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OR AGGLOMERATES AND PROCESSES FOR THEIR PRODUCTION
The present lnventlon relates to a molecular sieve
comprising'crystals or_agglomerates'whOSe average largest
dimension is of the order of nanometers; and processes for
1ts productlon. .
| Molecular 51eves are mlcroporous crystalllne

materlals which find many uses in chemical processes.
Zeolites, generally based on crystalllne alum1n05111cate,
are a. well known class of molecular sieve. For some_'
purposes, the use of small_zeolite_crystals or agglomerates_

of crystals is desirable and the intrinsic quality of the

‘zeolite generally improves as the crystal size is reduced.

'For commercial purposes it is desirable that the crystal or

agglomerate size is substantially uniform and the
production of small crystal,molecular sieves should be.
accurate and reproducible with respect to the crystal size.

It would also be useful for some purposes if the crystals

'qr agglomerates were sufficiently small and uniform that
the molecular sieve was capable of:forminq a colloidal

- suspension. The_applicants have-identified'a new form of

molecular sieve-which solves these problems. The

applicants have also'identified'a controllable way to

.produce such material.

" The production of molecular sieves having small

- crystals has been described in a number of documents. For

example, EP-A-173901 describes the production of ZsM-5

v .
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zeolite whose crystals are "below 0.3 pm" in size.
However, the specific zeolites whose production is
described are'made up of ﬁacgregates of cryStallites
ranging'in size from about 0.1 to 0.3 pym" . |
| US-A—4205053_describes a process for preparing
zeolites such as 2ZSM-5 and ZSM-35. The smallest crYstals

pfodUced have a size of 0.2 to 0.5 microns, or are lamellae

. or lamellar intergrowths of about 0'1 pm in size.

US-A-3781226 and US-A-3926782 descrlbe the productlon

of zeolltes KL and ZSM—S Although the size of crystals

.produced-(0.005 to 0.1 um) appears-to be such that it would

be expected that the crystals would form a stable colloidal
suspension, the crystals form agglomerates“having a size of
0.1 to 1 pm and these agglomerates do not form a stable
colloidal suspension; A stable colloidal suspension is one'
in which the crystals or agglomerates do not visibly

separate out of the suspension when the suspension is left

for a prolonged period e.g. left standlng for a month.

US-A-4526879 describes the synthesis of a low sodium
zeolite ZSM-5 from a mixture containing sources of an
alkali'metal oxide, an aluminum oxide, a silicon oxide, ‘and

a combination of amine, a halide and a mutual solvent.

'Although the.crystals produced are stated to be 0.05 to

about 20 microns in diameter it is believed that the
crystals produced are, in fact agglomerates. No means of

controlling the crystal size or uniformity is disclosed.



.10

15

20

25

.____--—-------'!===========’—

This Sheet Has Been Replaced

T

The present 1nvent10n provldes a molecular sieve

compr1s1ng single crystals or agglomerates, the crystals or

"agglomerates having an average largest dimension of 100 nnm

or less, which molecular sieve has a crystal or agglomerate
size distribution such that the variance in the longest
dimension is less than 15% of the average longest

dimension, which molecular sieve is capable of forming a

_colloidal suspension.

The particles forming the molecular sieve of the
present invention are crystals or agglomerates and are

substantlally uniform in size. The variance of the largest

dimension of the particles is less than 15%, preferably

less than 10%, more preferably less than 8% of the average
largest dimension of the particles. The largest dimension
of the particles, in the case of spherical particles the

diameter and, in the case of rhomboid or similar particles

'_e;g. coffin-shaped crystals, is the length of the particle.

The variance may be measured e.gq. using,information
depicted by. a scanning electron micrograph of the material.

The present invention relates to any molecular sieve

_which may be prepared using a source of silica and an

~ organic structure'directing agent. Preferred sieves include

MFI, MEh or B-type zeolites, e.g. ZSM-5, silicalite_l,

silicalite 2 and ZSM-11.

A structure directing aqent is a molecule whlch
dlrects the formatlon of a glven molecular sieve by the so-

called “"templating effect". The role of organic molecules




10

15

20

25

s S

_4_

in molecular 51eve synthe51s 1s dlSCUSSEd in Articles

_publlshed in the llterature, e.g. Lok et al, Zeolites 1983,

volume 3, pages 282 to 291 and Moretti et al,_Chlm. Ind.

