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METHOD FOR PREPARING THE
SILICOALUMINATE FORM OF THE AEI
ZEOLITE STRUCTURE WITH HIGH
YIELDS, AND ITS APPLICATION IN
CATALYSIS

TECHNICAL FIELD

[0001] The present invention discloses a new method for
preparing the silicoaluminate form of the AEI zeolite struc-
ture based on the use of another zeolite, such as zeolite Y
(FAU zeolite structure), as the only source of silicon and
aluminum, in order to obtain high synthesis yields (greater
than 80%) in the absence of any additional source of silicon,
phosphine-derived cations or fluoride anions in the synthesis
medium. The present invention also discloses the prepara-
tion of the silicoaluminate form of zeolite AEI with Cu
species introduced therein, synthesised by means of post-
synthetic methodologies, and its application as a catalyst in
the selective catalytic reduction (SCR) of NOx, amongst
others.

BACKGROUND

[0002] Zeolites, or molecular sieves, are described as
materials formed by TO, tetrahedra (T=Si, Al, P, Ge, B, Tj,
Sn, etc.) interconnected by oxygen atoms, with pores and
cavities of uniform size and shape within the molecular
range. These zeolite materials have important applications
as catalysts, adsorbents or ion exchangers, amongst others
(Martinez et al., Coord. Chem. Rev., 2011, 255, 1558).
[0003] The formation of nitrogen oxides (NOx) during the
combustion of fossil fuels has become a serious problem in
present-day society, since these gases are amongst the main
air pollutants. Recently, it has been disclosed that one of the
most efficient processes for controlling these gas emissions
is the selective catalytic reduction (SCR) of NOx using
ammonia as the reducing agent (Brandenberger, et al. Catal.
Rev. Sci. Eng., 2008, 50, 492).

[0004] In this regard, in recent years it has been disclosed
that different silicoaluminate forms of small-pore zeolites
with copper atoms introduced therein present high catalytic
activity and high hydrothermal stability in the SCR of NOx
(Bull, et al. U.S. Pat. No. 7,601,662, 2009; Moliner et al.
WO02013159825, 2012). Amongst the different small-pore
zeolites, zeolite SS7-13 (CHA-framework zeolite) with cop-
per atoms introduced therein (Cu-SSZ-13) has been widely
used in the literature as a catalyst in the SCR of NOx (Bull,
et al. U.S. Pat. No. 7,601,662, 2009). Zeolite SSZ-13 is
formed by a tri-directional system of small pores (<4 A)
interconnected by large cavities and, moreover, said crystal
structure presents small cages, known as double-6 rings
(DAG). In this regard, the great hydrothermal stability of the
Cu-SSZ-13 catalyst is due to the co-ordination of the copper
atoms in the DA6 present in the large cavities of zeolite
SSZ-13 (J. Phys. Chem. C., 2010, 114, 1633).

[0005] Another zeolite with structural properties related to
those of CHA 1s SSZ-39 (AEI zeolite structure), which is an
silicoaluminate with large cavities connected through a
tri-directional system of small pores, and which also pres-
ents DAG in its structure (Wagner, et al. J. Am. Chem. Soc.,
2000, 122, 263). Recently, it has been disclosed that the
silicoaluminate form of the AEI zeolite structure with copper
atoms introduced therein is an active, highly stable catalyst
from the hydrothermal standpoint in the SCR of NOx with
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ammonia (Moliner et al. WO2013159825, 2012), and exhib-
its an even better catalytic behaviour than the Cu-SSZ-13
catalyst (Moliner et al. Chem. Commun. 2012, 48, 8264).

[0006] The first synthesis methodology disclosed for the
preparation of the silicoaluminate form of the AEI zeolite
structure uses various cyclic quaternary ammoniums with
alkyl substituents as organic structure-directing agents (OS-
DAs) (Zones, et al. U.S. Pat. No. 5,958,370, 1999). In said
preparations, the use of silicon oxide and aluminum oxide as
sources of silicon and aluminum, respectively, has been
claimed for the preparation of the silicoaluminate form of
the AEI zeolite structure (Zones, et al. U.S. Pat. No. 5,958,
370, 1999). Unfortunately, the silicoaluminate form of mate-
rials with the AFI structure obtained by means of said
synthesis methodology always present very low synthesis
yields (less than 52%), due to the fact that the final crystal-
line solids have an Si/Al ratio that is much lower than the
initial Si/Al ratio introduced into the synthesis gel (see Table
1

