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"Zeolites and Processes for their Manufacture" This invention
relates to zeolites, and to processes for their manufacture. More
especially, it relates to t he manufacture of colloidal zeolites, i.e.,

zeolites article size of at nost about 100 nm
Internationaﬁhiggﬁggation WO 93/08125, there is describegcgﬂ%?%%@%% for

t he manuf acture of coll oi dal zeolitesT }3rthis process, a boiling
aqueous synthesis ~ mxture is prepared, the m xture conprising a source
of silica and a basic organic structure directing agent in a
proportion sufficient to cause substantially conplete di ssolution of the
silica source. The synthesis m xture is then mai ntained at an el evat ed

tenperature, but at "2ed20te«d rdrid Airdoesses for théintMambifactiwrd™ t 0 cause

crystal s of the desired zeolite, which may, for exanple, be an IVFI
MEL{ or *BEA zeolite, to form The synthesis m xture may al so conpri se

sources of other zeqlite .co nents, nost qugrtantI% o% al um ni um and
an al kali netal | t -Qgs invehtion rélates to zeolltes, and to processes

for their manufacture. More especially, it relates to
the manufacture of colloidal zeolites, i.e., zeolites
with a particle size of at most about 100 nm.

In International Application WO 93/08125, there is
described a process for the manufacture of colloidal
zeolites. 1In this process, a boiling agueous synthesis
mixture is prepared, the mixture comprising a source of
silica and a basic organic structure directing agent in
a proportion sufficient to cause substantially complete
dissolution of the silica source. The synthesis mixture
is then maintained at an elevated temperature, but at
120°C or lower, for a time sufficient to cause crystals
of the desired zeolite, which may, for example, be an
MFI, MEL or *BEA zeolite, to form. The synthesis mixture
may also comprise sources of other zeolite components,
most ihportantly of aluminium and an alkali metal. It is
stated to be an essential feature that the silica is
dissolved in the synthesis mixture at the boiling
temperature, this being achieved by the organic base that
is also the structure directing agent or template
together with an inorganic base, e.g, sodium hydfoxide.

Products of particle size at most 100 nm have

advantages over larger particle size products, for



stated to be an essential feature that the silica is di ssolved in the

synthesis m xture at the boiling tenperature, this being achieved by the
or gani ¢ base that is also the structure directing agent or tenplate
together with an inorganic base, e.g, sodi um hydroxi de. Product s of
particle size at nost 100 nm have advant ages over |larger particle size
products, forwo 97/03019 WO 97/ 03019 PCT/EP96/03098

PCT/ EP96/ 03098 -2 -2 exanpl e, when used as
a catalyst, e.g., in hydrocarbon conversions, they have an enhanced
rati o of surface area to mass, high diffusion rates, reactivities and
resi stance to deactivation by pore plugging and surface contam nati on.

Sinilarly, theg*REpéeadvhen Afes iaF 2 cakglrsl sehratinofyarasarkee al so
val uable in the manuf act yre ?%ﬂ§ugﬁorted | a erﬁﬁhes ecia%lx nenbr anes,
as describe&opﬁeﬁifgﬁ?2§¥§?, & afsBPRANFE PR S S¥EEACPREBFRor at ed
by reference hepehdas! M fot (Aighi chPares Profedliiag idesaribed i n ¢ hat

;
I nternational app |cafion, the zeolTte layer Is deposited froma
col | oi dal SPaBeREAREe OFY QcdctRAREbn bPSIY Idiiydimgt BRaSHEREASE ON

contamination. Similarly, they have advantages in
organic separations, and are also valuable in the
manufacture of supported layers, especially membranes, as
described in WO 94/25151, the disclosure of which is
incorporated by reference herein. 1In certain of the
procedures described in that International application,
the zeolite layer is deposited from a colleoidal
suspension onto a support; instability in the suspension
is deleterious. Accordingly, it would be desirable to
have a wider range of processes by which various zeolites
capable of forming a stable suspension might be
manufactured, and for this purpose a particle size of at
most 100 nm is desirable.

It has now surprisingly been found that even in the
absence of the inorganic base, or in the presence of
insufficient inorganic base to effect complete
dissolution of the silica source in the boiling
synthesis mixture, colloidal zeolite crystals may be
obtained. The procedure allows the formation of a
colloidal zeolite suspension with an enhanced zeolite
content.

