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"Zeolites & Processes for their Manufacture"

This invention relates to zeolites of structure tYpe
LTL, to processes for the manufacture of such zeolites,
and to the use of the 2eolites as catalysts and catalyst
bases. The zeolites have a 12 membered ring structure
with pore dimensions of 0.55 to-0.72 nm.

An example of é zeolite of LTL structure type is
zeolite L, and processes for the manufacture of zeolite L
are described in U.S. Patent No. 3216789, EP—A-219354,
and EP-A-595465, the disclosures of all of which are
incorporated by reference herein. The two European -
patent applications, which have extensive prior art
discussions to which the reader is referred for more
background, and the U.S. Patent list the significant‘x-
ray diffraction data for crystalline zeolite L and give
its formula in terms of moles of oxides as

0.9 to 1.3 Mp/n0:A1303:5.2 to 6.9 SiOy:yH30, |
where M represents an exchangeable cation of valence n,
and y represents a value within the range of fromlo to |
about 9. In Proceedings of the 9th Internationa1'Ze91ite'
Conference, Ed. von Ballmoos et al, 1993, p. 297,
xianping'Meng et al describe the effect of varyihgr-
c:ystailization conditions and reactant ratios on a
process for the manufacture of ultréfine (particle size

about 30 nm) zeolite L.
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Products of such a small particle size have
advantages over 1érger particle size products, such as
those produced by the procedure of U.S. Patent No.
3216789, when used as a catalyst, or caﬁalyst base, for
feactions involving hydrqcarbon conversions because of
their enhanced ratioc of surface area to maés, high
diffusion rates and reactivities, and resistance to
deactivation by pore plugging ané'sufface.contamipation.
For similar reasons they have advantages in hydrocarbon
separations,.and are also valuablé as starting materials
in the manufacture of supported zeolite layers,
especially mémbrahes, as described in wo 94/25151, the
disclosure of which is also incorporated hefein by
reference. For the latter purpose, a zeolite having a
particle size, whether in the form of égglomerates or
single crystals, of at most 100 nm, and advantagepuslj at
most 75 nm, is normally required since thé zeolite léyer
is formed by deposition ffom a colloidal suspénsion onto
a support; if for any reason the suspension is ndﬁ stable
it is unsuitable for the purpose. Although EP-A-595465
describes the product of the inventive proce#s, in which
ammonia is used as a co-solvent to water in the zeolite
synthesis mixture, as being in mono-crystailinelform, énd
refers to carrying out the hydrothermal t:eatmeht at a
temperature in the range of 70 to.1§0°c to yield a
product having crystallites of diameter less than about

30 nm, it appears from the description and micrograph in
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the Appliéation that thé product cdnéists of larger
agglomefates of the nanocryétals ihcapable of forming a
colloidél.suépension. The saﬁe is tfue of the product of
EP?A~323893; the small cfyStallites of thch agglomerate
into readilY-feCoverable partiéleé (pagé z,slines 31 to
2. - . o o _

It hae now éurprisihgly beén.found that if a
synthesis mixture as:described in U.S.'Patent No;.3216789
is subjected to heat treatment at a temperature beléw
iOO°C a colloidal sﬁspension of éeoiite results.

The presei;lt invention accordingly provides a proéess
for the manufacturé of a coildidal suspénéion of an LTL
zeolité, wherein a synthesis mixture haVing a
composition, given in terms of molar pfoportions with the
solid componentslbeing calculated in terﬁs of their
oxides, in the ranges: |

KZO/(KZO + Nas0) from 0.33 to 1:1

(K,0 + Nay0)/Si0,  £rom 0.35 to 0.5:1

$i05/A1,04 from 10 to 40:1

sdlvent/(Kéo + Nay0) from 15 to 25:1
ié subjected to thermal tfeatment at a témperaturé_below
106°C for a time sufficient to form a colloidal |
suspension of an LTL 2éolite for the solvent.

Advantageously; thé SiOZ/A1203.ratio is at least
12:1, and advantageously the rétio is at-most 28:1.

Advantageously, tﬁe solvent is water, but the.

presence of a co-solvent, e.g., ammonia, is not excluded,
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in which case its molar proportion is included in the
specified range. . |

The invention further provides a procéss for the
manufacture of an LTL zeolite 6f particle size at most
100 nm, wherein the colleoidal suspénéion prepared as
described above is washed with water to a pH within the
range of 9 to 12, advantageously 10 to 11, and if desired
cation exchanged, dried énd, if desired, calcined.

Advantageously, the resulﬁing zeolite is one having
a compositioh of Formuia I

- 0.9 to 1.3 My/n0:A1303:5.2 to 6.9 Sio, I
wherein M is an exchangeable cation of valence h.

The.process of the invention provides eiﬁher
individual crystals or agglomerates which form a
colloidal suspension, i.e., the suspension produced
directly, or by washing, is a stable one. |

A stable suspension is one in which settlement does
not take place, or one in which any settlement fhat takes
place does so so slowly as to be insignificant over the
relevant timescale. Such a suspension is referred to
herein as colloidal. .

As described above, the zeolites of the invention
are primarily aluminosilicates, and will be described
herein as such. It is, however, within the scope of the
invention to replace aluminium, wholly or partly, with
gallium, and partl? with boron, iron or other trivalent

elements, and silicon may similarly be replaced by
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gefnanium or nhosphorus. It.is also within the scope of
the invention to include cations other than potassium and
sodium in the synthe51s mixture.

The sources of the various elements required in the
final product maylbe any of those in commerc1al use or
descfibed'in the liteiature, as may the preparation of
the synthesis mixture. i |

For example, the source of silicon may be a
's111cate, e.g., an alkali metal silicate, or a tetraalkyl
orthosilicate, but there is preferably used an aqueous
colloidal suspension of silica, for example.one sold by
E.I. Qu Pont:de Nemours under the trade name Ludox.
Ludox HS-40 is a sodium-containing product, while AS-40
contains very little sodiumnm.

The source of aluminium is preferably A1203.3H20
dissolved in alkali. Other aluminium sources include,
for example, a water-soluble aluminium salt, e. g.,
alumlnium sulphate, or an alkoxide, e.g., aluminium
isopropoxide. |

The potassium source is advantageously potassiun
hydroxide and the sodium source, if present, is
advantageously also the hydroxide.