TABLE 1

Synthesis conditions and synthesis yields obtained by means of the
synthesis process disclosed in the patent “Zones, et al.
U.S. Pat. No. 5,958,370, 1999~

Si/Al ratio in Si/Al ratio Synthesis
the reaction in the final yield (%
mixture solid weight)
Example 2 15 7.3 48%
Example 16 30 255 51%
Example 18 30 8.6 29%

These very different Si/Al ratios suggest that most of the
silicon species introduced in the synthesis remain in solution
following the crystallisation process, and do not become a
part of the zeolite produced. Therefore, these low synthesis
yields prevent the potential commercial application of the
silicoaluminate SSZ-39 (AEI framework), despite the fact
that the cyclic quaternary ammoniums with alkyl substitu-
ents used as OSDAs may be appealing, from an economic
standpoint, for the preparation of zeolite SSZ-39, since they
can be easily obtained from commercially available pyridine
precursors.

[0007] The synthesis of the silicoaluminate form of zeolite
AEFI has been performed with high synthesis yields (greater
than 80%) using cyclic quaternary ammoniums as OSDAs
and fluoride anions in the synthesis medium (Cao et al.,
US20050197519, 2005). Unfortunately, the presence of
fluorine in the synthesis medium and/or the crystalline
material synthesised is not recommendable for potential
industrial applications. This is due to the high corrosivity
and hazards presented by hydrofluoric acid or fluorinated
derivatives when they are used as a reactive source, or as a
subproduct formed in post-synthetic steps (for example, in
the calcination step). Consequently, it is necessary to
develop new efficient synthesis methodologies for the sili-
coaluminate form of crystalline AEI material in media that
are free from fluoride anions. Moreover, this synthesis
methodology based on the use of fluoride anions in the
synthesis medium results in AEI materials with Si/Al ratios
in the final solids greater than 100 (Cao et al,
US20050197519, 2005), which suggests a limited incorpo-
ration of aluminum into the crystal lattice of the AEI
structure. This low incorporation of aluminum species seri-
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ously limits the introduction and stabilisation of cation
species, such as, for example, Cu?* (it is worth noting that
APP* species in tetrahedral coordination in the crystal lattice
of zeolite generate a negative charge, which would be
responsible for compensating and stabilising the cation
species). Therefore, this low quantity of aluminum in the
lattice would prevent the preparation of efficient Cu-AEI
catalysts for application in the SCR of NOx.

[0008] Recently, the preparation of the silicoaluminate
form of the AEI crystal structure with high synthesis yields
(~80%) using tetraethylphosphonium cations as OSDAs has
been disclosed (Maruo, et al. Chem. Lett., 2014, 43, 302-
304; Sonoda, et al. J. Mater. Chem. A, 2015, 3, 857).
Unfortunately, this process requires the use of phosphine-
derived OSDAs, which presents significant disadvantages.
On the one hand, the use of organic molecules derived from
phosphines poses serious, inevitable environmental and
health problems. On the other hand, the complete elimina-
tion of the phosphorous species retained inside the zeolite
cavities is very complicated, especially in small-pore zeo-
lites, and the elimination process requires calcination steps
at very high temperatures and hydrogen atmospheres for the
complete decomposition/elimination of said species
(Sonoda, et al. J. Mater. Chem. A, 2015, 3, 857).

[0009] As previously discussed, small-pore zeolites sub-
stituted with a metal inside the structure, especially small-
pore zeolites with copper atoms introduced therein, present
an excellent catalytic activity for the SCR of NOx with
ammonia or hydrocarbons as the reducing agents in the
presence of oxygen. The conventional preparation of this
type of metal-zeolites is performed by means of post-
synthetic metal ion-exchange processes (Bull, et al. U.S. Pat.
No. 7,601,662, 2009).

[0010] According to the present invention, we have found
a new process for synthesising the silicoaluminate form of
the AFI zeolite structure in the absence of harmful com-
pounds such as those mentioned above and with suitable
Si/Al ratios. Moreover, it has been discovered that, thanks to
the use of zeolites with a high silica content as the only
source of Si and Al in the synthesis of these materials, the
silicoaluminates obtained have a high silica content, in
addition to yields greater than 80%.