The present invention accordingly provides a process

for preparing a zeolite having a particle size of at most



is deleterious. Accordingly, it would be desirable to have a w der range

of processes by which various zeolites capable of formng a stable .
suspensi on m ght be manuf actured, and for this purpose a particle size
of at nost 100 nmis desirable. It has now surprisingly been

found that e%Q ' he absence of the inorganic base, or jn the presence
of I nsuf fi |gﬁbgpgorganic base to effect conplete dissc#éb@%ﬁm t he
silica source in the boiling synthesis # xture, colloidal zeolite

crystals may be obt ai ned. The procedure allows the formati on of a
col |l oidal zeolite suspension with an enhanced zeolite content. The

resent inventi cor.di ngl j de S ' .3, zeolite
Dasing. o part 292 BRECHAIADICRIANA AR 2Ry, hRlol N

PCT/ EP96/ 03098mixture comprising a source of 8ilicon 4R &irBasi ch conprises
prepari ng an aqueous synthesis m xture conprising a source of silicon
and a basic ovggahk¢cseruciuing ¢ idiqcddnignggagenini a YR siss ind xhutteur e
| nsufficientl yigéﬁglfigferg‘é)lycaauls}{%lsil#:besk%ntcia%lsleysggrs@lagé1Ba11y complete
dissolution of the silica or in a synthesis mixture
containing another reactant essential to the formation of
the zeolite which reactant inhibits dissolution of the
silica, and hydrothermally treating the synthesis mixture
at a temperature below 120°C for a time sufficient to
effect formation of the zeolite.

The process is applicable to any .zeolite which may
be prepared using a source of silica and an organic
structure directing agent, for example, MFI, MEL, *BEA or
OFF, e.g., ZS8M-5 and other high silica MFI zeolites.

The structure directing agent may be, for example,
the hydroxide or a salt of tetramethylammonium (TMA),
tetraethylammonium (TEA), triethylmethylammonium (TEMA),
tetrapropylammonium (TPA), tetrabutylammonium (TBA),
tetrabutylphospheonium (TBP), trimethylbenzylammonium
(TMBA), trimethylcetylammonium (TMCA)},
trimethylneopentylammonium (TMNA),
triphenylbenzylphosphonium (TPBP), bispyrrelidinium (BP),
ethylpyridinium (EP), diethylpiperidinium (DEPP) or a
substituted azoniabicyclooctane, e.g., methyl or ethyl

substituted gquinuclidine or 1,4~

diazoniabicyclo(2,2,2)octane.



di ssolution of the silica or in a synthesis mxture cont ai ni ng anot her
reactant essential to the formation of the zeolite which reactant
i nhibits dissolution of the silica, and hydrothermally treating the
synthesis m xture at a tenperature below 120[err]C for a time sufficient
to effect formation of the zeolite. The process is applicable to
any zeolite Wy &htBY be prepared using a source of sil ipga/EP9gossk
organic structure directing agent, for exanple, M-, MEL, *BEA or
OFF, e.g., ZSM5 and other high silica Mt Zeolites. The structure
directing agent may be, for exanple, t he hydroxide or a salt of
t et ranet hyl amoni um ( TMA) , t et raet hyl anmoni um ( TEA),
tri et hyl met hyl anmornPief et ructhes rdpregpyd ragmagenten §d€@he
t et rabut yl ammoni um ( TBA) , t et rabut yl phosphoni um ( TBP),
trimet hyl benzyhydmeridas of TYABATEA: rTREtaRd &Py amoni um ( TMCA) ,
tri met hyl neopent yl anponi um ( TMNA) , triphenyl benzgl hosphoni um ( TPBP) ,
bi spyrrolidini um ( BEjVantaggeRsLyyr e n’ﬂ(}?#k(e:ﬁé)s, m4rE ﬁgl‘b?'gteﬁ"irlﬁ @um ( DEPP)
or a substiéy&gg ry ?g cl L St th é r élhyé
. e cti T1 hat
substituted quinuc slglgf(r)\er rh%!f&?& %F&gzom abl c§(§| o% ,g,%‘?oct ane.
necessary to provide template for zll the zeolite formed,
that is to say, more than previously described in prior
art procedures for preparing the same zeolite.
The zeolite produced by the process of the invention
is primarily a silicate or an aluminosilicate, and will
be described herein as such. It is, however, within the
scope of the invention to replace aluminium wholly or
partly with gallium, and partly with boron, iron or
other trivalent elements, and silicon may similarly be
replaced by germanium or phosphorus. It is also within
the scope of the invention to include inorganic cations,
for example, potassium or sodium, in the synthesisg
mixture. For MFI, MEL and *BEA, it is preferred not to
add such inorganic cations.
The sources of the various elements reguired in the
final product may be any of those in commercial use or
described in the literature, as may the preparation of
the synthesis mixture.
For example, the source of silicon may be, for
example, silica or silicic acid powder, a silicate,

