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BACKGROUND OF THE | NVENTI ON [ 0001] The present invention relates to a
conposi ti r and a process to nake it. In particyl

conpositi %O?Q(’Sé%}ﬁ'n&gr oporous or nesoporous naterial fabﬂ’%&é‘?sré%mh'g%g} met hod
- that uses high solids materials procegsing. [0002] The prior art includes
two standard nethods for materials processing for either crystallization or
precipitation. The first is the standard autoclave crystallization process

usi ng comrerci ally avai | | ] ion. This is the
preferred approach to ciﬁﬁﬁiﬁwﬁ%{w‘?@w wﬁgﬁéporous materi al s.
The reaction mxture is stirred to assure uniform conposition of the
product. The finished product is typically washed, sent through a
filtration gxsteiROINND OFTHE BRIVESITION t her processing. A second approach
I's a continuou recipitation 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 [8001ki entThexpesemtnventicn telajes tod campoyitionasfi matteregides. The
typi cal approach ig@ag(yd_rot hermal synthesis i.s to use autoclaves in a batch
oper at i on. PROEeSS|taveakedt o I pagicylar, (hescumposition i @ IYETOPOFGME &ndi ng t he
aut ogeneous_pressures generated at,crystall.ization.t ratures. in the
100" 9500 TRFOIoN Deai Caon el b @ Beed ha Yen BT IBAETRS The
present | ‘{'SE'ésisﬂ% uses a continuous feed systemthat is nore
sem -conti fUOUS T6&  continuous operation, dependent upon the configuration
of the equi pnent, the

{

[0002] 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.

[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
continnous operation, dependent upon the configuration of the equipment, the

feed, and reaction conditions required for the crystallization.



feed, and reaction conditiggs required for the crystajl#fzation. WO
2005/ 066068 PCT/ US2004/ 043183 -2- [0004] The present invention allows the

eval uat i onw@dodmdsbidsact ure in high solids reginmes. Typi GabrbBddobblossiss
crystallizations are run at relatively dilute suspensions, up to fé%/o

solids. Current commercial autoclave technol ogy cannot process reaction
m xtures substantially in excess of abouf -15% solids because they are too
thick to stir effectively. Inadequate stirring in a |arge, batch reactor

|l eads to i I[@% g er h%tte spﬁ-éﬁ'%f_rﬁfenﬁﬂﬁl%l%%%@%%ﬁlﬁaﬁ@ﬁ%atqﬁﬁﬂﬁeﬂﬁégﬂ high ~

Laboratory erimen are typica done on snall scal e where

sol i d can bglidéfepsindt! TEpttal BahYrpdtallizafehabicofn athelafiveBediduief this
i nvention allows continuous throughput of the reactants. Wth suitable

i nternal dessmpmsiuns; e to 85 %rsolidse Curoeriti conmmerqgialamtsdavatechnologyaiannet
static or stirred conditions as the reactants are transferred through the
barrel . Adjpuetessgeaciionfrixquiessubsgiantizlly in exesissohaboutt 1 5% solids becanseust i ng

t he auger eed for auger jNn a harcel  configur.ati.on .or dj usting the
barrel r ot SisredBRbick o atr ifsevelss dnadsatats Srgaedn dA gempaIpTeRsigr
residence tine. [ f | [ S ' I

known, par ﬁ?%ltgBﬁ?‘g’%}%ﬂ-ﬁ%ﬁ%&gﬁ%@ﬂﬁ&)gﬁagg.&igi%%rteﬁgéﬂﬁlg%o%a%@' S’?gégaé@@s for

ol ymers t ] oy ' | e.g.,

React | ve Eorpaiminliae REAREdBHE o MMM Whches BRIGHIRORIARBET. 3.

Publ i sher s cry¥8ifived Tih g sticaipepgtfom THRUsAceRrTaRBSIaved®on 806WE dufthdusvar yi ng
t he product by varying the reagents is also known. For exanple, polyner
properti es tmepghpucoithe sbictantby Véith seitablg inteenal atesignodf therotmd) thebat ches of

manganese di oxi de (see e.g., Suwanda, D.; Lew, R; Balke, S. T. J. Appl.
Pol ym Sci contigsousgprocesyican mipgiccrithes staticrarsstgredagonditions as the reactants

are transferred through the barrel. Adjusting the feed rate controls residence
time . Also, adjusting the auger speed for an auger in a barrel configuration or
adjusting the barrel rotation speed in a rotary calciner configuration impacts the

residence time.

[0005] The use of continuous reactor 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 Practice, 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



Pol ypropyl ene |: ContrdfT-ed Degradation" ). It is alkso known that the
~product may be controlled by continuously varying the terrperature and

reaction typBoYssigntrolling the total feed rate to the e e.d.,
Xanthos, M in Re’actwe Extrusion, Principles and Pract |P?éhﬁ/% Oﬁgﬁg

*ed., Hanser Publishers, 1992, page 44). It is also known that reagents may
be added not only in the initial feed hBpper but at points along the
reaction path by injecting reagents into the WO 2005/ 066068
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Hauser Publg,ghi 1es&ﬁ&9ra%%efmthlaa'mpé@cmﬁséﬁpmsheﬂ 199@@ ng 't

is al so knovvn t at t he "process of continuous reacti on my be used as a

research t geQOSFffpdﬂﬁgpk@éegglshﬂihdr"stag@rﬁg ti Ttfieakoknowirrthapile frycesyr yi ng
t he feeds ?@ee e.g., Nelson, J. M; Davidson, R S.; Cernohous, J. J.