The synthesis mixture is conveniently prepared by
mixing two solutions, one containing the potassium:and
aluminium sources, and the other the silica source,'each
containing water in a guantity such that, on mixing, the

required molar proportions result.
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Crystallization is effected, either under static
conditioné or with moderate stirring, and, if desired,
under reflu#. |

Thermal treatment’(a150 known as_ageing at elevated
temperature) at a temperature in the range of from 40 to
97°C is convenient; advantageously from 40 to 95°C and
preferably from 40 to 85°C. Although crystallization
times are normally described in the prior art as being
longer at lower temperafures, it has been surprisingly
found that, while times from 48 to 500 hours may Be used,
even at temperatures at the lower end of the present '
range, times up to 84 hours maylsuffice. A lower
temperature in general gives a smaller particle size
zeolite, if other conditions remain constant. By
appropriate choice of temperature, agglomerates of
greatest dimensions in the range of 25 nm to 100 nm may
be obtained, with good uniformity of particle sizes.

The synthesis mixture may, if desired, be aged at a
temperature below that at which crystallization takes
place, i.e., at a temperature less than 40°C, for
example for up to.z days. Including this low
temperature ageing generally results in a smaller
crystallite size, compared with an otherwise similar
procedure omitting it.

The colloidal suspension, or the crystals obtainable
from the suspgnsion, produced by the processes described

above may be used in a numbgr of applications including
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the manufacture of thin films on substfatés, in which
application the crystalé may provide é.growth-enhancing
layer, or as the base of fhe film itself, for examplé by
multiple in-situ crystallization. More especially,
however, according to the present invention, the
nanometric sized zeolite L particles may be uéed as seeds
in the manufacture of zeolite L. | |

As noted in U.S. Patent No. 3216789,.if a synthesis
mixture has a compoéition falling outside a certain range
it tends to produce a zeolite other than zeolite L,
zeolite L cpntaminated with other zeolites or with
amorphous material, or an amorphous product.only. For
example, too low an alkalinity results in zeolite W
formation, or in zeolite L'contaminated with zeolite W..

It has previously been proposed, in U.S. Patent
No. 5330736, to manufacture zeolite L using as seeding
gel an amorphous aluminosilicate seeding gel which does
not contain zeolite L. The gel is stated to be one
which, if heated to 100°C on its own ﬁould producg
zeolite Y. 1In the patent, a number -of earlier U.S.
patents are discussed which are stated to mention the
possibility of seeding zeolite L-producing synthesis |
mixtures with zeolite L seeds. Examples 12 and 13 of
U.S. Patent No. 4657749, one referred to in fatent
No. 5330736, describe a seedihg procéss, in which seeds
of an unspecified particle size zeolite L are used. In

a comparison example'in U.S. Patent No. 5330736, a
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preformed crystalline zeoiite L of unspecified particle
size was used to seed a zeolite L-forming synthesis
mixture, with a zeolité T-contaminatéd zeolite L product
resulting.

| It has now been found that colloidal zeolite L seeds
may successfully be used to promote the formation of
zeolite L from a synthesis mixture, even if that mixture
is one which, in the absence of colloidal seeds, would
give a product othef than pure zeolite L.

In U.S. Patent No. 5,396,009, there is described a .
procedure for obtaining éeolite L with a very desirable
morphology, one in which crystallites are éﬁbstantially
cylindrical with basal planes so shaped that the ratio of
the axial length of curved cylindrical surface to the
total length of the crystallite is at least 0.8, and in
which the aspect ratio of the length to the diameter is
preferably at least 0.5. The crystallites'typically have
a mean diameter in the region of 0.05 to 0.5 um..

The zeolites described in the U.S. Patent are
aluminium-based; syntheses of gallium-based zeolites of
similar morphology using the same procedure have
encountered some difficulties.

It has now been found thét the addition of a
colloidal suspension of zeolite L seeds to a gallium-
containing zeolite L~forming synthesis ﬁixture yields
pure crystalline Ga~LTL zeolite having reduced

contamination by, for example, Zeolite W, and a



WO 97/03021 PCI/EP96/03097

controlleﬁ morphology and particle size. Advantageously,
the Ga-LTL zeolite contéins léss than 0.2% 5y weight |
alumina.

The present invention accordingly provides gallium-
conﬁainiﬁg LTL zeolite.formed of cylindrical crystallites
having basal planes so shaped'that the ratio of axial
length of curved bylindrical surface to the overall axial
length of thé crystallites is greater than 0.9 and the
aspect ratio of length to diameter is at most 0.5.

| Advantégeously the mean length of the crystallites
is less than 0.6 um and adﬁantageously the mean diameter
is less than 1.5 pm., _

Because of the reduced acidity of a Ga—LmL zeolite“
compared withlan Al-LTL zeolite of corresﬁonding molar
composition and'similar physical characteristics, the Ga-
LTL provides advantages when used as'a catalyst of
catalyst component, e.g., one admixed with a catalyét

metal, in several hydrocarbon conversions, e.qg.,

aromatization.

The preseht invention also provides a process fof
the manufacture of an LTL zeolite which comprises forming
a synthesis mixture having a composition, given iﬁ terms
of molar proportions with the solid components calculated
in terms of their oxides, in the ranges:

K20/ (K50 + Naj0) from 0.60 to 1:1

(K,0 + Nay0)/Si0,  from 0.18 to 0.36:1

8i0,/A1,05 or Gas0; from 5 to 18:1

H,0/ (K320 + Najy0) from 25 to 90:1
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and also containing seed crystals of an LTL zeolite of
particle size at most 100 nm, and subjecting the seed-
containing synthesié nmixture to a hydrothermal treatment
at a temperatufe and for a timé sufficient to form an LTL
zeolite.

Advantageously, when Al;03 is used the 5i0,/Al;03
ratio is from 5 to 15; when Gajs03 is uséd the ratio is
from 5 to 18.

Advantageously; the LTL zeolite is zeolite L.

- The cfystallites of the résulting LTL zeolite are
advantageously in the form of .cylinders with basal planes
of such a shape that the faﬁio of axial length of curved
cylindrical surface (m) to the overall axial length of
the crystallite (h) is greater than 0.9, and preferably
approaches 1. (A geomefriéally perfect cyiindér with
completely flat basal planes would héve m=h, éhd m/h=1,
while any doming br growths on the basal surfaces mean
that h is greater than m.) | )

The cylindrical crystallites advantageously have a
mean diameter {(d) of at least 0.05 um, préférably.at
least 0.1:nm. For certain applications of‘the.
crystallites, the diameter of the crystallite is
advantageously from 0.3 to 1.5 um, preferably 0.4 to
1.0 ym and the length of the crystallite is o
advantageously from 0.1 to 0.6 um, preferaﬁly 0.1 pm to
0.3 um. The aspect réfio (the ratio éf the axial length

of the cylindrical surface m to the mean diameter Q) is
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advantageously less than 2, preferably less than 1 and
most preferably 0 8 or less. For certain applicatlons,
the crystallltes advantageously have a hockey puck shape
(aspect ratlo 0.2 to 0.5) or coin shape (aspect ratio
less than 0.2).

