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Post-treatment of Deboronated Zeolite Beta

The present invention relates to a process for the post-treatment of a zeolitic material
having a BEA framework structure comprising X203 and YO2, wherein a zeolitic mate-
rial having a BEA framework structure is provided and then subjected to a treatment
with a liquid solvent system followed by a treatment with a liquid aqueous system. Fur-
ther, the present invention relates to a zeolitic material obtained or obtainable by this
process. Also, the present invention relates to the use of said zeolitic material, in par-
ticular as a catalyst or a catalyst component.

Zeolites are widely used in the chemical industry, for example as heterogeneous cata-
lysts for various chemical and petrochemical processes. Generally, zeolites are crys-
talline aluminosilicates having microporous structure. Their special properties, among
others, are attributed to their porous structure, usually a regular pore system of mo-
lecular dimensions, and their specific chemical composition. There are many known
zeolite structures, either naturally occurring zeolites or synthesized zeolites, which can
be applied as heterogeneous catalysts for many types of applications.

In order to modify the properties of zeolitic materials such as their structure or their
composition, post-treatment methods can be applied. The most common post-
treatment methods described in the literature are steam treatments, acid treatments,
or basic treatments.

Steam treatment is often used to enhance the activity and stability of the zeolite for
various selective reactions. EP 0 013 433 A1, for example, teaches the use of steam
treatment to increase the activity of a zeolite by increasing the Si/Al ratio. This steam
treatment not only influences the Si/Al ratio, but also has an impact on the acidic/basic
properties and the hydrophilicity/hydrophobicity of the zeolite.

Acid treatment may have a similar effect, and it may also result in the change of the
framework composition. For example, WO 02/057181 A2 describes the deboronation
of a silicate wherein an acid is employed for the deboronation stage. According to the
specific examples of this document, glacial acetic acid is employed, and according to
conceivable embodiments which are not further concretized, hydrochloric acid, sulfuric
acid, nitric acid, phosphoric acid, formic acid, acetic acid, propionic acid, oxalic acid,
and tartaric acid are described.

WO 2009/016153 A2 describes a combination of steam treatment and acid treatment.
According to this document, phosphorus-modified molecular sieves are subjected to a
steam treatment at high temperatures before a leaching step with an acidic solution is
carried out to remove Al from the zeolitic material.
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Both the steam treatment and the acid treatment have a significant influence on the properties
of the zeolitic material. By subjecting a zeolitic material comprising both trivalent and tetrava-
jent structural components X and Y as X203 and YOs, respectively, to a steam and/or an acid
treatment, the X203 : YOz molar ratio is decreased. However, it was found that, for example,
the crystallinity of the zeolitic materials may be decreased by the steam treatment and/or the
acid treatment. Also, it was found that the hydrophobicity of the zeolitic materials, character-
fzed by the waler uptake of the zeolitic material, decreases. Therefore, both the steam ftreat-
ment and the acid treatment are believed to resuit in a partial transformation of the zeolitic ma-
tertal into an amorphous material and to change the hydrophacbicity.

Therefore, it was an object of the embodiments disclosed herein to provide a process for the
post-treatment of a zeolitic material which does not exhibit said disadvantage.

Further, it was an object of the embodiments disclosed herein to provide a post-freated zeolitic
material having a low Xz03 : YO, molar ratio and simultaneously a high hydrophobicity. It was
also an object of the embodiments disclosed herein to provide a post-ireated zeolific material
having a low X203 : YO, molar ratio, a high hydrophobicity and at the same time a reduced
concentration of internal defects such as silanol nests. In particular, it has been observed that
the treatment of a zeolitic material for lowering the X>03 : YO molar ratio such as by steam
and/or acid treatment leads to the increased formation of silanol nests which are for example
characterized by an absorblion band in the IR spectrum of the zeolitic material located in the
range of from 3500 to 3550 cm-'. Within the meaning of the present disclosure, the term “si-
fanol nests” preferably refers to hydrogen-bonded Si-OH groups of which the characteristic
absorption in the IR spectra of e.g. silicalites is found in the range of 3200 to 3650 cm!, as
described in Zecchina et al. in J. Phys. Chem. 1992, 96, pp. 4991-4997.

It was surprisingly found that a post-treatment process which includes subjecting a zeoiitic ma-
terial to a treatment with a liquid solvent system to decrease the molar ratio X203 1 YO. fol-
lowed by a treatment with a liquid agueous system having a pH in the range of 5.5 to 8 at ele-
vated temperatures of at least 75 °C avoids that disadvantages. It was further surprisingly
found that said treatment with the liguid agueous system reduces the concentration of internal
defects in the obtained zeolitic material.

in an aspect, there Is provided a process for the post-treatment of a zeolitic material having a

BEA framework structure, the process comprising

(iy  providing a zeolitic material having a BEA framewaork structure,
wherein the framework structure of the zeolitic material comprises X»0s and YOq,
wherein Y is a tetravalent element and X is a trivalent element and wherein the mo-
lar ratio X203: YOz is greater than 0.02 : 1,
wherein Y is selected from the group consisting of Si, Sn, Ti, Zr, Ge, and combina-
tions of two or more thereof
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2a

wherein X is selected from the group consisting of Al, B, In, Ga, Fe and combinations
of two or more thereof;