Annen, M &f ;cohhhhmu&a;eaclﬁz)n nﬁgr@m@d asR rewarcwﬂoslthoqarodtrm large lmmbbtsggl ns,
J. A US 2003/ 0035756A1, _February 20, 200 " Cont i nuous ess for the
Product i on 9L f%EWBF materials by vapying tes f €c- ga|l\l,el§on He M. sf)él"@onkﬁom t hat

bo- Car 11 oo SoTceTIvhRu o s SRED, MYTS fﬁ@ﬁ%mqyo,ﬁ” GBI A dER © ™
Seont | nuouds ﬁfeazﬁa%‘) B U3 poodloo3 36l F?@ﬁmai%ﬁp%@(?%t Comtttbbs, o
known t hat pygelas fePIR Brlotashdn 8NCetbihatdRdl D rBASS bPMatbals'd! rmsoalho

hydr ot her mal synthesis under high solids conditions (see e.g., Mller, S J.
US 5, 558, &pbdwn3hat thebe aresbmel B%6rablecenditians andef whﬁalrmwmtﬂemm
Zeolites"). ‘E]QOOG] The present invention discloses high solids, continuous

or seni- copnthesisuBanpe carriestoitiin ayavrenids (bighhdidutigmrenvirosment &sgor ous

materials. o o Rollmann, L. D.; Valyocsik, E. W. US 4,374,093, February 15, 1983.

"Continuous-Stream Upflow Zeolite Crystallization Apparatus”). It is also
known that under some circumstances it may be possible to carry out
hydrothermal synthesis under high solids conditions (see e.g., Miller, S. J. US
5,558,851, September 24, 1996. "Preparation of Aluminosilicate Zeolites").

{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



This invention will accelgrate the discovery of new r‘aperi als in the high
solids crystallization reginme. The process allows for faster throughput and

in-situ ifi i on of the synthesis by varying what r r
i nt roducegp&ﬁ@ﬁ%?‘ﬁmgt he crystallization process. In addi ??:gﬁr%i‘\*ﬁf‘rﬁﬁ%ti on of
extraneous liquor allows for decreased inventory of hazardous nmaterials as

wel | as a decrease in subsequent nothekr4ld quor obtained after
crystallization or processing. SUMVARY OF THE | NVENTI ON [ 0007] The present
i nvention i ] Gof (o) COONOS) L wherein the
composi ¢ 1 ot FaRisErBREE Hon® bitE BRAINIEARAN a0 ot 8 tegfPbBEr Doo008
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zone is at a tenperature et ween about 200C and about 500C w a residence
time | ess bhyawlidhnddiqiid reygend.i Thasolid repgedty kagenweighthercet betwaspgent s
have a wei ght percent between about 45% and about 98% of the total
reagents. [ab00845%rana ahoat 88Fedf theltothl reagents.he conposition is formed
continuously fromreagents that include powder, gel or pellets, or

conbi nati ons thereof. [0009] In other preferred enbodi nents, the

iti Lol ud | A , . SAPO. and. Al PO4 ials. [0010
The' i nvent R0 <o oA Rl comeuRROh s comasi Eahis InTDEd CRRBRMRTY f or 1 he
o ocess | naloscheRs HpEisfiyds BERRR, BP0 RS BURMRHIREREIATT, o heat e

reactor zone at a tenperature between 200 and 500C with a residence tine
|l ess than 24 hours. The solid reagents have a wei ght percent between 45%

and 98% off0009 r eadeotler preferred embodiments, the composition includes zeolites,

mesoporous, SAPO and A1PO, materials.

[0010] The invention also includes a continuous or semi-continuous process
for the hydrothermal manufacture of microporous or mesoporous compositions.
The process includes the step of feeding solid and liquid reagents into a heated
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.



BRI EF DESCRI PTI ON OF TH’E DRAW NGS [ 0011] Figure 1 shows a schematic of a

+ device for the manufacture of the conpositions of the present invention.

[ 0012] Fi ws the x-ray diffraction pattern of t ' ormed in
Exanpl e 1%%8%%‘3%9% gure 3 shows a phot ograph of the pel@%g@?ﬁﬁb&ﬁocessi ng
-as described in Exanple 1. WO 2005/ 066068 PCT/ US2004/ 043183 -5 [0014]
Figure 4 shows the x-ray diffraction patfern of the zeolite formed in
Exanple 2. [0015] Figure 5 shows the x-ray diffraction pattern of the
zeolite fo in & | [ 6 s - ws the x-r | ffraction
pattern of téa@ggher E@F? #éh%wgr@reéﬁaxaﬁgéﬁg’log @%8&%‘3 ﬁoéﬁ¥£gr9§egf&/m t he
x-ray di ffgggﬁl?}wgpattern of the zeolite fornmed in Exanple 4. [0018] Figure
8 shows the x-rtay diffraction pattern of the zeolite forned in Exanple 5.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS [0019] The present

i nvention includes a process and the cc_)gpos_ition of matter forned by a

gi ven procEH¥HS]The Bigoce §shiows|thel asray idiffcantionpaitesn of theniolite formediious

hydr ot hernElé syrtgesi s of m croporous or mesoporous materials with high

sol i ds contEa®Ptangi ng from about 45%to about 98% preferably about 50% to
about 95% and nost preferably about 55%to about 90% Solids are defined

[0016] Figure 6 shows the x-ray diffraction pattern of another zeolite

formed in Example 3.