A partlcularly advantageous LTL zeollte of the
invention comprlses crystallites in the form of
well-defined, smooth-surfaced.cylinders with _
substantially flat hasal planes, i.e., they have a m/h
ratio of substantially unity. .Preferably the hTL zeolite
comprises cylindricallcrystallites wherein at least 80%,
preferably at least 90%, of the basal planes are
mlcroscoplcally flat to w1th1n 20 nn, and thus do not
exhibit splral step growths thereon.

The LTL zeolite of the inventlon is characterized by
its cylindrical norphology. The terms."cylinder" and
"cylindrical“ are.used herein to describe the shape:of a
cylinder as defined in solid geometry,.i.e., a solid
bounded by.a.surface generated by a line moving parallel
to a fixed line so as to'cut a”fixed plane curve and by
two parallel planes (bases) intersectinq.the surface.

The cylinders will generally be circular cyllnders that
is, with clrcular cross-section, but in the context of
the invention the cylinders may also exhlblt some
flattening cf the cylindrical surface such.thatlthe.
cross-section has polygonal, and particularly hexagonal,

character - that is to say, is in the form of a
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curvilinear hexagon - and the terms "cylinde:" and
tcylindrical® as used herein include such forms.

It ﬁas surprisingly'been found that the addition in
the form of a colloidal suspension of very small
proportions of zeolite seeds is éffective to promote
crystallization of the desired zeolite from the synthesis
mixture without dontaminétion with other crystalline
zeolite forms or amorphous material. Because of the
small proportions of seed crystals neéessary, the seed
may be aluminium-based zeolite L in the synthesis of Ga-
LTL without affedting the subétantially gallium-based
nature of the resulting ﬁroduct. The resulting particles
have a narrow particle size distributibn,.which is
advantageous for the intended uses of the zeolite
product. The product cf.EP-A-142347, whidh is formed by
adding to a synthesis mixturé a slurry of seeds of
particle size too great to form a colloidal suspension,
comprises material.with a wide particie size
distribution, e.g.; about i to 3 um, and gohtamination
with zeolite W.

- .In contfast to the above~-mentioned comparative
example“in U.s. éatent No. 5330736, which employed about
0.5% by weight of seeds, based qn_thé total synthesis
mixture, the process of the present'invgntion is
effective with ppm proportions of colloidal seeds, e.g.,
from 0.005% to 0.10% by weight, based.cn the weight of

the total syhthesis nixture, advantageously from 0.015%
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to 0.05%, conveniently about 0.025%. Although it is
within the scope of the invention to employ a greater
proportion, no technicei advantage appears to result.

. - The seeds, prepared conveniently as described above,
advantageously have a partiole size witnin the:range of
from 25 nm to 100 nm, preferably from 60 to 80 nm.

As indicated above, the procedure 1ncludes adding
the seeds in the form of a colloidal suspens;on. It is
believed that if the colloidal suspension.is eveporated
to dryness the resulting dried seeds are cnanged in an_
adverse way; in any event a product made uSing dried
seeds tends to be contaminated. _ |

Hydrothermal treatment is adrentageously carried_out
at a temperatnre of 100°C to 150°c, preferebly.fron 15050 e

to 175°C, for a time advantageously within the range of

4 to 200 hours, preferabiy for from 20 to 80 hours,
advantageously under autogenous pressure. |

It has surprisingly been found possible to cerry out
the thermai treatment witﬁ stirring. This is surprising

because in the normal synthetic methods for preparing

zeolite L from a low alkaiine synthesis mixture stirring
had to be avoided since its use resulted in the undesired
formation of Zeolite W. While static conditions are |
acceptable in small scale operations, on an industrial
scale stirring is often required for a commercially
viable heeting regime. The presence of crystalline

nucleating agents, especiaily the colloidal seeds
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produced by the first aspect of the present invention,
makes it poséible to produce_zeolite L without 
contamination by zeolite W in a stirred synthesis
mixture.

The thermal treatment may accordingly be carried out
under static conditions or with stirring.

' The sources of the various compohents of the
synthesis mixture, other than the seeds, may be as
described with refefencé to the_first embodiment -‘of the
invention, the formation of the colloidal LTL zeolite
suspension, while the seeds are advantageously the
product of the first émbodiment of the_invention.

By using the seeding process of the_invention,
zeolite L formaﬁion is promoted in, for example,
synthesis mixtureé that ére prone to yield zeplite T or W
product, i.e., the seeds act as a structure—di;ecting
agent. |

The invention further provides the use,lin a process
for the hydfothermal treatment of a synthesis mixture for
Zeolite L, of a temperature beloﬁ 100°C to obtain a
éolloidal suspension bf Zeolite L, or to obtain.particles
of zeolite L having a greatest dimension of at most

The invention further provides the use, in the
hydrothermal treatment of a zeolite~forming synthesis
mixture, of a colloidal suspension of seeds of zeolite L,

i.e., of seeds having a greatest dimension of at most
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about lddhnm,'to pronote the crystallizationﬁfron.the
synthes1s mlxture of a zeolite L-contalnlng product,
advantageously a product con51st1ng essentlally of
zeolite L, and preferably a pure zeolite L product.
Increasing the concentration of COllOldal zeolite L seeds
reduces the product particle size if the conditions are
otherwise kept constant.

The zeollte L produced by the second aspect of the
invention, if requlred after washzng, catzon exchange
and/or calclnlng, is suitable for use as a catalyst in
numerous hydrocarbon conversions or is effectlve in
hydrocarbon separations or adsorptlons. The zeolite L
material may be used, alone or in admlxture with other
zeolites, in particulate form or in the-form of a;layer
on a support,'especially.as'a membrane. Supported layers
may be made by the procedures described'in'International
Application WO 94/25151 and WO 96/01683, the disclosures
of which'are'incorporated'herein by reference. :

More especially, however, the invention provides.a
process for the manufacture of a zeolite L-containing
structure comprising a substrate and a zeolite L-
containing 1ayer, comprising contacting a face of the
substrate with a colloidal suspension of zeolite L; i.e.,
a suspension in which the particle size is at most.about
100 nm, to form an intermediate 1ayer, and'subsequently
forming on the said face a zeolite L~containing layer by

crystallization thereon of zeolite L'by'hydrothermal
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treatment of a zeolite-forming synthesis mixture.
Advantageously the synthesis mixture is a poﬁrable gel
when it is contacted with the treated face of the
substrate. The face of the substrate may be pretreated
with a'barriér layer forming material, e.g., water, .
before forming the intermediate layer thereon.
Alternatively, the face of the substrate may be dry when
the dispersion of zéolite L is applied.