(Milan) 67, No. 1-2, 21 to 34 (1985). The effect of an

organic structure directing agent is that in the production'

of the crystalline framework the organic compound behaves

like a template around which the crystalline frameWork'

- grows, or which causes_thefcrystallisation to be directed

~to form a partlcular crystalline framework.

A number of publlcatlons relate to the productlon of

Zeolltes-from synthesis mlxtures contalnlng organlc

structure dlrectlng agents. EP-A-173901 describes the

productlon of ZSM-zeolite which is synthesised from a

mixture contalnlng 5111ca, soda and alumina sources in an

aqueous medium contalnlnq a polyol such as ethylene glycol

and trace-amounts of tetrapropylammonlum. The 1ngred1ents

are mixed at room temperature and pressure and crystalllsed

at temperatures of around 175°C.

US Patent 4205053 describes a process for producing
large, easily filteredfcrystals comprising crystallising an
aqueous solution containinq a source of silica, a

nitrogenous template and a Substantially colorless Organic

basic nltrogen compound, dlfferent from the template, and

being a guaternary ammonium compound hav1ng not more than
three methyl, three ethyl or three propyl substituents, or

being an amine.

This Sheet Has Been Replaced
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The:present applicants have surprisingly found that

the production of a molecular sieve in which the largest

dimension of the particles.is-controlled, reproducible and

on average 100 nm or'lessecan be'obtaihed by ensuring_that

~ the silica in the synthesis mixture for the sieve_is

dissolved at the boiling point of the synthesis mixture.
Dissolution of the silica can be achieved by the use of
sufficient organic structure directing agent.

Thus the present invention.prdvides a process for

 preparing a molecular sieve comprising single crystals or 

| agglomerates, the crysteis or agglomerates having an

average lergest dimension of 100 mn or less, which process

comprises preparing a boiling aqueous synthesis mixture

comprising:

(i)' a source of sillca, and
(ii)' an organic structure dlrectlng agent in the
form of a hydrox1de, in an amount sufficient to cause

substantially complete dissolution of the silica source in

the mixture;

. and crystallising the synthesis mixture at 120°C or
less. |
' The silica is'érefe:ably.introduced“into_the
synthesis_mixture in solid form e.g. as siiicic acid.
The o:gahic structﬁre directing egent is introduced

into the synthesis mixtﬁ:e in the form of a base,

specifically in the form of a hydroxide.
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The structure dlrectlng ageht maf be, for example,.
the hydrox1de of tetramethylammonlum (TMA), _ |
tetraethylammonlum (TEA), trlethylmethylammonium (TEMA) ,

tetrapropylammonium (TPA), tetfabﬁtylammonium (TBA),

5 tetrabutylphosphonium (TBP),'trimethYLbenzy1eﬁmoniﬁm 
(TMBA),-trimethylcetylammonium (TMCA) ,
:t:imethy;neopenty1ammonium (TMNA);
_triphenyibenzylphospheniuh (TPBP),.bispyrrolidinium (BP),

“ ethylpyrldlnlum (EP) , dlethylplperldz.nlum (DEPP) or a

10 | substltuted azonlablcyclooctane, e.qg. methyl or ethyl
substltuted_qulnucllldlne or,1,4-d1azon1ablcyclo—-
(2,2,2)e¢tane. | |

 Preferred structure directing agents are.the_
- .hjqirox‘ides of TMA, ‘TEA, TPA and TBA.

15 - The structure directing agent should be present in
the synthééis mixture such that the silica.is substantiaily
coméletelyedissolved in the'synthesis_mixture at the |
'boiling point of the'mixture; Typically; this_will require
a molar ratio of structure'diredtihg agent to silica.of 0.2

20 ot more. ' The amount of'structure directing'agent necessery

to dissolve the silica wiii,-of coufse, depend on the

amount of silica_used iﬁ the synthesis mixture. The
required amount of silica ie determined by the molecuiar
| sieve structure the syntheSis mixture is intended to