e.g., an alkali metal silicate, or a tetraalkyl

orthesilicate.
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-4- Preferred structure directing agents are the hydr oxi des of
TMA, 'TEA, TPA and TBA. Advant ageously, the synthesis m xture

cont ai ns an excess of organic structure directing agent over that
necessary toyheyhsp template for all the zeolite formed,  Jhiatpoksaohd SaY.
nore than previously described in prior art procedures for preparing the
sanme zeolite. The zeolite produced Sy the process of the invention
is primarily a silicate or an alumi nosilicate, and wl|l be descri bed
herein as such. It is, however, within the scope of the invention to

repl ace alunlnlun1m@R%I¥°&g e 6?”41&&&%#&% Q%lb%ggbnénﬂafaﬂélyf{£:|1 bor on,

i ron or ot her trivalent el enents I'1con may Si m | ar i Yy repI aced

by ,ger mani um oexphpEeNos emidium Smed£10, W.lghi,nin the seemeoOfcHiiss,j nvention
to include inorganic cations, for exanple, potassiumor sodium in the
synthesis  m Rygrateforlwmina VA water-BAuble priupielenrsaltotedn, add
sueh i norganic EatLo The sources of the varlous e|l enents required

inthe final? Pﬁaﬁt?mn§§1&ﬁ?§ﬁn/Qﬁ 3 GSEORARonReY ci A LYREIM  descri bed
in the literatyLgy, 85c0Be ! e PHERANEL Ok rvekNEnSYNNESIS A X Ure.

synthesis mixture that does not contain certain
components, e.g., aluminium or gallium sources, a given
quantity of alkali is sufficient to dissoclve a given
quantity of silica, that quantity of silica will not
dissolve in the alkali in the presence of such
components. In certain cases, no reasonable gquantity of
alkali will dissolve the silica in their presence.

Accordingly, while such components are essential for
making the zeolite in gquestion, they create processing
difficulties by their presence; these difficulties are
circumvented by the process of the present invention.

The alkali metal ion socurce if present is
advantageously sodium or potassium hydroxide.

The crystal size may be varied by varying the
crystallization temperature, the lower the temperature
the smaller the particle size. Advantageously, the
temperature is within the range of from 40°C to 97°C,
more advantageously from 40°C to 95°C. Temperatures
within the range of 45°C to 85°C are preferred. For
zeolites containing a source of alumina, the particle
size may also be varied by varying the amount of alumina

present. However, the effect of varying the amount of



For exanple, the source of silicon may be, for exanple, silica or silicic

acid powder, a silicate, e.g., an alkali netal silicate, or a tetraal kyl
orthosilicate. WD 97/ 03019 .
PCT/ EP96/ 03098 The source of alum niumif present may be, for
exanple, alumniumnetal, e.g., in the formof chips, hydrated al um na, a
wat er - sol ubl gyogdpas®i um salt, e.g., al um ni um sul phat e, QicTAPogbIsEXi de,
e.g., alumnium isopropoxide. It has pegn_observed that, while in a
synthesis m xture that does not contain certain conmponents, e.g.,

al um nium or gallium sources, a given quantity of alkali is sufficient to
di ssol ve a given quantity of silica, that quantity of silica will not

di ssol ve in thalahkativamnigshdrpmesenddtef taurdrliteonp&nenerample cdrtt ai n

cases, no reasonable quantity of  alkali wl]| dissolve the silica in their
pr esence. aPPRREDhatyl yicrrRsiadstika 2bipdifefoatant 88sential for
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increase in crystal size. On the other hand, increasing
the alumina content of a synthesis mixture for producing
a zeolite *BEA results in a decrease in crystal size.
Thus for a particular composition of synthesis mixture,
i.e. one containing specified amounts of synthesis
ingredients, the particle size may be selectea guite
accurately by selecting an appropriate crystallization
temperature.

Hydrothermal treatment may take place for several
hours to several weeks.