[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.



as the material left in thewsynthesis mixture after spftracting water added
as solvent, water forned by initial reactions such as acid and base

neut r al i zafigofosdigk water carried into the mxture as gsﬁhlﬁ%‘i’zﬁat ion."
[ 0020] The process of the present invention nay be better understood
reference to the figures, where Figure 1 illustrates, schematically, one

enmbodi ment of the high solids synthesis pboecess taught herein. WO

2005( (166068 PCT! US2003/ 033183 -6- [0021] In Figure 1, a plurality of

contai nment [93€! Sin Figh#tSt ApRtalg cTUOhBiRRlRt vdsseRk, ﬁﬂf&n%te&ﬂ’s”&ﬁit?mers

synt hesi s feed and/or teagents, such as Si 02, A120§ NaOH, and pol yners,

for exanpl el, TandSntomal syanhekis feedearniforred éxht@vm‘cﬁe@ SiBnalL, NaOHa, 2a,

3a are used to sel ectlvely control the synt ﬁe5| s feed and/or reagent from

t he cont ai nand pplymers, ﬁoe@aam@e%nvenummlpondmtrmchmrmﬁoﬁlwﬁwda synt hesi s
not il lustrated be used to

| at h gg
el ect  vel yCewrlss 18 g{a%EE%@cﬁgo selseiataly Gontralthersyatesis eFﬁémd@sel :

i si f t at h t ,
ey be uti r%%%n?frﬁ gﬂpﬁﬁg@er et Mpbe 1 1 harempereraboduding: | 0025
The synt heskﬁnﬁéﬁgv@&@ Simds nve 3 Af&l%éﬂ%&%ﬁ@ﬂxs\%@e@m@ b%é‘ﬂhé‘d“ o Comprise

the synthesi's mxture, are toar a preferred
enbodi ment , séleaﬂvd]?%ﬁ&oﬁhbm@mpﬁéawoﬁm edn or hHAT!RE v&@s%&seéoxﬁ nsxlﬁgact or
vessel 5 is operably divided into nmultiple zones, here il Iustrated by
dashed | i nethevapparatus efiFigure le sAplineat ammaa)xuom{s\muoggntﬂneyb;annﬂmds

m xture 6 may include a rotary calciner or a rotary screw (auger), such as
an ext r uder to adzupage manerar mpys of theddgurst 1 vesselseact or vessel are
selectively heated to control the tenperature of the synthesis m xture

during residence in_that zone
[0022]  The synthesis feed and/or reagents from the feed hopper 4, which

comprise the synthesis mixture, are conveyed to a reactor vessel 5. In a
preferred embodiment, feed hopper 4 is operably coupled to reactor vessel 5.
Reactor vessel 5 is operably divided into multiple zones, here illustrated by
dashed lines within reactor vessel 5. Means for conveying the synthesis mixture

6 may include a rotary calciner or a rotary screw (auger), such as an extrnder.

[0023] The multiple zones of the reactor vessel are selectively heated to
controt 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



and the pressure in thaf?;zone. Control of these synghesis conditions provide
the wuser of this process the ability to control and nodify the nucl eation

and crystgblhdmlskey@ paranmeters of the synthesis m xture.pciiA@S604Q5Rs are
generally characterized as crystallization zones, where the synthesis

"mxture is maintained at tenperatures ranging from about 200C to about
500C, and conveyance zones where the synthesis mxture is relatively
cool er, ranging fromabout 50C to about 200C. [0024] In an alternate

enbodi nment £ § ' r el liens |Db,
2b, and 3b)se§”é‘tr¥53{ fdd Reehts20 03'85“52‘?6*5‘5%‘.?5 CYRRIBYAG b o iEAREe | o8

PCT/ US2004/ £h3d 9B reactorsedseeltd.vel y add reagents to one or nore of the
crystallization or conveyance zones of reactor vessel 5. [0025] In yet a
further alternate enbodinent, the feed can be pellets consisting of pressed
reagents or_pressed dréggggﬁgnts into which are sprayed one _or nore |iquid.

The pel | et 00251 t ndn yg .Taﬁlﬁéﬁﬁté&nﬂéqwt,dhﬁ&e pelleds means (not

e cond 1 SBURE O UPER TR S OUPFISSHE ) tedsebis R Histiard Aomagd one o
o . © o : : . .
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crystal | i zagboms GRRSildstRNed) thieTRecR fchctiBaP ot te ef@taréz?rss@ﬁfeeaﬁaonal ly
effected. This allows for the systematic exploration of a continuum of

synt hesi s pasrisatetise comglitionoapaelidctively modified wordtitic] ams)eatibh antihe end
obj ective being the discovery of new materials. This technique can be used
to readily ¢mysalizagensoithe proshiit within ghebighdsoligh symthesis mixtore onpeliss. net hod
'n search of ifnuons modications to fhe fed 2omposition and crystallization conditions

time and temperature can be conventionally effected. This allows for the

systematic exploration of a continuum of synthesis parameters (e.g., composition

and/or conditions) with the end objective being the discovery of new materials.

