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ITQ-49 MATERIAL, METHOD FOR THE PRODUCTION THEREOF AND USE OF
SAME

DESCRIPTION

Field of the invention

This patent refers to a zeolitic material designated ITQ-48 and to the method of
production thereof.

State of the art, prior to the invention

Zeolites are porous crystalline aluminosilicates which have found important uses such
as catalysts, ionic adsorbents and ionic exchangers. These zeolitic materials have well
defined structures that form channels and cavities in their interior, with a uniform size
and shape, what allows the adsortion of certain molecules, whereas they avoid that
other molecules, with a too large size for spreading through the pores, pass into the
interior of the crystal. This feature provides these materials with properties of a
molecular sieve. These molecular sieves can include in their network, besides Si, other
elements from the group lIlA of the periodic table, all of them being tetrahedrically
coordinated. The negative charge generated by the elements of group A
tetrahedrically coordinated in network positions, is compensated by the presence of
cations in the crystal, such as for example cations of alcaline or earth alcaline metals.
These cations can be partially or totally exchanged by another cation type through ionic
exchange techniques, thus varying the properties of a given silicate by selecting the
desired cations.

Many zeolites have been synthesized in the presence of an organic molecule that acts
as a sfructure directing agent. The organic molecules that act as a structure directing
agent (SDA) usually contain nitrogen in their composition, and can give rise to organic
cations stable in the reaction medium.

From the view points of the potential applications, the zeolites that contain channel
systems with different pore apertures are especially desirable because they provide
selectivity to the catalytic processes, said selectivities cannot be achieved with materials
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with channels with identical apertures in all of them. For these reasons a relevant scientific

activity have been developed in this respect.

Description of the invention

The present invention describes a synthetic microporous crystalline material called ITQ-48.
The structure of this material shows a microporous network made of cchannels with
apertures formed by 7 and 8 TO, tetrahedra that crossed each other resulting in non-
spherical cavities. These cavilies can be entered through four windows formed 7 tetrahedra
and two further windows formed by 8 tetrahedra, with a narrowing formed by 10 tetrahedra.
These cavities are accessible to molecules of interest in the catalysis area, in adsorption or
separation processes. Furthermore, it has structural units of a smaller size with a cube
shape, that are not accessible because they only have windows formed by four tetrahedra,
The structure of zeclite 1TQ-49 can be described through its unit cell, that is the smallest
structural unit that contains every structural elements of this material. The structure
projections along the crystallographic axes are shown in Figures 1 to 3. Table 1 lists the
alomic positions of all atoms in tetrahedral coordination in a unit cell. All these atoms are
linked together through oxygen bridging atoms, that link adjacent tetrahedral atom pairs.
Each unit cell contains 92 tetrahedrally coordinated atoms in total. Said atoms different
from oxygen are designated T1, T2, T3, T4 to T92, are located in the crystallographic
positions with Cartesian atomic coordinates x, y and z shown in Table 1.

fable 1
Atomic a(A) b (A) c (A)
Coordinates

T1 4.6 22 3.0
T2 14.4 1.3 11.2
T3 15.0 16,1 3.0
T4 5.2 7.0 11.2
T5 4.6 16,1 13.6
T6 14.4 7.0 5.3




T7 16.0 22 13.6

T8 5.2 1.3 5.3

T9 15.0 16,1 13.6
T10 5.2 7.0 5.3

T 4.6 2.2 13.6
T12 14.4 11.3 5.3
T13 16.0 22 3.0
T14 5.2 11.3 11.2
T15 4.6 16.1 3.0
T16 14.4 7.0 11.2
T17 3.2 7.0 3.0
718 13.0 16.1 11.2
T19 16.4 11.4 3.0
T20 6.6 22 1.2
T21 3.2 11.4 13.6
T22 13.0 22 53,
T23 16.4 7.0 13.6
T24 6.6 16.1 53
T25 16.4 1.4 13.6
7126 6.6 22 53
T27 3.2 7.0 13.6
T28 13.0 16.1 5.3
T29 16.4 7.0 3.0
T30 6.6 16.1 11.2
T31 3.2 11.4 3.0
T32 13.0 2.2 11.2
T33 0.0 26 1.5
T34 0.8 11.8 9.8
T35 0.0 15.7 1.5
T36 0.8 6.5 9.8
T37 0.0 15.7 15.0
T38 9.8 6.5 6.8