25 praduce on crjstallisation.'ﬁhen”the process is used to
Produce a hlghly siliceous zeollte such as zeollte 8, the

m°1ar ratio of structure dlrectlng agent to silica can be '
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required to dissolVehthe silica in ecoordanoe with this
process is generally in excess of that required to'aohieye
a structure directing'effect.
_F5 '~ The process can be used to prepare any molecular
h51eve whlch can be crystall;sed from a synthe51s mixture
containing an'excess of organlc structure_dlrectlng agent.
The molecular sieve may be.composed nainly_of silica, e.g.
..' - a silicalite; it may be an aluminosilicate (zeolite) or the
10 | aluminium may be.partly_or'wholly replaced by'another.
| material such as boron, iron, vanadium, chromium or
gallium. ‘Thus thehpresent process mey_be_used to produce
bOrosilicates,'ferrosiiicates, vanadosilicates or
'~ chromosilicates. Examples of sieves which nay be produced '
15 by the_present process include zeolites of MFI type, a
silicalite, an MEL-structure e.g. silicalite-2 orIZSM-ll,
-or zeolite-8. |
The synthesis mixture therefore oﬁtionaliy cohtains
other raw material requireo for the:synthesis of the
?0 desired molecular sieve. For example, if an aluminosilioete
Or'borosilicate is to be produced, then the synthesis
mlxture further oontalns a source of alumina or boron.
Other materials commonly used in the synthesis of molecular
sieves may also be present in the synthesis mixture, e.g. a
B source of alkali or alkaline earth metal such as sodium,'
potass1um or magnesium.' Convenlently the sources of

alunu.na, alka11 and alkaline earth metals and so on are

- '-AII.iI-._;l
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introduced into the synthesis mixture in the form of

solids, preferably finely divided solids. _

| The alkalinity of the synthesis-mixture may be
ensured 1n terms of the molar ratio 0H7$1ou whlch is
preferably 1 or less, and typically less than 0.8. The_
measurement of OHVSiOzshould include all alkali species

when calculating the value of 0H3 e.g. any alkali species

-introduced With the alkali metal, and should correct for

any ac1dity (H*) added to the synthesis mixture e.qg.
resulting from the.addition of-aluminium sulphate.

| The b0111ng agqueous synthe51s mixture may be produced
by adding to water the sxlica, organic structure directing

agent and, if present, any other 1ngredients. The

'~ ingredients may be added simultaneously or sequentially.

The synthesis mixture may be formed at room
temperature and then brought to boiling point. In another
embodiment the ingredients for the synthesis mixture are

added simultaneouSIY'or sequentially to boiling water. In

~ another embodiment, one or more of the ingredients-may be

‘added to water to form an aqueous solution, which solution

is then brought to b0111ng point and the remaining
1ngredients are added whilst the solution is at boiling
point. | |

The synthesis mixture after boiling may then be

'crystallised at a temperature of 120°C or less. It is

Preferred that the syntheSis mixture is cooled to around

room temperature before being brought to crystallisation
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temperature;'-This allows the mixture to_be corrected at

 room temperature for water.loss resulting from the hoiling?

The exact composition of the synthesis mixture can then be

s ascertalned accurately. Surprlslngly the synthesis

solutlons prepared such that the s111ca is substantially

completely dissolved are so active towards crystalllsatlon'

that very lbw_crystallisation temperatures can be used.
The-crystal or agglomerate size can be'varied by

varying the crystallisation temperature. The lower the

_temperature the smaller the particle size. For zeolites'

contalnlng a source of alumina, the particle size can
further be varled by varying the amount of alumlna present..
However; the effect of varylng the amount of alumina is not
consistent from zeollte to zeolite. For example, lt
appears that 1ncreas1ng the alumlna content of a synthe51s
mixture for an MFI-type zeolite results in an increase in

crystal size. On the other hand, increasing'the aluminum

- content of a synthesis mlxture for produclng a zeollte B

results in a decrease in crystal sxze. Thus for a
particular compos;tlon of synthesxs mixture, i.e. one
containing Specified amounts of synthesis ingredients, the

partlcle size can be selected qulte accurately by selectlng o

an approprzate crystalllsatlon temperature.

It has also been notlced that the hlghly SLllceous
zeolite, zeolite 8, may be produced in accordance w1th this

process using a particularly small amount of alumina e.g.
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. 0.0045 moles Al,0, to 1-mole,sioz,'and a surprisingly low

crystallisation temperature e.g. as low as 70°C.
The crystals or agglomerates produced by this process

may be used e;g. to seed the production of other zeolites,

'_especiaily in accordance with the process described in our

-co-pending application no. 9122498.0.

