the zeolite forned in Exanple
2. [0015] Figure 5 shows the x-ray diffraction pattern
of the zeolite forned in Exanple 3. [0016] Figure 6
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Blahipl@gti on pattern of the zeolite fornmed in Exanple
4. [0018] Figure 8 shows the x-ray diffraction pattern
of the zeolite forned in Exanple 5. DETAI LED
DESCRI PTI ON OF THE PREFERRED. EMBCDI MENTS [ 0019] The,
(00K 8)ent  Fiarse O sbewsibe adey diffpactioagatissp of grother zeolite
conmppsition of, matter forned by a given process. The
f?l?ﬁ%@@%‘%?%o%s the continuous or sem conti nuous
hydr ot hermal synthesis of m croporous or nmesoporous
materials with
[0017] Figure 7 shows the x-ray diffraction pattern of the zeolite formed in

Example 4.

[0018] Figure 8 shows the x-ray diffraction pattern of the zeolite formed in
Example 5.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] The present invention includes a process and the composition of
matter formed by a given process. The process includes the continuous or semi-
continuous hydrothermal synthesis of microporous or mesoporous materials with
high solids content ranging from about 45% to about 98 %, preferably about 50%
to about 95% and most preferably about 55% to about 90%. Solids are defined
as the material left in the synthesis mixture after subtracting water added as
solvent, water formed by initial reactions such as acid and base neutralization,

and water carried into the mixture as "water of hydration."

[0020] The process of the present invention may be better understood by
reference to the figures, where Figure 1 illustrates, schematically, one

embodiment of the high solids synthesis process taught herein.



hi gh solids content ranging fromabout 45%to about
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as the material left in the synthesis m xture after

subtracting water added as sogvent, wat er fornmed by

initial reactions such as acid and base

neutralization, and water carried into the m xture as
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[0023] The multiple zones of the reactor vessel are selectively heated to
control the temperature of the synthesis mixture during residence in that zone
and the pressure in that zone. Control of these synthesis conditions provide the
user of this process the ability to control and modify the nucleation and
crystallization parameters of the synthesis mixture. These zones are generally
characterized as crystallization zones, where the synthesis mixture is maintained
at temperatures ranging from about 200°C to about 500°C, and conveyance
zones where the synthesis mixture is relatively cooler, ranging from about 50°C

to about 200°C.

[0024] In an alternate embodiment, multiple injection ports (here illustrated
by dashed liens 1b, 2b, and 3b) along the reaction vessel 5, may be used to



[0023] The nultiple zones of the reactor vessel are
sel ectively heated to control the tenperature of the
w@the®ss m xture during residence in that zoPer/asmo4/043183
the pressure in that zone. Control of these synthesis
condi tions provide the user 05 this process the
ability to control and nodi fy’the nucl eati on and
crystallization paraneters of the synthesis m xture.
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and/or conditions) with the end objective being the
agiontioyewsymethodaw searchr¢fatasrow composition range and/or conditions
used for a specific crystalline product. Included in the synthesis mixture may
be an inert or substantially inert polymer such as polyethylene, which may be
used to facilitate conveyance through the heated reactor. The specific polymer
employed is a function of the targeted reaction temperature. Other additives are
available and known to those skilled in the art that facilitate the conveyance of
material through the conveyance zones and crystallization zones of reaction
vessel 5 by modifying the viscosity, drag, or lubricity of the synthesis mixture.
The product is delivered at 9 in a continuous fashion for further processing (e.g.,

a belt filter for washing/exchanging, or a calciner) or for analysis, e.g., by x-ray

diffraction (XRD), here illustrated as further processing means 10.

[0026] One embodiment is a process for continuous crystallization of
microporous and mesoporous materials from high solids reaction mixtures. The
advantage of this invention is that it allows for the use of a synthesis mixture not

suitable for standard batch crystallization. It allows for a minimization of



This technique can be used to readily investigate a
conposition phase diagramin a continuous nethod in
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used for a specific crystalline product. Included in
the synthesis mxture may be gn inert or substantially
inert polynmer such as pol yethyl'ene, which may be used
to facilitate conveyance through the heated reactor.
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of the unit could be altered to affect residence time.