The second aspect of the present invention is based
on the observation that if the concentration of inorganic
cations, especially potassium, in the synthesis mixture
is reduced from that typically previously used in
Offretite synthesis a colloidal suspension of Offretite
.may be obtained. It has also been found that it is not
in fact essential for the synthesis mixture to be clear
and homogeneous, as previously suggested, e.g., in
WO 93/08125, in connexion with, e.g., MFI production, as
necessary for collcidal zeolite production. WO 84/05597
also indicates that though a clear synthesis mixture is a
necessary condition for the manufacture of colloidal

zeolites it is not a sufficient one. Surprisingly, a

mixture in which, for example, the source of silicon is



circunvented by the process of the present invention. The al kal i
nmetal ion source if present is advant ageousl y sodi um or potassi um

hydr oxi de. The crystal size nay be varied by varying the
crystallization tenperature, the |ower the tenperature the smaller the
particle sizg ﬁ% t ageously, the tenperature is within the range of
fromd40[err] ({o é@?err]c, nor e advant ageously fron140[er? “8§Perr]c.
Tenper at ures within the range of 45[errjJG-to 85[err]C are preferred. For
zeolites containing a source of alumna, the particle size may al so be
varied by varying the anmount of alumna  present. However, the effect of

varying the a . 97/ 0301 . . .
PCT/EP96/0309§nggm§Hetely dlssolng{ i1s capdble of Y%ﬁﬁ%ﬁn a“&éf?g@ from

zeQlite to zeatdlifoidd s Metite cr@PPERE S that increasing the alumna

content of a synthesis mxture for an MFl-type zeolite results in an
i ncrease in crystalTis zeredantt havahbon hadchrd ireyi8asilay prothdesl HM na
content of a synthesis m xture for producing a zeolite *BEA results in a

decrease in cri§Beegssifar the Thpsfeorure paf t4 cidldoidedpsyispeosioh efnt hesis
mxture, Offretite, wherein a synthesis mixture having a molar
composition, when calculated in terms of oxides, in the
following ranges:

Kp0:Al504 0.25 to 0.5:1

(TMA) ;0:A1,05 at least 2.0:1

Si05:A1,05 8 to 10:1

Hy0:A1504 80 to 100:1
wherein TMA represents the tetramethylammonium cation, is
subjected to hydrothermal treatment at a temperature and
for a time sufficient to form a colloidal suspension of
Offretite.

The process of the invention provides individual

crystals or agglomerates, and ﬁhe suspension produced
directly, or by washing, is a stable one.
The products of the invention have utility as seeds, or
as catalysts, catalyst supports and sorbents, either in
layer or particulate form, if desired or reguired after
washing, cation exchange, and/or calcining, in organic

reactions and separations.



I .e. one containing specified anounts of synthesis i ngredi ents, the

particle size my be selected quite accurately by selecting an
appropriate crystallization t enper at ur e. Hydr ot her mal treat nent
may take place for several hours to several weeks. The second

aspect of the present invention is based on the observation that if the

concentratioamﬂLm&ﬂgrganic cations, especially potassiun& Eﬂm&ﬂ%mm
synt hesi s m xt'ure is reduced fromthat typically previousF& used 1n

Ofretite synthesis a colloidal suspensrod of Ofretite may be obt ai ned.
It has also been found that it is not in fact essential for the synthesis
m xture to be clear and honobgeneous, as previously suggested, e.g., in

WO 93/08125, in Conf@é(ifg.il\’gv;il?zﬁo%g%}ngl%l 1 PLROUGEEORhe AShvedefsisSary for

col | oi dal zeolite production. 5597 " also indicates that though a
clear synthesis mxture is a necessagymepindi tion for the manufacture of

col | oi dal zeolites it is not a sufficient one. Surprisingly, a m xt ure
in which, for exanp$ilidite asddr pewdbrswas cuikeds with an aqueéis) TWEARML9
PCT/ EP96/ 03098 '
solution (20 wt% in water) and heated. The molar
composition of the resulting synthesis mixture was:
1.52 (TPA),0:10 Si05:142 Hy0
The synthesis mixture was hazy, and was separated
into a clear liguid and solid by centrifuging for 20
minutes at 3500 rpm. The clear liquid was decanted
through a 0.45 um filter into a plastic beaker. The
whitish gel~like mass remaining on the bottom of the
centrifuge vessel was transferred to another plastic
beaker, and both beakers were p%aced in an o0il bath ‘at
B0°C. After 24 hours, the appearance of the clear liquid
had changed from water white to bluish, indicating
zeolite formation; the beaker was removed from the oil
bath. The appearance of the gel had not changed after
24 hours but after 4.5 days it was observed that the
original gelly mass showed collecidal appearance and the
gelly character had tctally disappeared; this beaker was
then removed from the cil bath.
The slurries from the two beakers were each washed
with water to pH 10 and dried for several hours at 105°C.
X-ray diffraction (XRD) showed that both products were
excellently crystalline MFI while scanning electron

microscopy (SEM) showed that both products had a mean

crystallite size of 60 nm.