' The invention élso provides a structure comprising a
substrate, .an intermediate layer, and an upper laygr, the
intermediate layer comprising zeolite L of a particle
size of at most 100 nm, the upper layer comprising
zeolite L particles, the particles of zeolite in the
upper layer having at least one dimension greater than
the dimension of the particles of the.intermediate layer.
Advantageously, the orientation of at least 75% 6f
zeolite L particles is such that the 12-memberéd ring
pores (the c-axis) lie within 30° of the pefpendicular to
the plane of the layer. Preferably, the oriehtation of
at least 75% of the zeolite L pafticles in the upper
layer is such that the c-axis of the particles lies
within 5° of the perpendicular to the plane_éf the layer.

The LTL zeolite of the present invention may be used
as a catalyst base and may be used in combination with a
catalytically active metal in a wide variety of

hydrocarbon conversion process. Examples of catalytically



WO 97/03021 -1 - PCT/EP96/3097
active metals include Group VIII metals, e.g., platinum
and palladiunm.

A particularlf.advantageous oatalyst composition
inoorporates.from 0.1 to 6.0 wt% (based on the total
weight of the composition), preferably from 0.1 to 1.5
wt%, platlnum or palladium, since thls glves excellent
results in aromatization. From 0.4 to 1.2 wt% platinum
is particularly preferred. Accordingly.the invention
provides a cetalyst.coﬁprising the LTL zeolite produced
by the seeding pfocess of the invention and a
catalytically-active metal.

Thefe may also be incorporated into the catalyst of
the invention as a binder one or more materxals
substant1a11y inert under the conditions in whlch the
catalyst is to be employed. Such binders may also act to
improve the resistance of the catalyst to temperatﬁre,
pressure and attrition. Examples of suitable binders
include synthetic or naturally occurring inorganic
materials, e.g;, clays andjor metal oxides,.for example,
silica, alumina; titania, and/or zircoﬂia. Examples of
naturally occurring clays include those of the .
montmorillonite and kaolin families, which familiee
include the sub-bentonites and the kaolins commonly known
as Dixie, McNamee, Georgia and Florida clays or others in
which the main mineral constituent is halloysite, _
kaolinite, dickite, nacrite, or anadkite. Such clays may

be used in the raw state, as originally mined or be
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subjected to calcination, acid treatment, or chemical
modification. Other matrix materials which find
particular application in the present invention include
porous matrix materials, e.g., silica-alumina,
silica-magnesia, silica-zirconia, siiica-thoria,
silica-beryllia, and silica-~titania, as well as ternary
compositions, e.g., silica-alumina-thoria, silica-
alumina-zirconia, silica—alumina;magnesia, and
silica-magnesia-zirconia. A preferred binder comprises
particles of zeolitic materials which materials are
disclosed in United States Patent 5,486,348 and
International Application WO 96/16004, the disclqsures of
which are incorporated herein by reference.

The LTL zeolite of the present invention may be used
in hydrocarbon conversions and has low acidity,
advantageous in catalytic applications, e.q.,
aromatization, where low acid site strength is desired.
Hydrocarbon conversions include, for example, cracking,
reforming, hydrofining, aromatization, alkylation,
transalkylation, dealkylation,.dehydrogenation,
hydrogehation, dewaxing, hydrodewaxing, alcohol
conversion, oligomerization, isomerization'and
hydrocracking. Of especial importance are
hydrocyclization and/or isomerization of éliphatic
hydrocarbons in which the hydrocarbons are contaqted at a
temperature of from 370°C to 600°C, preferably 430° to

550°C, with a catalyst comprising zeolite L of the
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invention, preferably having at least 920% of the
exchangeable cations M as alkali metal ions, and
incorporating at least one Group VIII metal having
dehydrogenating activity, e.g., palladium or platinum, so
as to convert at least part éf the.aliphatic hydrocarbons
into aromatic hydrocarbons.

The aliphatic hydrocarbons may be straight or
branched chain acyclic hydrocarbons, and particularly
paraffins, e.g., hexane, although mixtures of
hydrocarbons may alsoc be used, e.g., paraffin fractions
containing a range of alkanes possibly with minor amounts
of other hydrocarbons. Cycloaliphatic hydrocarbons,
e.g., methylcyclopentane, may also be used. 1In a
preferred aépect the feed-to a process for preparing
aromatic hydrocarbons, and particularly benzene,
comprises hexanes. The temperature of the catalytic
reaction may be from 370° to 600°C, preferably 430° to
550°C and“preferably pressures in e#cess of atmospheric
are used, for example up to 2000 KPa, more preferably 500
to 1000 KPa. Hydrogen is employed in the formation of
aromatic hydrocérbons, preferably with a molar ratio of
hydrogen to feed of less than 1d.

In a further aspect, the present invention provides
a method for the dehydrocyclization and/of isomerization
of an aliphatic hydrocarbon comprising contacting the
hydrocarbon at a temperature in the range of from 370°C

to 600°C with a catalyst so as to convert at least part
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of the hydrocarbon into an aromatic hydrocarbon, the
catalyst comprising a catalytically éctive metal and
gallium-containing LTL zediite fofﬁed of cylindrical
crystallites having basai planes so shaped that the ratio
of axial length of durved cylindrical.surface to the
overall axial length of the cfystéllite is greater than
0.9. | |

The foilowihg examples illustrate the invention.

| 'Cgmﬁa;iség Example A
Example 1 of U.S. Patent No. 3216789 was repéated.

The following two solutions were prepared:

Solution A | parts by weight
KOH pellets, 87.4% purity (Baker) 53.17
Al(OH)3, 98.5% purity (Alcoa) . 8.20
H50, deionized | o 57.19

The potassium and aluminium sources were mixed with
the water which was boiled until a clear solution
resulted. After cooling to room temperature, any water

loss was corrected.

Solution B parts by weight
§i0,, Ludox HS40, 40% 5i0, by weight 155.54
Hy0, dQeionized 23.13

Solution A was guantitatively added to Solution B
with'stirring.. The resulting synthesis mixture had a
molar compositibn of

8.0 K203A1203220 Si02:200 Hy0
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A portlon of the synthes1s mlxture was transferred

to a glass llner, whlch was placed in a stalnless steel

autoclave. The autoclave was placed in an oven, which

was then heated from room temperature to 100°C over a 2

hours perioq, and ma1nta1ned at that temperature for 169
hours.. ' | . | |

After cooling, the autoclave was opened and the
contents of the llner were examlned A product had
settled on the bottom 1eav1ng a clear mother liquor. The
product'was washed several times with.water to reach a pH
of 10.2, and then dried in an oven. |

X~ray diffraction (XRD) showed a pattern
characteristic of zeolite KL. Scanniné electron
microscopy (SEM) shows spherical agglomerates with an
average size of 125 nm, as shown in Fig. 1.