[0028] Several examples of high solids crystallizations that may be
fabricated by the present invention follow below. Although these examples are
zeolites, it is not the intent to limit this technique to zeolite species. The process
can be used for processing high solid formulations for a multitude of materials
including, but not limited to, zeolites, mesoporous materials, AIPO, materials,
SAPO materials, mixed metal oxides, and amorphous phases. As shown in these
examples, fluorided structure directing agents (e.g., tetrabutylammonium
fluoride) facilitates the crystallization at high temperature and shorter reactant
residence times. This may be advantageous when determining residence time

during operation.



the reactant containers 1, 2, 3, etc. The feed could

be in the formof a powder or a pellet (e.qg.,
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the cases where an air sensitive structure directing

agent was enpl oyed. The tenpegature of the

crystallization zones of the feaction vessel 5 would

be adjusted prior to the reactant introduction, to
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This exanple is 56%solids. UtraSil VN 3SP-PM (soli
were heated separatel v pi3sig bottles at 200°C, 24 hour X-ray diffraction

showed the products to be ITQ-13 as exemplified by Figure 1 for the bulk
powder. Figure 2 is a photograph of the pellet after reaction, which shows that
the physical structure was maintained more-or-less intact despite the lack of

binding agents.

[0031] Example 2. Synthesis of zeolite beta

This example is 63% solids. A mixture of 60.08 g UltraSil VN 3SP-PM and
2.76 g zeolite beta seeds was stirred in the stainless steel bowl of a KitchenAid
mixer and a solution of 8.97 g 46% sodium aluminate (Na; ,6A10,(OH).26) and
8.13 g 48% HF in 1.33 g H,O added followed by 60.54 g of 35% tetraethyl-
ammonium hydroxide. The pourable solid was heated in a plastic bottle at
240°C for 4 bours and the product was found to be zeolite beta by X-ray powder
diffraction, Figure 3. The H,0/SiO, ratio was 4.04.



was placed in the bowl of a KitchenAid m xer and a
solution of 1.39 g H3BG3 and 97.85 g 54. 9%
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by 23.69 g 48% HF while m xing with the standard
batter paddle at slow speed. ,After the wet ingredients
had been m xed in, 2.73 ¢ ITé 13 seeds were m xed in.
The ratio of HOSIO2 in the m xture was 4.02: 1. A
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[0033] Example 4. Synthesis of zeolite ZSM-5.

This example is 58% solids. To a slowly stirred mixture of 60.08 g UltraSil VN
3SP-PM and 0.60 g ZSM-5 seeds in a KitchenAid mixing bowl were added a
solution containing 7.50 g Al(NO3)3-9H20, 3.60 g H,0, 10.42 g 48% HF, and
101.68 g 40% tetraproplylammonium hydroxide. Twenty-five grams of the
mixture were placed in a plastic bottle and heated 1 hour at 240°C to give a
product identified as ZSM-5 by powder X-ray diffraction Figure 6. Similar
results were obtained on 25 g samples treated at 200 and 220°C for 4 hours. The
240°C product was calcined by increasing the temperature at 2°C/min to 540°C
under a N, atmosphere, holding 1 hour at 540°C, switching the atmosphere to air,
holding a further 4 hours at 540°C, then cooling to room temperature. The

material so obtained was found to have an alpha value of 195.

[0034] Example 5. Synthesis of zeolite chabazite.



This exanple is 60% solids. The structure of the
organic directing agent, described as Et6-Di quat-5
w0 bawssades i s: Et 3BNV+ N+Et (3F)2 To 42.06 g U tPraBuUk200M043183
3SP-PMin a KitchenAid m xer were added a sol ution of
76.99 g 42. 7% Et6-Di quat -5 fl jajlo_ri de and 2.22 g 48% HF
in 5.80 g H2O After the solid was thoroughly m xed, a
20 g portion was placed in a plastic bottle and 0.22 ¢
Ge®2 mixed in by hand. The bottle was heated at 2000C
This e2ampleiis S68nsolidse Phosmadtusshafthe toogdrec Zéelciihg agenta
by powder X-ray diffractjion, Figure 4. Another 20 g
deserpresl asad sadangidamBionignd eridegity added produced
zeolite ZSM51 in the sanme period at the sane
tenperature, Figure 5. [0033] Exanple 4. Synthesis of
zeolite ZSM5. This exafipf S 5?% solids. To a slowy
stirred m xture of 60. 0B Sl | N 3SP-PM and 0. 60
g ZSM5 seeds in a KitghefgAd m\ng bow were added a
solution containing 7.50 g Al( )3.9H20, 3.60 g H20
10.42 g 48% HF, and 101.68 g 40% tetraproplyl anmoni um
Chabagixd seeds [oent :éﬂd\/@ltgamnvwﬁspmdgvm )ewwﬁlxed ina
placed in a plastic bottle and heated 1 hour at 2400C
plastigibeeker thendusolutiateof 0117 el AdENOGMHINY, Tl gr 674 %ay
d| ffraction Fi %ére 6. . Simlar results were obtained on