T39 0.0 26 15.0
T40 2.8 11.8 6.8
T41 27 4.3 1.6
T42 12.5 13.6 9.9
T43 16.9 14.0 1.6
T44 7.1 4.8 9.9
T48 2.7 14.0 14.9
T46 12,5 4.8 6.7
T47 16.9 4.3 14.9
T48 71 13.5 8.7
T49 16.9 14.0 14.9
T50 71 4.8 6.7
51 27 4.3 14.9
T52 12.5 13.5 6.7
T63 16.9 4.3 1.6
T54 7.1 13.5 9.9
T55 2.7 14.0 1.6
T56 12.5 4.3 9.9
157 1.6 9.2 43
758 11.4 0.0 12.5
T59 18.0 9.2 4.3
T60 8.2 0.0 12.5
T61 1.6 9.2 12.3
T62 1.4 0.0 4.0
T63 18.0 9.2 12.3
164 8.2 0.0 4.0
T65 4.9 0.0 6.7
T66 14.7 8.2 15,0
T67 147 0.0 6.7
768 4.9 9.2 15.0
169 4.9 0.0 9.8
T70 14.7 9.2 1.6
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T71 14.7 0.0 9.8
T72 4.9 9.2 1.6
173 2.9 0.0 4.4
T74 12.7 9.2 12.6
T75 i8.7 0.0 4.4
T76 6.9 9.2 12.6
T77 29 0.0 12.2
T78 12.7 9.2 3.9
T79 16.7 0.0 12.2
T80 6.9 9.2 3.9
T81 3.5 9.2 6.7
T82 13.3 0.0 15.0
T83 16.1 9.2 6.7
T84 6.3 0.0 15.0
T85 3.5 9.2 9.8
T86 13.3 0.0 1.5
T87 16.1 9.2 9.8
T88 6.3 0.0 1.5
T89 0.0 0.0 3.4
T90 0.8 2.2 11.7
T91 0.0 0.0 13.1
T92 9.8 9.2 4.9

Each of the T atoms in Table 1 is surrounded by four oxygen atoms as first neighbours and
four additional T atorns as second neighbours, in such a way that the T atoms ars linked in
pairs through oxygen bridges forming T-O-T bonds. The presence of cations or the
different nature of the T aloms can modify the values shown on Table 1, so each
crystallographic coordinate can be modified up to 1 A with respect to the value given in
Table 1

Zeolite ITQ-49 ha in its non caleined form an X ray diagram, the more important peaks of
which are given in Table 2, and in Table 3 for its calcined form.
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These X-ray diffractograms were obtained with a Panalytical X'pert Pro diffractometer
equipped with a slit of fixed divergence using copper K, radiation. The relative intensity of
the lines was calculated as the percentage relative to the most intense peak, and i
considered as very strong (vs) = 80-100, strong (s) = 60-80, medium (m) = 40-60, weak (w)
= 20-40, and very weak (vw) = 0-20.
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It must be taken into account that the listed diffraction data for these samples as simple
or single lines, may be formed by multiple overlappings or superpositions of reflections
that, under certain conditions, such as differences in the chemical composition, may
appear as separated or partially separated lines. Generally, the changes in the chemical
composition may cause variations in the parameters of the unit cell and/or changes in
the crystal symmetry, without producing any change in the structure. These
modifications, that also include changes in the relative intensities may also be due to
differences in the kind and amount of compensating cations, network composition, size
and shape of the crystals, preferred orientation or to the kind of thermal or hydrothermal

treatments that they have undergone.

The present invention refers to a microporous crystalline material named 1TQ-49, that

can have a chemical composition:

X X203 iy YO,: 2205

wherein:

- X is a trivalent element selected from Al, B, Fe, In, Ga, Cr, or mixtures

thereof;

- Y is a tetravalent element selected from Ti, Sn, Zr, V, or mixtures thereof,

preferably from Ti, Sn, Zr, or mixtures thereof;

- Z is a tetravalent element selected from Si, Ge or mixtures thereof, preferably
Si;

- the value of (y+z)/x is comprised between 9 and infinity, preferably between

20 and infinity;

- the value of z/y is comprised between 10 and infinity, preferably between 15

and infinity.

From the given values, it is clearly deduced that the crystalline ITQ-49 material can be

obtained in the absence of added trivalent elements.

According to a particular embodiment of the present invention, the value of x can be
zero, therefore it can have a chemical composition:
Yy YOz : 220,



10

15

20

25

30

10

According to another particular embodiment, the value of y is zero, therefore it can have
a chemical composition:
x X041 220,
where:
- the value of z/x is comprised between 9 and infinity, and more preferably between 20

and infinity.

According to a preferred embodiment, the material of the present invention, ITQ-48, has

a chemical composition:

t PyOs: x X503: ¥y YO, : 2 Z0,
wherein:
- X is a frivalent element selected from Al, B, Fe, [n, Ga, Cr, or mixfures
thereof;
- Y is a tetravalent element selected from Ti, Sn, Zr, V, or mixtures thereof,
preferably between Ti, Sn, Zr, or mixtures thereof,
- Z is a tetravalent element selected from Si, Ge, or mixtures thereof,
preferably Si;
- P refers to phosphorus coming from the structure directing agent;
- the value of (y+z)/x is comprised between 9 and infinity, preferably between
20 and infinity;
- the value of zly is comprised between 10 and infinity, preferably between 15
and infinity;

- the value of {(x+y+z) can be between 1 and 0.