DESCRIPTION OF THE INVENTION

[0011] The present invention relates to a new synthesis
process for the silicoaluminate form of the AEI zeolite
structure based on the use of another zeolite, zeolite Y (FAU
zeolite structure) as the only source of silicon and aluminum,
in order to obtain high synthesis yields (greater than 80%),
in the absence of any other additional source of silicon,
phosphine-derived cations and fluoride anions in the syn-
thesis medium. In the present invention, the N,N-dimethyl-
3,5-dimethylpiperidinium cation is preferably used as the
OSDA, and the FAU crystal structure is transformed into the
AFI crystal structure with high yields.

[0012] The present invention also relates to the prepara-
tion of catalysts based on the silicoaluminate form of the
AEFI crystal structure, wherein Cu atoms have been intro-
duced by means of post-synthetic treatments, for subsequent
application as catalysts, preferably in the SCR of NOx.
[0013] Thus, the present invention relates to a synthesis
process for a crystalline material with the AEI zeolite
structure, which may comprise, at least, the following steps:
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[0014] (i) Preparation of a mixture containing, at least,
water, one zeolite with the FAU crystal structure, such
as zeolite Y, as the only source of silicon and aluminum,
a cyclic ammonium cation with alky! substituents as the
OSDA, and a source of alkaline or alkaline-earth cat-
ions (A), and wherein the synthesis mixture may have
the following molar composition:

Si0y:a Al,O3:b OSDA:c A:d H,0

where a ranges between 0.001 and 0.2, preferably

between 0.005 and 0.1, and, more preferably, between

0.01 and 0.07;

where b ranges between 0.01 and 2, preferably between

0.1 and 1, and, more preferably, between 0.1 and 0.6;

where ¢ ranges between 0 and 2; preferably between

0.001 and 1, and, more preferably, between 0.01 and

0.8;

where d ranges between 1 and 200, preferably between

1 and 50, and, more preferably, between 2 and 30.

[0015] (ii) Crystallisation of the mixture obtained in (i)
in a reactor.
[0016] (iii)) Recovery of the crystalline material

obtained in (ii).
[0017] According to the present invention, the crystalline
material with the FAU zeolite structure is used in (i) as the
only source of silicon and aluminum. Preferably, the zeolite
used presents a Si/Al ratio greater than 7.
[0018] One of the advantages of the present invention is
that the reaction mixture prepared in step (i) is preferably
free from phosphorous and fluorinated species (including
fluoride anions).
[0019] According to a preferred embodiment of the pres-
ent invention, the source of alkaline or alkaline-earth cations
may be any source of these elements, preferably selected
from a source of Na, K and combinations thereof.
[0020] According to the present invention, the OSDA
required in step (i) may be any cyclic ammonium cation,
preferably a cyclic quaternary ammonium with any alkyl
substituent in its structure. According to a particular embodi-
ment, the OSDA may be preferably selected from N,N-
dimethyl-3,5-dimethylpiperidinium (DMDMP), N,N-di-
ethyl-2,6-dimethylpiperidinium (DEDMP), N,N-dimethyl-
2,6-dimethylpiperidinium, N-ethyl-N-methyl-2,6-
dimethylpiperidinium and combinations thereof; preferably,
the OSDA is N,N-dimethyl-3,5-dimethylpiperidinium.
[0021] According to a particular embodiment, the process
of the present invention may further comprise another
OSDA, called co-operative OSDA, which may also be
present in step (i), and may be selected from any cyclic
quaternary ammonium or any other organic molecule, such
as, for example, any amine or quaternary ammonium.
[0022] According to a preferred embodiment, the co-
operative OSDA is an ammonium cation, preferably, a cyclic
ammonium cation.
[0023] According to another particular embodiment, the
co-operative OSDA is an amine.
[0024] According to the present invention, the crystallisa-
tion process described in (ii) is preferably performed in
autoclaves, under static or dynamic conditions, at a tem-
perature selected from 100° C. and 200° C., preferably from
130° C. and 200° C., and, more preferably, from 130° C. and
175° C.; with a crystallisation time that may range between
6 hours and 50 days, preferably between 1 and 20 days, and,
more preferably, between 1 and 10 days. It must be borne in
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mind that the components of the synthesis mixture may
originate from different sources, which may modify the
crystallisation conditions described.