- 7- I nconpl etely dissolved, is capable of yielding uniform
colloidal-size Ofretite crystals. The present invention
accordingly also provides a process for the manufacture of a coll oi dal
suspensi on of Ofretite, wherein a synthesis m xture having a nol ar
conposi tion, _when calculated in ternms of oxides, in the follow ng ranges:

K[ err]0: A1[ eMO B3P 0.25 to 0.5:1 (TMA) [ er r ] OPEI/ER? err]
at least 2.0:1 Sigerr]:Al[err] g er+] .8 to 10:1
Herr]OAl[err]Jerr] 80 to 100:1 wherein TMA represents the

t et ramet hyl anmoni um cation, is subj ected to hydrothermal treatnment at a
t enperature and for a tinme sufficient to_forma coll oidal suspension of
Ofretite. The process of the £#8BRE®en provi des i ndivi dual

crystal s or aggl one{ af es, ga%%htgtagyggﬁgv?gag{o&p‘;we 1u}££)f%t£e% or by

washing, is a stablée one. cts of the invention'have utility as
seeds, or  asptatédYsh SshC ¥oM1y ol SURRQEE SaRd b sarbentss sitialc idkia | ayer

or .particulate form if desired or required after washi ng, cation
exchange, and/powdet c{Akarg,SM Bodngarre sloehgtaddesl gl tsiependiseonsith
' stirring. After the last portion of silica was added a
whitish mass with a viscosity like that of heavy syrup
resulted. The molar composition was
0.62 (TPA),0:10 Si05:60 H,0
the molar ratio of TPAOH/SiO, being about 0.12.

The synthesis mixture was transferred to a 250 ml
plastic flask, which was placed in an oil bath at 50°C
with the flask connected to a reflux condenser. The
appearance of the synthesis mixture was monitored. For
25 days' heating no change was observed, whereas after 27
days a bluish hue appeared and the viscosity changed from
that of heavy syrup to water-like. The observation
showed that although at this temperature the onset of
crystallization is delayed crystallization is rapid once
it starts.

The product was washed to a pH of 10.6, and a
portion of the washed slurry evaporated to dryness in a
120°C oven, it being calculated that the solids content
of the slurry was 26.6%. The dried product was calcined
for 18 hours at 500°C, with a weight loss of 13.3%. From

5 this result, it appeared that the yield on silica was
91%. The washed slurry was allowed to stand for 8 Qays,

no sedimentation being observed after this period.
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- 8- The followi ng exanples illustrate the invention:

Exanmple 1 Silicic acid powder was m xed with an agqueous TPACH
solution (20 % in water) and heated. The nol ar conposition of the
resulting synthesis m xture was: 1.52 (TPA)[err]0: 10
SiJerr]: 142 : The synthesis m xture was haz

separ at ed v*%ﬁ@ﬁggclear liquid and solid by centrifuging%1“:(')r‘ri’ﬁ‘:gﬂwws

m nutes at 3500 rpm The clear |iquid wast@ecant ed through a 0.45 [err]m
filter into a plastic beaker. The whitish gel-1ike mass renmaining on the
bottom of the centrifuge vessel was transferred to another plastic

beaker, and both begksr shupse i acediiBnanyoblybain dle mri8eleahte. After
24 hours, the appearance of the clear liquid had changed from wat er

white to bl ui slhhiiledBEHRt ERgwed 2R ithe kol basiedsidtedoedkephepscaenoved
fromthe oil bath. The appearance of the gel had not changed after 24
hours but aftepatticdagswithmsiighiedevedftabout O nm.original gelly mass

showed col | oi dal appearance and t he gelly character had_totally
S
di sappeared; this b JkBrComRarative experimefit, a substantially

identical synthesis mixture was placed in an autoclave
and maintained at 120°C for 96 hours. The product was
also pure MFI, but consisted of spherical particles of
700 nm diameter.
Eﬁémglg_l

Colloidal Offretite of particle size below 50 nm was
prepared from a synthesis mixture containing the
following components:

Parts by Weight

TMAOH, 25% by weight in water (Fluka) 108.52
Al chips, 99.99% wt purity (Fluka) 2.8924
5i0, powder, 89.8% wt, 10.2% water (Baker) 35.52

(It is believed that a small proportion of KOH was
present as contaminant in the TMAOH.)