Examples 1 to 3 |

The procedure of Comparison Example_A was followed
up to the preparation.of the synthesis mlrture, but
various samples of the resulting mixture were thermally
treated at the temperatures and for the times snown'in
Table 1 below. CrystalliZation.was effected in |
polypropylene vessels under reflux conditions. The
resulting reaction.mixtures were washed with water to a
PH of between 10_and 11, and kept'in the last wash water;
Separation of the product from the final nash waters was
effected by high speed centrifugation. In Example 3, a

sample was taken from the reaction mixture after 68 hours
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heating. A portion of this sample and of each of the
washea slurry products of the completed expériments was
dried and used to obtain X-ray diffraction and SEM data.
The XRD énd SEM results show that the product of Example
3 was the same after 68 hours as after the cémplete 164
hour treatment.
Table 1
Effect of.c;gggai;izagion Temperature

on S article size

Crystallization Particle
Temp. Time, : XRD . Size, nm
Example oC hours by SEM
1 92.5 408 KL - peak ’ = 75
broadening
2 82.5 432 KL - peak s 50
: : ' broadening
3a 72.5 68 KL, extremely & 30
3b 72.5 164 weak pattern = 30

The washed reactor slurries of.Example 1l to 3 were
transferred'to-plastics cbntainers and left undisturbed
for 7 days. The suspehded KL products showed ﬁo tendency
to settle on the container bases. All Examples 1 to 3
products showed a very weak but still recognizable XRD
pattern of kL, with no amorphous haio whose presence
would show contaminatiqn by amorphous by-products. A
TEM micrograph of the Example 3 product is shown in

Fig. 2.
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The toluene adsorption properties of the products of
Examples'l to 3 were compared with those'of a highly
crystaliine (as shown by XRD) standard KL product. The

results are shown in Table 2.

Table 2
Toluene Capacity, wt %

Material Micropofe* Macropore
Standard KL 9.95 0.24
 Example 1 8.71 133
Example 2 " 10.65 | 10.10

Exawple 3 : 10.35 ' 10.00

* Wt% Toluene absorbed after 60 minutes desorption with

Ny, 30°C

The results confirm the crystallinity of the
prodﬁcts df:Examples 1 to 5. Their'incréésed ﬁacropore
capacity indicates that ﬁhere are small voi@s between
individual ﬁanometer-sized KL particlés.

Example 4

A éyhthesis mixture'ﬁith the same molar composiﬁion
as COmparison Example Aland Exaﬁples 1 td.3 wés éged at.
97°C for'74 hours. The aged product was washed with |
water, separated from the wash water in a hiéh'speed

centrifuge, again suspended in water and centrifuged and
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again suspended in water, the process being repeated
until the pH of the washwater reached 10.8.

Inspection of the suspension after overnigﬁt
standing showed that a véry small prqportion of the solid
content had settled on the bottom of the vessel. XRD of
dried solid préduct shoﬁed the characteristic pattern of
zeolite L. Scanning and ﬁransmission electron microscopy
indicated a particle size range of 100 to 110 mm. The
example shows that 97°C is close to the uppef limit at
which colloidal KL crystals are formed by the procedﬁre
according to the invention.

Example 5

The following two solutions were prepared:

Solution A - parts by weight
KOH pellets, 87;4% purity (Baker) 30.31
Al (OH)3, 98.5% pellets (Alcoa) 15.84
Hy0, deionized | 75.58

The potassium and aluminium sources were mixed with
the water which was boiled until a clear solution
resulted. The solution was cooled to room temperature

and water loss made up.

Solution B parts by weight
Si0,, Ludox HS40 150.24
H,0, deionized 115.20

Zeolite 1. seeds, 75 nm, 5.49 wt %

solids in water 1.7884
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The water was'added te the.colloidal silica, and the
resulting liqﬁids mixed in a blender. The seed
suspension wes aﬁded to the blender contents, and mixed
for 30 seconds. Then Solution A was added and mixed for
a further 3 minutes, a thickening gel being obtained.
The seeds used were obtained as described in Example 1.

' The molar composition of the synthe51s mixture was:

2.36 K,0: A1303:10 3102 162 H20
w1th 252 ppm (0. 025%) by weight seeds, based on the total
weight of mixture.

326.70 g of synthesis mixfure Qere transferred to a
300 ml stainless steel autoclave, which was placed in an
oven at room temperature. fhe.oven was heated ever the
course of 4 houfs to 175°C and maintained at that
temperature for 66 hours. o | |

After cooling, the product was washed 5 times with
750 ml of water, to reach a wash water pH of 9;6. The
product was aried at 120°C; the yield ﬁes 50.9 g.

SEM showed a product consisting of cylindrigal
crystallites'with en average 1ength'ofmo.é pm, l/4 ratio
1.7, with flat basal planes; SEM indicated that the
crystal morphology.had all the characteristics of a
cylindrical KL species. Figs. 3 and 4 show SE
micrographs at.magnifications of 10,000 and 40,000

respectively.
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mple 6 and C arison E le

In these examples, the effect of colloidal seeds on
the product of a synthesis mixture of alkalinity lower
than that of Example 5 was examined..

Two synthesis mixtures, both of molar composition:

2.10 Kzo:nzo3=1osioz:160 H,0 |
were prepared, that of Example 5 containing in addition
0.075% by weight of seeds produced as.describgd in
Example 1, that of éomparison Example B containing no
seeds. Both mixtures were hydrothermally treated in
stainless steel autoclaves for 80 houfs at 150°C.

The product of Example 6 was excellently crystalline
and pure zeolife L, while that of Comparison B consisted
mainly of zeolite W and amorphous material.

Example 7

A synthesis mixture with a molar composition of

3.14 Kp0:0.177 Al,03:10 Si0p: 158 Hy0
was prepared. The Kp0:Al,03 ratio of this synthesis
mixture was such that if hydrothermally treated on its
own a zeolite L heavily contaminated with zeolite T and
amorphous'material would result. The mixture was,
however, éeeded with 255 ppm (0.025%) by weight 75 nm KL
.seed crystals, prepared as described in Examplg 1.