From the given values, it is clearly deduced that the crystaliine ITQ-49 material can be
synthesized in the absence of added trivalent elements. The X-ray diffractogram of the

zeolite in its calcined form presents the diffraction peaks that are listed in Table 3.
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According o a particular embodiment, x can be 0 and the [TQ-49 malerial can have a

chemical composition:

t P205: YYOZ -2 ZOz

wherein:

- t/(y+z) can be between 1 and 0.

According to another particular embodiment, y can be 0 and the [TQ-49 material can have

a chemical composition:

1 Pa0s x X505 : 2 20,

wherein:

- The value of z/X is comprised between 9 and infinity, preferably between 20 and
infinity.

- t/(x+z) can be between 1 and 0.

The calcined crystalline ITQ-49 material can be submitted to one or several processes of
chemical extraction or washing in aqueous, alcoholic, organic media, or mixtures thereof to
eliminate the inorganic residues P05 coming fram the elimination of the structure directing
agent. This treaiment of extraction or washing can be performed in acidic, neutral or
alkaline media.

According to a preferred embodiment, the material of the present invention, ITQ-49, have a
chemical composition:

NR:xX:03:2Z0;:y YO,
wherein:

- X is a trivalent element sélected from Al, B, Fe, In, Ga, Cr, or mixtures thereof;
- Y is a tefravalent element selected from Ti, Sn, Zr, V, or mixiures thereof,
preferably from Ti, Sn, Zr, or mixtures thereof;



10

15

20

25

30

- Z is a tetravalent element selected from Si, Ge, or mixtures thereof, preferably
Si;

- the value of (y+z)/x is comprised between 9 and infinity, preferably between 20
and infinity;

- The value of zfy is comprised between 10 and infinity, preferably between 15
and infinity;

- R is a structure directing agent, preferably said R contains P, more preferably R
is a salt of an alkylphosphonium cation, and more preferably is selected between 1,4-
butanediyl-bis(tritertbutyt)phosphonium hydroxide or one of its salts;

- the value of nf(x+y+z) is comprised between 1 and 0.001.

From the given values, it is clearly deduced that the crystalline ITQ-49 material can be
synthesized in the absence of added trivalent elements. The ratio n/z can be between 1
and 0.001 in the ITQ-49 material as it is synthesized. The X-ray diffractogram of the zeolite
in its synthesized form presents the diffraction peaks that are listed in Table 2,

According to a particular embodiment, x can be 0 and the ITQ-49 material can have a
chemical composition:
nR:yY0,:z2Z0;
wherein:
- the value of n/(y+z) is comprised between 1 and 0.001

According to an additional particular embodiment, y can be 0 and the 1TQ-49 material can
have a chemical composition:

nR:xX;05:z20:
wherein:
- the value of z/x is comprised between 9 and infinity, preferably between 20 and
infinity;
- the value of n/(x+z) is comprised between 1 and 0.001.

The crystalline ITQ-49 material calcined and/or calcined and washed can undergo one or
several post-synthesis processes thatl incorporate or exchange trivalent elements using
solutions that coniain trivalent elements X, which can be selecied from Al, Ga, B, Cr, Fe, In
and mixtures thereof in aqueous, alccholic, organic media or mixtures thereof. In this
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process, the inorganic residues P.0s, coming from the removal of the structure directing
agent, can be eliminated. This treatment of incorporation of trivalent metals and/or
washing can be performed in aqueous, neutral or alkaline media. The crystalline
material, with incorporated frivalent metals through post-synthesis ireatment, has a
molar composition in its anhydrous state that is given by the equation:
XX;05:yY0,:220;

wherein X is a trivalent element such as Al, B, Fe, In, Ga, Cr, or mixiures thereof, Yis a
tetravalent element such as Ti, Sn, Zr, V, or mixtures thereof, and Z corresponds fo an
element selected from Si or Ge, or mixtures thereof. The value of {y+z)/x is at least 9,
and can be between 20 and infinity and the value of zfy is at least 10. From the given
values, it is clearly deduced that the crystalline material ITQ-49 can be synthesized in
the absence of added trivalent elements. The X-ray diffractogram of the zeolite, after the
post-synthesis treatment to incorporate trivalent elements in its structure, presents the
characteristic diffraction peaks of ITQ-49 material.

The organic component present in the [TQ-49 material as synthesized can be
eliminated, for example by extraction andfor by thermal treatment heating to a
temperature above 200° C for a time period that can be between 2 minutes and 25

hours.