adamgntaspppeiing flugridg Idanecggg agenf, and 385t »HQ adsledswitlyhand
2400C d

it RO RS Do R et R 2l E%gaﬂweat 200°C.
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almorphous ingtepial, dfigae: 7.The material so obtai ned was
found to have an al pha val ue of 195.

[0035] Examples 6 through 8. Synthesis of zeolite ZSM-5.

These examples use the following gel. A mixture was prepared consisting of
37.62 g 50% aqueous NaOH, 52.18 g 47% aqueous A1,(SOy);, and 90.2 g
UltraSil VN 3SP-PM. This reactant mixture was well mixed using a KitchenAid.
The finished reactant gel had a solids level of 69%.

[0036] Example 6: A 60 g aliquot of the mixture was added to a Parr
autoclave with a modified stir blade. Several impellers were placed upon the stir
blade shaft to form a cork-screw alignment of blades. This was designed to
mimic an extruder screw in a batch operation. The gel was heated to 160°C for

16 hours and the product was amorphous.

[0037] Example 7: A 30 g aliquot of the mixture was added to a Teflon
lined 30-cc autoclave. The gel was heated to 160°C and after 60 hours under



[0034] Exanple 5. Synthesis of zeolite chabazite.This
exanple is 56% solids. The structure of the organic
wa@lResnsdony) agent, descri bed as adamant ammoni unPCT/US2004/043183
fluoride, is: Chabazite seeds (O 22 g) and UtraSil VN
3SP-PM (7.21 g) were m xed |a pl asti c beaker then a
solution of 0.17 g A1(NXB)3 10.94 g 67.4%
‘adamant anmoni um f | uori de di rectl ng agent, and 2.85 ¢
stafi©cadditidney mbrdeite anddianyaitd veeraithe pl‘(EiuﬂBS Ipirdwed in
a plastic bottle and heated 24 hours at 2000C. Powder
crgstadljzation 10245 kpnrs peeducedinly merderite Withequaithazi t e
with some anorphous material, Figure 7. [0035]
Exanpl es 6 through 8. Synthesis of zeolite ZSM 5.
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Stir Ilers were placed upon t he
hg?ﬁsm@tgai’f%‘ﬁﬁ%vﬁ%ﬁ@)ﬁﬁ a cork-screw alignnent of
bl ades. This was designed to m m c an extruder screw
in a batch operation. The gel was heated to 1600C for

[0039)our sErmepleh® throwiiicl 1 waAsteanpted HSM-5 ¢R8aTzatonpl e

7: A 30 g aliquot of the m xture was added to a Tefl on

Il ined 30-cc autoclave. The gel was heated to 1600C and
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bromide (TBABr) commercial grade supplied by SACHEM. This reactant

mixture was well mixed using a KitchenAid. The finished reactant gel had a

solids level of 77%.

[0040] Example 9: A 50 g aliquot of the mixture was added to a Parr
autoclave with a modified stir blade. Several impellers were placed upon the stir
blade shaft to form a cork-screw alignment of blades. This was designed to
mimic an extruder screw in a batch operation. The gel was heated to 160°C for

16 hours and the product was amorphous.

[0041] Example 10: A 50 g aliquot of the mixture was added to a Parr
autoclave with a modified stir blade. Several impellers were placed upon the stir
blade shaft to form a cork-screw alignment of blades. This was designed to
mimic an extruder screw in a batch operation. The gel was heated to 200°C for 8

hours and the product was amorphous.



autoclave wth a nodified stir blade. Several
inpel l ers were placed upon the stir blade shaft to

WO 200510660601 k- screw al i gnment of bl ades. Thi s WaST/US2004/043183
designed to mmc an extruder screw in a batch
operation. The gel was heated,to 2500C for 4 hours and
the product was ZSM 5. [0039] 3Exarrpl es 9 through 11.
Attenpted ZSM5 crystallization These exanpl es use the
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[0044] Example 12: A 50 g aliquot of the mixture was added to a Parr

autoclave with a modified stir blade. Several impellers were placed upon the stir
blade shaft to form a cork-screw alignment of blades. This was designed to
mimic an extruder screw in a batch operation. The gel was heated to 160°C for

24 hours and the product was ZSM-5.