The following examples illustrate the

invention.
EXAMPLE_;: SYNTHESIS OF QANOMETER-S;ZED MFIX (SILICALIZE!

CRYSTALS
) Preparation of synthesis'SOlution. The weight of each
reactant is given 1n grams and the product number of each

reactant lS given in brackets after the Manufacturer's/

‘Supplier’s nanme.

TPA OH solution (20% in water) | 406.34 (Fluka 83110)

Silicic.acid powder (16.2 wt%Hgn 87.94'(Baker 6324-5)

NaOH pellets (98.4%) | | 5.73 (Baker 0402)
The TPA-solutlon was welghed inaa lltre glass

beaker, the NaOH was added and the solutlon stirred at room

‘temperature untll the NaOH dissolved. Next, the 5111c1c

acid was added and the mixture heated to boiling whilst'
vigorously stirring. Heating was continued until a clear

solntiqn was obtained. The solution was cooled to room

temperature and the weight loss due to the boiling was

_corrected with demineralized yater.

The molar composition of the sYnthesis mixture was:

0.53 Na,0/1.52(TPA),0/10 Si0,/143 H,0

\
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The OH/Sio, molar ratio was 0..41.
Crystallisation: | |
.The synthe51s solutlon was d1v1ded 1nto 3 portlons
Whlch were crystalllzed at respectlvely 120°C for 22 hours, .

0°c-for 25.5 hours and at 60°C for 9 days. The |

-crystalllzatlon at 120°¢C was done in a 1 lltre stalnless

steel autoclave, the other crystalllzatlons were done in
250 ml plastic bottles. The crystals_were-separated from
the motherliquor using a high—speed'centrifuge.'Ubon
centrifuging the crystalsfappeared as a bluish transparent
gel- -like mass on the bottom of the centrlfuge beakers.

To wash the product, the crystals were redlspersed in

.demlnerallzed water us1ng an ultrasonic bath and were

subsequently centrlfuged. The washing was repeated until

' the pH of the last wash water was about 10. After the last

dwaShinq step the crystals were again dispersed in about 100

ml of the demineralized water. After standing for about a

week the 80°C and 60°C crystals did not show a tendency to

'settle down on the bottom of the container, therefore the

80°C and 60°C crystals were cons1dered as “c01101da1
zeolites”. Small port;ons (~25 grams) of the zeolite

suspensions'were evaporated to dryness (16 hours at 120°)

-and the resultlng sollds were air calcined for 24 hours at

550°C. X-ray diffractlon of the products all showed the
pattern of silicalite-1. To determlne the crystal size by'
SEM a few microliters of the washed zeolite slurrles were

dlluted with about 0.5 nl of water and about 0.5 ml of
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ethanol. Of.thls mixture a few mlcrollters were evaporated
on a SEM spec1men-stub.
crystallization of MFI at 50°C,

An 1dent1cal synthe51s mlrture as described above
5  was, after flltratlon through a 0. 45 micron Millipore
filter, crystalllzed at 50°cC. After S days into heatlng it
was observed that the synthe51s solution showed a very
faint bluish hue, 1nd1cat;ng the formatlon of the first

”’“- ‘visible crystals. 'lrhiﬂs- in turn'_.indicates that, given the |

10 - low temperature, the formation.of-the zeolite is
surprisingly fast. Upon further heating at 50°C the hue
became more and more‘dominant. After l4 days.into heating
the crystallization was stopped. The product was washed and
recovered as described above. A small portion of the

'15. ”colloidal slurry was dried and calcined in the same_way.as.
' described above. h | |
_Comparative x—Ray.diffractograms of the 126‘C and
- 50°C crystals are given in Figure 1. | |
. SEM micrographs showed:that the crystallite size
20 strongly depends on the crystallization temperature._The
effect of the crystallization temperature on the B
crystallite size-is shown in Figure 2. |
From thls graph can be seen that at 50°C the 51ze of
the crystals is as small as about 25 nanometers.
3 Comparatlve 104 000 * SEM micrographs of the 120°c and 50°c |

crystals are shown in Flgure 3.