[0025] According to a particular enmbodiment of the pro-
cess of the present invention, it is possible to add AEI
crystals to the synthesis mixture. which act as seeds that
favour the synthesis described, in a quantity of up to 25% by
weight with respect to the total quantity of oxides. These
crystals may be added before or during the crystallisation
process.

[0026] According to the process described, following the
crystallisation described in (ii), the resulting solid is sepa-
rated from the mother liquours and recovered. The recovery
step (iii) may be performed by means of any well-known
separation technique, such as, for example, decantation,
filtration, ultrafiltration, centrifugation or any other solid-
liquid separation technique, and combinations thereof.
[0027] The process of the present invention may further
comprise the elimination of the organic content retained
inside the material by means of an extraction process.
[0028] According to a particular embodiment, the elimi-
nation of the organic compound retained inside the material
may be performed by means of a heat treatment at tempera-
tures greater than 25° C., preferably between 100° C. and
1000° C., for a period of time preferably ranging between 2
minutes and 25 hours.

[0029] According to another particular embodiment, the
material produced according to the present invention may be
pelletised using any well-known technique.

[0030] In the process described above, any cation present
in the material may be exchanged, by means of ion
exchange, with other cations using conventional techniques.
Thus, depending on the X,0,/YO, molar ratio of the mate-
rial synthesised, any cation present in the material may be
exchanged, at least partially, by means of ion exchange.
These exchange cations are preferably selected from metals,
protons, proton precursors (such as, for example, ammo-
nium ions) and mixtures thereof, and, more preferably, said
cation is a metal selected from rare earth elements, metals of
groups IIA; IIIA, IVA, VA, IB, 1IB, 1IIB, IVB, VB, VIB,
VIIB and VIII, and combinations thereof.

[0031] According to a preferred embodiment, the ion
exchange cation is copper.

[0032] The present invention also relates to a zeolite
material with the AEI structure obtained according to the
process described above, which may have the following
molar composition:

Si05:0 ALO;p A:iq OSDAs H,0

where
[0033] A is an alkaline or alkaline-earth cation;
[0034] o ranges between 0.001 and 0.2, preferably

between 0.005 and 0.1; and, more preferably, between
0.01 and 0.07.

[0035] p ranges between 0 and 2, preferably between
0.001 and 1; and, more preferably, between 0.01 and
038.

[0036] qranges between 0.01 and 1, preferably between
0.01 and 0.5; and, more preferably, between 0.01 and
03.

[0037] s ranges between 0 and 2, preferably between 0
and 1.5; and, more preferably, between 0 a 1.

[0038] According to a preferred embodiment, the material
obtained according to the present invention may be calcined.
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Thus, the zeolite material with the AEI structure may have
the following molar composition after being calcined:

Si0,:0 ALOzp A

[0039] where o ranges between 0.001 and 0.2, preferably
between 0.005 and 0.1; and, more preferably, between 0.01
a 0.07.

[0040] where p ranges between 0 and 2, preferably
between 0.001 and 1; and, more preferably, between 0.01
and 0.8.

[0041] The material of the present invention obtained
according to the process described above has the lattice
structure of zeolite AEL

[0042] According to a particular embodiment, the crystal-
line material obtained is preferably free from the presence of
phosphorous and fluorine.

[0043] According to a preferred embodiment, the material
obtained according to the present invention may be sub-
jected to ion exchange with a metal source preferably
selected from rare earth elements, metals of groups IIA,
IIIA, IVA, VA, IB, 1IB, 1IIB, IVB, VB, VIB, VIIB and VIII,
and combinations thereof, and subsequently subjected to
heat treatment.

[0044] Thus, the zeolite material with the AEI structure
may have the following molar composition after introducing
the metal (M):

Si0,:0 ALOsr M

[0045] where o ranges between 0.001 and 0.2, preferably
between 0.005 and 0.1; and, more preferably, between 0.01
and 0.07.

[0046] where r ranges between 0.001 and 1, preferably
between 0.001 and 0.6; and, more preferably, between 0.001
and 0.5.

[0047] Preferably, the metal (M) subjected to ion
exchange is copper.