The Al chips were dissolved in the TMAOH solution
with stirring and gentle heat. After addition of the
silica powder, the mixture was heated to boiling with
stirring and kept at beciling point for 5 minutes. It was
apparent that not all the silica had dissolved, some
settling on the base of the glass beaker. The molar
composition of the synthesis mixture was:

2.78 (TMA)0:0.47 K50:A1505:9.90 Si05:91 Hp0



then renoved fromthe oil bath. The slurries fromthe two beakers
wer e each washed wth water to pH 10 and dried for several hours at
105[éerr] C. X-ray diffraction (XRD) showed that both products were
excellently crystalline MFI while scanning el ectron m croscopy (SEM

showed t hat ducts had a nean crystallite size of
/08819 JBber03098
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-9- Exanmpl-e 12 - - 111. 14 g of 20 wt % TPACH
in water (Fluka) were pl aced in the bowl of a m xer and 59.22 g of

silicic acid powder (Akzo SM 604) were slowy added portion-wise with
stirring. After the,l ast rti.on _of silica s _added whitish mass with
RS Gvhie RE R G

a viscosity like tha ot eg\ﬁss{}‘f"ﬁﬁure TEP e r"lggrﬁ%lssl tion was
0.62 (TPA)[err&i A0 il P bvBlakl Rihhfes, £Hloh "Mirida i1y YoullRROH S X2
bei ng about 0.12. The synthesis mxture was transferred to a 250 m
plastic flask, inbé ch plasstilcavedtis anich|whatgladedbreran Gil bath) the
flask connected to a reflux condenser. The

the open end of the bottle being connected to a reflux

condenser. The oil bath was heated to 85°C, and

maintained at that temperature over a period. The

appearance of the mixture gradually changed, with the

guantity of deposited silica reducing, while the mixture

developed into a transparent jelly. Heating was

terminated after 160 hours.

After washing using a 17500 rpm centrifuge, the

product was suspended in the last wash water, a stable,

colloidal, suspension resulting. A portion was

evaporated to dryness and characterized by XRD and SEM.

Although the diffractogram showed weak and broad peaks,

the pattern was still recognizable as pure Offretite.

The SEM showed that the product consisted of uniformly

sized and shaped particles, about 45 nm x 20 nm. XRD

analysis of a portion of product calcined in air at 475°C

for 20 hours showed essentially no change in

crystallinity, evidence of thermal stability.



appearance of the synthesis m xture was nonitored. For 25 days' heating
no change was observed——whereas_ after 27 dast ared and
the viscosity changed {88 SHEEhAASHEEENERVY Syru ﬂlﬂluuﬂlumﬁﬂuﬂw '
observati on showed { hat eﬁlglpln_gggm at this tenper at ure 't hd ohset of

crystallization is del ayed—crystatt riat'r nis rapid once It starts.

The product weeowe®ied to a pH of 10.6, and a portion of pthapyssived
slurry evaporated to dryness in a 120[err] C oven, it being cal cul ated
that the solids content of the slurry was 26.6% The dried product was
cal ci ned for 18 hours at 500[err]C, with a weight |oss of 13.3% From
this result, it appeared that the yield on silica was 91% The washed
slurry was al | @2dMss stand for 8 days, no sedi nentation bei ng observed
after this period. WO 97/ 03019 ) ) )

PCT/ EP9/ 03098 A process for prepaypng a zeolite hgwinghdwed an

excel lently cryst ne Ml uct e S howed t.hat the solids

consi st ed of séar?é% c?&le 51z%a$1{|¢1 osh r‘m ST ﬁg’l{%} BIRYSR® 80 nm
preparing an aqueous synthesis mixture comprising a
source of gilicon and a basic organic structure directing
agent in a synthesis mixture insufficiently alkaline to
cause substantially complete dissolution of the silicon
source in the synthesis mixture or containing another
reactant essential to the formation of the zeolite which
reactant inhibits disssolution of the silica, and
hydrothermally treating the synthesis mixture at a
temperature belcw 120°C for a time sufficient to effect
formation of the zeolite.

2. A process as claimed in claim 1, wherein the
structure directing agent is tetramethylammonium,
tetraethylammonium, tetrapropylammonium, or
tetrabutylammonium, hydroxide.

