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"Zeolites and Processes for their Mnufacture" This invention
relates to the zeolite Ofretite, to processes for its nmanufacture,
to the use of the: zeolite as catal yst. A traditional synthesis
of Ofretite obtains the zeolite fromsynthesis mxtures relatively
I n pot assi g aneseont ai ni ng the tetranmet hyl ammoni um cat i OPCI/EPHH3096
tenplate or structure directing agent. The ¥eésulting product has a

relatively large particle size.
of Ofretite using

calcination at a tenperature of at |east 550[err]C, the resul ting
product having an average particle size in the
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"zeolites and Processes for their Manufacture"

This invention relates to the zeolite Offretite, to
processes for its manufacture, and to the use of the
zeolite as catalyst.

A traditional synthesis of Offretite obtains the
zeolite from synthesis mixtures relatively rich in
potassium and containing the tetramethylammonium cation
as template or structure directing agent. The resulting
product has a relatively large particle size.

EP~-A-400961 describes a.syntheSis of Offretite using
a synthesis mixture containing metakaolin obtained by
calcination at a temperature of at least 550°C, the
resulting product having an average particle size in the
range of 0.1 to 10 um.

WO 92/14680 describes the use of additional,
divalent, cations to facilitate manufacture of Offretite
of small particle size. U.S. Patent No. 3,578,398
describes a procedure for producing “sub-micron"
Offretite.

W093/08125 describes the preparation of MFI, MEL and
Beta zeolites of particle size sufficiently small to
enable a colloidal suspension to be formed; in general
for this purpose the largest dimension of the particles

is required to be at most 100 nm.

and

rich

EP- A- 400961 descri bes a synthesis
a synthesis m xture containing nmetakaolin obtained by



range of 0.1 to 10 [err]m ”'””"”””V15§§714680 descri bes the use of

addi ti onal , di val ent, cat ed’cHaszmeGP‘P e manufacture of Ofretite

of small particle si ze. 8 398 descri bes a procedure
for producing "sub-mcr on ME“E W03/ 08125 descri bes the
preparation of MFI, MEL and Ze0 |tes of particle size sufficiently

est di mension of the pa%ticles is required to be at

small to e?ﬁ ,F coI | oi dal suspension to be forned; in PEREDSm309s  OF
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nost 100 nm
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975 descri bes the synthe5|s of open franemork zeolites utilising a

nucl eation slurry topL 5&&& n%ﬁgglgigagi = LRI %%%aaﬁﬁyégegvcate

US 5 133 951 descrlbes a proces

€ manuf acture of a ga OSi
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utilises a solution of gaII|05|I|cate pr epar ed

separately fronmtbetabyst, e.g., in hydrocarbon conversions, they have

an enhanced ratio of surface area to mass, high diffusion
rates, reactivities and resistance to deactivation by
pore plugging and surface contamination. Similarly, they
have advantages in org§nic separations, aﬁd are also
valuable in the manufacture of supportéd layers,
especially membranes, as described in WO 94/25151. 1In
certain of the procedures described in that patent
application, the disclosure of which is incorporated
herein by reference, fhe zeolite layer is deposited from
a colloidal suspension onto a support; instability in the
suspension is deleterious. Accordingly, ‘it would be
desirable to be able to manufacture Offretite capable of
forming a stable suspension, and for this purpose a
particle size of at most 100 nm, and advantageously at
most 75 nm, is desirable. A stable suspension is one.in
which no settlement takes place at all, or one in which
settlement takes place so slowly as to be insignificant
over the time scale concerned. Such a suspension is
referred to herein as colloidal and particles capable of
forming such a suspeﬁsion may be referred to as colloidal
size particles.

The present invention is based on the observation
that if the concentration of inorganic cations,

especially potassium, in the synthesis mixture is reduced




synt hesi s sol ution. - 2-

Products of small particle size have advantages over | arger particle size
products, for exanple, when used as a catalyst, e.g., in hydrocarbon
conversions, they have an enhanced ratio of surface area to mass, high

di ffusion rates, reactivities and resistance to deactivation by pore

pl uggi ng and syg é7@@ecoNnt ami nati én. Sinmilarly, they have apviRbaiisiei N
organi c separations, and are al so val uablze 4 n the manufacture of
supported | ayers, especi ally nmenbranes, as described in WO 94/25151. In
certain of the procedures described in that patent application,

the zeolite | aye tg‘e[%o I ted L om col.l oi dal suspension, onto a .
support; i nst abi %Xplcg gbegrsﬁvoﬁ?qsslydé‘lsgf}e i SUS°Hebrdingly, it
WOU|‘d be  desi rs?lfél&nfs(ioheoébbﬁff&t{@é‘%a%cw euehinell t exrgapabl e of
surprisingly been found also that it is not in fact
. essential for the synthesis mixture to be clear and
homogenecus, as previously suggested, e.g., in wo:
93/08125, as necessary for colloidal zeolite production.
Similarly WO 94/05597 indicates that though a clear
synthesis mixture is a necessary condition for the
manufacture of colloidal zeolites, it is not a éufficient
one. Surprisingly,.a mixture in which, for example, the
source of silicon is incompletely dissolved, is capable
of yielding uniform colloidal-size Offretite crystals.
The present invention accordingly provides a process
for the manufacture of a colloidal suspension of
Offretite, wherein a synthesis mixture having a molar
composition, when calculated in terms of oxides, in the
following ranges:
K30:A150, 0.25 to 0.5:1
(TMA) ,0:A1,053 at least 2.0:1
$i105:A1,05 8 to 10:1
Hy0:Al1504 80 to 100:1
wherein TMA represents the tetramethylammonium cation,
is subjected to thermal treatment at a temperature and
for a time sufficient to form a colloidal suspension of
Offretite.
Advantageously, the molar ratioc of (TMA),0:A1,03 is

2.0 to 3.5:1.



form ng a stabl e suspension, and for this purpose a particle size of at
nost 100 nm and advant ageously at nost 75 nm is desirable. A stable
suspension is one in whi ch no settlenent takes place at all, or one in
whi ch settl enment: takes place so slowy as to be insignificant over the
time scale concerned. Such a suspension is referred to herein as

col | oi dal and ‘par,f'ﬁhps capabl e of form ng such a suspensigryERgoi9e
referred to as coll ol dal size particles. 4 - The present invention is

based on the observation that if the concentration of inorganic cations,
especially potassium in the synthesis mxture is reduced

-3 fromthat typigal LY RLEY! Q48 Ma P Lceh®h! 2pe of the
invention has the advantage of being capable of providing
a stable suspension free from unreacted solid starting
material.

The invention further provides a process for the
manufacture of the zeolite Offretite of particle size at
most 100 nm, wherein a colloidal suspension prepared as
describéd above is washed with water, advantageocusly to a
pH within the range of from 9 to 12, if desired cation
exchanged, dried and, if desired, calcined.

The process of the invention provides individual
crystals, rather than agglomerates, and the suspension
produced directly, or by washing, is a stable one.

The invention also provides a colloidal suspension
of zeolite Offretite. The invention further provides
Offretite of a particle size of at most 100 nm. The
invention also provides the use, in.a process for the
tﬁermal treatment of a synthesis mixture to form
Offretite, of a synthesis mixture having a molar ratio of
Kz0:A1503 of from 0.25 to 0.5:1 and of (TMA),0:Al1,03 of
at least 2.0:1.

As described above, the zeolite of the invention is
primarily an aluminosilicate, and will be described
herein as such. It is, however, within the scope of the
invention to feplace aluminium wholly or partly with
gallium, and partly with boron, iron or other trivalent

elements, and silicon may similarly be replaced by



suspension of Ofretite may be obtained. It has surprisingly been found
also that it is not in fact wessential for the synthesis mxture to be

cl ear and honobgeneous, as previously suggested, e.g., in WO 93/08125, as
necessary for colloidal zeolite production. Simlarly WO 94/05597

i ndi cates that though a clear synthesis mxture is a necessary condition
for the manukaGhisge Of col loidak zeolites, it is not a suffhcqidénsesee.
Surprisingly, a mxture in which, for exanple, the source of-silicon is

i nconpl etely dissolved, is capable of yielding uniformcoll oidal-size
Ofretite crystals. The present invention accordingly provides a

process or the JROM A Gualoidiall ol 92! ssopensi el il CLebbise

c
. e
wherein a synth85|s nM Xt ure *havi‘ng a nol ar en cafc

terms of oxidesenknihiént it tMiNE1LABISHorganic ddt8IdrisOcAhker eheher r]
0.25 to 0.5:1 (TMA) [err]OA[err]Jerr] at least 2.0:1

Sigerr]:A[errpEkassium, & d.0 Hddium, in thersh@hdier miQtere] 80 to
100:1 wherein TMA represents the tetranethyl anmoni um cation, |

- The sources of the various elements required in the
final product may be any of those in commercial uée or
described in the literature, as may the preparation of
the synthesis mixture.

For example, the source of silicon may be a
silicate, e.g., an alkali metal silicate, a tetraalkyl
orthosilicate, or an aqueous colloidal suspension of
silica, for example one sold by E.I. du Pont de Nemours
under the trade name Ludox. Ludox HS-40 is a sodium-
containing product, while AS-40 contains Qery little
sodium. Preferably, however, the source i; silica
powder.

The source of aluminium is preferably aluminium
metal, e.g., in the form of chips, dissolved in the
alkaline solution of structure-directing agent; Other
aluminium sources include, for example, hydrafed alumina,
a water-soluble aluminium salt, e.g., aluminium sulphate,
or an alkoxide, e.g., aluminium isopropoxide.

The potassium source is advantageously potassium
hydroxide.

The TMA cation may be introduced in the hydroxide
form, which ié commercially available as a powder as the
pentahydrate, or as an agueous solution, which is

preferred. The cation may also be introduced in the form



I's subjected to thermal treatnent at a tenperature and for a tine
sufficient to forma colloidal suspension of Ofretite.

Advant ageously, the nolar ratio of (TMA)[errJ]O A [err]derr] is 2.0to
3.5:1. -4- The process

according to this aspect of the .invention has the advantage of being

capabl e of prqwbgﬁaﬁm,a st abl e suspension free from unr eact eg $abdeibsoss
starting materral. The-invention fusther provides a process for the

manuf acture of the zeolite Ofretite of particle size at nost 100 nm
wherein a coll oidal suspension prepared as described above is washed with

water, advantag%&“ﬁ'%i&@u@e_of hydroxide and salt, e.g. a halide;
preferably a major proportion of the cation is introduced
in the form of hydroxide.