[0048] The present invention also relates to the use of the
materials described above, obtained according to the process
of the present invention, as catalysts in the conversion of
feeds formed by organic compounds into higher-added-
value products, or as molecular sieves for the elimination/
separation of reactive streams (for example, gas mixtures),
by placing the feeds in contact with the material obtained.
[0049] According to a preferred embodiment, the material
obtained according to the present invention may be used in
the production of olefins after placing it in contact with an
oxygenated organic compound under certain reaction con-
ditions. In particular, when methanol is fed, the olefins
obtained are primarily ethylene and propylene. The ethylene
and the propylene may be polymerised to form polymers and
co-polymers, such as polyethylene and polypropylene.
[0050] According to another preferred embodiment, the
material obtained in the present invention may be used as a
catalyst in the selective catalytic reduction (SCR) of NOx
(nitrogen oxides) in a gas stream. In particular, the SCR of
NOx is performed in the presence of reducing agents, such
as ammonium, urea and/or hydrocarbons. Materials which
have had copper atoms introduced according to any well-
known technique are especially useful for this purpose.
[0051] Throughout the description and the claims, the
word “comprises” and variants thereof are not intended to
exclude other technical characteristics, additives, compo-
nents or steps. For persons skilled in the art, other objects,
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advantages and characteristics of the invention will arise,
partly from the description and partly from the practice of
the invention.

BRIEF DESCRIPTION OF THE FIGURES

[0052] FIG. 1: X-ray diffraction patterns of the materials
obtained in the present invention.

EXAMPLES

[0053] Below we will describe non-limiting examples of
the present invention.

Example 1

Synthesis of
N,N-dimethyl-3,5-dimethylpiperidinium (DMDMP)

[0054] 10 g of 3,5-dimethylpiperidine (Sigma-Aldrich,
=96% by weight) is mixed with 19.51 g of potassium
bicarbonate (KHCO,, Sigma-Aldrich; 99.7% by weight),
and dissolved in 140 ml of methanol. Subsequently, 54 ml of
methyl iodide (CH,1, Sigma-Aldrich, 299% by weight) is
added, and the resulting mixture is kept under stirring for 5
days at room temperature. Once this time has elapsed, the
reaction mixture is filtered in order to eliminate the potas-
sium bicarbonate. The filtrated solution is partially concen-
trated by means of a rotary evaporator. Once the methanol
has been partially evaporated, the solution is washed with
chloroform several times and magnesium sulfate is added
(MgSO0,, Sigma-Aldrich, 299.5% by weight). Subsequently,
the mixture is filtered in order to eliminate the magnesium
sulfate. The ammonium salt is obtained by precipitation with
diethyl ether and subsequent filtration. The final yield of
N,N-dimethyl-3,5-dimethylpiperidinium iodide is 85%.
[0055] In order to prepare the hydroxide form of the
preceding organic salt: 10.13 g of the organic salt is dis-
solved in 75.3 g of water. Subsequently, 37.6 g of an
anion-exchange resin (Dower SBR) is added, and the result-
ing mixture is kept under stirring for 24 hours. Finally, the
solution is filtered, to obtain N ,N-dimethyl-3,5-dimethylpi-
peridinium hydroxide (with a 94% exchange).

Example 2

Synthesis of the Silicoaluminate Form of the AEI
Zeolite Structure Using a Zeolite With the FAU
Structure as the Only Source of Silicon and
Aluminum

[0056] 21.62 g of a 6.9% by weight aqueous solution of
N,N-dimethyl-3,5-dimethylpiperidinium  hydroxide s
mixed with 1.89 g of a 20% by weight aqueous solution of
sodium hydroxide (NaOH, Sigma-Aldrich, 98%). The mix-
ture is homogenised by being kept under stirring for 10
minutes. Finally, 3.01 g of zeolite with the FAU structure
(CBV-720, Si0,/Al,0; molar ratio=21) is added. and the
mixture is kept under stirring until the desired concentration
is achieved. The composition of the final gel is Si0,/0.047
Al,0,/0.2 DMDMP/0.2 NaOH/15 H,O. This gel is trans-
ferred to a teflon-lined steel autoclave and heated at 135° C.
for 7 days under static conditions. Once this time has
elapsed, the product obtained is recovered by means of
filtration, washing it abundantly with water and, finally, is
dried at 100° C. The material is calcined at 550° C. for 4 h
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in an air atmosphere in order to eliminate the organic matter
retained inside. The yield of the solid obtained is greater than
80%.

[0057] X-ray diffraction shows that the solid obtained
presents the characteristic peaks of the AEI structure (see
FIG. 1). The chemical composition of the sample indicates
a Si/Al ratio of 8.2.