[0045] Example 13: A 50 g aliquot of the mixture was added to a Parr
autoclave with a modified stir blade. Several impellers were placed upon the stir
blade shaft to form a cork-screw alignment of blades. This was designed to
mimic an extruder screw in a batch operation. The gel was heated to 200°C for

16 hours and the product was ZSM-5.

[0046] Example 14: A 50 g aliquot of the mixture was added to a Parr
autoclave with a modified stir blade. Several impellers were placed upon the stir

blade shaft to form a cork-screw alignment of blades. This was designed to



bl ade shaft to forma cork-screw alignnment of bl ades.
This was designed to mmc an extruder screw in a
whaaosheoper ati on. The gel was heated to 2500C PEF/UL2004/043183
hours and the product was anorphous. [0043] Exanpl es
12 through 14. Attenpted ZSM. 5 crystallization These
exanpl es use the follow ng gei”.” A mi xture was prepared
consi sting of 15.3 g 50% aqueous NaOH, 14.6 g 47%
namie anexAhAESQEIE®, inGcbajciubpemsoh. Uiesh-vwris) heatedl 0R259°C for 8
75% aqueous Tetrab I ni um fl uori de (TBAF)
hewgsra ng’éﬁ%%%l}@%y Adrich chenmical. This
reactant m xture was well m xed using a KitchenAid.
The finished reactant gel had a solids |evel of 75%
4 1 alzica i IXture was
[(g(g%éd] t EE ggi% ?‘ers %utthg%‘?éahvnglsﬁm??ggﬁaglﬁq%t stir Dbl ade.
Several inpellers were placed upon the stir bl ade
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heated to 2000C for 16 hours and the product was
ZSM5. [0046] Exanple 14: A 50 al i quot of the
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mimic an extruder screw in a batch operation. The gel was heated rapidly at 4°C

per minute to reaction temperature of 250°C and crystallized for 2 hours. The

product was ZSM-5.

[0049] Example 16: A 50 g aliquot of the mixture was added to a Parr
autoclave with a modified stir blade. Several impellers were placed upon the stir
blade shaft to form a cork-screw alignment of blades. This was designed to
rmrmc an extruder screw in a batch operation. The gel was heated at 0.5°C per
minute to reaction temperature of 250°C and crystallized for 2 hours. The

product was ZSM-5.

[0050] Example 17: ZSM-5 Crystallization

A mixture was prepared consisting of 4.5 g 50% aqueous NaOH, 404 g 47%
aqueous A1,(SOy)s, 15.2 g Promeks silica, and 28 g 75% aqueous
tetrabutylammonium fluoride (TBAF) technical grade supplied by Adrich



hours and the product was ZSM 5. [0047] Exanples 15
through 16. ZSM 5 crystallization These exanpl es use

w0 b@shedobowi ng gel . A m xture was prepared conBCBHUBI004/043183
of 8.5 g 50% aqueous Na()—| 8 1 g 47% aqueous
Al2(SO4)3, 31 g UtraSil 31 P-PM and 52 g 75%
aqueous tetrabutyl anmoni um fl*dori de (TBAF) techni cal
grade supplied by Adrich chem cal. This reactant

chemioatl.e Thizsrenetaht mixtage was Ng:lbmli@t&ch HEme\fidish€eeactant gel had a

finished reactant gel had a | ds | evel of 75%
soladmigyelsiatfifioe T mpxtyre ya&aﬁﬁ% pPagrputoglaye wath gaodified
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to reaction tenperature of 2500C and crystallized for

teanprratge of BE0YT and crysialbizetsfars) h@mm@]heaxadp«:tewassZSM -5.
50 g aliquot of the mxture was added to a Parr
autoclave with a modified stir bl ade, Several

[00%Jd1 | er Exomple b3:adathepis ol tigh silica Z5Mde shaft to

forma cork-screw alignment of bI ades. This was

designed to mm¢ an.extru w in a bat
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chiémitay Phisrekstant inixtare wasl “MI mi x5k Blopifinished reactant gel had a
solids level of 77%. The mixture was added to a Teflon lined 30-cc autoclave
with no stirring mechanism. The gel was heated to 240°C and after 2 hours,