The synthesis mixture is conveniently prepared by
dissolving the aluminium source and potassium source in a
solution of the TMA séurce, adding the silica source,
heating to boiling, cooling, and correcting for water
loss.such that the required molar proportions result.

Crystallization is effected, either under static
conditions. or with moderate stirring, and, if desired,
under reflux,

Thermal treatment (otherwise khown as ageing at
elevated temperatures) at a temperature in the range of
from 40, more especially 60, to 100°C is convenient;
advantageously from 75 to 95°C ané preferably at about
85°C. Suitable crystallization times are within the
range of from 48 to 500 hours, preferably from 120 to 240
hours. A lower temperature in general gives a smaller
particle size zeolite, if other conditions remain
ceonstant. By appropriate choice of temperature, crystals
of greatest dimensions in the range of 25 nm to 100 nm
may be obtained. A period of ageing at a temperature
below that at which crystallization takes place may
precede thermal treatment; smaller particle size material
then results.

The colloidal suspension, or the crystals obtainable

from the suspension, produced by the processes described



pHwithin the range of from9 to 12, “if desired cation exchanged, dried
and, if desired, calcined. The ppQeEseHRBednReplacR¥eNt i On provi des

i ndi vidual crystals, rather than agglo he suspensi on
produced directly,- or by washing, is a m nw
provi des a col | oi dal suspension of zeo

! The invention al so
The invention
further provi dggerpdohg €tite of a particle size of at nost 10
i nvention al so provides the use, in a process-for the thermal treatnent of
a synthesis mxture to form Ofretite, of a synthesis m xture having a
nolar ratio of K[err]QAI[err]qerr] of fromO0.25 to 0.5:1 and of

pove,

(TMA)[err]OAI[err%%ew at | east 2 cribed
zeolite of the iﬂV Yt i ke uﬁFpnﬁFl?yn%ﬂP%HlﬂﬁI%E?lPFE§P8nSaﬁﬂ°$W$ﬁn?xa
descri bed here'FgggpéLHHhuéaEthmﬁOFfmfﬁfﬂ £ 1 b&.%ﬁ%s%E?FSs9f1$

I nvention to rep al'um nium y or part wth gallium an partly
wi th boron, irOﬂaﬁﬁli&&@ﬂni&m%abEQEtaEéaﬂﬁﬁ&&ovﬁﬂ@ al hreetnraNhEhdinarly be

repl aced by

‘ layer, or as the base of the film itself, for example by
multiple in-situ crystallization. More especially,
however, according to the present invention, the
nanometric sized crystals may be used as seeds in the
manufacture of Offretite.

The present invention accordingly also provides, in
a second aspect of the invention, a process for the
manufacture of Offretite which comprises forming an
Offretite-forming synthesis mixture, advantageously

having a molar composition, calculated in terms of

oxides, in the following ranges:

M0:A1504 1.3 to 4.0:1
(TMA) 50:A1504 0.2 to 0.6:1
Si09:A150, 7 to 13:1
Hy0:A1505 50 to 540:1

wherein M represents potassium; of which up to 30 molar
per cent may be replaced by sodium, and also containing
seed crystals of Offretite of maximum dimension at most
100 nm, and subjecting the seed~containing synthesis
mixture to hydrothermal treatment at a temperature and
for a time sufficient to form Offretite.

‘As indicated above, it is possible to replace

aluminium by gallium; the invention accordingly also




- 5- germani um or phosphorus. It is also within the scope of the

I nvention to include inorganic cations other than potassium e.g., sodium
in the synthesis m xture. The sources of the various el enents
required in the -final product nay be any of those in comrercial use or
described in the literature, as may the preparation of the synthesis

m xt ur e. womoksdxanpl e, the $ource of silicon may be a perfepssab®ds €. J.
an alkali netal silicate, a tetraal kyl -eor&ahosilicate, or an agueous
col | oi dal suspension of silica, for exanple one sold by E.I. du Pont de

Nemours under the trade nanme Ludox. Ludox HS-40 is a sodium containing

product, while ASAM&ON YrBBeUe’ In! bhide eriOUpiThePIE 1A fouRVer, the

source is silica po
defined above, in which Al;0; is replaced by Gaj0;.

The lower the proportion of potassium, the lower the
preferred water content of the synthesis mixture.

It has been found that the presence of the :
nanometric-sized seed crystals significantly accelerates
the formation of Offretite from the synthesis mixture.
Further, it has been found that very small proportions of
the colloidal seed crystals are effective to promote
crystallization of Offretite. The process may employ
very small proportions of colloidal seeds, e.g., from
0.0002 to 0.1%, by weight of the total synthesis mixture,
adantageously from 0.01 to 0.05%, and conveniently about
0.025%, although it will be understood that it is within
the scope of the invention to use a higher proportion.
Since the proportion of seeds may be so low, it is
possible to employ alumina-derived seeds in Ga-Offretite
manufacture without affecting the essential galiium-based
nature of the product. The gallium product méy present
advantages over the aluminium product because of its
lower acidity (at a given molar composition).

'Hydrothermal treatment of the seeded synthesis
mixture is advantageously carried out at a temperature
within the range of from 100°C to 200°C, preferably from
125° to 175°C and conveniently at about 150°C,
advantageously for a time within the range of from 2 to

10 hours, preferably within the range of from 3 to 6



The source of alumniumis preferably alumnium netal, e.g., in the form
of chips, dissolved in the alkaline solution of structure-directing agent.
Q her al um nium sources include, for exanple, hydrated alumna, a

wat er-sol uble alum niumsalt, e.g., alum niumsul phate, or an al koxi de,

e.g., alum niumisopropoxide. The potassium source i s advant ageously
potaSS|un1 hquﬂ% ﬂﬁn The TMA cation may be introducedpéfpbdsRzess
hydroxi de form k ch is comercially avaig abl e as a powder as th@

pent ahydrate, or as an aqueous solution, which is preferred. The cation
may al so be introduced in the form
- 6- of a m xture of hgdrOX|de and sal t de; preferably a

a. hali
maj or proporti oMCYE St heT éfl?ﬁﬂ?%???ﬂ%%ﬁhﬂﬁe&l%e within'the Fange of

. from 16 to 48 hours for a synthesis mixture of the same
composition but without seeds. Treatment may be carried
- out with gentle stirring or, preferably, statically.

The sources of the various components of the
synthesis mixture, other than the seeds, may be as
described above for the first embodiment of the
invention, except that colloidal silica is preferred as
the silica source, a TMA halide as the structure-
directing agent, and hydrated alumina as the alumina
source. The seeds are advantageously the product of the
first embodiment of the invention.

The invention further-provides the use, in the
hydrothermal treatment of an Offretite-forming synthesis
mixture, of a colloidal suspension of Offretite seeds,
i.e., a suspension of seeds of Offretite having a
greatest dimension of at most about 100 nm, to promote or
accelerate the formation of zeolite Offretite.

The use of colloidal seed crystals in the synthesis
mixture results in a product of more uniform size and
shape than an unseeded synthesis mixture.

As indicated above, only very small proportions of
colloidal seed crystals are needed to accelerate
Offretite formation. It has, however, surprisingly been
found that, under given synthesis conditions, variation
of the proportion of seed crystals effects a change in

the particle size of the resulting Offretite product, a



in the formof hydroxide. The synthesis m xture is conveniently
prepared by dissolving the alum ni um source and potassi umsource in a
solution of the TMA source, adding the silica source, heating to boiling,
cooling, and correcting for water 1oss such that the required nol ar
proportions result. Crystallization is effected, either under static
condi tions orvagﬂg derate stirking, and, if desired, und %

Thermal treatmnment: (0t herwi se known as ageijpag-at el evated tenpératures) at
a tenperature in the range of from 40, nore especially 60, to 100[err]Cis
conveni ent; advantageously from 75 to 95 err]C and preferably at about
85[err]C. Suitable cr%stallization tines are w e of from48

to 500 hours, pPEFBFEDITRSTHFAE26oPGB%HRHofr .h‘%&r‘]ﬁd%\r/]\g?s{’gﬁg’é?afﬁrae in
donstant © By apiramsrErr Bl o BehER EESd Gy e dfl EORCL oL
di mensi ons in tRechasgpHitizaN®ika. 100 nm may be obtained. A period of
ageing at a tenperature \

The present invention accordingly further provides,
in a third aspect, the use, in a process for the :
manufacture of Offretite by hydrothermal treatment of an
Offretite~forming synthesis mixture, of the concentration
of colloidal Offretite seeds in the mixture to control
the particle size of the product.

It has also been found that lowering the alkalinity
of a seeded synthesis solution reduces the particle size
of the resulting Offretite product.

In a particular synthesis mixture, described in an
example below, by increasing the concentration of
colloidal seed érystals from 2 ppm (0.0002%) to 1000 ppm
(0.1%) the particle size. (greatest dimension) of the
resulting product was decreased from about 1.5 um to
about 0.20 um, with intermediate conéentrations'resulting
in intermediate product particle sizes. Furtﬁer the
particle size distribution was in each case narrow, and
the crystals uniform in shape.

In contrast, a synthesis mixture, unseeded but
otherwise identical, gave generally larger particle size
product, as might be expected, but also one of a wide
particle size distribution. A nixture seeded with 5 um

size crystals gave a product of multilayer particle size

and poor size uniformity.



bel ow that at which crystallization takes place may precede thermnal

treatnent; smaller particle size material then results. The col |l oi dal
suspension, or the crystals obtainable fromthe suspension, produced by
t he processes descri bed -7-

above may be used in a nunber of applications including in the
manuf acture of thin filns on subgtrates, in which application the
crystals may WP¥PH@ a growt h- enhancing_| ayer, or as the baBCTEPINNKe 1| m

itself, for exanple by nmultiple in-situ crystallization. More especially,
homever, according to the present invention, the nanonetric sized
crystals may be used as seeds in the manufacture of Ofretite. The
present invention actw dinvghyiahsaceernddnsy, aﬂﬁoapseﬁtﬂﬁﬁ theparse ofint he

i nvention, a process for the manufacture of tite i ch conprises

form ng an OF f retREESS ﬁﬁgtgﬁnﬁ‘%‘éﬁ%"tqﬁexl"ﬁr foﬁﬁ%\?ﬁ eously having a
mol ar ConpOS't'ﬂyhréﬁﬂéyﬂaﬁt%geégment of an Offretite~-forming synthesis

- mixture, of colloidal Offretite seeds to enhance the
uniformity of particle size of the resulting product.