The compensation cations in the material in its non-calcined form, or after a thermal
treatment, can be exchanged, in the case of being present, by other metal cations, H’
and precursors of H* for instance NH;". Among the cations, that can be introduced by
ionic exchange, those that can have a positive role in the activity of the material as
catalyst are preferred, and cations such as H+, rare earth cations, and metals of group
VIl are more specifically preferred, as well as elements of the groups A, l1IA, IVA, VA,
18, 1B, 1B, IVB, VB, VIIB of the pericdic table of the elements.

Also, it is possible to introduce cations in the network of ITQ-49 zeolite through post-
synthesis treatments. These treatments consist of suspending the ITQ-49 sample,
calcined or calcined and washed, in aqueous, alcoholic, organic solutions or a mixture
thereof that contains the wanted trivalent element to be incorporated at a temperature
between 0 and 200°C for periods between 1 hour and 15 days.
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With the object of preparing catalysts, the crystalline material of the present invention
can be intimately combined with hydrogenating-dehydrogenating components such as
platinum, palladium, nickel, rhenium, cobal, tungsten, molybdenum, vanadium,
chromium, manganese, iron and combinations thereof. The introduction of these
elements can be carried out in the crystallization step, by exchange (if appropriate),
and/or by impregnation or by physical mixing. These elements can be introduced in their
cationic form and/or from salts or other compounds that by decomposition generate the

metallic component or oxide in its suitable catalytic form.

Additionally, the present invention refers to the process for obtaining the ITQ-49 material

described above.

According to the present invention, the preparation process of the ITQ-49 material can
comprise at least a first step of preparation of a mixture that contains H;0, a source of
fluoride ions, an oxide or other source of tetravalent material Z and a structure directing
agent (R), a source of the trivalent element X, an oxide ar other source of the tetravalent
material Y, wherein the synthesis mixture has a molar composition of oxides in the
following ranges:

(YO, +Z0:2) X205 higher than 2, preferably higher than 5.
H.O/{(YO+Z0,) 1-50, preferably 2-30.

RAYO,+ Z03) 0.05-3.0, preferably between 0.05-1.
F/(YO,+ Z03) 0.01-3.0, preferably between 0.05-1.
ZOYO, higher than 5, preferably higher than 8-25.
Si0,/Ge0, higher than 1, preferably higher than 5.

A second step wherein the mixture can be kept at a temperature between 80 and 200°C
until crystals of the material are formed and a further step of recovery of the crystalline

material.

According to a preferred embodiment of the present invention, Z is a mixture of Si and
Ge.



10

15

20

25

30

15

According to another preferred embodiment, the structure directing agent R can be a
compound that contains P, more preferably R is a salt of a alkylphosphonium cation, and
more preferably is selected between 1,4-butanediyi-bis(tritertbutyl)phosphonium hydroxide

or one of iis salts.

This material can be prepared according to a particular embodiment, from a reaction
mixture containing Hz0, a source of fluoride anions, optionally an oxide or a source of the
frivalent element X, as for instance Al and/or B, an oxide or a source of the tetravalent
element or elements Y, as for instance Si, a source of Ge, as for instance GeO; and an
organic structure directing agent (R), generally an organic cation, which can contain atoms
other than C, H and N in iis composition. As structure directing agenis compounds of
alkylphasphonium kind, and more preferably 1,4-butanediyl-bis(ritestbutyl)phosphonium
hydroxide or one of its salts, can be used.

The composifion of the reaction mixture has the following composition in terms of molar

relation of oxides:

Reagents Useful Preferred
(YO +ZO:)} X205 higher than 2 higher than 5
Hz0/(YO,+Z0,) 1-50 2-30
RAYO,+ Z03) 0.056-3.0 0.05-1.0
FH(YO2+20,) 0.01-3.0 0.05-1.0
Z0.IYO, higher than 5 8-25
Si0,IGe0, higher than 1 higher than 5

The crystallization of the material can be carried out under stiring, in autoclaves at
temperatures between 80 and 200°C, during enough time to achieve crystallization, for
instance between 12 hours and 30 days.

Upon ending the crystallization step, the crystals of the material are separated from the
mother liguor, and they are recovered. it must be aken into account that the components
of the synthesis mixture can come from different sources, and, depending on these, the
crystallization time and the crystallization conditions can vary. In order {o facilitate the
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synthesis, crystals of the same material or of this calcined material, in amounts up to 15%
in weight relative to the overall oxides, can be added as seeds to the synthesis mixture.

These can be added previously or during crystallization.