Example 3

Synthesis of the Silicoaluminate Form of the AEI
Zeolite Structure Using a Zeolite With the FAU
Structure as the Only Source of Silicon and
Aluminum

[0058] 2.24 g of a 7.4% by weight aqueous solution of
N,N-dimethyl-3,5-dimethylpiperidinium  hydroxide is
mixed with 0.173 g of a 20% by weight aqueous solution of
sodium hydroxide (NaOH, Sigma-Aldrich, 98%). The mix-
ture is homogenised by being kept under stirring for 10
minutes. Finally, 0.193 g of zeolite with the FAU structure
(CBV-720, Si0,/Al,O; molar ratio=21) is added, and the
mixture is kept under stirring until the desired concentration
is achieved. The composition of the final gel is Si0,/0.047
Al,0,/0.4 DMDMP/0.2 NaOH/15 H,O. This gel is trans-
ferred to a teflon-lined steel autoclave and heated at 135° C.
for 7 days under static conditions. Once this time has
elapsed, the product obtained is recovered by means of
filtration, washing it abundantly with water and, finally, is
dried at 100° C. The material is calcined at 550° C. for 4 h
in an air atmosphere in order to eliminate the organic matter
retained inside. The yield of the solid obtained is practically
90%.

[0059] X-ray diffraction shows that the solid obtained
presents the characteristic peaks of the AEI structure (see
FIG. 1). The chemical composition of the sample indicates
a Si/Al ratio of 9.0.

Example 4

Preparation of the Cu-Exchanged Silicoaluminate
Form of Zeolite AEI

[0060] The sample synthesised and calcined according to
the method presented in Example 2 of the present invention
is washed with 150 g of a 0.04 M aqueous solution of
sodium nitrate (NaNQs;, Fluka, 99% by weight) per gram of
zeolite.

[0061] 0.053 g of copper acetate [(CH;COO),Cu.H,0,
Probus, 99%) is dissolved in 48 ml of water, and 0.48 g of
the previously-washed zeolite is added. The suspension is
kept under stirring for 20 h at room temperature. Once this
time has elapsed, the product obtained is recovered by
means of filtration and washed abundantly with water.
Finally, the material is calcined in air at 550° C. for 4 h. The
final copper content in the sample is 4.7% by weight.

Example 5

Heat Teatments in the Presence of Water Vapour

[0062] The sample prepared according to Example 4 of the
present invention is treated with steam in a mufile furnace
with 100% H,O (2.2 ml/min) at 750° C. for 13 hours. The
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solid obtained is characterised by means of X-ray diffrac-
tion, and the characteristic peaks of the AEI zeolite structure
are observed (see FIG. 1).

Example 6

Catalytic Assay for the SCR of NOx

[0063] The activity for the selective catalytic reduction of
NOx is studied using a quartz fixed-bed tubular reactor 1.2
cm in diameter and 20 cm in length. In a typical experiment,
the catalyst synthesised according to the present invention is
compacted into particles with a size ranging between 0.25-
0.42 mm, which are introduced into the reactor, and the
temperature is increased to 550° C. (see the reaction con-
ditions in Table 2); subsequently, this temperature is main-
tained for one hour under a flow of nitrogen. Once the
desired temperature has been reached, the reaction mixture
is fed. The SCR of NOx is studied using NH; as the reducing
agent. The NOx present at the reactor gas outlet is continu-
ously analysed by means of a chemiluminescence detector
(Thermo 62C). The catalytic results are summarised in Table
3.

TABLE 2

Reaction conditions for the SCR of NOx.

Total gas flow (ml/min) 300
Catalyst loading (mg) 40
NO concentration (ppm) 500
NH; concentration (ppm) 530
O, concentration (%) 7
H,0 concentration 5

Temperature interval tested (° C.) 170-550

TABLE 3

Conversion (%) of NOx at different temperatures (200° C., 250° C.,
300° C., 350° C., 400° C., 450° C., 500° C.) using the Cu-AFI catalysts
prepared according to Examples 4 and 5 of the present invention
Conversion (%) of NOx at different temperatures

200° 250° 300° 350°  400°  450°  500°

C. C. C. C. C. C. C.
Exam- 736 943 996 997 986 975 89l
ple 4
Exanm- 553 890 971 979 950 892 780
ple 5
Example 7

Synthesis Using a Zeolite With the FAU Structure
and Sodium Silicate as Sources of Aluminum and
Silicon, Respectively