Preferred reaction conditions, except for choice of
concentration of seeds, are as described w;th reference
to the second aspect of the invention.

As indicated above, the traditional Offretite
. synthesis employs a mixture containing the TMA cation.
Since disposal of organic residues from manufacturing
processes is becoming increasingly difficult or
expensive, it would be desirable to have a process for
Offretite manufacture in which the need for an organic
template or structure directing agent was obviated. Such
a procedure would also have advantages in ease of
handling the synthesis mixture, and could avoid the need
for calcining to remove the template.

It has now surprisingly been found that the presence
of colloidal Offretite seeds in the synthesis mixture
makes the presence of an organic template unnecessary.

The present invention, in a fourth aspect,
accordingly further provides a process for the
manufacture of Offretite which comprises forming a
synthesis mixture, substantially, and preferably

completely, free from a free organic structure directing



terns of oxides, in the follow ng ranges: Merr]OA [err]Jerr]
1.3to 4.0:1 (TMA) [err]O Al [errJOeéerr] 0.2 to 0.6:1
Siqerr]:Al[err](err] ThisShed HaBelBReblacea H TT]O Al[err]Jerr] 50

to 540:1 wherein Mrepr m of which up to 30 nolar per cent

may be repl aced by sodiu Ej”ﬁﬂm taining colloidal seed crystals of

Ofretite of maxi mum di 100 nm and subjecti Egg _
ﬂé} 3096

seed- cont ai ni W@ 9P¥MMesis nixture to hydro%?e_r mal  treatnmen
tenperature and for a tinme sufficient to fofm Ofretite.

I ndi cated above, it is possible to replace alumniumby gallium
t he I nvention . accordi ngly al so

- 8- agent, and having a molar composition, calculated in

terms of oxides, in the following ranges:

M30:2A1,05 1.9 to 2.1:1
8i05:A150;5 9 to 11:1
H50:A1504 140 to 180:1

whérein M represents potassium, of which up to 30 molar
per cent may be replaced by sodium, and also containing
seed crystals of Offretite of maximum dimension at most
100 nm, and subjecting the seed-containing synthesis
mixture to hydrothermal treatment for a time and at a
temperature sufficient to form Offretite.

The preferred reaction conditions, except for the
absence of organic reagent (other than that possibly
introduced wifhin the channels of the seeds), are as
described above with reference to the second aspect of
the invention, although a longer time may be needed.

The Offretite produced by the second, third and
fourth aspects of the invention, if required after
washing, cation exchange and/or cal;ining, is suitable
for use as a catalyst in numerous hydrocarbon conversions
and is effect;ve in hydrocarbon separations or
adsorptions. The Offretite material may be used alone,
or in admixture with other zeolites, in particulate form
or in the form of a layer on a support, especially in the
form of a membrane. Hydrocarbon conversions include, for
example, cracking, reforming, hydrofining, aromatization,

alkylation, isomerization and hydrocracking.

‘T'PHS SHEET HAB BEEN
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provi des a process in which the synthesis mxture is as defined above, in
whi ch A1203 is replaced by Ga[err](err]. The | ower the proportion of
potassium the |lower the preferred water content of the synthesis m xture.
It has been found that the presence of the nanonetric-sized seed crystals
significantly accelerates the formation of Ofretite. fromthe synthesis

m xture. Further, it has been found that very small proportions of the
col | oi dal secWOSTMRL| s are ef fective to promote crystalli Z2GHERI6HI096
Offretite. The process may enploy very s | proportions of coll oidal
seeds, e.g., from 0.0002 to 0.1% by weight of the total synthesis

m xt.ure, adantageously fromO0.01 to 0.05% and conveniently about 0.025%
although it will be Tinefsiland ighakamples W Lhstratd etrse dparenitione

i nvention to use a higher proportion. Since the proportion of seeds may be
so low, it is possible to enploy aIunEHQ_EbQLbed seeds in G-Ofretite

manuf acture without affectin the alliu t f t he

product. The galHtg#%ﬁ%dﬂfWgﬂﬁy ﬁﬁ g eid@%ﬁt%ﬁ% qnt éi ﬁFﬁm

product becausecef 5hE8; o] LB A6 bY, sgtva ShVisy R %&W%& ti on)-
synthesis mixture having higher template and lower
potassium content than traditionally used. The synthesis

. mixture contained the following components.

Parts by Weight

KOH pellets, 87.4% wt purity (Baker) 3.4
TMAOH, 25% by weight in water (Fluka) 108.52
Al chips, 99.99% wt purity (Fluka) 2.8924
Si0,; powder, 89.8% wt, 10.2% water (Baker) 35.52

{The TMAOH was contaminated with potassium.)

The KOH pellets were dissolved in the TMAOH solution
in a glass beaker at room temperature, and the Al chips
then dissolved in the resulting solution with stirring
and gentle heat. After addition of the silica powder,
the mixture was heated to beiling with stirring and kept
at boiling point for 5 minutes. 1t 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, taking into account the potassium
present in the TMAOH, was:

2.78 (TMA)50:0.98 K50:A1503:9.90 Si05:91H,0

The synthesis mixture was homogenized by vigorous
stirring for several minutes, then immediately poured

into a plastic bottle which was then placed in an oil



Hydrot hermal treatnent of the seeded synthesis mxture is advantageously
carried out at a tenperature wthin the range of from 100[err]C to
200[err] C, preferably from 125[err] to 175[err]C and conveniently at about
150[err] C, advantageously for a time within the range of from2 to 10
hours, preferably within the range of from3 to 6 . _
-9- - hours. This conpares with a tine within the range of from 16 to 48
hours for a SWOOHeM2s ni xture of the.sanme conposition but RFVERHEEE(ds.
Treatnment nmay be carried out with gentTe?%fTrring or, preferably,
statically. The sources of the various conponents of the synthesis
m xture, other than the seeds, may be as described above for the first
enbodi nent of theth, 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 a whitish appearance. Heating was terminated
after 160 hours, with the contents of the bottle whitish
and more viscous than the starting mixture.

The product was washed several times, using a high
speed centrifuge to decant the wash water, and dried
overnight at 110°C. X-ray diffraction (XRD) showed an
excellently crystalline pure Offretite, while scanning
electron microscopy (SEM) showed particles uniform in
shape and size, with dimensions about 200 x 70 nm.

This example illustrates the synthesis of material
on the borderline of colloidal particle size.

Figs. 1 and 2 show X-ray diffractogram and peak
values and SE micrographs of the products of Example 1.

Example 2 .

In this example, the procedure of Example 1 was
repeated, the sole difference being the replacement of
the potassium hydroxide by substantially the same molar
proportion of sodium hydroxide, to provide a synthesis
mixture of molar composition: .

2.78 (TMA),0:0.47 K;0:0.50 Najy0:A1505:9.90 Si05:91 Hy0

(The K30 originated as contamination in the TMAOH.)



I nvention, except that colloidal silicais preferred as the silica source,
a TMA halide as the structure- directing agent, and hydrated al um na as
the alum na source. The seeds are advantageously the product of the first
enbodi ment of the invention. The invention further provides the use,
in the hydrothermal treatnment of an Ofretite-form ng synthesis m xture,
of a colloidal suspension of Offretite seeds, i.e., a suspension of seeds
of OffretiteWR943820a greatest di nension_of at nost about ROUEPA§03496
pronote or accelerate the formation of z&BITte Offretite. The use of
col l oi dal seed crystals in the synthesis mxture results in a product of
nore uni formsize and shape than an unseeded synthesis m xture. As
i ndi cat ed above, onlTheveyytRgBis Plopnd iagainotievedbped dal hareregneopst al s
are needed to accelerate O fretite formation. It _has, however,
surprisingly bégvtishyagprensanceindefRRyiangh SEhenadysis shrvMed vari ation

of the propor ticgnof sgeed, siystal S, Sl IAG 2o 0BREEuL Pesd AL © o1 2
- with a size of about 60 nm.

Figs. 3 and 4 show X-ray diffractogram and peak

values and SE micrographs of the product of Example 2.
Example 3

A synthesis mixture was prepared as in Examples 1

and 2 but omitting any deliberate additional of alkali

- metal hydroxide. Subseguent analysis showed, however,
that the TMAOH was contaminated with K50 to an extent of
1.83 wt. percent; it is believed that this small
proportion of alkali metal suffices to ensure
nanocrystalline product, by providing a synthesis mixture
of the molar composition:

2.78 (TMA)0:0.47 Ky0:A1,03:9.90 S5i05:91 H,O0

The synthesis mixture was thermally treated as in
Example 1. BAfter 160 hours heating at 85°C, the
crystallization was stopped. The originally
inhomogeneous mixture changed during heating to a jelly;
this, however, was transparent.

After washing using a 17500 rpm centrifuge, the
product was susﬁended 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.



- 10 - greater nunerical concentration of seeds resulting in a smaller
product, thereby providing accurate control of product particle size.
The present invention accordingly further provides, in a third aspect, the
use, in a process for the manufacture of Ofretite by hydrotherma
treatment of an Ofretite-form ng synthesis m xture, of the concentration
of colloidal Ofretite seeds in the mxture to control the particle size
of the productwo9meseze |t has al sd been found that | owering tperadbeidsgsi ty
of a seeded synthesis solution reduces thelParticle size of the resulting
Ofretite product. I'n a particular synthesis mixture, described in an
exanpl e bel ow, by increasing the concentration of

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.

Figs. 5, 6 and 7 show XRD diffractograms of the
dried and calcined products and an SE micrograph of the
dried product.