According to a particular embodiment, the process of preparation of the ITQ-49 material
can comprise a step of calcination of the obtained crystalline material, the calcination can
be carried out under vacuum, in air, nitrogen, hydrogen, argon, helium or any other gas
and at a temperature higher than 200 and lower than 1100°C, preferably between 200 and
1000°C, for a time that can be between 2 minutes and 25 hours. The ITQ-49 material, after
calcination, has a system of pores free of organic matter, with an X-ray diffractogram that
has the peaks listed in Table 2. During this calcination, inorganic residues coming from the
structure directing agent can stay inside the channels or on the surface of the material,
These residues can be removed through a further washing treatment with water, any
alcohol with at least six carbons, or mixtures thereof, as well as by aqueous or aicoholic

solutions of inorganic salts.

According to a particular embodiment, such washing process or processes can comprise at
least the following step:

a) suspension of the material in a solution of a compound selected from an acid, a
base, an ammonium salt, a sodium salt, of any alkaline metal, any earth-alkaline metal or
mixtures thereof. In a preferred manner, such solution is an agqueous, alcoholic, organic

solution or mixture thereof,

The washing process is carried out at a temperature preferably comprised between 0°C
and 200°C. The diffraction diagram of the resulting material has the characteristic
diffraction peaks of this ITQ-49 material.

Additionally, the calcined ITQ-49 material or the calcined and washed ITQ-49 material can
undergo one or more post-synthesis treatments. Said treatments can preferably consist of
treating ITQ-49 with agqueous, alcoholic, organic solutions or mixtures thereof, that contain
trivalent elements X, selected preferably from Al, Ga, B, Cr, Fe, In, and mixtures thereof
with the object of including them to the zeolitic network. This post-synthesis treatment can
be performed at alkaline, acidic or neutral pHs at temperatures between 0 and 200°C for a
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preferred time period between 1 hour to 15 days. The resulting material has the
characteristic diffraction peaks of this |TQ-49 material.

After that, the washed solid can be recovered by fillration, cendrifugation or any solid-liquid
separation fechnique and it can be later activated through calcination at temperatures
above 200°C.

According to a particular embodiment, the present invention refers {o a process to obtain a
material that has, additionally a post-synthesis treatment comprised, at least:

a) suspending the material in a solution that contains at least a trivalent element X
selected from Al, Ga, B, Cr, Fe, In or mixtures thereof;

b} recovering the solid through filtration, centrifugation or any technique for separating
solids and liquids;

c) aclivating the material through calcination at temperatures above 260°C.

In a preferred manner, the solution is selected from an aqueous, alcoholic, organic
solutions or mixtures thereof. Additionally, such post-synthesis treatment is carried at a
preferred temperature between 0 and 200°C.

The ITQ-48 material can be used as catalyst in process of conversion of hydrocarbons,
alcohols to others of higher added value, in the removal of nitrogenated compounds from
gas or liquid streams as well as in separation processes.

According to a particular embodiment, the ITQ-49 material can be used as catalyst in
processes of hydrocarbon conversion, in processes of dewaxing of hydrocarbons, in
processes of conversion of alcohols, in processes of conversion of alcohols with less than
four carhons into olefins, in processes of removal of nitrogenated poliutants in gas or liguid
streams, in processes of removal of nitrogen oxides in gas streams, in processes of
removal of nitrogen oxides from gas streams in the presence of reducing agents, in
processes of removal of nitrogen oxides from gas streams in the presence of ammonia as
reducing agent, in processes of removal of nitrogen oxides in the presence of hydrocarbon
as reducing agents and combinations thereof.
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According to an additional particular embodiment, the ITQ-49 material can be used as
adsorbent. In a preferred manner, it can be used as selective adsorbent in processes of
separation of CO; and methane, in processes of separation of propane and propene, in

processes of separation of linear olefins of the C4 fraction, and combinations thereof.

Description of figures

Figure 1.- View of the zeolite ITQ-49 structure along a-axis (oxygen atoms are omitted for
the sake of clarity).

Figure 2.- View of the zeolite [TQ-49 structure along b-axis (oxygen atoms are omitted for
the sake of clarity).

Figure 3.- View of the zeolite ITQ-49 structure along c-axis (oxygen atoms are omitted for

the sake of clarity).

Figure 4.- Rietveld refining of the X-ray diffraction diagram of a ITQ-49 sample, calcined at
923K, measured using the K alpha radiation of copper. The spots show the experimental
diagram. The line along the spots shows the calculated diagram for the proposed structure.
The difference between bath is shown below. The vertical lines under the diagrams depict
the positions of Bragg’s reflections.

Examples

Example 1- Preparation of 1,4-butanediyl-bis(tritertbutyl)phosphonium hydroxide

20.2 g of tri-tertbuiyiphosphine are disolved in 250 mL of acetonitrile. To this solution a
solution of 61.5 g of 1,4-diiodobutane in 150 mL of acetonitrile was slowly added. The
mixture was kept under stirring at 20°C for 12 hours and then it is cooled down to room

temperature.