This technique can be used to readily investigate a composition phase diagram in

a continuous method in search of narrow 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 Iubricity 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



used for a specific crystas|ine product. Included in#§ e synthesis nixture
may be an inert or substantially inert polynmer such as polyethyl ene, which
may be us‘@ﬁ hdokagsk! 1 tate conveyance through the heat ed pcgagd 2064043138
specific polynmer enployed is a function of the targeted reaction
tenperature. Other additives are available and known to those skilled in
the art that facilitate the conveyance of8 - mat eri al t hrough the conveyance
zones and crystallization zones of reaction vessel 5 by nodifying the

viscosity, ts,%efe%ﬁfrﬂlﬁﬁwziﬁ ihfhtomt TBS pfod¥iditdding hiftesalidduct is
n a conti nuou

del i vered at i s Tashionfor further processing (e.g., a belt
filter for prephatigheslbanpiimizesahe aobahe ofisudsequehiomotiveriliguios, which. , by
x-ray diffraction (XRD), here illustrated as further processing neans 10.

[ 0026] One needsdd heseparsicd pdodispesedaf aftencrynialligadoy.s dhese advandagasfin

m cr opor ous and soporous materials from high solids reactiopn m xtures. The
advant age JednepdinvepiRY 2B TuGadiquar 2% PRV URITY ERRnAREWIR tﬁogeynt hesi s

m Xt ure not uitable for st a at crystallization. It allows for a
mnimzati Jﬁa‘g‘fdf&/%“é‘g‘é%%’6‘8@6@@9‘1‘»%%5%%‘2}’8%&%3 -8- reagents, thereby

m nim zing inventory. The procedure using high solids preparations also
mnimzes the volune of subsequent nother |iquor, which needs to be

separ at ed 092%] spoJat mbfatdEembodiniait] thedeb®And/bh eefcntvaiat @GRS | n
reduced inventory and reduced liquor are particularly germane with those
reaction mcdmprse theatyntitesisimextife would bometored into[the Zedd hopper g fedmr r ed
enbodi mrent, the feed and/or reagents that will _conprise the synthesis
m xt ure wouhg reactanstcontainenstlo 2, Beetce dheHigpd eould be onthetfoemrofacpewder or

el 1 ot (e, g PeIBEHG B BPatiONA BambeEn iy e HNAEEGUBISH ISR F#eBhe cases
where an air sensitive structure directing agent was employed. The temperature
of the crystallization zones of the reaction vessel 5 would be adjusted prior to the
reactant introduction, to between about 200°C and about 500°C, preferably
between about 250°C and about 350°C. Temperatures outside the crystallization
Zones, i.e., the conveyance zones, would be maintained relatively cooler, ranging
from abut 50°C to about 200°C. The feed rate speed of barrel rotation, or auger

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.



where an air sensitive fstructure directing agent was .enpl oyed. The
tenperature of the crystallization zones of the reaction vessel 5 would be
adj ust ed pvbenedRedshe reactant introduction, to between pehaitbod@Qsisand
about 500C, preferably between about 250C and about 350C. Tenperatures
outside the crystallization zones, i.e., the conveyance zones, would be
mai ntai ned rel atively cool er, ranging fPom abut 50C to about 200C. The feed
rate speed of barrel rotation, or auger of the unit could be altered to
affect resif@ep9p ti nehe f0MRIBhg Se¥@pR)s iHKARARE @DneftidlisFnitable fds
crystallizations that may be fabricated by the present invention follow
bel ow. Al t maghfathere materjalsesndear éhe prowiess efthel presentnovertion:i ntent to linit
this technique to zeolite species. The process can be used for processing
high solid fornulations for a nultitude of materials including, but not
limted to, ite MesS0nor Qus, mat eri al.s, P4 materjal s, APO
mat eri al s, mﬁS@L m?diﬁ@Pgeﬁy%hﬁl%ﬂﬁ?Wﬁﬁbﬁﬁé& f—'ﬁ@%ﬁ&m & t hese
exanpl es, fluorided structure directing agents (e.g., tetrabutyl anmoni um
fluoride) facilitates.t crystaldizati ' . rature horter
reactant r F&é%’@@?% }Snﬂf% S’?ﬁﬁ§ ?aﬁil@\g\ﬁﬁ;’f E}gggﬁ?iﬁmﬁ‘ W%?ﬁbﬁﬁgf
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[ 00291 The i‘ons sul tabl'e For— 2

manuf act ur i s RS U 9B hElimdtheniRhPE fESxRfe inh¥2. PP SSEND atlA¥ERSlicWed bl 0030]
Exanple 1. Synthesi's of zeolite 1TQ 13 as pellets or powder. This exanple is

56% sol i ds.23J69 pati% HiNvaske-mkitg erithothei stamdard batterepadille 28slgyv spsed. pl aced in
the bowl of a KitchenAid mxer and a solution of 1.39 g H3B03
( After the wet ingredients had been mixed in, 2.73 g ITQ-13 seeds were mixed in.