ZSM-5 was the product.
[0052] Example 19: Attempted synthesis of high silica ZSM-5, low sodium

A mixture was prepared consisting of 0.55 g 50% aqueous NaOH, 0.39 g 47%
aqueous A1,(SOy)s, 5.5 g UltraSil VN 3SP-PM silica, and 9.2 g 75% aqueous
tetrabutylammonium fluoride (TBAF) technical grade supplied by Adrich
chemical. This reactant mixture was well mixed. The finished reactant gel had a
solids level of 79%. The mixture was added to a Teflon lined 30-cc autoclave
with no stirring mechanism. The gel was heated to 240°C and after 2 hours, the

product was amorphous.

[0053] Example 20: Attempted synthesis of high silica ZSM-5, no

additional sodium



tetrabutyl amoni um fl uori de (TBAF) technical grade

supplied by Adrichchem cal. This reactant m xture was
wowrdos/oedosed. The finished reactant gel had a sPECT/tiS2004/043183

| evel of 76% The m xture was added to a Parr

autoclave wth a nodified sti £6bl ade. Sever al

i npel l ers were placed upon the stir blade shaft to

forma cork screw alignment of blades. This was
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BAF) techm cal rade supplied by Adrich chenical.
2<‘?Q1 %fo e} howrs wader stadc congdidiond, the product

react ani}g eI had a solids level of 77% The m xture
s 0 a Teflon lined 30-cc autoclave with no
stirring mechanism The gel was heated to 2400C and
after 2 hours, ZSM5 was the product. [0052] Exanple

[0054}Attemghﬁ¢1§2mt hesis of high silica ZSM5, |ow
sodium A m xture was prepared consisting of 0.55 g 50%

aqueous NaOH, 0.39 g 47% aqueous Al2(S4)3, 5.5 ¢

UtraSi.l VN 3SP-PM SI ca, .and 9 % aqueous
A syetis pREHBAT BFREPTOibS Ssis (>3 & SR ecgs MROH, 637 ¢

0SB PS 0T SR g 150 M
hihge 195veﬂ9f?ﬁxeﬁfl@slﬂ%éqﬁfﬁlem3d%ﬁ§i&d to a Teflon |ined

30-cc autoclave with no stirring nmechanism The gel
was heat ed to 2400C and after 2 hours, the product was

[8 nES]IO ou Th1s mixture is fed through the feed hopper at less than 250g per hour
into the heated conveyance reactor. The first heated zone (1) and the last heated
zone (zone 15) are at between 50-80°C and the screw design in these regions is
such that they optimize compaction. The temperature zones 2-14 are heated to
approximately 300°C. The screw design in these regions is such to maximize
void space, maximize residence time, and allow conveyance. The total residence
time in the reactor is 2 to 8 hours. The product is ZSM-5 with the x-ray pattern

shown in Figure 2.
[0056] Example 22

The synthesis mixture prepared in Example 1 is fed through the reactor hopper at
arate less than 250g per hour. Downstream from this feed hopper is a second
hopper containing granulated polyethylene with a melt index (MI, ASTM D
1238) of 2250g/10 min.. The polymer is fed at a rate of between 12-25g per



[ 0053] Exanple 20: Attenpted synthesis of high silica

ZSM5, no additional sodiumA m xture was prepared
w@ovsiedossrg of 0.0 g 50% aqueous NaOH, 0.39 g BJP@S2004/043183
- aqueous Al2(Sm4)3, 5.5 g UtraSil VN 3SP-PM sili ca,

and 9.2 g 88% aqueous tetrab_u]te?y[ ammoni um fl uori de

(TBAF) technical grade supplied by Adrich chem cal.

This reactant m xture was well m xed. The finished

hosa conereydiwitiatheaSK¥-repstivavaixtwk. ThedirTheatddzane(1) and

lined 30-cc a The gel.
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m xture is fed through the feed hopper at |ess than
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The tenperature zones 2-14 are heated to approxi mately
[6090C. Tk €w3design in these regions is such to

maxi m ze void space, maximze residence tine, and
al | ow conveyance. The total residence tinme in the
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charged to Feed Hopper #1. Separately, a solution of 90 g 46% sodium aluminate
(Na; 26A10,(OH)g26) and 81 g 48% HF in 13.3 g H,0 is prepared (Reactant IT)
and charged to a peristaltic pump. A third solution of 605 g of 35%

tetraethylammonium hydroxide, (Reactant IIT) is charged to a second peristaltic

pump.