3. A process as claimed in claim 1, wherein the
zeolite is an MFI, MEL, *BEA, or OFF zeolite.

4. A process as claimed in any one of claims 1
to 3, wherein the synthesis mixture also contains an
inorganic base.

5. A process as claimed in claim 4, wherein the
base is potassium hydrcxide.

6. A process as claimed in any one of claims 1
to 5, wherein the hydrcthermal treatment is carried out

at a temperature within the range of 40°C to 97°¢°C.
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In a conparative experinment, a substantially i dentical synthesis m xture

was placed in an autocl ave a ed at 120[err]C for 96 hours. The
product was al so pure MFl, b ISﬁEETqm erical particles of

700 nm di aneter. REPLACED le 3 Col | oi dal
Ofretite ofg})artlcl e size bel ow repared froma synthesis

m xture cont WOA798PIP he fol | owi ng conponents: PCT/EP6/03098
Parts by Wi ght TMACH, 25% by wei ght. 13 wat er (Fl uka) 108. 52
Al chips, 99.99%w purity (Fluka) 2.8924 Si 2 powder,
89.8% wt, 10.2% wat er (Baker) 35.52 (I't is believed that a small
proportion of KOH was present as contami nant in the TMACH. ) The
Al chips were dissdl-ved i nAt RECTREEH %] tR¢ ShrNuLagRur &ty & ﬁg’ld-ﬁddeént | e
heat. After addition.of t owder. the m.xture heat ed to
bol ling with SUSBSASACRGO afﬁﬁﬁ{; é\ TR foi T rgfkbes'lbs i It was

apparent that gl b 1Beas! Ebﬁﬁ?gfélgﬁssv?rllé’r?%aﬁgﬁeatedhsﬁx”tl' @& the

base of the glass beaker. The nb conposition of e synthesis m xture
was: DxABelsTVAN| ehe] BoD14Wilg eFaddadil[err]Jerr]:9.90 Sigerr]:91

Herr]O

K,0:A1505 0.25 to 0.5:1

(TMA) 20:A1,05 at least 2.0:1

S$i03:A1,04 8 to 10:1

H70:A150, 80 to 100:1
wherein TMA represents the tetramethylammonium cation,
is subjected to hydrothermal treatment at a temperature
and for a time sufficient to form a colloidal suspension
of Offretite.

8. A colloidal zeolite or colloidal zeolite
suspension, whenever produced by the process of any one
of claims 1 to 7.

9. The use of the product claimed in claim 8,
if desired or reguired after washing, ion exchange, or
calcining, in particulate or layer form, in hydrocarbon

separations, conversions, or adsorptions.
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A AT SynBtfesi s ni H’"Mﬂfﬂ, i zed by Vi ous’

EL Sel—ttT , thenhf rgfmﬂﬂmred into a plastic
bottl e whilchh was pl ace% i n oil bath,  "the open end of the bottle being
connect ed } ol a10edAN dordenser. The oil bath was heated to 85[err]C,

and mai ht pi ned at__t ha nperature over a period. The appear ance of
theé m xtur Adual |y changep, with thes 22 quantity of deposited silica
reduci ng, ile ¢ devel oped into a transparent jelly. Heating
was termnated after 160 hours. After washing using a 17500 rpm
centrifuge, the craymgduct was suspended in the [ast wash water, a stable,

col | oi dal, suspension resulting. A portion was evaporated to dryness and
characterized by XRDland SEM prog¢shdieghpreraniingf pageoyienhsviwadaweak and -

brgad peaks, t he 1:lazit:ﬁ.tern e sf:i |1 .r 8gni zg&:}‘% as_pur e Ofretite. The
SEM showed t hat ¥He 35r6dtd @%ng P 3‘?’ ufiff i lgli”i’e%"'sand shaped
particles, aboutpAgaihy 29 FecdE nt@x@@h¥5xhﬁct%freacgﬁﬁi'i§fhﬁofa product
calcined in air at 475 err]C"~ for 30 hours showed essentially no change in
crystallinity, esowdsmecefofilivenmahd < aiskict gyrganic structure directing

agent in a synthesis mixture insufficiently alkaline to

cause substantially complete dissolution of the silicon

source in the synthesis mixture or containing another

reactant essential to the formation of the zeolite which

reactant inhibits disssolution of the silica, and

hydrothermally treating the synthesis mixture at a

teﬁperature below 120°C for a time sufficient to effect

formation of the zeolite.

2. A process as claimed in claim 1, wherein the.
structure directing agent is tetramethylammonium,.
tetraethylammonium, tetrapropylammonium, or
tetrabutylammonium, hydroxide.