The ratio of H,0/Si0, in the mixture was 4.02:1. A small sample of this mixture
was spread on a porcelain dish and allowed to dry at room temperature
overnight. The weight loss indicated that the H,O/SiO, in this sample was 2.7:1.
A 3 g sample of the undried mixture was compressed to an ~ 1/8" by 1" pellet in
a pellet press using a pressure of about 500 psi. The dry powders and the peliet
were heated separately in plastic 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 35P-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)q46) and
8.13 g 48% HF in 1.33 g H,0 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 hours and the product was found to be zeolite beta by X-ray powder
diffraction, Figure 3. The H,O/Si0O, ratio was 4.04.



and 97.85 g 54. 9% hexaret hegi um hydroxi de in 52.22 g HFD added fol | owed by
23.69 g 48% HF while mxing with the standard batter paddle at sl ow speed.

After the wetzb\st6sdi ents had been mixed in, 2.73 g | TQ 1g-ppsiasmBig M xed
in. The ratio of HOSI Q2 in the mxture was 4.02:1. A snmall sanple of this

m xture was spread on a porcelain dish and allowed to dry at room
temperature overnight. The wei ght | oss-ilfldi cated that the H20/Si02 in this
sanple was 2.7:1. A 3 g sanple of the undried m xture was conpressed to an
- 1/8" by 1" pellet in a pellet press using a pressure of about 500 psi.
The dry powders and the pellet were heated separately in plastic bottles at

200C, 24 how032iray Ebtefrﬁl?leca.iswthaﬁwedemm @Gedgucts to be 1 TQ 13 as
exenplified by Figure 1 for the bulk powder. Figure 2 is a photograph of

the pellet after reaction, which shows that the physical structure was

mai nt ai ned Thisexampleisc0%btsatids dTheistrmctire of ak offaniddirdetigg agani s. [ 0031]
Exanple 2. Synthesis of zeolite beta This exanple is 63%solids. A mxture

of 60.08 g ddscribsi ks ¥n-Dapuatsd findride,. 156 g zeolite beta seeds was stirred in
the stainless steel bowl of a KitchenAid mxer and a solution of 8.97 g 46%
sodi um al um nate (Nal.26A102(OH)0.26) and 8.13 g 48% HF in 1.33 g H20 added

foll owed by 60.54 g of 35%°t etE‘ﬁngi/urﬁtbymkoxi de. The pourabl e
solid was heated in a plastic bottle a 240C for 4 hours and the product
was found to be zeolite beta by X-ray powder diffraction, Figure 3. The
H2O' Si Q2 r at) : 5§ ; / 5 |
Bampl o 3. e Diafsy R AP R Ko I L RO dagada pollidnir
structure of6.99¢ 4. IHEG-Diquacts fgorddieid 2.22 g 48% HF in 5.80 g H,O. After

the solid was thoroughly mixed, a 20 g portion was placed in a plastic bottle and

0.22 g GeO, mixed in by hand. The bottle was heated at 200°C for 24 hours and

the product shown to be zeolite beta by powder X-ray diffraction, Figure 4.

Another 20 g sample that did not have the GeO, added produced zeolite ZSM-51

in the same period at the same temperature, Figure 5.

[0033] Exampie 4. Synthesis of zeolite ZSM-5.

This example is 58% solids. To a slowly stirred mixture of 60.08 g UltraSit VN
3SP-PM and 0.60 g ZSM-5 seeds in a KitchenAid mixing bowl were added a
solution containing 7.50 g A1(NOs)3.9H,0, 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-3 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.



descri bed as Et6-Diqua1f-\5 fluoride, is: O3N\ ,/~ WB3 (F)2 To 42.06 g
UtraSil VN 3SP-PMin a KitchenAid m xer were added a solution of 76.99 ¢
42. 7% Et 6\%%,},6@6@ uoride and 2.22 g 48% HF in 5.80 g PRPushiiizisd he
solid was thoroughly m xed, a 20 g portion was placed in a plastic bottle
and 0.22 g GeO2 m xed in by hand. The bottle was heated at 200C for 24
hours and the product shown to be zeolilk-beta by powder X-ray diffraction,
Figure 4. Another 20 g sanple that did not have the Ge02 added produced
zeolite ZSM51 in the sane period at the sanme tenperature, Figure 5. [0033]

Exampl e 4. L&, :Qf i | - 0 Lis. To a
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in a Kitchepfidhdd & ahrkathmwesduarflecride, isol ution containing 7.50 g

Al (NO3) 3. 9H20, 3.60 g H20, 10.42 g 48% HF, and 101.68 g 40%

t et rapropl yl ammoni um hydroxi de. Twenty-five grans of the mxture were
placed in a plastic bottle and heatetf hour, at 240C to give a product
identified as ZSM5 by powder X-ra rac¥ion_Figure 6. Simlar results
were obtained on 25 g sanpl es treabdday—2We~ant 220C for 4 hours. The 240C
product was cal ci ned by i ncreasi ng-tHh terrpé.rature at 2Cmn to 540C under
a N2 atnosphere, holding 1 hour at 540C, swi tching the atnosphere to air,

hol ding a further 4 hours at 540C, then cooling to roomtenperature. The
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, adamantammonium fluoride directing agent, and 2.85 g H,O added with hand

1

mixing. The mixture was placed in a plastic bottle and heated 24 hours at 200°C.
Powder X-ray diffraction showed the product to be chabazite with some

amorphous material, Figure 7.