Example 4

When the technical grade TMAOH used in Example 3 was
replaced by a material of greater than 99% purity, no-
Offretite was produced. To show that the production of
colloidal Offretite depends on the presence of potassium,
a synthesis mixture was prepared using KOH and high
purity TMAOH. The molar composition of the mixture was:

2.49 (TMA)20:0.47 K30:A1503:9.9 Si0,:91 H,0

The synthesis mixture was thermally treated at 85°C
for 6 days, and product recovered as described in Example
3. XRD showed the product to be pure Offretite, while
SEM indicated a particle size of about 70 x 25 nm.

By way of comparison, a synthesis mixture of molar
conposition

2.49 (TMA)0:0.24 K30:9.9 Si0Oy: 91 H,0
was prepared using pure TMAOH and half the above
proportion of KOH. XRD showed an Offretite product

contaminated with sodalite.



col | oi dal seed crystals from2 ppm (0.0002% to 1000 ppm (0.1% the
particle size (greatest dinension) of the resulting product was decreased
fromabout 1.5 [err]mto "about 0.20 [err]m wth internediate
concentrations resulting in internediate product particle sizes. Further
the particle siZe distribution was in each case narrow, and the crystals
uni formin shape. In contrast, a synthesis mxture, unseeded but
ot herwi se i devmmnquogave generafly larger particle size prREIVER$/03086 i ght
be expected, but also one of a wide partild@l e size distribution. A mxture
seeded with 5 [err]m size crystals gave a product of mul tilayer particle
size and poor size uniformty. - 11

B Example 5

This example illustrates the acceleration of
Offretite formation.by seeding. A synthesis mixture was
- prepared using the following components.

Parts by Weight

KOH pellets, 87.4% wt purity (Baker) 39.40
Al(OH) 5 powder, 98.5% wt purity (Alcoa) 24.29
H,0, deionized 286.55
Ludox HS-40, 40% SiO, by weight

in water (Du Pont) 230.38
TMACl1l, > 99% wt purity (Fluka) 16.81

Cglloidal seed suspension, $.36% wt%
in water (From Ex. 3) 2.81

The potassium hydroxide and hydrated alumina wefe
dissolved in 115 parts water with boiling until a clear
aluminate solution resulted. The TMA chloride was
dissolved in 171.55 parts water, the solution added to
the colloidal silica, the colloidal seeds were added to
the resulting solution, and stirred for 3 minutes. The
aluminate solution was then added and the resulting
mixture stirred for S further minutes. Its molar
composition was

2.00 K;0:1.00 TMAC1:Al,03: 10 Si0,:160 Hy0
and it contained 0.025 wt% colloidal Offretite.

For qombarison purposes, a second synthesis mixture
of identical molar proportions was prepared without

seeds.



The invention accordingly also provides the use, in a process for the
manuf acture of O fretite by hydrothermal treatnment of an Ofretite-formng
synthesis mxture, of colloidal Ofretite seeds to enhance the wuniformty

of particle size of the resulting product. Preferred reaction
conditions, except for choice of concentration of seeds, are as descri bed
with reference to the second aspect of the invention. As indicated

above, the trwaidgnognal O fretite® synt hes% gnpl 0ys a m Xt UPET/EPSEI0a9G6i NQ
the TMA cation. Since disposal of organi C residues from manufacturing
processes is beconmng increasingly difficult or expensive, it would be
desirable to have a process for Ofretite manufacture in which the need
for an .organic tengfths sesdedt FMBFG#%I%Ilméﬁ?tqrﬁgWageﬂ%V%%%d dnkweesd. Such ‘a
procedure woul d_al so have advantages jn ease o%dcpandl S nt hesi s

th
m xture, and coﬁ?‘ﬂraﬁﬁ:ﬁ‘d‘lﬁ?«? FE8RT Furetav@sh e e P at e.
It has now S”rpé'é*k @.e];n EP%tx)S({‘ 2l the %’iﬁeﬁeﬂgg h& e &P1dd 'f1‘36|°c

Ofretite seeds e sy hes S ure " nmakes e presence of an organic
tenpl ate L“1nece§§éEYEhe course of 2 hours. One autoclave was removed

from the oven after 1 hour at 150°C and rapidly cooled to
room temperature with running water. The other three
.autoclaves were removed after 2, 3 and 4 hours at 150°C
and similarly cooled.

The autoclave contents were washed with water to a
pH about 10. After separation from the wash water by
centrifuging, the products were dried in an oven for 16
hours at 110°C. From XRD and SEM analysis it apﬁeared
that crystallization had already started by 1 hour and
the product was fully crystalline after 4 hours. Fig. 8
‘'shows the XR-diffractograms of each product, and Figs. 9
and 10 show the SE micrographé of the products after 1
and 4 hours respectively.

The unseeded mixture was divided between 5
autoclaves and treated identically to the seeded samples,
except that one autoclave was withdrawn at each of 4, 8,
16, 48 and 72 hours at 150°C. XRD analysis shows that
crystallization did not start until about 16 hours, and
was not complete until about 48 hours.

Example 6
This example demonstrates the control of

crystallite size by concentration of seed crystals.



The present invention, in a fourth aspect, accordingly further provides a
process for the manufacture of Ofretite which conprises formng a
synthesis m xture, substantially, and preferably conpletely, free froma
free organic structure directing -
12- agent, and having a nolar conposition, calculated in terns of

oxi des, in the follow ng ranges: ; Merr]OA [err]Jerr] 1.9 to
2.1:1 so¥7moezp: Al [err]Jerfr] 9 to 11:1 H er r ] CPGI/ERIGIOIF e 1 |
140 to 180:1 wherein Mrepresents potas%i{ﬁn’of whi ch up to 30 nol ar per
cent may be replaced by sodium and al so containing colloidal seed
crystals of Ofretite of maxi mum di nensi on at nost 100 nm and subjecting
t he seed-cont ai ni ng aysyheséesisnnixthard waky prephcedabsing ddtardinl owring ti ne
and at a tenperature sufficient to form

components.
Parts by Weight
. KOH pellets, 87.4% wt purity (Baker) 25.67
Al1(OH)3 powder, 98.5% wt purity (Alcoa) 15.84
H50, deionized 189.19
Ludox HS-40, 40% S5iO, by weight |
in water (Du Pont) 150.23
TMACLl, > 99% wt purity (Fluka) 10.95

The potassium hydroxide and hydrated alumina were
dissolved in 75.20 parts water with boiling until a clear
aluminate solution resulted. The TMA chloride was
dissolved in 133.99 parts water, the solution added to
the colloidal silica, and stirred for 3 minutes. The
aluminate solution was then added and the resulting
synthesis mixture stirred for 5 further minutes. Its
molar composition was

2.00 K50:1.00 TMACl:A1,03:10 Si0,:160 H,0

Eleven identical synthesis solutions were prepared,
one of which was left unseeded for comparison purposes.
The other ten samples were seeded with colloidal
Offretite crystals at 2, 4, 8, 16, 31, 62, 128, 251, 501,
and 1062 ppm by weight, based on the weight of the
synthesis mixture. To avoid any unwanted seeding

! effects, the autoclaves used for hydrothermal treatment
were each treated twice with 4 molar KOH solution for 16
hours at 110°C, thereby dissolving any zeolite cfystals

adhering to the autoclave interior from any previous



Ofretite. The preferred reaction conditions, except for the absence
of organic reagent (other than that possibly introduced wthin the
channel s of the seeds), are as described above with reference to the
second aspect of the invention, although a |onger tine may be needed.

The O fretite produced by the second, third and fourth aspects of the
invention, if required after washing, cation exchange and/or calcining, is
suitabl e for useosmseeoecatal yst in¥ numerous hydrocarbon convepcimrmosd is
effective in hydrocarbon separations or adsdrptions. The Ofretite
material may be used alone, or in adm xture with other zeolites, in
particulate formor in the formof a |ayer on a support, especially in the
formof a menbrayithegdsocarhe mayiieisisoRereNhbatied €®risoeanplse,

cracking, reformng, hydrofining, aromatization, alkylation, isonerization

and described in Example 5, the seeded sampfies rkegkiong.
maintained at that temperature for 48 hours, and the
unseeded comparison for 72 hours, in each case without
stirring. The products of the seeded synthesis were
washed to a pH of 10.4, and that of the unseeded
synthesis to pH 9.8, and dried at 120°C and 110°C .
respectively. XRD showed that all products were
excellently crystalline and pure Offretite. Analysis of
the SEM micrographs showed that the crystallites of each
seeded sample were remarkably uniform in size and shape,
while the crystallites of the comparison unseeded sample
had a wide particle size distribution; the average size
of the rod-like crystals was 6.5 gm in length, 3.5 pgm in
diameter, but the smallest particle size was about 2.4 um
long, while the largest was about 9.2 um. ' The table
below shows the average length and diameter, and the

length:diameter ratio, of each of the samples.



- 13 - The follow ng exanples illustrate the invention.
Exanple 1 This exanple illustrates the production of Ofretite of
particle size as low as 70 nmby the use of a synthesis m xture having
hi gher tenplate and | ower potassiumcontent than traditionally used. The
synthesis mxturé contained the follow ng conponents,
Parts by Weight KOH pellets, 87..4%w purity (Baker) 3.4
TMAOH, 25% by wosgtdnze n wat er ( Fl'uka) 108.52 Al chrowEPSIISS%0 W
purity (Fluka) 2.8924 SiC2 pdbwder, 89.8% wt, 10.2% wat er
(Baker) 35.52 (The TMACH was contam nated with potassium) The
KOH pel lets were dissolved in the TMACH solution in a glass beaker at room
tenperature, and the diegshi ps then gisspliedile,t i, reguskmng sol ution
with stirring and gefdded, heat. Abhgthaddi tdiameabrt he sl}d ceatpowder, the
m xture was heated tegmiling with stirring and kept

none 6.5 3.5 1.9
2 1.55 1.03 1.5

4 1.30 0.78 1.7

8 1.08 0.71 1.5

16 0.81 0.52 1.6
31 ) 0.68 0.45 1.5
62 0.51 0.33 1.5
128 0.41 0.21 1.9
251 0.33 0.19 1.7
501 0.25 0.13 1.9
1002 0.20 0.09 2.2

Fig. 11 shows the SEM of the comparison sample, Fig.