[0058] The silica-seed reaction mixture, Reactant I, is fed through the
reactor hopper at a rate less than 250g per hour. Downstream from this feed
hopper is Hopper #2 containing granulated polyethylene with a melt index (MI)
of 2250. The polymer is fed at a rate of between 12-25g per hour concurrent with
Reactant I. Downstream of the polymer hopper are two injection ports through
which the liquid reagents (Reactants II and IIT) are injected at rates of less than
75 g per hour and less than 250g per hour, respectively. The rates of addition of

all the reactants are adjusted to obtain targeted elemental ratios.

[0059] The first heated zone (1) and the last heated zone (zone 15) are at

between 50-80°C and the screw design in these regions are such that they



a rate less than 25Qgper hour. Downstream fromthis

feed hopper is a second hopper containing granul ated
wpoiogeedoys ene with a nelt index (M, ASTM D 1288)/Us$004/043183

22509/ 10 min.. The polyner is fed at a rate of between

12- 259 perhour concurrent wth the Si Q2-reaction

m xture. The first heated zon€ (1) and the |ast heated

zone (zone 15) are at between 50-800C and the screw
optimiigmcompadiése Thetanperatuze gants 2Hdtare hegtedgoiappraximately
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x-ray pattern shown in Figure 3. [0057
PZ@lreA m xture of 600 g UtraSil VN 3SP-PM and 27 6 g

zeolite beta seeds is stirred in the stainl ess steel
bow of a KitchenAid m xer (Reactant 1). This dry

1 xture s char Feed per #1. Separ.atel a
(A0t T o ESpgls 2F Soimtucsis ot PRt aompbstion Coftinm
(NaL26A102(OH)0.26) and 81 g 48% HF in 13.3 g HRO is
prepared (Reactant 11) and charged to a peristaltic

60Ut SiVINI3 SPLRNII i9 Bh&oe8 96 f&dJHo?E% #1. A SOlllthIl of 1.0g
t etraet hyl ammoni um hydr oxi de, (React ant

46asabumt alumisate ¢Nd, gérlOg(t@uH)d zg) madp.0 g @@%SIle'ﬁhé) 15gH,0is
silica-seed reaction m xture, Reactant is
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(M) of 2250. The polyner is fed at a rate of between
12-25g per hour concurrent with Reactant |. Downstream

[@061]he pBhy siticalio fabthraugh thecoppeadili A 10¢ less o282 per

hour. Downstream, Hopper 2 contains granulated polyethylene with a melt index

(MI) of 2250. The polymer is fed at a rate of between 12-25g per hour concurrent
with the silica. Downstream of the polymer hopper is Hopper #3 containing the
alumina solution, Reactant II. Hopper #3 doses the entire charge at once.
Downstream of Hopper #3 is an injection ports through which the

tetracthylammonium hydroxide is fed at a rate less than 250g per hour.

[0062] The first heated zone (1) and the last heated zone (zone 15) are at
between 50-80°C and the screw design in these regions are such that they
optimize compaction. The temperature zones 2-14 are heated to approximately
300°C. The screw design in these regions is such to maximize void space, allow
conveyance at maximum residence time. The total residence time in the reactor

is 10-60 minutes.



which the liquid reagents (Reactants Il and II1) are
injected at rates of less than 75 g per hour and | ess

w0 b@s/oadexyper hour, respectively. The rates of PEmus1000043183
of all the reactants are adjusted to obtain targeted
el emental ratios. [0059] The fdrst heated zone (1) and
the | ast heated zone (zone 15£ are at between 50-800C
and the screw design in these regions are such that
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)ﬁg%@ ﬁﬁg fle Hﬁ%’ 1?#&5&%3%%{%&5%@@63 ct ?{tltﬁllg 1Fhe product

reactor m nu

rﬂjb'éﬁ% klit&d Z80 hhélgz&ﬁbﬁl xWal/iffhetdon! AhePiodaEisS AsoMie beta
in Figure 4. Exanpl e 24. Synthesi's of Beta with
weitlc theposay paﬁnemcnlnbwnmﬁlgoﬁa 4anll nirasgd of/BiGERIFM riatios from
char%d to feed Hopper #1. A solution of 1.0 g 46%