[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 A15(SOy)s, and 90.2 g
UltraSil VN 35P-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 antoclave. The gel was heated to 160°C and after 60 hours under



descri bed as adamant ammoniesn fl uoride, is: F Chabazi t ¥ seeds (0.22 g) and
UtraSil VN 3SP-PM (7.21 g) were mxed in a plastic beaker then a sol ution
of 0.17 g w(ueB)c3oddH20, 10.94 g 67.4% adanmant anunoni um g¢rrosiodeogdigsect i ng
agent, and 2.85 g H20 added with hand m xing. The m xture was placed in a
plastic bottle and heated 24 hours at 200C. Powder X-ray diffraction showed
the product to be chabazite wth sone aﬂ%r‘phous material, Figure 7. [0035]
Exanpl es 6 through 8. Synthesis of zeolite ZSM5. These exanpl es use the

fol I owi ng ggdtic fortitibié, Snvkienite QRANCAYER Siets iNIpRiduc’ Faztier50% aqueous
NaOH, 52.18 g 47% aqueous A12(SO4)3, and 90.2 g UltraSil VN 3SP-PM This

react ant mictrysiaHizationwe 245 oues proxduegd anky trohrdeditelwithkpuartzi ni shed react ant
gel had a solids level of 69% [0036] Exanple 6: A 60 g aliquot of the
m xture was added to a Parr autoclave with a nodified stir blade. Several
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hours produced only nordenite with quartz. [0038] Exanple 8. A 60 g aliquot
of the m xthows and ¢heapoehict waa A%VIrS.

[0039] Examples 9 through 11. Attempted ZSM-5 crystallization

These examples use the following gel. A mixture was prepared consisting of 2.51
g deionized water, 15.3 g 50% aqueous NaOH, 14.6 g 47% aqueous A15(50,)s,
56 g UltraSil VN 3SP-PM, and 106.64 g 80% aqueous Tetrabutylammonium
bromide (TBABr1) 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 uvpon the stir
blade shaft to form a cork-screw alignment of blades. This was designed to
mimic an exfruder screw in a batch operation. The gel was heated to 200°C for 8

hours and the product was amorphous.



autocl ave with a nodififed stir blade. Several i npel bers were placed upon the
~stir blade shaft to forma cork-screw alignnment of blades. This was

desi gned Qg 200sMs6oc@N €xtruder screw in a batch operat|o$CTﬁg§0(gﬁ;43]\§@s
heated to 250C for 4 hours and the product was ZSM5. [0039] Exanples 9

through 11. Attenpted ZSM5 crystallization These exanples use the foll ow ng
gel. A mixture was prepared consisting of32.51 g deionized water, 15.3 ¢
50% aqueous NaOH, 14.6 g 47% aqueous Al2(SM4)3, 56 g UtraSil VN 3SP-PM
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Exanple 9: A 50 g aliquot of the m xture was added to a Parr autoclave with
a nodi fi ed baderstafaelonBeyeoritscrep eligamenef bladeacdbiupendesigned to bl ade
shaft to forma cork-screw aljgnnent of blades. This was designed to mmec

an ext r ude ANERIE &R axituden seten wpebaich operation. ghre gplsvaeheated 1023860 wdr 16
hours and s _anor pho 0041] Exanple 10: A 50 g aliquot of
t he rrixturé’c\'/%égar&g&@cpr\fgﬁ“%tw&“ Eal%‘%t ave with a nodified stir blade.

Several inpellers were placed upon the stir blade shaft to forma
cork-screw alignnent of blades. This was designed to mmc an extruder

screw in argedsh opPe@higiss WasA fiEahed 2OMRY st AlizStioour s and the
product was an%]rphous \% 09?8%%%%8 PCT/LP-SZOO4/O43§§3 13- [0042] Exanple

11: A 50 g aliquot of the m xture was added to a Parr autoclave with a

modi fied stTHes®bRaAple3RB iR fOlIBWINEScS. WehfxRiaGRe prétcd B8nsibting of
! 15.3 g 50% aqueous NaOH, 14.6 g 47% aqueous A1,(50,)s, 56 g UltraSil VN
3SP-PM, and 99 g 75% aqueous Tetrabutylammonivm fluoride (TBAF)
technical grade supplied by Adrich chemical. This reactant mixture was well
mixed using a KitchenAid. The finished reactant gel had a solids level of 75%.

[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 corkescrew alignment of blades.y fhis was designed to
mmc an extruder screw in a batch operation. The gel was heated to 250C for

4 hours are hexecBicgduct was anor phous. [0043] Exanpl es .
Attenmpted ZSM5 crystallization These exanples use the foﬁ‘ggvaﬁﬁ%néésﬁ.

m xture was prepared consisting of 15.3 g 50% aqueous NaOH, 14.6 g 47%
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operati on. was "heated to 250C for 8
a KitchenAid. The finished reactant gel had a solids level of 75%.