The resulting mixture is filtered, the obiained solid is sequentially washed with acetonitrile
and ethyl ether, and dried under vacuum. This solid, after being disolved in methanol, was
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transformed into the corresponding hydroxide using an anionic exchange resin, with

stirring, for 12 hours,

Example 2- Preparation of the ITQ-49 zeolite

To 28.69 g of a 0.7 M aqueous solution of 1,4-butanediyl-bis(tritertbutyl)phosphonium
hydroxide, 1.9 g of GeQ; and 13 g of tetrasthy! orthosilicate are added. The mixture is kept
under stiring at room temperature until the total evaporation of the ethanol formed during
the hydrolysis of tetraethyl orthosilicate. Then, 1.67 g of HF [48%) are added and the
enough amount of water to achieve a H,Q/Si of 7.

The obtained gel was homogenized and transferred to teflon-coated steel autoclaves and
they were put in a furnace with sfirring at 125°C for 16 days.

After the synthesis period, the solid is washed with distilled water at 85°C, it s
centrifugated to separate the solid and dried at 100°C for 12 hours.

The resulting solid has a X-ray diffraction diagram that contains the characteristic peaks of
the ITQ-49 material.

Example 3- Preparation of the zeolite ITQ-49 in its calcined form.

A solid prepared according o example 2 was put in a muifle furnace and it was calcined in
air at 700°C for 5 hours to decompose the organic matter retained in its interior.

The resulting solid has a X-ray diffraction diagram that contains the characteristic peaks of
the calcined ITQ-48 material,

Example 4- Preparation of the ITQ-49 zeclife
To 28.69 g of a 0.7 M aqueous solution of 1,4-butanediyl-bis(tritertbutyl)phosphonium

hydroxide, 1.4 g of GeO; and 14 g of tetraethyl orthosilicate are added. The mixture is kept
under stirring at room temperature until the total evaporation of the ethanol formed during
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the hydrolysis of tetraethyl orthosilicate. Then, 1.67 g of HF (48%) are added and the

enough amount of water to achieve a H,O/Si of 7.

The obtained gel was homogenized and transferred to teflon-coated steel autoclaves

and they were put in a furnace with stirring at 125°C for 16 days.

After the synthesis period, the solid is washed with distiled water at 85°C, it is
centrifugated to separate the solid and dried at 100°C for 12 hours.

The resulting solid has a X-ray diffraction diagram that contains the characteristic peaks
of the ITQ-49 material.

Example 5- refining of the structure of ITQ-49 according Rietveld method.

The structure of a sample of the zeolite ITQ-49 can be satisfactorily refined using
Rietveld method applied to a X-ray diffraction diagram obtained from a sample prepared
according to example 3. The matching between the experimental and the simulated
diagrams is shown in Figure 4. The space group, the refining parameters and the atomic

positions of zeolite ITQ-49 are shown in Table 4.

Table 4
Space group:
Immm
Parameters of unit cell:
a= 19.6007(8) angstroms
b= 18.3274(7) angstroms
c= 16.5335(6) angstroms
alpha=beta=gamma=90°

Atomic positions:

Position X y z

QOccupation

Si1 0.2357(3) | 0.1189(3) | 0.1786(4) | 0.78(1)
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Gel | 0.2357(3) | 0.1189(3) | 0.1786(4) | 0.22(1)
Si2 | 0.1640(3) | 0.3802(4) | 0.1797(4) | 0.77(1)
Ge2 | 0.1640(3) | 0.3802(4) | 0.1707(4) | 0.23(1)
Si3 0 0.1436(4) | 0.0908(5) | 0.89(1)
Ge3 0 0.1436(4) | 0.0908(5) | 0.11(1)
Si4 | 0.1389(4) | 0.2365(4) | 0.0960(4) | 0.91(1)
Ged | 0.1389(4) | 0.2365(4) | 0.0960(4) | 0.09(1)
Si5 | 0.0812(4) % 0.2575(5) | 0.83(1)
Ge5 | 0.0812(4) % 0.2575(5) | 0.17(1)
Si6 | 0.2487(4) 0 0.4062(4) | 0.66(1)
Geb | 0.2487(4) 0 0.4062(4) | 0.34(1)
57 | 0.1481(4) 0 0.2636(4) | 0.78(1)
Ger | 0.1481(4) 0 0.2636(4) | 0.22(1)
Si§ | 0.1806(4) % 0.4067(4) | 0.90(1)
Ge8 | 0.1806(4) % 0.4067(4) | 0.10(1)
Si9 0 0 0.2061(8) | 0.92(1)
Ged 0 0 0.2081(6) | 0.08(1)
O1 | 0.2854(10) | 0.1493(7) | 0.2501(10) | 1.0
02 | 0.1695(7) | 0.0724(7) | 0.2126(11)| 1.0
03 | 0.2005(7) | 0.18098(7) | 0.1354(11)| 1.0
04 | 0.2665(7) | 0.0671(6) | 0.1070(8} 1.0
O5 | 0.0965(6) | 0.4320(7) | 0.1950(9) 7.0
06 | 0.2144(8) | 0.4210(6) | 0.1153(9) 1.0
07 | 0.1245(8) | 0.3198(6) | 0.1240(10)| 1.0
08 0 0.1098(11) 0 1.0
09 | 0.0698(6) | 0.1891(8) | 0.1078(11)| 1.0
010 0 0.0663(7) | 0.1392(10y| 1.0
011 | 0.1468(13} | 0.2247(13) 0 1.0
012 | 0.1151(8) % 0.3473(8) 1.0
013 0 % 0.268(2) 1.0
O14 | 0.1749(7) 0 0,3581(7) 1.0
015 | 0.2169(11) 0 % 1.0
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0.0655(4)