) -
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Crystallization at 50°C followed by crystallization at

-100°C:

A small portion (about 10 ml) of the reaction slurry

_ obtained after 14 days into heating at 50°C was aged at

100°C during 16 hours;'After this extra aging period it

appeared that the Qpacity of the 100°C treated :eactiqn

new crystallites. SEM micrographs of the 100°C treated
reaction mixture Surprisingly-showed that the size of

crystals was about the same as the 50°C crystals, namely

about 25 nénometers, This could suggest that the 50°C

reaction mixture contained crystal nuclei which were

- significantly smaller'than 25 nanometers. Comparative

104,000 * SEM micrographs of the 50°C and the 50°C/100°C
product are shown in Figure.4. The above observatiéns
sﬁggest that a "]ow-temperature" mother liquOr.can be |
reused to ine nanomeﬁer sized crystals by simply heating
up,the c1ear centrifugéd mother liquor at-én elévated
temperature (i.e. at a higher témperature.than.that at
which the mother 1iquor_wés_previously héid),
EXAM#LE 2: SYNTHESIS O?'NANOMETER SIZED MBLFTYPE ZEOLITE
A synthe51s solution w1th a molar comp051tzon of:
0.55 Na20/1 26 (TBA),0/10 Si0,/150 H,0 |
and having, therefore an OH'/Si0, molar ratio of 0.3, ‘was

prepared as follows:

slurry was increased.vs the'"so‘c-opacity", indicating that

the reaction mixture was still active for the formation of
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Preparation sYnthesis-mixturei(weight reactants in

- 14 -

grams) :
A. Tetrabutylammonlum hydroxlde 111. 24 (Flukka 86881)
(40% in water) “ '
B. -150 o - 111.05 |
“C. . Silicic acid powder o 45.74'(Baker 0324-5)

(10.2% water)

'D.  NaOH (98.4%) N . 3.03 (Baker 0402)

A and B were mixed in a glassbeaker, D was added and

" the material again mixed until D Was dissolved. C was added
. and the'mixture heated to boiling whilst vigorously
_stirring. The mixture continued_to be boiled for about 10

_minutes} the resﬁlting solution was cooled to room

temperature and the weight loss corrected with

demineralized water. After cooling to room temperature the

‘solution was slightly hazy. The solution was transferred

into 250 ml plastic beaker and the beaker was placed in a’
9Q°C oilbath; The neck of'the_beaker was-connected with a .
reflux condenser;

' After about 2 days into heating formation of crystals
was observed, this was 1nd1cated by a change in the .
appearance of the solutlon, (Whltlsh hue). After 4.5 days

into heatlng the crystalllzatlon was stopped. The product

_was washed and recovered as descrlbed above in Example 1.

-

X-Ray diffraction showed that the_product had the

Pattern of silicalite-2 (MEL). SEM micrographs showed that

.

o wea
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'the product con51sted of rlce-llke agglomerates w1th a size
between 100 and 200 nanometers. | | - |
The X-Ray dlffractogrem and'a 104,000 * SEM
micregfaph.are given in Figure 5. '

5 | The preparatioh was repeated using the same.procedure
to prepare a synthesis mixture having the same molar
composition, i.e.

0.55 Na,;0/1.26 (TBA),0/10 sio,/iso 'H,d.
". | This synthesis mixture was meintained at 67.5°C for
10 _255 hours. As expected the crystal eize of'the produet ﬁas
less than that'produeed ﬁsing a cfyetallisatien'temperature
of 90°C. The crystal size was about 50 nm. | |
EXAMPLE 3: SYNTHESIS OF NANOMETER-SIZED ZEOLITE 8
| A synthesis mixture with a molar composition of:
15 o 2.79 (TEA),O/O.O_II A1,0;/10 $i0,/76 H,0
| was prepared as follows: . |

Preparation of syntheSis'mixture (weight of reactants

in grams). | | | |

A. Tetra ethylammonlum hydroxide 105. 36 (Fluka 86632)

20, _ (40% in water)
'B. - A1(NOy); 9 H,0 1.50 (Baker 0.006)
C. Silicic acid powder - . 34.32 (Baker 0324-5)

(10.2% H,0)
:B was added to A and mixed until a elear solutien was
% obt;Ened. C was added to the mixture of'A and B and.this_
Was then heated up te boiling with vigorous stirring.