[0048] Example 15: 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 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
mlmlc 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 vlas ZSM 5. [0047] Exanpl es 15gthrough 16. ZSM 5
crystallization These exanples use the follow ng gel. A mxture was prepared

consi sti ngwefosheeoed 50% aqueous NaOH, 8.1 g 47% aqueous pphrAfsDh¥lods1s31 9
UtraSil VN 3SP-PM and 52 g 75% aqueous tetrabutyl anmoni um fl uori de ( TBAF)

technical grade supplied by Adrich chemical. This reactant m xture was well
m xed using a KitchenAid. The finished liact ant gel had a solids |evel of
75% [0048] Exanple 15: A 50 g aliquot of the mxture was added to a Parr
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consisting of 4.5 g 50% aqueous NaC]—I 404 g 47% aqueous Al2(SM4)3,15.2 ¢
Promeks si Iy and 6 ?ﬁ&iﬁ nium fl uori de (TBAF)

t echni cal glpgge] suppl i e %EI%( ?S}ﬁ 01{1%%%%%?%068 PCT/ US2004/ 043183
A mixture was prepared consisting of 1.5 g 50% aqueous NaOH, 0.39 g 47%

aqueous A1,(SQy)s, 5.5 g UlraSil VN 3SP-PM silica, and 9.2 g 75% aqueous
tetrabutylammoninm fluoride (TBAF) technical grade supplied by Adrich

chemical. This reactant mixture was well mixed. The finished 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 sodinm

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
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The fini sheqT eaq\%é bugel had a solids level of 79% The m xture was added
to a Teflon 0-cc autoclave wth no stirring mechanism The gel was
heated to 240C and after 2 hours, the product was anorphous. [0053] Exanple
20: Attenpted synthesis of high silica ZSM5, no additional sodium

[0054] Example 21 _

A synthesis mixture is prepared consisting of 455 g 50% aqueous NaOH, 637 g
47% aqueous Alx(S0;);3, and 1158 g Si0O,, UltraSil VN 3SP-PM. This reactant

mixture is well mixed using a KitchenAid mixer.

{0055] This 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
a rate 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
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22 The synt ' ) PHER in Exanple 1 is fed through the reactor
hopper at gg?g?g feﬁséé{ﬁa%ﬁZ%ggSér hour. Downstream fromthis feed hopper

is a second

[0057] Example 23.

A mixture of 600 g UltraSil VN 3SP-PM and 27.6 g zeolite beta seeds is stirred in
the stainless steel bowl of a KitchenAid mixer (Reactant 1). This dry mixture is
charged to Feed Hopper #1. Separately, a solution of 90 g 46% sodium aluminate
(Naj 26A10,(OH)g.06) and 81 g 48% HF in 13.3 g H,O is prepared (Reactant II)
and charged to a peristaltic pump. A third solution of 605 g of 35%
tetraethylammonium hydroxide, (Reactant III) 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 12-25¢g per hour concurrent with
Reactant I. Downstream of the polymer hopper are two injection ports through
which the liquid reagents (Reactants I and HI) 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
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charged to Feed” Hopper #1. Separately, a solution of 90 g 46% sodi um

al um nat e i§ N6 GAIMREOThe pfyduabis Rbdlite B whthite £3a9 patteRGlicsvipirepar ed
(Reactant 11) and charged to a peristaltic punp. A third solution of 605 g
of 35% tetkigsrdyl anmoni um hydroxi de, (Reactant I11) is charged to a second

peristaltic punp. [0058] The silica-seed reaction m xture, Reactant I, is
fed through the reactor hopper at a rate |ess than 2509 per hour.

Downst r eam thisfe er, | r C ranul at ed

pol yet hyl en@b&mh a rﬁﬁe%ﬁ@@wkﬁeﬁﬁ @%@géﬁﬁg?ﬁ%@wc&%ﬁ]vmat arate
of between 12-25g per hour concurrent with Reactant |. Downstream of the
pol ymer hopper are two injection ports through

600 g UltraSil VN 3SP-PM is charged to feed Hopper #1. A solutionof 1.0 g
46% sodium aluminate (Na; ,5A10,(OH)p06) and 1.0 g 48% HF in 0.15 g H,O is
prepared (Reactant IT) and charged to Feed Hopper 3. A third solution of 605 g

of 35% tetracthylammonium hydroxide is charged to a peristaltic pump.

[0061] The silica is fed through the Hopper #1 at a rate less than 250g per
hour. Downstream, Hopper 2 contains granulated polyethylene with a melt index
(MD) 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

tetraethylammonium 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

| 1s 10-60 minutes.



which the liquid reagenfs (Reactants Il and I11) arg injected at rates of
| ess t han 75 g per hour and |l ess than 2509 per hour, respectively. The

rat es of gis all the reactants are adjusted to q,@]?ﬁ

el enent al rat P%‘Z&G'{%OSQ The first heated zone (1) and th Oﬁﬁta ed zone
(zone 15) are at between 50-80C and the screw design in these regions are
such that they WO 2(105/ 066068 PCTI US20849043183 18- optimni ze comnpacti on.
The tenperature zones 2-14 are heated to approximately 300C. The screw

design in {jpRgs) " 0 Q0B AuRHEA phOIREKIE 8% NALbr SBAE S cAdiifim GpNVeyance at