0.2650(10)

1.0

o17

0.1596(14)

¥
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CLAIMS

1.~ A microporous crystalline material, characterized in that it has a chemical
composition;
X X203 :¥y Y0512 20,
wherein:
- X is a frivalent element selected from Al, B, Fe, In, Ga, Cr, or mixtures
thereof;
- Y is a tetravalent element selected from Ti, Sn, Zr, V or mixtures thereof;
- Zis a tetravalent element selected from Si, Ge and mixtures thereof;
- the value of (y+z)/x is comprised between 9 and infinity;
- the value of z/y is comprised between 10 and infinity;
and in that it has an X-ray diffraction diagram shown in Table 3.

2.- A microporous crystalline material according to claim 1, characterized in that
- Y Is selected from Ti, Sn, Zr, or mixtures thereof;

“ the value of {y+z)/x is comprised between 20 and infinity;

- the value of zly is comprised between 15 and infinity.

3.- A microporous crysialline material according to any of claims 1 or 2, characterized in
that Z is Si.

4.~ A microporous crystalline material according to any of claims 1 to 3, characterized in
that x is zero and it has a chemical composition:
y YOz Z 202

5.- A microporous crystalline material according to any of claims 1 to 3, characterized in
that y is zero and it has a chemical composition:

X XoOz 1 2 20,
wherein;

- the value of z/x is comprised between 9 and infinity.

6.- A microporous crystalline material according to clairm 5, characterized in that the
value of z/xis comprised between 20 and infinity.
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7.- A microporous crystalline material according fo any of claims 1 to 3, characterized in
that, it has a chemical composition:
P05 x X031y Y0,:220,;
wherein:
- the value of t/{x+y+z) is comprised between 1 and 0;
and because it has an X ray diffraction diagram shown in Table 3.

8.~ A microparous crystalfline material according to claim 7, characterized in that x is
zero and it has a chemical compaosition:

tP20s:y YO, : 220,
wherein:

- t/(y+z} is comprised between 1 and 0.

9.- A microporous crystalline material according to claim 5 or 7, characterized in that y
is zero and it has a chemical composition:
t PoOs: x X203:2 20,
wherein: - the value of z/x is comprised between 9 and infinity;
- t{x+z)is comprised between 1 and 0."

10.- A microporous crystalline material according {o claim 9, characterized in that the
value Z/x is comprised between 20 and infinity.

11 .- A microporous crystalline material according to any of claims 1 to 3, characterized
in that it has, in its non calcined form, a chemical composition:
NR:xX:03:2Z0::y Y0,
wherein: -  Ris a sfructure directing agent;
- the value of n/(x+y+z)is comprised between 1 and 0.001;
and in that it has an X-ray diffraction diagram shown in Table 2.

12.- A microporous crystalline material according to claim 11, characterized in that the
structure directing agent, R, contains P.

13.- A microporous crystalline material according to claim 12, characterized inthat R is a
salt of an alkylphosphonium cation.
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14.- A microporous crystalline material according to claim 13, characterized in that R is
1,4~ butanediyl-bis(tritertbutyl)phosphonium hydroxide or one of its salts.

15.- A microporous crystalline material according to any of claims 11 to 14,

characterized in that it has x is zero and it has the following chemical composition:
nR:yY0,:z Z0;

wherein:

- the value of ni{y+z) is comprised between 1 and 0.001.

16.- A microporous crystalline material according to any of claims 11 to 14,

characterized in that it y is zero and it has the following chemical composition:
NnR:xX;03:270;

wherein:

- the value of z/x is comprised between 9 and infinity;

- the value of n/(x+z) is comprised between 1 and 0.001.