The mixture was treated for 80 hours at 170°C in a
stainless steel autoclave, washed with water to pH 9.5,
and dried at 120°C. The product was pure zeolite KL. SEM

showed a product of disk-shaped crystals with flat basal
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planes ("hockey puck" type crystals). Figs. 5 and 6 show

SE micrographs at magnifications of 10,000 and 40,000

respectively.
Example 8

The following two solutions were prepéred:
Solution A pafts by weight
KOH pellets, 87.3% purity (Baker) 62.16
Al(OH)3, 98.5% (Aicoa) 32.47
Hy0, deionized 157.00
Solution B : parts by weight
§i0,, Ludox HS40 308.00 |
H,0, deionized 236.21
Colloidal XI. seed suspension 3.67

(75 nm, 5.49 wt.% solids in water)

The solutions were prepared énd mixed as desc?ibed
in Example 5. |

The molar composition of the synthesis mixture was:

2.36 K30 : Al03 : 10 Si0Oy : 162 Hzo' |

with 253 wt. ppm seeds, based on the total weigﬁt“of'thé
mixture. |

The synthesis mixture was transferred to a 1 litre
stirred stainless steel autoclave. The autoclave was
heated up over 8 hours to 150°C with stirring at 80 rem
(tip speed = 0.4 M/S). When the temperature reached

&~ 150°C the stirring was stopped and the mixture was kept
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under guiescent conditions for 60 hours at this .
temperature. The product was washed several times with
water to reach a pH of 10.9 and was dried in an oven at
120°C.

XRD showed that the product was excellently
crystalline KL without any trace of contaminants such as
zZeolite W.

SEM showed that the product consisted of very
uniform submicron cylindrical crystals with a length of
about 0.4 um and with flat basal planes.

The X-ray diffractogfam is given in um in Fig; 7:
SEM micfographs at 10,000X and 40,000X are shown in Figs.
8 and 9. .

Conparison Example C

This example describes a procedure in accordance
with U.S. Patent No. 5,396,009, makiﬁg gallium-LTL from
a synthesis mixture containing 50 weight ppm of Mg2+
species.

Sclution A - potassium gallate solution

Component. No. Purity Parts by wt. _ Supplier
KOH pellets 1 87.4% 33.34 J.T. Baker
Gas04 2 99.999% 12.18 Ingal

Hy0 3 deionized 99.99

Components 1 and 2 were dissolved in 3 with boiling
until clear. The solution was cooled down to room

temperature. A portion of component 3 (50.00 parts) was
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used to transfer the potassium gallate solution
quantitatively to the silicate solution:
Solution B - silicate solution containing

50 wt. ppm Mg2*

Component No. Purity Parts by wt. Supplier
Ludox HS-40 1 40% SiOz 150.29 Du Pont
Hzo 2 D-Io 14006
Mg2t-containing H,0 3 Mg2t
t content: - 79.49
0.245 mng/g

(Mg2*+-source=Mg (NO3) 5. 6H50)

Components 1, 2 and 3 were mixed in a blender for
aboﬁt 2 minutes. The potassium gallate solution (a) was
added to the content of the blender. The two solutions
were mixed for about 4 minutes. A slightly blueish but
clear non'gelating mixture was obtained.

The molar composition of the synthesis mixture was:

2.60 K20 : 0.65 GagO3 : 10 SiO5 : 160 HyO

The mixture contained 50 wt. ppm Mg2* species.

343.96 parts of the synthesis mixture were
transferred to a stainless steel autoclave. The
autoclave was placed in an oven at room temperature. The
oven was heated up to 150°C over 1 hour and kept at this
tenmperature for 39 hours.

The product was washed 4 times with 700.part$ of
water to a pH of 10.4 and was subsequently dried at 120°C
for 16 hours. The weight of product obtained was

38.8 parts.
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According to XRD the product was Gallium LTL
slightly cdhtaminated with unreactéd gei particles as
indicated by the presence of a slight "halo“ between 2
theta 20 and 35. SEM confirmed the presence of.amorphous
materiél and showed that the particies were Iarge: the
diameter was between 1.5 and 3 ph and the length was
between 0.7 and 1.0 um. .

When Al-LTL crystallizes in the presence of trace
gquantities of divaient.cétions, e.g., Mg2+, the pafticle
size and particle size distribution are very
significantly reduced versus the Al-LTL prodﬁct obtained
from the same synthesis mixture not contéining divalent
cations.

tive mple

The same synthesis mixture as pfeparéd in Example C,
but not containing (added) divalent cations and
crystallized under the same condifions also gave a large
crystal size Ga-LTL coﬁtaminated with amorphous'material.

SEM micrographs of the products 6btéined in
Comparisons C and D are shown in.Figs. 10 ;hd 11.

Example 9 o

Synthesis of Ga-LTL in the presence of 50 wt. ppm
cdlloidal LTI seeds. ' |

A synthesis mixture with.a molar cohposition of:

2.60 K30 : 0.65 Gay03 : 10 Si0y : 160 Hy0 |
and containing 50 wt. ppm colloidal LTL seeds was

pfepared using the same procedure as in Comparison
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Examples c and D; The.nixture Was-crystallized for 39
hours'at'lsbfc.. The resultlng product was washed several
times with water to a pH of 2.6 and was subsequently

'drled at 120°C. The product yleld (parts product/loo
parts gel) wasllo 1. XRD showed that the product was
excellently crysta111ne and pure and consisted of uniform
particles with a length of 0.3-0.5 pm and a_dlameter
between 0.5-0.8 un.'.The 1/4 ratio uas = 0.6.

Synthesis of Ga-LTL in the presence of 250 wt. ppm
Hc01101da1 LTL seeds. _

A synthesis mixture with the same molar composition
as in Example 9, but containing 250 wt. ppm colloidal
seeds, was crystalllzed in the same way as described in
that Example. The resultlng product was washed to pH 2.5
and drled at 120°cC. The product yield was 10.2.
According to XRD the product was excellently crystalllne
and pure and SEM showed that the product con51sted of
uniform partlcles with a length between 0.1 and 0. 3 um
and a diameter between 0. 2 and 0.5 um. The 1/d ratio was
= 0.6.

The results of Examples 8 and 10 show that colloldal
LTL seeds are extremely effective in the formation of Ga-
LTL and to control the particle d1mens1ons by ad]ustlng
the seed level.

SEM micrographs'of the products obtained iﬁ Examples

9 and 10 are given in Figs. 12 and 13.
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Example 11

Synthesis of Ga-LTL from a Ga-enriched synthesis
nixture in the presence of 75 wt. ppm seeds.