[0064] 1.982 g of a 6.4% by weight aqueous solution of
N,N-dimethyl-3,5-dimethylpiperidinium  hydroxide is
mixed with 0.167 g of a 20% by weight aqueous solution of
sodium hydroxide (NaOH, Sigma-Aldrich, 98%). The mix-
ture is homogenised by being kept under stirring for 10
minutes. Subsequently, 0.084 g of zeolite with the FAU
structure (CBV-500, Si0,/Al,O; molar ratio=5.2) and 0.69
¢ of sodium silicate (NaSiO;, Sigma Aldrich, Na,O 10.6%
by weight and SiO, 26.5% by weight) are added, and the
mixture is kept under stirring until the desired concentration
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is reached. The composition of the final gel is Si0,/0.047
Al,0,/0.2 DMDMP/0.2 NaOH/15 H,O. This gel is trans-
ferred to a teflon-lined steel autoclave and heated at 135° C.
for 7 days under static conditions. Once this time has
elapsed, the product obtained is recovered by means of
filtration, washing it abundantly with water, and, finally, is
dried at 100° C.

[0065] X-ray diffraction shows that the solid obtained
presents the characteristic peaks of the AEI structure. The
yield of the solid obtained is less than 40%.

Example 8

Synthesis Using a Zeolite With the FAU Structure
and LUDOX as Sources of Aluminum and Silicon,
Respectively

[0066] 2.001 g of a 6.4% by weight aqueous solution of
N,N-dimethyl-3,5-dimethylpiperidinium  hydroxide s
mixed with 0.164 g of a 20% by weight aqueous solution of
sodium hydroxide (NaOH, Sigma-Aldrich, 98%). The mix-
ture is homogenised by being kept under stirring for 10
minutes. Subsequently, 0.080 g of zeolite with the FAU
structure (CBV-500, Si0,/Al,0; molar ratio=5.2) and 0.454
g of Ludox (Si0,, Sigma Aldrich, 40% by weight) are
added, and the mixture is kept under stirring until the desired
concentration is achieved. The composition of the final gel
is 8i0,/0.047 Al,0,/0.2 DMDMP/0.2 NaOH/15 H,O. This
gel is transferred to a teflon-lined steel autoclave and heated
at 135° C. for 7 days under static conditions. Once this time
has elapsed, the product obtained is recovered by means of
filtration, washing it abundantly with water, and, finally, is
dried at 100° C.

[0067] X-ray diffraction shows that the solid obtained is
amorphous.

Example 9

Synthesis Using Zeolite With the FAU Structure
and Aerosil as Sources of Aluminum and Silicon,
Respectively

[0068] 1.996 g of a 6.4% by weight aqueous solution of
N,N-dimethyl-3,5-dimethylpiperidinium  hydroxide is
mixed with 0.158 g of a 20% by weight aqueous solution of
sodium hydroxide (NaOH, Sigma-Aldrich, 98%). The mix-
ture is homogenised by being kept under stirring for 10
minutes. Subsequently, 0.078 g of zeolite with the FAU
structure (CBV-500, SiO,/Al,0; molar ratio=5.2) and 0.181
g of Aerosil are added, and the mixture is kept under stirring
until the desired concentration is achieved. The composition
of the final gel is Si0,/0.047 A1,0,/0.2 DMDMP/0.2 NaOH/
15 H,O. This gel is transferred to a teflon-lined steel
autoclave and heated at 135° C. for 7 days under static
conditions. Once this time has elapsed, the product obtained
is recovered by means of filtration, washing it abundantly
with water, and, finally, is dried at 100° C.

[0069] X-ray diffraction shows that the solid obtained is
amorphous.

1. Synthesis process for a crystalline material with the
AEI zeolite structure, comprising, at least, the following
steps:

(1) preparation of a mixture containing, at least, water, one
zeolite with the FAU crystal structure as the only source
of silicon and aluminum, a cyclic ammonium cation
with alkyl substituents as the OSDA, and a source of
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alkaline or alkaline-earth cations (A), wherein the syn-
thesis mixture has the following molar composition:

SiO,:a Al,O4:b OSDA:c A:d H,0

where a ranges between 0.001 and 0.2;

where b ranges between 0.01 and 2;

where ¢ ranges between 0 and 2;

where d ranges between 1 and 200;

(ii) crystallisation of the mixture obtained in (i) in a

reactor; and

(i11) recovery of the crystalline material obtained in (ii).