maxi mum r es e tine etot residence time in the reactor is 10-60

m nutes. Thgimy Aliﬂ)é,trahﬁs zeshseieedowherevht initiag prodiry hRgh relativelydewy in Figure
4. [0060] Exanple 24. Synthesis of Beta with a composition continuum 600 g
UtraSil VNSEBPABR;iandchergtéa inacdseeds lakfppemor#mf product exitioig. AFhelpddget 46%
sodi um al um_nat e, (Nal26Al O2( OH) 0226) and. 1.0.g 48% HF in Q.15 H20 i s
prepar ed (ReBkemisshicey a@ﬂ(ﬂ@b&@@&i’ X‘@Fé@‘fﬁa%%el’r g produdiiis cﬂ%’gtﬁﬁwt@n of 605

g of 35%tet t hyl ammoni u hydt o lde ed t stalti unp.
P0081] The. Sithie Wradetiers ekt it kst doakd Sithee of S0uBELD5 sRicniioBe0y per
hour . Dovvnsﬁfdal% Hopper 2 contains gr anul ated polyethylene with a nelt
index (M) %O. The polyner is fed at a rate of between 12-25g per hour
concurrent wth the silica. Downstream of the polyner hopper is Hopper #3
containing the alum na solution, Reactant U. Hopper #3 doses the entire
charge at once. Downstream of Hopper #3 is an injection ports through which
the tetraethylamonium hydroxide is fed at a rate |ess than 250g per hour.
(0062] The first heated zone (1) and the |ast heated zone (zone 15) are at

{



bet ween 50-80C and the screw design in these regions are such that they
optim ze conpaction. The tenperature zones 2-14 are heated to approxi mately
300C. The screw design in these regions is such to nmaxim ze void space,

all ow conveyance at maxi numresidence tine. The total residence tine in the
reactor is 10-60 mnutes. r WO 2005/066068 PCT/ US2004/ 043183 -19- [0063] As
the finished product exits the reactor zone, a continuum of Si Q2/A1203
ratios i s observed where the initial product has a relatively | ow

Si2/ Al 203 and the ratio increases as a function of product exiting. The
product ribbon is sliced and anal yzed by x-ray diffraction. The product is
zeolite beWHAMSICLAMER-IaY pattern shown in Figure 4 and a range of

Si 2/ A1203 ratios from 25 to 500. -20- WHAT IS CLAIMED IS: 1. A continuous
or sem continuous process for the hydrothermal nmanufacture of a

m cr opor ous or NMesSOROr ou it : [ S i i d liquid
reagents into a hea’?éd rZ\a%t%glrw@gtﬁggﬁﬁgﬂﬁédﬁggP%f%ssg&lbtg?\?\z(gh{hgg@% and 500C
with a rasamiérore bf amidregsotsham&dpdrows mposition tormprésispfeeding salid dandui d

reagents forma synt.hesis i xture having a solids co r ,LNg .from 45%
o 93% andiil GeRrORiBR B arecls ePe fiAGT TR HeBr Sy 00t Bl | ot ary
screw (augfedid@Re BRNSsstn LI WRGeih AR YBEREHYRd rdilo¥ity fml IWyaikadis t he

heat ed reactor zone; and wherein said coggom tion is rormed continuously.

2. The pr duegse bivieg asehds comertaingingisomditecta MBemandspidheated reactpn zone

includes a rotary calciner or a rotary screw (auger) as means for conveying the synthesis

mixture through the heated reactor zone; and wherein said composition is formed

continuously.

2. The process of claim 1 wherein the heated reactor zone is an

extruder.

3. The process of any of the preceding claims wherein the reagents

include aluminum, silicon and water.

4, The process of any of the preceding claims wherein the synthesis

mixture has a solids content ranging from 50% to 95%.

5. The process of any of the preceding claims wherein the synthesis

mixture has a solids content ranging from 55% to 90%.

6. The process of any of the preceding claims wherein said composition

1s a zeolite.

7. The process of claim 6 wherein said zeolite is ZSM-S.

8. The process of claim 6 wherein said zeolite is ITQ-13.



extruder. 3. The process of any of the preceding clains wherein the reagents
i nclude alum num silicon and water. 4. The process of any of the preceding
clainms wherein the synthesis mxture has a solids content ranging from 50%
to 95% 5. The process of any of the preceding clains wherein the synthesis
m xture has a solids content ranging from55%to 90% 6. The process of any
of the preceding clains wherein said cogposition is a zeolite. 7. The
process of claim6 wherein said zeolité“rs ZSM5. 8. The process of claim®6
wherein said zeolite is ITQ 13. -21- 9. The process of claim6 wherein said
zeolite is zeolite beta. 10. The process of claim6 wherein said zeolite is
chabazite. 11. The p$%.0cesFhoproany obilaibhe wheretedidwgolifeds plita¥eer.ei n t he
reagents include an inert or substantially inert polymer to facilitate
conveyance through the heated reactor zone. 12. The process ofclaim 11,
wherein the polymer @ POorNElBYdseBeelaint & whiltth RPLBHR i9EhMANited! the
preceding clainms wherein reactants are injected into the heated zone. 14.
The process of any of the preceding clainms wherein the conposition of the
synthesis mxture | Slfont'i‘}?eulgrggésgof; Qn%zn(g?lgé preceding claims, wherein the reagents

include an inert or substantially inert polymer to facilitate conveyance through the heated

reactor zone.
12.  The process ofclaim 11, wherein the polymer is polyethylene.

13. The process of any of the preceding claims wherein reactants are

injected into the heated zone.

14.  The process of any of the preceding claims wherein the composition

of the synthesis mixture is continuously changed.