3. A process as claimed in claim 1, wherein the
zeolite is an MFI, MEL, *BEA, or OFF zeolite.

4. . A process as claimed in any one of claims 1
to 3, wherein the synthesis mixture also contains an
inorganic base.

5. A process as claimed in claim 4, wherein the
base is potassium hydroxide.

6. A process as claimed in any one of claims 1
to 5, wherein the hydrothermal treatment is carried out

at a temperature .within the range of 40°C to 97°C.



- 12 - CLAI VEB: 1. A process for preparing a zel" & iavi ngia
particle size of at nbst 100 nm which conprises preparing an agueous
synthesis m xture conprising a source of silicon and a basic organic
structure directi ngu“ﬂ eﬂllﬂl“ﬂﬂ“ m hesis m xture insufficiently alkaline
to cause substant H solution of the silicon source in the
synthesis mixture or* cént i nf ng anot hegs _reactant essential to the

formati on of the zeolite which reactant inhibits disssolution of the
silica, and hydrothermally treating the synthesis nmixture at a

tenperature bel,ow 120[er,] C for. a ti f.icient to ef t . formation of
the zeol i ? A process 10 551 Me,&n?ﬂ“&cé'é@ QIEa E‘ﬁiﬂ ﬁ&“m‘?ﬂwl&l%@fﬁemew@ﬂ?lft fe
structur esﬁiﬂﬁe@ﬁ%ﬁﬂn@ﬂ@ﬂh% a Ind1f CoRTpR Hoh B¢ aklated B fofld BYS-AJHDM HE)

t et r apr opyl anmoni um or et rabut yl'anmoni um hydr oxi d

process abliowangmaagesh claim 1, wherein the zeolite |s an IFl, IVEL, *BEA,
or OFF zeolite.

K,0:ALOs 0.25 t0 0.5:1
(TMA);O:ALO; at least 2‘.’0:1
Si0;:ALOs 8to 10:1
H,0:AL0; 80 to 100:1

wherein TMA represents the tetramethylammonium cation, is subjected to hydrothermal

treatment at a temperature and for a time sufficient to form a colloidal suspension of
Offretite.

8. A colloidal zeolite capable of forming a stable suspension or_a stable colloidal

- ..

zeolite suspension, obtainable by the process of claim 7.

9. The use of the product claimed in claim 8, if desired or required after washing,
ion exchange, or calcining, in particulate or layer form, in hydrocarbon separations,

conversions, or adsorptions.
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4. A process as clainmed in any one of clains 1 to/%#mmaalmthe 1p0s 'S
synthesis m xture also contains an inorganic base.. - A process
as clainmed’'i-n - claim4, wherein the base is potassium hydrOX| de 6.

ol /L".,

A process_ as clained in any one of claims 1 to 5, wherein thqipey
treatment is-Cangg out at wék b RHREERLA PR o ange of g
97[err]C. - -1 IPC?P WA procec% 0%q-lgr&manuhgcture of 30l | oi dal
suspensi ommm@nm Aemmhnom FUBLISHBJﬁ URDER THEPATERT 080PERAAONDIREATY (PCT)

conpos YET =a A Lerl gxToes; e fottowTy T

K[ &F.F] éhi\ e %]t?n? P B39,30 Boy{ e%]g el)gntfnntionnl Publication Number: %35153019
T err A=A X ’ I 1

(S i yﬁ‘& ! NL%;F J,, b5t w (455 !Qerﬂaﬁonal‘ Lg[ulgiﬁﬁlfl}?alt\el : miof““ag 1997 (30.01.97)

80, to %ﬂ@m&&b&ﬁxﬂbﬁhmﬁ%mr esenﬁ&m&da/as Il G157 DRigiheh SRFED RUUSR, SR RO L, 1, &R Mx@
su? ected to hydrothermal treatnment at a rrpelmﬁmpmamdt(ﬁanEacﬂ.lmebx.Es FI, PR
Fi
i

\__/

suff i cj @ Interytiquy) FilipgDates)| | oj daP UL ERETEH of CF FR4ETR LU MBNL PT.SR). ¢ o] | 0i dal

eat itle capable of formng a stable suspension or a stable colloidal

zeol i t|e305 Bxsqpi o:;:t)n obgqajhnglﬁl ?qﬁ%ﬁt he p%, CReblished of cl almrln 7. 9. The use
of the pro ai.ne y i f desfired ere dfreer

on exchang%e‘?’o%mﬁéa'@pﬂ;m@szz Fle par sl or SR SRt e S R o
separations, conversions, or adsorptions. amendmems
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