2. Process according to claim 1, wherein the cyclic
ammonium cation used as the OSDA is a quaternary ammo-
nium selected from N,N-dimethyl-3,5-dimethylpiperi-
dinium (DMDMP), N.N-diethyl-2,6-dimethylpiperidinium
(DEDMP), N,N-dimethyl-2,6-dimethylpiperidinium,
N-ethyl-N-methyl-2,6-dimethylpiperidinium, and combina-
tions thereof.

3. Process according to claim 2, wherein the OSDA is
N,N-dimethyl-3,5-dimethylpiperidinium.

4. Process according to claim 1, further comprising
another co-operative OSDA present in step (1), which is any
organic molecule.

5. Process according to claim 4, wherein the co-operative
OSDA is an ammonium cation.

6. Process according to claim 5, wherein the co-operative
OSDA is a cyclic ammonium cation.

7. Process according to claim 4, wherein the co-operative
OSDA is an amine.

8. Process according to claim 1, wherein the crystallisa-
tion process described in (ii) is performed in autoclaves,
under static or dynamic conditions.

9. Process according to claim 1, wherein the crystallisa-
tion process described in (ii) is performed at a temperature
ranging between 100° C. and 200° C.

10. Process according to claim 1, wherein the crystalli-
sation time of the process described in (ii) ranges between 6
hours and 50 days.

11. Process according to claim 1, further comprising the
addition of AFI crystals, designed to act as seeds, to the
synthesis mixture in a quantity of up to 25% by weight with
respect to the total quantity of oxides.

12. Process according to claim 11, wherein the AEI
crystals are added before the crystallisation process or
during the crystallisation process.

13. Process according to claim 1, wherein the recovery
step (ii1) is performed using a separation technique selected
from decantation, filtration, ultrafiltration, centrifugation
and combinations thereof.

14. Process according to claim 1, further comprising the
elimination of the organic content retained inside the mate-
rial by means of an extraction process.

15. Process according to claim 1, further comprising the
elimination of the organic content retained inside the mate-
rial by means of a heat treatment at temperatures ranging
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between 100° C. and 1000° C. for a period of time ranging
between 2 minutes and 25 hours.

16. Process according to claim 1, wherein the material
obtained is pelletised.

17. Process according to claim 1, wherein any cation
present in the material may be exchanged with other cations
by means of ion exchange using conventional techniques.

18. Process according to claim 17, wherein the exchange
cation is selected from metals, protons, proton precursors
and mixtures thereof.

19. Process according to claim 18, wherein the exchange
cation is a metal selected from rare earth elements, metals of
groups IIA, IITA, WA, VA, 1B, IIB, 1IIB, IVB, VB, VIB,
VIIB and VIII, and combinations thereof,

20. Process according to claim 19, wherein the metal is
copper.

21. Zeolite material with the AEI structure obtained
according to the process described in claim 1, wherein it has
the following molar composition:

Si0y:0 ALOz:p A:qg OSDA:s H,0

wherein

A is an alkaline or alkaline-earth cation;

o ranges between 0.001 and 0.2;

p ranges between 0 and 1;

q ranges between 0.01 and 1;

s ranges between 0 and 2;

22. Zeolite material with the AEI structure according to
claim 21, having the following molar composition after
being calcined:

Si0y:0 ALO;p A

where o ranges between 0.001 and 0.2;

where p ranges between 0 and 2.

23. Zeolite material with the AEI structure according to
claim 22, having the following molar composition after the
metal (M) has been introduced:

Si0y:0 ALO;r M

where o ranges between 0.001 and 0.2;

where r ranges between 0.001 and 1.

24. 7eolite material with the AEI structure according to
claim 23, wherein the metal (M) is copper.

25. Use of the zeolite material with the AEI structure
described in claim 21, in conversion processes of feeds
formed by organic compounds into higher-value-added
products, or for the elimination/separation of reactive
streams, by placing said feed in contact with the composi-
tion.

26. Use of the zeolite material with the AEI structure
according to claim 25, for the production of olefins, after
placing it in contact with an oxygenated organic compound
under certain reaction conditions.

27. Use of the zeolite material with the AEI structure
according to claim 25, for the selective catalytic reduction
(SCR) of NOx (nitrogen oxides) in a gas stream.
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