i-Mv+ al um nate (NaL26Al Q2(OH)0 2 ) and 1.0 g 48% HF
in 0.15 g H2ZO is prepared (Reactant I1l) and charged to
Feed Hopper 3. A third solution of 605 g of 35%
t et raet hyl ammoni um hydroxi de is charged to a
peristaltic punp. [0061] The silica is fed through the
Hopper # 1 at a rate | ess than 25Qgper hour.
Downstream Hopper 2 contains granul ated pol yet hyl ene
with a nelt index (M) of 2250. The polyner is fed at
a rate of between Yl -TSg per hour concurrent with the
silica. Downstream of the polynmer hopper is Hopper #3
contai ning the alum na solution, Reactant |l. Hopper
#3 doses the entire charge at once. Downstream of
Hopper #3 is an injection ports through which the
tetraet hyl ammoni um hydroxide is fed at a rate |ess
t han 25Qgper hour. [0062] The first heated zone (1)
and the | ast heated zone (zone 15) are at



bet ween 50-800C and the screw design in these regions
are such that they optim ze conpaction. The
W@ 200pe6@stsir e zones 2-14 are heated to approxi NBCEUF2004/043183
3000C. The screw design in these regions is such to
maxi m ze void space, allow cofyeyance at maxi mum
residence tinme. The total residence tine in the
reactor is 10-60 m nutes.[0063] As the finished
(B8t exits the reactor zone, a continuum of
Si O2ZAl 203 ratios is observed where the initial
product has a relatively |ow Si Q2ZAl 23 and the ratio
i ncreases 4as . .
product ribbo % ﬁgé@ﬁ)?&hg %gr{gé%b%g ?é%sg@r%&%t}?%? F matter wherein
s8iidf dorAgddifon isThRmededutihubss]H @R lsbing-coatiAudMs id Adeated
X-ray pattern shown in Figure 4 and a range of
rSicERZANRCE a enipesatirebet®sen @0800 afd A0OEC with Aresidence time
M CropQrous or mnesoporgus, conposition of matter

leggsdhan 34 doums by spld prd HAuidrepgents Whesein; saidselid resgents have a
sem -continuously, Ly a ed- reactor zone at a
weé%t&%f%ﬂtg)eg%'?%éﬁ%ﬁﬁi;%n% ffégﬁﬁléh a residence

time less than 24 hours by solid and |iquid reagents

wherein said solid reagents have a wei ght percent

bet ween 43% aMlieBUMpisiticai of ¢leagdniBeresh saili@omposition is
conmposition of claim1 wherein said conposition is

femnedbcontmiduslyousl y. 3. The conposition of claim1
wherei n said reagents include powder, gel or pellets,
or conbinations thereof. 4. The conposition of claim1l

vater. 5. 3 THBSSRRA R dlafth LA g R Metuae
pOXRY, gl B8 pellgts! §A&binations thereof.

4. The composition of claim 1 wherein said reagents include

aluminum, silicon and water.

5. The composition of claim 4 further comprising the reagent

phosphorous.

6. The composition of claim 1 wherein said reagents include

aluminum and phosphorous.

7. The process of Claim 1 wherein said reagents include an inert

or substantially inert polymer to facilitate conveyance.

8.  The process of Claim 1 wherein said reagents include inert or

substantially inert organic extruder aids.



phosphorous. 6. The conposition of claim1 wherein

sai d reagents include al um num and phosphorous. 7. The
wpe@spe®ef Claim 1l wherein said reagents i nclRdEUS2004/043183

inert or substantially inert polynmer to facilitate

conveyance. 8. The process of ]?I_ai m 1 wherein said

reagents include inert or sub% antially inert organic

extruder aids.9. The conposition of claim1l wherein

sai d sol i @.r cHyermpositien of wliighl wiereiasaidslidxeagstigthave a
and 95% of said r ent 0.. The conposition of claim
wieighiperentheatyesn g@%ﬁff@%‘%@faﬂﬂa@@g&ﬁe rcent between

55% to 90% of said reagents. 11. The conposition of
claim4 wherein said conposition is a zeolite. 12. The

conposi ti qm, ofhet 'ﬁbslﬁofl%%l%iiﬂl pw&reiﬁ%hid&a'gén@ %(géa

13. The conposition of claim 1l wherein said Zeoli
wedghtTfgrcdit. betvweed B8 %cor@lfpidfisaid whgehtai m 11 wherei n
said zeolite is zeolite beta. 15. The conposition of
claim 1l wherein said zeolite is chabazite. 16. The

conposi ti claiml1l.wherejn reactants are injected
t6 the. Hda He odipBbstd Ok Elaf SHeRth SR forupostio is a
L€in reactants are heated in the reactor zone by

m crowave radiation. 18. A continuous or
sem -conti nuous process for the hydrothernal

12. The composition of claim 11 wherein said zeolite is ZSM-5.
13. The composition of claim 11 wherein said zeolite is ITQ-13.