12gthat of the sample with 2 ppm seeds.
Exampple 7

This example demonstrates the use of seeds to avoid
the need for an organic template in Offretite

manufacture.
A synthesis mixture was prepared using the following

components.



at boiling point for 5 mnutes. It was apparent that not all the silica
had di ssol ved, sone settling on the base of the glass beaker. The nol ar
conposition of the synthesis m xture, taking into account the potassium

present in the TMAOH, was: 2.78 (TMA)[err] O 0. 98

Klerr]OA [err]Jerr]:9.90 SiJerr]:91H err] O The synthesis i xt ur e
was honogeni zed by vigorous stirring for several mnutes, then imediately

poured into awglsewsdze bottle whi th was then placed i n an oi PCI/EP96/03096

- 14 - bath, the open end of the bottle2Bef'ng connected to a reflux
condenser. The oil bath was heated to 85[err]C, and nmintained at that
tenperature over a period. The appearance of the m xture gradually

changed, with the _ Parts by Weight
KOH pellets, 87.4% wt purity (Baker) 25.70
Al (OH)4 powder, 98.5% wt purity (Alcoa) 15.84
H,0, deionized 185.67

Ludox HS-40, 40% SiO, by weight
in water (Du Pont) 150.23

Colloidal seed suspension, 5.36 wt%
in water (from Ex. 3) 3.56

The potassium hydroxide and hydrated alumina were
boiled in 75.02 parts water until clear. The colloidal
silica was diluted with 110.65 parts of water, the
colloidal seeds added to the resultiﬁg solution, and
stirred for 3 minutes. The aluminate solution was then
added and the resulting synthesis mixture stirred fof 3
further minutes. Its molar composition was

2.00 Ky0:R1503:10 5i0,:160 Hy0
and it contained 0.050 wt% colloidal Offretite.

For comparison purposes, a second synthesis mixture
of identical molar proportions was prepared without
seeds.

The synthesis mixtures were placed in separate
autoclaves, heated to 150°C as described in Example 5,
and maintained at that temperature for 96 hours. The
resulting products were washed with water to a pH of 10.5
and dried at 110°C. The yield of the process according
to the invention was abou£ 17%, based on the total weight

of synthesis mixture.



gquantity of deposited silica reducing, while the m xture devel oped a
whi ti sh appearance. Heating was term nated after 160 hours, with the
contents of the bottle whitish and nore viscous than the starting m xture.
The product was washed several tinmes, using a high speed centrifuge to
decant the wash water, and dried overnight at 110[err]C X-ray diffraction
(XRD) showed an excellently crystalline pure Ofretite, while scanning

el ectron m cr vexewe3020SEN) showed particles uniformin shapepentrsiasesé it h
di mensi ons about 200 x 70 nm Thi s=e%anple illustrates the synthesis
of material on the borderline of colloidal particle size. Figs. 1
and 2 show X-ray diffractogram and peak values and SE m crographs of the

products of Exanple i—ra¥ diffraction analysis ofEX88Pbfoduct of dHe this
exanpl e, the procedure of Exanple 1 was repeated, the sole difference

bei ng the repl aserdrtl procédm goivassitha kpdracitdeibyisupstioentn adffy t he sane
nmol ai proportion of sodium hydroxide, to provide a synthesis m xture of
mol ar Conpositigﬁ;retite, slightly contaminated with zeolite W, SEM
. showing rod-like particles of about 2 um length and
0.1 um diameter. Thermographic analysis showed a
micropore capacity for toluene of 2.86%. The comparison
process yielded a mixtu;e of zeolite W and amorphous
material.
Example 8
To reduce the contamination by zeolite W resulting
from the process of Example 7, the alkalinity of the
synthesis mixture was increased, to give a molar
composition of
2.20 K»0:A1,03:10 Si05:160 H,0
seeding with 0.0502 % colloidal Offretite crystals,
other components and reaction conditions being as in
Example 7. XRD analysis showed an Offretite product free
from zeolite W but now slightly contaminated with zeolite
KL. Thermographic analysis showed a micropore capacity
for toluene of 3.69%, which confirms the aSsence of
zeolite W.
Example 9
Example 7 was repeated with a synthesis mixture of
the following molar composition:

2.10 K20:A1203: 10 Si022160 Hzo



2.78 (TMA) [err] O 0.47 Klerr]O 0.50 Na[err]O Al [err]derr]:9.90 SiJerr]:91
Herr]O (The Klerr]O originated as contam nation in the TMACH.)

- 15 - The synthesis m xture agai n devel oped a honogeneous whitish
appearance. XRD and SEM anal ysis showed an O fretite product, consisting

of spherulitic particles wth a size of about 60 nm. Figs. 3 and 4

show X-ray diffractogram and peak values and SE m crographs of the product
of Exanpl e 2. wo 97/03020 4 Exanpl e 3 A S\PCHYEP9E/@3096 Xt Ur €
was prepared as in Exanples 1 and 2 but &#itting any deliberate additional
of alkali metal hydroxide. Subsequent analysis showed, however, that the

TMAOH was contani nated with K20 to an extent of _
XRD analysis shows an Offretite product free from

both zeolites KL and W. Figs. 13 and 14 show XRD and SEM
of the product of this example.
Example 10
The procedure of Example 9 was repeated, but using
0.075% by weight Offretite seeds. 1In a cqmparison
example, a similar synthesis mixture, but with no seeds,
was used.
The syntheéis mixture seeded with Offretite gave an
Offretite product, with no KL or W contamination.
The unseeded mixture gave a largely amorphous
product with small proportions of W and KL.
Example 11
This example illustrate the preparation of Gallium
Offretite. A synthesis mixture was prepared using the

following components:

Solution A Parts by Weight
KOH pellets, 87.4 wt% purity (Baker) . 28.15
Gaj03, 99.999 wt% purity (Ingal) : 17.86

H,0, deionized (of which 39 parts are
used to transfer the solution 74.03
quantitatively to Solution B)

The potassium hydroxide and gallium oxide were

dissolved in water with boiling, and the solution allowed

to cool to room temperature.



1.83 wt. percent; it is believed that this small proportion of alkali
nmetal suffices to ensure nanocrystalline product, by providing a synthesis
m xture of the nolar conposition: 2.78 (TMA) [err] O 0. 47

KlerrJOA [err]dJerr]:9.90 SiJerr]:91 Herr]O The synthesis m xture
was thermally treated as in Exanple 1. After 160 hours heating at
85[err]C, the «crystallization was stopped. The originally inhonbgeneous
m xt ure changesvalewasey heating to“a jelly; this, however, WwasCIER&NSIES ent .
Af ter washing using a 17500 rpm centrifude,2X e product was suspended in
the | ast wash water, a stable, colloidal, suspension resulting. A portion
was evaporated to dryness and characterized by XRD and SEM Al t hough the

di ffract ogram sh@gwgdeWeakgand broad peaks, the pattern wastst bl weight
recogni zable as pure Ofretite.

Ludox HS-40 143.13
TMACl, > 99% wt purity (Fluka) _ 10.44
. Hy0, deionized | 107.13
Colloidal Offretite Seed Suspension, 1.80

5.36 wt% in water (Ex. 3)

The TMACl was disgolved in 54.41 parﬁs water. The
silica gel was weighed into a blender, and the colloidal
suspension and the TMACl solution added; 52.72 parts of
water were used as rinse water to effect guantitative
transfer of the TMACl soltuion. After 2 minutes stirring
of solution B, solution A was added, and stirring
continued for a further 4 minutes. A slightly blueish,
clear, non-gelling mixture resulted, of molar
composition:

2.3 Ky0 : 1.00 TMACl : 1.00 Gay03 : 10 SiOp : 159 Hy0
and cbntaining 0.025 wt% colloidal Offretite.
324.85 parts of synthesis mixture were transferred to a
stainless steel autoclave which was placed in a room
temperature oven. The oven was heated ovef 2 hours to
150°C and maintained at that temperature for 8 hours.

The product was washed several times until the pH of
the washwater was 9.7, and dried at 120°C. 61.8 parts of
product were recovered.

XRD (Fig. 15) showed that the product was fully

crystalline Offretite, SEM (Fig. 16) showed that it was



- 16 - The SEM showed that the product consisted of uniformy si zed
and shaped particles, about 45 nmx 20 nm XRD analysis of a portion of
product calcined in air at 475[err]C for 20 hours showed essentially no

change in crystallinity, evidence of thermal stability. Figs. 5, 6
and 7 show XRD di ffractograns of the dried and cal cined products and an SE
m crograph of the dried product.. Exanpl e 4

Wien t he technvoatemmsrnde TMACH ustd in Exanple 3 was repl acegreyosn3oss
material of greater than 99% purity, no ~@%retite was produced. To show
that the production of colloidal Ofretite depends on the presence of
potassium a synthesis m xture was prepared using KOH and high purity

TVACH. The nol alfoeaBRO8E! bREr&fe Iy QiYL BvHAE: particles 48th a size
(TMA)[err] O 0.47 Klerr]OG A [err](err]:9.9 SiJerr]:91 Herr]O The

synthesis m xturd Wag5thermal ly treated at 85[err]C for 6 days, and
product recovered as described in Exanple
' Four comparison experiments were carried out. 1In

the first, a synthesis mixture of the same molar
composition but omitting seeds was subjected to the same
hydrothermal treatment for 8 hours. The product was
completely amorphous. In the second, the same synthesis
mixture was seeded with 0.22% by weight of micron size
aluminium-based Offretite seeds, the seeds being
dispersed in the synthesis mixture by vigorous mixing
with a magnetic stirrer for 5 minutes, and then subjected
to the same hydrothermal. treatment for 8 hours.: XRD
showed the product to be largely amorphous. In the third
and fourth comparisons, the unseeded and micron-seeded
mixtures were subjected to hydrothermal treatment at
150°C for 70 hours. XRD of the unseeded and seeded
products showed a crystalline Offretitc product, but
contaminated with other dense, crystalline phases. SEM
of the unseeded product showed further contamination by
unreacted gel particles.

The results show that the use of colloidal Offretite
is necessary to obtain pure Ga-Offretite, and also speeds
reaction rate significantly.