17.- A microporous crystalline material according to claim 16, characterized in that the
value of z/x is comprised between 20 and infinity.

18.~ A microporous crystalline material according to any of the preceding claims
characterized in that it has atoms in tetrahedral coordination linked through oxygen
bridging atoms that connect adjacent atoms with tetrahedral coordination, containing 82
atoms in tetrahedral coordination in its unit cell, designated T1, T2, T3, T4 uniil T92, that
are located in the crystallographic positions with cartesian coordinates a, b and ¢
shown in Table 1.

19.~ A process for the preparation of the material described in any of claims 1 to 18,
characterized in that it comprises at least the following steps:

a) preparation of a mixture containing H;O, a source of fluoride ions, an oxide or another
source of the tetravalent material Z and a structure directing agent (R), a source of the
trivalent element X, an oxide or other source of the tetravalent material Y, wherein the
synthesis mixture has a molar composition of oxides within the following ranges:

(YO2+Z02)/X20s higher than 2
H,0/(YO+Z0,) 1-50
RAYO,+ Z0;) 0.05-3.0
FIYOy+ Z0,) 0.01-3.0

20O, higher than 5
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Si0,/Ge0, higher than 1

b) maintaining the mixture at & temperature between 80 and 200°C uniil crystals of the
material are formed;

c) recovering of {he crystalline material.

20.- Process for the preparation of a material accerding to claim 19, characterized in that
Zis Si, Ge or a mixture of both.

21.- Process for the preparation of a material accerding to any of claims 18 or 20,
characterized in that the structure directing agent R is a compound that contains P.

22.- Process for the preparation of a material according to claim 21, characterized in that
R is an alkylphosphonium salt.

23.» Process for the preparation of a material according to claim 22, characlerized in that
R is 1,4~ butanediyl-bis(tritertbutylyohosphonium hydroxide cr one of its salts.

24.- Process for the preparation of a material according to any of claims 19 o 23,
characterized in that it further comprises the calcination of the crystalline material
obtained.

25.- Process for the preparation of a material according to claim 24, characterized in that
the calcination is carried out at a temperature between 200 and 1200°C.

26.- Process for the preparation of a material according to any of claims 19 to 25,
characterized In that it further comprises one or more post-synthesis treatments.

27.- Process for the preparation of a material according to claim 26, characterized in that
said post-synthesis treatment comprises at least;

a) suspending the material in a solution that contains at least a trivalent elemeni X
selected among Al, Ga, B, Cr, Fe, In or mixtures thereof;

b) recovering of the sclid through filtration, centrifugation or any other technique for
solids-liquids separation;

c) activation of the material through caicination at temperatures higher than 20G°C.

28.- Process for the preparation of a material according to claim 27, characterized in that
the solution is selected among an agueous solution, an alcoholic solution, an organic
solution and mix{ures of them.
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29.- Process for the preparation of a material according to any of claims 27 or 28,
characterized in that the suspending the material in the sclution post-synthesis
treatment is carried out at a temperature between 0 and 200°C.

30.- Use of a the material described in any of claims 1 to 18 and obtained through the
process described in any of claims 19 to 29 as catalyst.

31.-Use of the material described in claim 30 as catalyst in process for the conversion of
hydrocarbons.

32.~ Use of the material described in claim 30 as catalyst in process for the dewaxing of
hydrocarboris,

33.- Use of the malerial described in claim 30 as catalyst in processes for the
conversion of alcohols.

34.- Use of material described in claim 30 as catalyst in processes for the conversion of

alcohols less than four carbon atoms, into olefins.

35.- Use of material described in claim 30 as catalyst in processes for the removal of
nifrogenated pollutants in gasecus or liquid streams.

36.- Use of the material described in claim 30 as catalyst in processes for the removal of
nitregen oxides in gaseous streams.

37.- Use of the material described in claim 3¢ as catalyst in processes for the removal of
nitrogen oxides in gaseous streams in the presence of reducing gases.

38.~ Use of the material described in claim 30 as catalyst in processes for the removal of
nitrogen oxides in gaseous streams in the presence of ammonia as a reducing agent.

39.- Use of the material described in claim 30 as catalyst in processes for the removal of

nitrogen oxides in gaseous streams in the presence of hydrocarbons as reducing
agenis.
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40.- Use of the material described in any of claims 1 to 18 and obtained according to the

process described in any of claims 19 to 29 as an adsorbent.

41.- Use of the material according to claim 40 as a selective adsorbent in processes of
separation of CO; and methane.

42.- Use of the material according to claim 40 as a selective adsorbent in processes of
separation of propane and propene.

43.- Use of the material according to claim 40 as a selective adsorbent in processes of
separation of linear olefing from the C4 fraction.