14. The composition of claim 11 wherein said zeolite is zeolite

beta.
15. The composition of claim 11 wherein said zeolite is chabazite.

16. The composition of claim 1 wherein reactants are injected into

the heated zone.

17. The composition of claim 1 wherein reactants are heated in the

reactor zone by microwave radiation.

18. A continuous or semi-continuous process for the hydrothermal
manufacture of a microporous or mesoporous composition comprising feeding
solid and liquid reagents into a heated reactor zone at a temperature between
200°C and 500°C with a residence time less than 24 hours wherein said solid

reagents have a weight percent between 45% and 98% of said reagents.



manuf acture of a m croporous or nMesoporous conposition
conprising feeding solid and liquid reagents into a
wheasmeehoseact or zone at a tenperature between POD0S20a41013183
5000C with a residence tine | ess than 24 hours wherein
said solid reagents have a [ght percent between 45%
and 98% of said reagents. 19.” “Fhe process of claim 18
wherein said conposition is fornmed continuously. 20.
The conposition of claim 18 wherein said reagents,
i ncl ude powder, gel or pellets, or conbinations .
thereof . 2P. HrbProrewseclam dByhgrein smd camposition is formed
reﬁgent§ i nclude alum num silicon and water. 22. The
OPYBRALIHE claim 21 further conprising the reagent
phosphorous. 23. The conposition of claim18 wherein
sai d reagents include al um num and phosphorous. 24.
The proce99. cFhectéanposiBonvoeé chih Exivliefah saidrreagans Snclude
have a wei ght percent between 50% and 95% of said
posulgerged or pelletsher gomobimasions thereofin 18 wherein sai d
reagents have a wei ght percent between 55%to 90% of
said reagents. 26. The process of claim21 wherein

sai d conmposi t4an_J | __The. .
i m 21 arer apioded G I8 plesey BihREEIR lae
aRIAGERSS, Hhcdd Mdwakrwherein said zeolite is I TQ 13.
29. The process of claim26 wherein said zeolite is

zeolite beta.30. The process of claim26 wherein said
zeolite is chabazite. 31. The process of claim18
wher ei n r @3ectidptrrogess afifjlaizn 24 further eamaprising the reagent

phosphorous.

23. The composition of claim 18 wherein said reagents include

aluminum and phosphorous.

24. The process of claim 18 wherein said solid reagents have a

weight percent between 50% and 95% of said reagents.

25. The process of claim 18 wherein said reagents have a weight

percent between 55% to 90% of said reagents.
26. The process of claim 21 wherein said composition is a zeolite.
27. The process of claim 21 wherein said zeolite is ZSM-5.
28. The process of claim 26 wherein said zeolite is ITQ—13.

29. The process of claim 26 wherein said zeolite is zeolite beta.



heated zone. 32. The process of claim 18 wherein
reactants are heated in the reactor zone by m crowave

w0 20b5a6d0oes . 33. The process of claim 18 as a neCTos2004/043183
maki ng and screeni ng new m croporous and mesopor ous
materials, said nethod conprigjng (a) varying the
reagents fed to the reactor Zohe, varying the
residence tinme in the reactor zone, or varying the
tenperature or tenperature distribution of the reactor
zone. (b) screening said naterials for a useful .
property. 394 Theiaopessfsdaim 26 vhareingaid zeplHe dhehpbsgite.
conti nuously changi ng the conposition of the reactant
gel to produce a continuum of reagents covering all

conposi ti &S The process of claim 18 wherein reactants are injected into the

heated zone.

32. The process of claim 18 wherein reactants are heated in the

reactor zone by microwave radiation.

33. The process of claim 18 as a method of making and screening

new microporous and mesoporous materials, said method comprising

(a) varying the reagents fed to the reactor zone, varying the
residence time in the reactor zone, or varying the temperature or temperature

distribution of the reactor zone.
(b) screening said materials for a useful property.
34. The process of claim 18 as a method of continuously changing

the composition of the reactant gel to produce a continuum of reagents covering

all compositions.