Example 12
A galliﬁm-based synthesis mixture with a lower

potassium content and containing colloidal seeds was



3. XRD showed the product to be pure Ofretite, while SEMindicated a
particle size of about 70 x 25 nm By way of conparison, a synthesis
m xture of nolar conposition 2.49 (TMA)[err]O0.24 Klerr]O 9.9
Sigerr]: 91 Herr]O was prepared using pure TMACH and hal f the above
proportion of KOH XRD showed an Offretite product contam nated with
sodalite. ; - 17 -

Exanpl e 5 wo sThseo exanpl e il | strates the accel erati on ofpcikdesmsiok e
formati on by seeding. A synthesis mxture 3a%¥as prepared using the follow ng
conponent s. Parts by Wi ght

formed in the same way as described in Example 11; its
molar composition was:
2.00 K50 : 1.00 TMACl : 1.00 GayO3 : 10 SiO, : 159 H,0
. ' and it contained 0.025% colloidal Offretite.

324 parts of synthesis mixture were hydrothermally
treated for 8 hours as described in Example 11. 64 parts
of product were recovered. XRD showed that the product
was .pure Offretite, while SEM (Fig. 17) showed it was
formed of extremely uniform ovate particles of size
0.20 um. This indicates the control of particle size by

variation of alkalinity.



KOH pellets, 87.4% w purity (Baker) 39.40 AI(G-i)[err] powder ,
98.5% W purity (Al coa) 24.29 H20, deionized - -

28095 Ludox HS-40, 40% S Gerr] Bia)“’e'ﬁllllll!lmfﬂﬂﬁml?lm 681 Col I oi dal

seed suspension, 5.36% w % in water (From EX

2.81 The potassi um hydroxi de and hydrated alum na were dissolved in
115 parts wat ewouwr32e0i | i ng’ untit® a clear _alum nate sol uti POTERISMSE9S .
The TMA chloride was dissolved in 171.55 p&rTs water, the sol uti on added
to the colloidal silica, the colloidal seeds were added to the resul ting
solution, and stirred for 3 minutes. The alum nate solution was then added
and the resulti nCLAINSf ure stirred for 5 further mnutes. Its rml ar
conposition was 2.00 KlerrJO1.00 TMAC : Al [err]derr

Sierr]:160 H20 andit confaPredess 8% WR EBNLERERIT N9 é’uqcbu“dal For

compar | son pur poses,. & SscondosYnLhes] s e, gfntgRld SRRl

having a molar composition, when calculated in terms of

oxides, in the following ranges:

K20:A1203 0.25 to 0.5:1
(TMA) 50:A1505 at least 2.0:1
Si022A1203 ’ 8 to 10:1
H202A1203 80 to 100:1

wherein TMA represents the tetramethylammonium cation, is
subjected to thermal treatment at a temperature and for a
time sufficient to form a colloidal suspension of
Offretite.

2. A process as claimed in claim 1, wherein the
molar ratio of (TMA),0:A1,03 is within the range of from
2.0 to 3.5:1.

3. A process as claimed in claim 1 or claim 2,
wherein the thermal treatment is carried out at a
temperature within the range of 40°C to 100°C.

4. A process as claimed in any ohe of claims 1
to 3, wherein the colloidal suspension is washed with
water, if desired cation exchanged, dried and, if
desired, calcined.

5. A process for the manufacture of Offretite
which comprises forming an Offretite-formihg synthesis
mixture containing seed crystals of Offretite of maximum

dimension at most 100 nm, and subjecting the seed-
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seeds. The seeded synthesi s nmi xture was divided between
four stainless steel autoclaves which oven at room
tenperature. The oven was heated to 15mmnmﬁﬂum m course of 2 hours.
One autoclave was renoved fromthe oveh aftér ® heur*at 150[err] C and
rapidly cooled to roomtenperature with running water. The other three
aut ocl aves were renoved after 2, 3 and 4 hours at 150[err]C and simlarly
cool ed. woarmsstocl ave contehts were washed with water PeTEPIGSImbOUL
10. After separation fromthe wash wat er “b¢? ctentrifuging, the products
were dried in an oven for 16 hours at 110[err]C. From XRD and SEM anal ysi s
It appeared

containing synthesis mixture to hydrothermal treatment at

a temperature and for a time sufficient to form
Offretite.

6. A process as claimed in claim 5, wherein the
synthesis mixture has a molar composition, calculated in

terms of oxides, in the following ranges:

M50:A1,04 1.3 to 4.0:1
- (TMA) 50:A1504 0.2 to 0.6:1
5i05:A1503 7 to 13:1

H50:2150; 50 to 540:1

wherein M represents an alkali metal cation, at least 70
molar per cent of which is represented by potassium, any
remainder being represented by sodium.

7. A process as claimed in claim 5, wherein the
synthesis mixture has a molar composition, calculatéd in

terms of oxides, in the following ranges:

My0:Gay0q 1.3 to 4.0:1
(TMA) 50:Ga505 0.2 to 0.6:1
Si05:Ga,0; 7 to 13:1

H,0:Gaj04 50 to 540:1

wherein M represents an alkali metal cation, at least 70
molar per cent of which is represented by potassium, any
remainder being represented by sodium.

8. A process as claimed in any one of claims 5
to 7, wherein hydrothermal treatment is carried out for

from 2 to 10 hours.

Sheet Has Been Replaced
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that crystallization had already started. by.l hour .and .. the product was

fully crystalline after 4 hours. Fig. 8 - ditfractograns of
each product, and Figs. 9 and 10 shom/td @ﬁ]ﬂu @m Lof t he products
after 1 and 4 hours respectively. c Ature was divided

between 5 autoclaves and treated identically to the seeded sanpl es,
except that one autoclave was w thdrawn at each of 4, 8, 16, 48 and 72
hours at 150[ ewd$03088D anal ysis $hows that crystallizati on PECTEPNG03086 ar t
until about 16 hours, and was not conpl efe3®nTi| about 48 hours.

Exanpl e 6 Thi s exanpl e denonstrates the control of crystallite size
by concentration of seed crystals. -
19 - : 9. . A process for the manufacture of Offretite

which comprises forming a synthesis mixture,
substantially free from free organic structure directing
agent, and having a molar composition, calculated in

terms of oxides, in the following ranges:

M20:A1203 1.9 to 2.12:1
SiOz :A1203 9 to 11:1
H203A1203 140 to 180:1

wherein M represents potassium, of which up to 30 molar
per cent may be replaced by sodium, and also containing
seed crystals of Offretite of maximum dimension at most
about 100 nm, and subjecting the seed-containing
synthesis mixture to hydrothermal treatment for a time

and at a temperature sufficient to form Offretite.

10. A colloidal suspension of zeolite Offretite.
11. Offretite of a particle size of at most

100 nm.
12, The use, in a process tor the thermal

treatment of a synthesis mixture to torm Offretite, of a
synthesis mixture héving a molar ratio of kZO:A1203 of
from 0.25 to 0.5:1 and of (TMA) ;0:A15057 of at least
2.0:1.

13, The use, in the hydrothermal treatment of an
Offretite-forming synthesis mixture, of a colloidal
suspension of Offretite to promote or accelerate the

formation of zeolite Offretite.

This Sheet Has Been Replaced
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A synthesis m xture was prepared using the ents
Parts by Weight KOH pellets, 87.4%w purlln”am”m”mj”m 25 67

Al (OH)[err] powder, 98.5%w purity (A c

dei oni zed 189. 19 Ludox HS-40, 40% S| Qerr] by
wei ght in water (Du Pont) 150.23 TMAC, > 99%
wt purity (Fluka) . 10. 95 The pot assi um hydroxi de and

hydrat ed al uniw@emsoa di ssolved in 75.20 parts water with bwmmymmu a
clear aluninate solution resulted. The TMAlchl oride was dissolved in
133.99 parts water, the solution added to the colloidal silica, and
stirred for 3 mnutes. The alum nate solution was then added and the
resulting synthesis 1g.xturergabi aeed fora i:ﬁdﬂetsbelfom Bhié efand f sctwmsd aof
conposi ti on was 2.00 Klerr]O1.00 TMACI : Al[err]Jerr]:10 Sigerr]: 160
Herr]O EIWﬁH@chaydsymmls trslatmestisofiere @FEMREEER- one of

whi ch was | eft unseeded for nEarlson pur poses.
forming synthe51 mixture, of the concentration of

colloidal Offretite seeds in the mixture to control the
particle size of the product.

_15. The use, in a process for the manufacture of
Offretite by hydrothermal treatment of an Offretite-
forming synthesis mixture, of the concentration of
alkali in the mixture to control the particle size of the
product.

16. The use, in a process for the manufacture of
Offretite by hydrothermal treatment of an Offretite-
forming synthesis mixture, of colloidal Offretite seeds
to enhance the uniformity of particle size of the

resulting product.

17. The product of any one of claims 1 to 9 or
12 to 16.
18. The product of claim 17 in the form of a

layer on a support.

19, The use of the product claimed in any one of
claims 10, 11, 17 or 18 if desired or required after
washing, calcining or ion exchange, in hydrocarbon

separation, conversion or adsorption.
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The ot her tengsanples were seeded with coll oi Sr{’ﬂ

4, 8, 16, 31, 62, 128, 251, 501, F by
synthesis m xture. ‘'To avoj-d's.\ai'ny’ unwant ed seedi ng
t he autocl aves uged for hydrother na[*{_’t‘«}ﬂ’@a(rrent ryanecceach tbeat’
with 4 nolar KOH’olution for 16 ; hours at 110[err]C, thereby
any zeolite cryst Al PROER

wei ght of the

48 hour-
stirring.

of

T adher i nFoRFNTRELE

Pyal MR Y

D

and 1002 pp

Offretite crystgrsqéf’b',q
.wei ght, based on t?’ue
ef fects,
g
Vi ng
evi ous
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A10471) 1 ~9
washed to a pH of 10.4, and that of the unseeded synthesis to pHe3¢8, and

dried at 120[err]C and 110[err]C' respectively. XRD s

"products were excellently crystalline and pure O‘fre[ﬁ@gl-mm@n?‘jﬁg.r
SEM m crographs showed that the crystallites of each seefed Sagiplie:WepiasrT
remarkably uniformin size and shape, while the crystalljtes-of-t
conpari son unseeded sanple had a wde particle size distfi i

average size of the rod-like crystals was) 65 [err]min
in dianeter, but the small est particle si ze was about 2.