Boiling was continued for about 10 minutes, the solution
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was then cooled to'room temperature.and'the'weight loss due
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to the boiling was corrected with demineralized water. A
slightly opaque ‘solution was obtained. |
- The synthesis SOintion was transfefred to a 250 ml.
t_5o .,plastlc beaker and the beaker was placed in a 99°C oilbath.
The neck of the beaker was connected with a reflux
condenser. After 4 days into heating the whole solution was
whitish-opaqne indicating the formation of crystalline
9 - material. ._After'lo days into heating the crystallization
10 was stopbed. The product was Washed several times with
-demineraliced water until the pH of the last wash water was
10.0. The product wes dried overnight at'120°¢. X~-Ray
diffraction showed that the ptoduct was excellently
crystalline zeolite B. SEM showed that the product
15 consisted of very uniform spherical crystallites with a
size between 200 and 400 nanometers.
In a second syntheSis.two narameters were varied,
namelf _
- the'aluminum.content of the'synthesis mixture.
20 was-increesed from 0.04 moles/lo'moles sio, to
on's moles/ 10 moles Sioz, hence the"
composition of the synthesis mixtﬁre was:
2.79 (TEA),0/0.06 Aizo,/lo 510,/76 H,0, ana. |
| - the crYstallizetion'tempereture was decreased
25 from 99°C to 85°C. R
| The synthesis'miXture was prepared Qith the same

,inqredients'and'in the same way as described above.
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After 5 days 1nto heating at 85°C the whole solutlon
was whitish opaque 1nd1cat1ng that the formation of
crystals had started._Afte: 11 days into heating the
cryetallizatiOn wae terminated;iThe oroductlwas
washed/reCovered as described above..

X-Ray diffraction showed that the product was

excellently crystalline zeolite 8 and according to SEM the

-crystals had a size of about 90 nanometer. The X-Ray

diffractogram and a 104,000 * SEM micrograph are shown in

Figure 6.

A third experiment was done to ocbserve what happened
if tne synthesis solution did not contain added alumina,
hence the molar composition of the synthesis solution Was:

2.79 (TEA),O/io $i0,/76 H,0

The solution was, like in the first synthesis, aged

at 99°C. After 4_days into heating whitecsolids were formed

at the bottom of'the.beaker_while the supernatant liquor

was transparent; After 10 days into heating the whole

'solution had turned into a viscous white slurry. X-Ray

diffraction showed that the product had the typical pattern
of a.layered silica and did not contain a trace of zeolite i
B. |

| From these experiments can snrprisingly be concluded
that:- . |
- the addition of only a emall amount of

aluminum, e.gq. 0.004 moleS'Algh/mole Sioz'the
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crystallieation,completely.shifte-frbm non-5 to
.B. ) .
- zeolite B8 can crystalllze at temperatures such
as 85°c, s1gn1f1cant1y lower than had
_ - previously been suggested (T > 100°C).
EXAMPLE 4: CRYSTALLISATION OF ZEOLITE B AT 70°C
A synthesis mixture was prepared using the following

ingredients_(weight of reactants in grams):

TEAOH  (40% in water) 105.37 (Fluka 86632)
ALl(NO;); 9H,0 | : 3.00 (Baker 0.006)
‘Silicic acid powder (10.2% H,0)  34.33 (Baker 0324-5)

The Al species was predissolved in the TEA solution
at room temperature. ‘Next the sio, wae added. The mixture
was heated to boiling with vigorous stirring until the

silica was dissolved. Beiling was_continued for another

ten minutes. The solution was cooled to room temperature

and the weight lbss due to boiling was corrected with
water.
The molar composition of the synthesis mixture was:f

2.79 (TEA),0 / 0.080A1,0; / 10Si0, / 76H,0

“er stalllsat1on-

140.13 grams of the synthe51s mlxture was transferred
to a 200 ml flask, Whlch was placed in a roem temperature
0il bath and the neck of'the.flask was cohnected with a
ce;denser" The oil bath was heated within about 30 minutes

to 70°C and maintained at that temperature for 25 daYs.
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Observations durlng heatzng