A synthésis mixture was prepared containing 75 wt.
ppm colloidal seeds. In this case the Gaj03 content of
the synthesis mixture was increased b& 92% while the
alkalinity of the nixture was reducsd from K30/8i05 =
0.26 to Ky0/8i0p = 0.24. The molar composition was:

2.40 K50 : 1.25 Gay03 : 10 SiOy : 160 H,0

This was done to investigate the “tolerance" of the
synthesis to the formaﬁion of unwanted zeolite W. The
synthesis mixture was divided between two stainléss
steel autoclaves. One synthesis mixture was éged for 48
hours at 150°C, while the other was aged fof 24 hours at
175°C. After washing and drying the product yields were
for the 150°C synthesis 19.6 and for the 175°C synthesis
19.4. According to XRD and SEM the products were
éxcellently crystalline and pure and had an advanced
morphology, i.e., microscopically flat basal planes.
X~ray diffractograms and SEM micrographs of both 150°C
and 175°C products are'given in Figs. 14 to 17.

Examples 12 to 15

Ih these four examples, various procedures.were
adopted in the manufacture of supported zeolite-L
contsiﬁing laysrs.

For each example, a porous alpha-alumina disk was

washed for 10 minutes in n-heptane in an ultrasonic bath,
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dried for 5 minutes in'air, washed for 10 minutes in
acetone in the ultrasqnié bath ané'dfied in a 50°C oven
for 1 hour. The disks for Examplés 12 to 14 weré then
soaked in water for 2 houré uhder vacuum, and spun-dried
for 30 seconds at 4000 r.p.m.. This treatment wés
omiﬁted for Examplé 15,'the disk being kept at 50°C.
until tﬁe héxt stégé. | |

A cglloidal suspensibn of 75 nm zeolite L seeds was
applied dropwise to the surface of the disks for Examples
13 to 15. The“disks_we:e allowed to staﬁd for 10 seconds
with the liquid én the surface and then spun for 30
seconds at 4000 r.p.m. For Examples 13 and 14, the
suspension contained 9.56% by weight seeds; for Example
15, the concentration'was'o;;s% by weight. The seeding
étep was omitted for Example 12. | |

Synfhesis mixtures of the following compositions by

weight were prepared:

Solution A ' Exs. 12, 13 Exs. 14,15

KOH (Baker, 87.4% purity) 14.47 14.50
Al (OH)53 (Alcoa) . 7.90 7.89
Hy0, deionized 94.31 94.32

Solution A was prepared as described in Comparison

Example A.
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Solution B Exs. 12, 13 Exs. 14,15
$i0, (Ludox HS40) 75.04 ' 75.00

In each Example, Solution A was quantitatively mixed
with Solution B. In Example 13, mixing took place before
disk seeding, and so the mixture had time (about 7
minutes) after being poured into an autoclave to become
viscous before the Example 12 and 13 disks were immersed;
the gel surface was-not completely flat. 1In Examples 14
and 15, the disks were seeded and made ready before the
synthesis mixture was made up so when the disks were
. immersed, treated face down, in the synthesis mixture in
the autoclave the gel was still in a pourable state, its
surface was flat, and good contact between the seed layer
and the gel was achieved.

In each Example, the autoclave was heated over 2
hours to 175°C and maintained at that temperature for 24
hours. After allowing the mixture to cool, the autoclave
was opened, thé supports rinsed with water and washed at
70°C until the conductivity of the washwater was
5 u Siemens/cm at 70°C (in 200 ml water) and the disks
dried at 100°C overnight.

Table 3 below summarizes the differences in the

procedures used in Examples 12 to 15.
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. Exémple No. | 12 i3 14 R -1
Vacuum immersion of YES YES YES NO
disk in water _
Seeding (concentration) NO 9.56%  9.56% = 0.48%
Synthesis mixture gelled YES - YES NO NO

before disk immersion

The coated disks were examined by ka and SEM. XRD
showed that in all four cases a layer comprising zeolite
L admixed with Zeolite W has grown on the suppdrt. |

When examined by SEM, the product of Example 12
showed a zeolite layer about 30 um thick. Zeolite L
predominates, consisting of randomly oriented hexagonal
crystals with a length between 0.5 and 2.0 um, 1/d ratio
about 3. The zeolite W crystals, also randomly oriented
throughout the zeolite L layer, are about 30 um long and
10 pm thick.

' SEM analysis of the Example 13 product showed a seed
layer of 25 um thickness on the support, on top of which
are deposited first a layer, about 1 to 2 um thick, of
hexagonal Zeolite L crystals, length between 0.5 and
15 pm, 1/d ratio about 3, contaminated with Zeolite W
crystals, and a second, detachable layer, about 40 um
thick, consisting of large (30 pm x 10 pm) zeolite W
crystals embedded in a zeolite L matrix. '

SEM examination of the Example 14 product did not
reveal the seed layer, but a zeolite layer, about 30 um
thick, is formed on a first thin layer (about 2 um) of

zeolite L crystals between 0.5 and 2 um, 1/d ratio about
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3, oriented with the c-axis at 60° to 90° to the support
surface. The thick zeolite layer is largely zeolite L
contaminated with zeolite W.

SEM examination of the Example 15 product shows in a
large area of the disk a thin layer of zeolite L crystals
(diameter of cross section about 300 nm, 1/d ratio about
3) oriented with the c-axis close to 90° to the support
surface. (This 1ayer is prdbably developed from the seed
layer, which is not observed.) In some parts of the
disk, the layer is overlaid by an easily detachable
layer, 30 um thick, of zeolite L in which large zeolite W
crystals are embedded. |

When subjected to the dye permeation test, Examples
12 to 14 products readily absorbed rhodamine B. The
Example 15 product only abéorhed the dye at the edge of
the disk, indicating that a densely intergrown zeolite
layer was formed. _ |

Figs. 18 and 19 show the XRD patterns of Examples 14
and 15 products.

The synthesis mixture in which the disks are
immersed may also conﬁain colloidal zeolite I, seeds to

reduce or avoid zeolite W formation in the layer.
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CLAIMS:
1. A process for the manufacture of a colloidal

suspension of an LTL zeolite, wherein'a synthesis mixture
having a composition, given ih terms of moiar
proportione'ﬁith the solid components being calculated in
terms of their oxides, in the ranges:

K50/ (K50 + Nay0) from 0.33 to 1:1-

(K20 + Nay0)/Si0,  from 0.35 to 0.5:1

| $i05/A1505 from 10 to 40:1

solvent/(K20 + Najs0) from 15 to 25:1
is subjected to thermal treatment at a temperature below
100°C for a time sufficient to form a colloidal
suspension of an LTL zeolite.

2. A process as claimed ih claim 1, wherein the
5102/A1203 ratio is w1th1n the range of'from_lo to 28:1.

3. A process as claimed in claim 1, wherein the
§i05/Al504 ratio is within the range of from 12 to 28.

4. A process as claimed in any one of claims 1
to 3, wherein thermal treatment is carried out at a
temperature within the range of from 40° to 97°C.