'engt h apg. oI BES(29R3 095 SafadEASLN CHIP STikRedisl ot PG, {1 BT e
sarrgl es. Pl@gg utJ.l:Lsn.ng % cheatlon slurry talreducdb"che amount of
organic template required.

US S5 133 951 describes a process for the manufacture of a
galliosilicate molecular sieve having the offretite structure.
One embodiment describes a two batch process which utilises a
solution of galliosilicate prepared separately from the main
synthesis solution.



Seéd& Particle.size, [err]m by SEM added, | engt h

di anet er 1/d ratio ppm - - none -

1.9 2 1.55 1.03 JggﬁpﬁAﬁ;gfﬂgéﬁf

1.30 - 0.78 1.7 8 1.08 | R 017

1.5 16 0.81 0.52 1.6 g

0. 68 0. 45 1.5 _ 562 0.51

1.5 128 0. 41 o A 1.9 -' -
0. 33 0.19 1.7 501 0.25 O A
1.9 1002 0. 20 0.09 2.2 Fig. 11
shows the SEM of Préducmsipst iswalls papld.clld Gizel Aawer hiikahtdheENgvagnpl €
with 2 ppm seeds. Exanmple 7 Thi s exanpl e

denonst r at eX2FFRE RALF Wic e iz & pradeoicts,t femesdmpde, amhengasea aenpl ate in
Ofretite nanuquture. ,

a catalyst, e.g., in hydrocarbon conversions, they have

an enhanced ratio of surface area to mass, high diffusion

rates, reactivities and resistance to deactivation by

pore plugging and surface 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. In

certain of the procedures described in that patent

application, the zeolite layer is deposited from
a colloidal suspension onto a support; instability in the
suspension is deleterious. Accordingly, it would be
desirable to be able to manufacture Offretite capable of
forming a stable suspension, and for this purpose a
particle size of at most 100 nm, and advantageously at
most 75 nm, is desirable. A stable suspension is one in
which no settlement takes place at all, or one in which
setélement takes place so slowly as to be insignificant
over the time scale concerned. - Such a suspensioen is
referred to herein as colloidal and particles capable of |
forming such a suspension may be reférred to as colloidal
size particles.

The present invention is based on the observation
that if the concentration of inorganic cations,

especially potassium, in the synthesis mixture is reduced



A synthesis mxture was prepared usi ng the foll ow

ents.
" 57 REPLAGEVIENT, BHERT Ko+ |
‘pellets, 87.4%w purity (Baker) .70 AI(C]—I)[err] poMder.yes:
98.5% wt purity (Al coa) 15.84 H err] O, deionize caeng ;
185.67 Ludox HS-40, 40% Si 2 by weight in water (Du Pont ?28 bw’ R
150. 23 Col | oi dal seed suspension, 5.36 wt% in water (fro Etx,_,:{) - A ‘
3. 56 The potassi um hydroxi de and Rydrated al um na re boil ed in t
75.02 parts water until clear. The colloidal silica was diluted-w-th

110. 65 paPeyeomayatke K ustd icolad onumbeseceofs apgdddatdonke zrresmidb.mgg in the

sol Utlonmagr.rx]gacture of thin films on substrates, in which application the
crystals may provide a growth-enhancing layer, or as the base of
the film itself, for example by multiple in-situ crystallization.
More especially, however, according to the present invention, the
nanometric sized crystals may be used as seeds in the manufacture
of Offretite. )

The present invention accordingly also provides, in a second
aspect of the invention, a process for the manufacture of
Offretite which comprises forming an Offretite-forming synthesis
mixture, advantageously having a molar composition, calculated in
terms of oxides, in the following ranges: -

M;0:A1,0, 1.3 to 4.0:1

(TMA),0:A1,0, 0.2 to 0.6:1

8i0,:A1,0, . 7 to 13:1

H,0:A1,0, 50 to 540:1
wherein M represents potassium, of which up to 30 molar per cent
may be replaced by sodium, and also containing colloidal seed
crystals of Offretite of maximum dimension at most 100 nm, and
subjecting the seed-containing synthesis mixture to hydrothermal
treatment at a temperature and for a time sufficient to form
Offretite.

As indicated above, it is possible to replace aluminium by

gallium; the invention accordingly also



stirred

resulting synthesis mixture stirred for furtq%iagggg;
' ition was Z(MIQeH]OAHeH]qu]

conposi t

for 3 mnutes. The alum nate solution was then added and the

a second synthesis mxture of identical nolar prapq@blgns was
| acéd i n ;

¥
1

separate autoclaves, heated to 150[err]g?as described in Exbﬁpke Brand T

mai nt ai ned at that tenperature for 96 ho

aan\é'at end Ohﬁvﬁh‘gm 1gb§arar&n%rqbs%.q:x. %7% fédl&%ed' ! !['g‘lt%? of Qtfhe

mashed
process
wei ght

The resulting products wer e

s éE

and it contained 0.050 wt% colloidal Ofretite. For&cqnpa%130ﬁ ;

pur poses,
prepared w thout seeds. The synthesis m xtures wer

|
|

cordi ng tot |nvent|0n was “about ased on t

9§la¥9§h§ﬁ'§h81f$Iiéhlng ranges:

M,0:A1,0, 1.9 to 2.1:1
Si0,:Al,0, 9 to 11:1
H,0:A1,0, 140 to 180:1

wherein M represents potassium, of which up to 30 molar per cent
may be replaced by sodium, and also containing .célloidal seed
crystals of Offretite of maximum dimension at most 100 nm, and
subjecting the seed-containing synthesis mixture to hydrothermal
treatment for a time and at a temperature sufficient to form
Offretite.

The preferred reaction conditions, except for the absence of

.organic reagent (other than that possibly introduced within the

channels of the seeds), are as described above with reference to

the second aspect of the invention, although a longer time may be

needed.

The Offretite produced by the second, third and foﬁrth
aspects of the invention, if required after washing, cation
exchange. and/or calcining, is suitable for use as a catalyst in
numerous hydrocarbon conversions and is effective in hydrocarbon
separations or adsorptions. The Offretite material may be used
alone, or in admixture with other zeolites, in particulate fbrm or
in the form of a layer on a support, especially in the form of a
membrane. Hydrocarbon conversions include, for example, cracking,

reforming, hydrofining, aromatization, alkylation, isomerization

and hydrocracking.



- 23 - X-ray diffraction anal ysis of the product of the seeded

‘process showed t he . characterl stic_pattern of O‘erEF?LA%e E\ﬂi SHFET

contam nated with ze SEM showi ng rod-1ike partic -abett—2 -
[errtmlength and 0 lm“m'r&"ﬁ Ther nogr aphi ¢ ana) Y54 8H6WEH SatE]
m cropore capacity f 6% The conparison. prpcess: yt el ded a
m xture of zeolite Wand am)rp ods “material . ? St oeenn |

Exanpl e 8 To reduce the contam nation by zeolite Wreﬁftl ng - from(
"the process of Exanple 7, the alkali I’ll"[)z of” the synthesip hrxture was
I ncreased, to give a nDIar conposition of ' 2. 20

Klerr] OCAAIMI] (Jerr]:10 SiJerr]:160 Herr]O seeding w th0-0502"%
colloidal Of ret i te crystals, other conponents and reaction conditions

being as in g%c%@CﬁS‘@' YRé Smé@t?f‘@ Bb (%frgt £ 810188 CEuEpERs 1 fOM

zeolite Wbut now sI ont am nat e Z€o0

of Offretite, wherein a synthesis mixture having a molar

composition, when calculated in terms of oxides, in the following

ranges:
K,0:A1,0, 0.25 to 0.5:1
(TMA) ,0:A1,0, at least 2.0:1
Si0,:Al1,0, 8 to 10:1
H;0:Al1,0, 80 to 100:1

wherein TMA represents the tetramethylammonium cation, is
subjected to thermal treatment at a temperature and for a time
sufficient to form a colloidal suspension of Offretite.

2. A pro.cess as claimed in claim i, wherein the molar ratio
of (TMA),0:Al,0, is within the range of from 2.0 to 3.5:1.

3. A process as claimed in claim 1 or claim 2, wherein the
thermal treatment is carried out at a temperature within the range
of 40°C to 100°C.

4. A process as claimed in any one of claims 1 to 3,
wherein the colloidal suspension is washed with water, if desired
cation exchanged, dried and, if desired, calcined.

5. A process for the manufacture of Offretite which
comprises forming an Offretite-forming synthesis  mixture

containing colloidal seed crystals of Offretite of maximum



KL. Ther nogr aphi ¢ anal y5| shovved a ‘m-cropore capagi tlgl_ for tol uene

of
3.69% which confirns the ﬂ”ﬁ lite W ACE MENT SHEET
Exanpl e 9 Exanpl e 7 h a synt he5| s m gture of rher T

foll owi ng nol ar conposi tion: err]OAI[err]Qerr‘]. '-1:

Sigerr]:160 Herr]O

"'i
XRD anal ysis shows an Ofretite product. free from both ze?l % Kl ang»w
Figs. 13 and 14 show XRD and SEM of the product of this eEa
Exanpl e 10 The procedure of Exanpld® 9 was repeat ed, Iu K hg ~0. 075%

by weight Ofretite seeds. In a conparison

dimension at most 100 nm, and subjecting the see.d-con-alnlng
synthesis mixture to hydrothermal treatment at a temperature and
for a time sufficient to form Offretite.

.6. A process as claimed in claim S5, wherein the synthesis
mixture has a molar composition, calculated in terms of oxides, in
the following ranges:

M,0:A1,0, 1.3 to 4.0:1

(TMA) ,0:A1,0, 0.2 to 0.6:1

§i0,:A1,0, 7 to 13:1

H,0:A1,0, 50 to 540:1
wherein M represents an alkali metal cation, at least 70 molar per
cent of which .is represented by potassium, any remainder being
represented by .sodium.

7. A process as claimed in claim 5, wherein the synthesis
mixture has a molar composition, calculated in terms of oxides, in
the following ranges:

M,0:Ga,0, o 1.3 to 4.0:1

(TMA) ,0:Ga,0, 0.2 to 0.6:1

510,:Ga,0, 7 to 13:1

H,0:Ga,0, 50 to 540:1
wherein M represents an alkali metal cation, at least 70 molar per
cent of which is representéd by potassium, any remainder being

represented by sodium,



exanple, a simlar synthesis mxture, but wth no seeds, was used.