'Days 1 to 14 : No change 1n'appearancea

Days 14 to'ls: ~ Solution very gradually took.on a
| whitishﬂhue.l' | _ | _
5 _bayslla"to 25:  Whitish hue slowly turns into a clear
| | | whitish haziness. Crystals did not settle
| on the bottom of the'flask._
After 25 days into heating half of the synﬁhesis
i.' _ mixture was removed to recover the produot, The-recovery ]
10 was carried out by washing the product three times with 200
- ml of water. The producr was dried overnight.at 105°C.
" XRD showed that the product was pure . zeolite B. The
XRD and SEM mlcrographs are shown 1n Figure 7. The average
| crystal size was around 50 nanometers. |
15  COMPARATIVE EXAMPLE 1 |
The process of Example 2 of US-A-3781226 was
repeated. Accdrding.to US-A-3781226 the material produced
had the following chemical composition (eXpressed as mole
ratios) d
20 . 1.5 (TPA,0):0.86(Na;0):73.4(Si0,) :A1,0,
The product was stated to have a crystal size of
about'o 04 micron. An SEM mlcrograph (magnlficatlon
710000*) of the material produced by the- appllcants when
this example was repeated is shown in Figure 8. The
25 d product comprised agglomerateslwlth a size between 0.3 and

.. 1.5um. This would not form a stable collodial sﬁspension.
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COMPARATIVE EXAMPLE 2

| The process of Example 2 of US-A-3926782 was
repeated. Accordlng,to US-A-3926782 the product was 90%
ZSM-S:and comprised_crystallite egglomerates of 0.1 to 0.3
5 um in diameter. Figure 9 shows .an SEM micrograph
(magnification 10000*) of the product obtained when the
applicants repeated thls_example. It can be seen that the
product comprised.agglomerates of 0.2 to 1.5um in size.

‘." - This would not form a stable collodial suspension.
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CLAIMS

1. A molecular sieve comprisiné single cryetals or
agglomeratee,.the:crystals of agglomerates having an
aQerage largest'dimensioo_oflloo'nm'or less which molecular

: 5 sieve has a_orysﬁal or aggiomerate size diStribﬁﬁion such
that the veriance in the longest dimension is less'then 15%
of the average longest dimension,.and is capable of forming

a colloidal suspension. |
- 2. A'mo1ecular sieve as claimed in claim 1.in
i_ 10  which the variance in the longest dimen51on is 1ess than
' | 10% of the average longest dlmen51on.
_ 3. A molecular sieve as clalmed in.claim 1 or 2
which is an MFI, MEL or 3-type.zeolite. |

4. A process for preparing a molecular sieve

15 comprising single crystals or'agglomerates, the cryetals or
agglomerates having an average lergest dimension.of 100 nm
or less, which process comprises preparing a boiling
aqueous synthesis mixture comprising: o

| (i) a source of silica, and

20 (ii) an organic sﬁruoture directing agent in the
form of a hydrox1de, in an amount sufficient to ceuse'

X | substantially complete dlssolutlon of the 5111ca source in
| the mlxture, | '. |
“and crystallising'the synthesis mixture-at_120°c or

I
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5. A process aééording to claim 4 in Which the
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synthesis mixture comprises ingredients present in amounts

- sufficient to produce an MFI, MEL or B-typeIZeblite on

crYstallisaticn'of the synthesis mixture.

6. A process according to ciaimls inIWhich.the
silica source'is_added to the synthesis'mixture in the form
of a solid.

7. A process according to claim 6 in which the

. silica source is silicic acid.

8. " A process according to ény one of claims 4, to

"~ 7 in which the molar ratio of the structure directing agent

to silica in the synthesis mikture-is_d.z or greater. -

9. A process according to any one of claims 4 to 8

'in which the synthesis mixture further comprises a source

of aluminum, gallium, boron, chromium, iron, vanadium,
alkali metal, or alkaline earth metal.
10.° A process according to any one of claims 4 to 9

in whlch the organic structure dlrectlng agent is

-tetramethylammonlum hydrox1de, tetraethylammonlum

hydroxlde, tetrapropylammonium hydroxide or
tétrabutylammohium hydroxide.

| 1. A'prccess according to'any one of claims 4 to
10 in which the-alkalinity of the initial synthesis
mixture, expréssed as a!molar ratio of OH/8i0,, is 1 of

less.

* € L M 5 *
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12. A COilOidél suspéhsion of a molecular sieve as
.claimed in any ohé.of claims 1 to 3 or as produced
. accordihg to any.qne'of claims 4_£o.11.
| 13;. Use of a molecular sieve és'claimed'in-ahy one
5 of claims 1 to 3 or_as'produced according to any one of
claims 4 to 11 or a colloidal suspension as clai@ed in

- claim 12 to Seed the production of molecular sieve

crystals.

o [ 4 L ] H *