5. A process as claimed in any one of cleims 1
to 4, wherein thermal tfeatment is carried out for a time

within the range of from 48 to 500 hours.

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

time of at most 84 hours.
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7. A process as claimed in any one of claims 1
to 6, wherein the solvent is water.

8. A process as claimed in_any one of claims 1
to 7, wherein the colloidal suspensiqn is washed with
water until the wash water has a pH of from 9 to 12, if
desired the zeolite is cation exchanged, and if desired
calcined.

9. A process as claimed in any one of claims 1
to 7, wherein the resulting zeolite has a composition of
the Formula I

0.9 to 1.3 Mp/n0:A1503:5.2 to 6.9 SiO, I
wherein M represents an exchangeable catioh of valence n.

10. Zeolite L of particle size less than 100 nm
obtainable, and preferably obtained, by a process as
"claimed in any one of claims 1 to 9.

11. A process for the manufacture.of an LTL
zeolite which comprises forming a synthesis mixture
haQing a composition, given in terms of molar.proportions
with the solid components calculated in terms of their
oxides, in the ranges:

K30/ (Ko0 + Naj0) from 0.60 to 1:1

(K20 + Na,y0)/S5io, from 0.18 to 0.36:1

8i03/A1,503 or Gaz03 from 5 to 18:1

solvent/(X30 + Najy0) from 25 to 90:1
and also containing éeed crystals of an LTL zeolite of
particle size at most 100 nm, and subjecting the seed-

containing synthesis mixture to a hydrothermal treatment
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at a temperature and fof.a time sufficient to form an LTL
zeolite. :

12. A process as claimed in claim 11, wherein
the mixture comprises aluminum and the S$i03/A1503 ratio
is within the range of from 5 to 15:1.

13. A process as claimed in claim 11, wherein
the mixture comprises gallium, and the 5i0,/Gaj03 ratio
is within the range of from 5 to.18:1.

14. A process as claimed in any one of claims 11
to 13, carried out at a temperature within the range of
100°C to 180°C and/or for a time within the range of from
4 to 200 hours.

15. A process as claimed in any one of claims 11
to 14, wherein from 0.005% tolo.lo% by weight of seéds is
employed, based on the weight of the synthesis mixture.

16; A process as claimed in any one of clqims i1
to 16, whereih thé.seeds have a particle size within the
range of 60 to 80 nm.

17. - A process as claimed in any oné of claims 11
to 16, wherein the solvent is water. -

18. A.process as claimed in any one of claims 11
to 17, wherein the resulting zeolite is washed with water
until the wash water has a pH of from 9 to 12, if desired
the zeolite is cation exchanged, and if desired calcined.

19. A process as claimed in any.one of claims 11

to 18, which is carried out with stirring, at least
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during heating the synthesis mixture to the hydrothermal
treatment temperature.

20. Zeolite L vhenever prepared by a process as
claimed in any one of claims 11 to 19.

21. The product of claim 20 in the form of a
layer on a support.

22. The use, in a process for the thermal
treatmenf of a synthesis mixture for Zeolite L, of a
temperature below 100°C tb obtain a colloidal suspension
of Zeolite L, 6r to obtain particles of zéolite L having
a greateét dimension of at most 100 nnm.

23. The use, in the hydrothermal treatment of a
zeolite-forming synthesis mixture, of a colloidal
suspension of seeds of zeolite L to promote.the
crystallization from the éynthesis mixture of a zeolite
L-containing product, advantageocusly a product consisting
essentially of zeolité L, and preferably a pure zeolite L
prodﬁct.

24. The use of zeolite L obtainable or obtained
by the process of any one of cléims 11 to 18 in
particulatg or layer form, in hydrocarbon conversion,
adsorption or separation. _

25. Gallium-containing LTL zéolite formed of
cylindrical crystallites having basal p;anes so shaped
that.the ratio of axial length of curved cylindrical

surface to the overall axiél length of the crystallites
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is greater than 0.9 and the aspeét.rafio of length to
diameter is at most 0.5. | - |

26. A process forlthe manufacture of a zeolite
L-containing structure comprieing a substrate and a |
zeolite L-cbntaining'layer; cbﬁﬁrising applying to a face
of the substrate a dispersion of zeolite L of pefticle
size at most 106 nm to form an intermediate layer, and
subsequently forﬁing on the said face a zeolite L-
containing layer b§'crystallization'thereoﬁ of zeolite L
by hYd:otherﬁal treetment of e ;eoiite-forming synthesis
miﬁture. o _ |

'27. A pféceés.as claimed in claim 26, wherein
the synthesis mixture is a'poufeble gel when it is
contacted with the said face. | | o

28. A pfocees as claimed in cleim 26 or clain
27, wherein the substrate is.ﬁfetreated with a barrier
layer forming material befere fbrming the intermediate
layer thereon. | |

| 20, A process as claimed.in claim 26 or claim
27, wherein the substrate is dfy when the dispersion of
zeolite L is applied thereto.

30. A process as claimed in any one of claims 26
to 29, wherein the diSpefeien ef zeolite L has a seed
content of at most 1%.

31. A structure comprising a substrate; an
intermediafe layer, and an upﬁer laYer, the intermediate

layer comprising zeolite I of a particle size of at most
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100 nm, the upper layer comprising zeolite L particles,
thé particles of zeoliﬁe in the upper layer héving at
least one dimension greatef than the dimensions of the
particles of the intermediate layer.

32. A structure as claimed in claim 31, wherein
the orientation of at least 75% of zeolite L particles is
such that the 12-membered ring pores (the c-axis) lie
within 30° of the perpendicular to the plane of the
layer.

33. A structure as claimed in claim 32, wherein
the orientation of at least 75% of the zeolite L
particles in the upper layer is such that the c-axis of
the particles lies within 5° of the perpendicular to the
plane of the layer.

34. A method for the dehydrocyclization and/or
isomerization of an aliphatic hydrocarbon comprising
contacting the hydrocarbon at a tempgrature in the range
of from 370°C to 600°C with a catalyst so as to convert
at least part of the hydrocarbon into an aromatic
hydrocarbon, the catalyst comprising a catalytically
active metal and gallium-containing LTL zeolite formed of
cylindrical crystallites having basal planes so shaped
that the ratio of axial length of curved cylindrical
surface to the overall axial length of the crystallite is
greateir than 0.9.

3s. A catalyst comprising a catalytically active

metal and gallium-containing LTL zeolite formed of
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cylindrical crystallites having basal pianes so shaped
that the ratio of axial length of curved cyliﬁdfical
surface to the overall axial length of the.crystallite is

greater than 0.9.