The' synthesis mixture seeded with O-fretite gave aREFIASEMENDSIHEET. ...

!

+argely:

mronous promuct o+ AHHNBHIT: 5% sne i

Exanpl e 11 This exanmpfe %1 Imstsrate the preparation 01 Llju
Ofretite. A synthesis m xture was prepared using the follow ng? ***
conmponents: Solution A Par t s Lby-.\éi.ght.-.

pellets, 87.4 wt% purity (Baker) - 30 -28.15 Qferr]
w % purity (Ingal) 17.86 H20, deionized.
parts are useél to %ransfer the _solut.

| ut. . £4..03
guantitatively'to olﬁﬁqctﬁ‘?sB) as claﬂn%% bBt S uﬁ]nﬁya?gxic&'@lg‘ﬁd aal‘f? urfr

oxi de were dissolved in water with boiling, and the solution allowed to
cool to voereirnpydzoghermal treatment is carried out for from 2 to 10

err], 99.999

hours.

9. A process for the manufacture of Offretite which
comprises forming a synthesis mixture, substantia%ly free from
free organic structure directing agent, and having a molar

composition, calculated in terms of oxides, in the following

ranges:
M,0:21,0, 1.9 to 2.1:1
Si0,:Al1,0,4 9 to 11:1
H,0:321,0, 140 to 180:-1

:'wherein M represents potassium, of which up to 30 molar per cent
may be replaced by sodium, and also containing colloidal seed
crystals of Offretite of maximum dimension at most about 100 nm,
and subjecting the seed-containing synthesis mixture to
hydrothermal treatment for a time and at a temperature sufficient
to form Offretite.

10. A colloidal suspension of zeolite Offretite.

11. Offretite of a particle size of at most 100 nm.

12. The use, in a process for the manufacture of Offretite
by hydrothermal treatment of an Offretite-forming synthesis
mixture, of colloidal Offretii:e seeds to enhance the uniformity of

particle size of the resulting product.



25 - Solution B - - AE
o g
ret

107.13 Col | oi dal uspensi on, . 80. 5 36 \M%I rh
water (Ex. 3) The TMAC was d| ssolved in 54.41 part; %;: Thepesn |
silica gel was weighed into a blender, and the coll oi dal Sugpensi G and' |
the TMAC solution added; 52.72 parts of . water were used @s YkRsSe-~wat-er- -t—-b
effect quantitative transfer of the TMA® ~soltuion. After}{2 minutes

stirring of solution B, solution A was added, and stirri ng——eertt-ntrec—for
a further 4 ABnaut ds. oﬁfﬁetgmd yzmhmshpbtaimble nby gﬂdd |pgod:e.x$ ubf ‘any
resul ted, of-—molar—conposition:—

one of clal.ms 5 t:o 9.

14. The product of claim 13 in the form of a layer on a

support.
15. The use of the product claimed in any one of claims 10,

11, 13 or 14 if desired or required after washing, calcining or

ion exchange, in hydrocarbon separation, conversion or adsorption.



2.3 K20 : 1.00 TMACI : 1.00 Ga[err]derr] : 10 Sigerr] : 159 Herr]O and
containing 0.025 wt%colloidal Ofretite. 324.85 parts of synthesis

m xture were transferred to a stainless steel autoclave which was pl aced
in a room tenperature oven. The oven was heated over 2 hours to 150[err]C
and maintained at that tenperature for 8 hours. The product was
washed several tines until the pH of the washwater was 9.7, and dried at
120[err] C. 6WR2HIPs of product” were recovered. XRDpCjeSos/05606
showed that the product was fully cnyygtalline Offretite, SEM (Fig. 16)
showed that it was - ' - 26 - for med
of extrenely uniformovate particles with a size of 0.25 [err]m
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SUBSTITUTE SHEET (RULE 26)



Four conparison experinents were carried out. In the first, a synthesis
m xture of the sanme nolar conposition but omtting seeds was subjected to
the sane hydrothernmal treatnent for 8 hours. The product was conpletely
anmor phous. In the second, the sanme synthesis mxture was seeded with 0.22%
by wei ght of mcron size alumniumbased Ofretite seeds, the seeds being
di spersed in %26 _(s!%/nthesis m xture by vi gorous mxing wWth a magnetic
stirrer for 5 WPAUEEY. and. then sdbj ect ed/9t 0 the same PCT/EP96/03096
hydrothermal . treatnment for 8 hours. XRD showed the product to be largely
anor phous. In the third and fourth conparisons, the unseeded and

m cron-seeded m xtures were subjected to hydrothernal treatnent at
150[err] C for 70 -hours. XRD of the unseeded and seeded products showed a
crystalline Ofretitc product, but contam nated with other dense,

crystal | i ne phase® !Qf he unseeded product showed further

contam nation by edc el particles. . The results show that the
use of coll oi dal gfretite I S necessary to obtarm pure G o frettter—eahe-
al so :speeds reacm on rate significantly.

s
6-330

C
11-53
=555
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4-560

0-00

SUBSTITHTE SHEET 1Rin £ om



Exampl e 12 A gal lium based synthesis mxture with a | ower potassium
content and containing colloidal seeds was

- 27 - formed in the same way as described in Exanple 11; its nolar
conposition was: ~ 2.00 Klerr]O: 1.00 TMACl : 1.00 Ga[err](err] : 10
SiJerr] : 159 Herr]O and it contained 0.025% colloidal Ofretite.

324 parts of synthesis mxture were hydrothernally treated for 8 hours as
described in PXQ9M2011. 64 parts® of product were recover ed po¥Eposésved
that the product was.pure Ofretite, while SEM (Fig. 17) showed it was
formed of extrenely uniformovate partigl,gs of size 0.20 [err]m This

I ndi cates the control of particle size by
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variation of alkalinity.

REPLACENMENT SHEET CLAIMS: S d 1. A process for the

manuf acture of a colloidal suspension of Ofretite, wherein a

synthesis mxture having a nolar conposition, when calculated in terns

of oxides, in the follow ng ranges: Klerr]OA [err]Jerr] 0. 25
to 0.5:1 [err]O Al[e,rr]CIerr] at least 2.0:1

sigerr]: AI[erP% to %10: 1 H err] G Al [ err] Goampbsososs 80
to 100:1 wherein TI\/A represents 4/ tetranethyl ammoni um cati on, S

subj ected to thermal treatnent at a tenperature and for a tinme sufficient

to forma coll oidal suspenS| OMA)GI\HFT@WN@N 104 ocess as cl ai med
in claim1, wherein theg MA) 20: A gf)solose\wthln_the range

of from2.0 to 3.5:1.
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o — 14-09
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0-00
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3. A process as clained in claiml or claim2, wherein the thermal
treatnent is carried out at a tenperature within the range of 40[err]C to

100[err] C. 4. A process as clained in any one of clains 1 to 3,
wherein the colloidal suspension is washed with water, if desired cation
exchanged, dried and, if desired, cal cined. 5. A process for the

manuf act ur e Wow% 2b et ite whi chi, conpri ses form ng an
Ofretite-formng synthesis m Xture. containing coll oi dal PEEERI6O3OFEL al S
of Ofretite of maxi mum - 29-
dinmension at nost 100 nm and sub?é%ti ng the seed-containing
synthesis mxture to hydrothermal treatnent at a tenperature and for a
time sufficient to formOfretite. 6. A process as clained in
claim5, wherein the synthesis m xture has a nol ar conposition,

cal cul ated in ter ngr DX gig- r: i .
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the foll owm ng ranges: Merr]OA [err]Jerr] 1.3 to 4.0:1
(TMA) [err]O A [err]derr] 0.2to 0.6:1 SiJerr]:AlJerr]derr]

7 to 13:1 HerrJ]OA [err]Jerr] 50 to 540:1 wherein M
represents an al kali netal cation, at |east 70 nolar per cent of which is
represented by potassium any renmai nder being represented by sodi um

7. A proce % clainmed in claim5, wherein the synthesis mxture has a
mol ar conposi Y P62 %%l cul ated in terns of oxides, in the f GbdiboR@agegNES:
Merr]OGJferr]Jerr] 1.3to 4.0:1 (TMA) [err]O Ga[err]gerr]
0.2to 0.6:1 Sigerr]:Glerr]Jerr] 7 to 13:1 '
Herr]OGlerr]derr] 50 to 540:1 $f%rein M represents an al kal i
metal cation, at |least 70 nolar per cent of which is.represented by

pot assi um any rengigadar ng__represented by sodium
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- 30- 8. A process as clainmed in any one of clains 5 to 7,
wherein hydrothermal treatnment is carried out for from2 to 10 hours.

9. A process for the manufacture of Ofretite which conprises
formng a synthesis m xture, substantially free from free organic
structure directing agent, and having a nolar conposition, calculated in

terns of oxidgvso in the follow ng, ranges: Merr]OA [err]derr]
1.9to0 2.1:1 97’°3§°qerr]:AI[ert‘-’]qerr] 9 to 11:1 "  PCT/KP6/03096
Herr]OA [err]Jerr] 140 to 180749 wherein Mrepresents potassium

of which up to 30 nolar per cent may be replaced by sodium and al so
containing colloidal seed crystals of Ofretite of nmaxi mum di nensi on at

nost about 100 nm agF st i ng t he seed- cont ai ni ng synt hesi s
m xture to hydroth rTlI ta ment for a tine and at a tenperature
sufficient to formOfretite.
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10. A colloidal suspension of zeolite Ofretite. 11. O fretite of a
particle size of at nost 100 nm 12. The use, in a process for the
manuf acture of O fretite by hydrothermal treatnment of an Offretite-formng
synthesis mxture, of colloidal Ofretite seeds to enhance the uniformty

of particle size of the resultlng product .
REPLACEMENT SHEET = 31- 13. An
offretite zeolWO®7adoemi nabl e by the process of any one of clains 5 to 9
14. The product of claim13 in the formof a |ayer on a supB POG/03096 15
The use of the product clainmed in any one of clainms 10, 11, 13 or 14 if
desired or required after washing, cal 8¢/8ing or ion exchange, in
hydrocarbon separation, conversion or adsorption.
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