(i) treating the zeolitic material provided in (i) with a liquid solvent system thereby obtain-
ing a zeolitic material having a molar ratio X203 : YOz of at most 0.02 : 1, and at least
partially separating the zeolitic material from the liquid solvent system,
wherein the liquid solvent system is selected from the group consisting of water,
monohydric alcohols, polyhydric alcohols, and mixtures of two or more thereof,
wherein in {ii), the treating is carried out at a temperature in the range of from 50 to
125 °C;

(iii}y treating the zeolitic material obtained from (ii) with a liquid aqueous system having a
pH in the range of 5.5 to 8 and a temperature of at least 75 °C,
wherein the water content of the liguid aqueous system is greater than 50 weight-%,
wherein in (iit), the zeolitic material is treated with the liquid aqueous system for a pe-
riod in the range of from 0.5 to 24 h;

wherein the pH of the agueous system used in (iii) is determined using a pH sensitive glass

electrode.

In another aspect, there is provided a zeolitic material having a BEA framework structure, where-

in the framework structure comprises YO and X203, wherein Y is a tetravaieni element
and X is a frivalent element, said zeolitic material having a molar ratio Xe0s: : YOy of at
most 0.002 : 1 and a water uptake of at most 7 weight-%, wherein Y is selected from the
group consisting of Si, Sn, Ti, Zr, Ge, and combinations of two or more thereof, wherein X
is selected from the group consisting of Al, B, In, Ga, Fe and combinations of fwo or more
thereof, wherein the zeolitic material has an IR spectrum exhibiting a first absorption band
with the maximum in the range of from 3701 cm to 3741 cm™' and a second absorption
band with the maximum in the range of from 3500 cm to 3550 cm!, and wherein the ratio
of the intensity of the first absorption band relfative to the intensity of the second absorption
band is in the range of from 1.4 t0 2.6.

In another aspect, there is provided a zeolitic material, preferably the zeolilic material as defined

above, obtainable or obtained by a process as defined above.

In another aspect, there is provided the use of a zeolitic material as defined above as a catalysi,

as a catalyst suppart or a catalyst component.

Therefore, the present disclosure relates to a process for the post-treatment of a zeolitic material
having a BEA framework structure, the process comprising

(i)

(i)

providing a zeolitic material having a BEA framework structure, wherein the framework
structure of the zeolitic material comprises X0z and YOz, wherein the molar ratio X203 :
YO is greater than 0.02 ; 1.

treating the zeolitic material provided in (i) with a liquid solvent system thereby obtaining a
zeolitic material having a molar ratio X0z : YO, of at most 0.02 : 1,
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and at least partially separating the zeolitic material from the liquid solvent sys-
tem;

(iii) treating the zeolitic material obtained from (ii) with a liquid aqueous system hav-
ing a pH in the range of 5.5 to 8 and a temperature of at least 75 °C;

wherein the pH of the aqueous system used in (iii) is determined using a pH sensitive

glass electrode.

Step (i)

According to the present invention, X203 and YO, comprised in the BEA framework
structure of the zeolitic material provided in (i) are contained therein as structure build-
ing elements, in contrast to non-framework elements which can be present in the
pores and cavities formed by the framework structure.

Generally, there are no specific restrictions how the zeolitic material having a BEA
framework structure is provided in (i). For example, it may be conceivable to purchase
a suitable, commercially available zeolitic material having a BEA framework structure.
Further, for example, any conceivable process for synthesizing such a zeolite can be
employed for providing the zeolitic material. Preferably, the zeolitic material is provid-
ed by a process starting from suitable sources of X203 and YO: in the presence of a
suitable template compound, also referred to as structure directing agent.

Generally, the framework structure of the zeolitic material provided in (i) comprises
X203 and YO.. Preferably, the suitable sources of X203 and YOz are employed in an
amount so that at least 75 weight-%, more preferably at least 90 weight-%, more pref-
erably at least 95 weight-%, more preferably at least 98 weight-%, more preferably at
least 99 weight-% of the framework structure of the zeolitic material provided in (i)
consist of X203 and YO..

Generally, X203 and YOz may be comprised in the zeolitic material having a BEA
framework structure with a molar ratio X203 : YO of greater than 0.02 : 1, preferably
at least 0.03 : 1, more preferably in the range of from 0.03 : 1 to 0.07 : 1, more prefer-
ably from 0.03 : 1 t0 0.06 : 1, more preferably from 0.03 : 110 0.05: 1.

While there are no spedcific restrictions concerning the chemical nature of tetravalent
elements Y, preferred tetravalent elements Y according to the present invention in-
clude, but are not restricted to, Si, Sn, Ti, Zr, Ge, and combinations of two or more
thereof. More preferably, Y is selected from the group consisting of Si, Sn, Ti, Zr, Ge,
and combinations of two or more thereof. More preferably, Y is selected from the
group consisting of Si, Sn, Ti, Zr, and combinations of two or more thereof. More pref-
erably, Y is Si, Sn or a combination of Si and Sn. More preferably, Y is Si.
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While there are no specific restrictions concerning the chemical nature of trivalent el-
ements X, preferred trivalent elements according to the present invention include, but
are not restricted to, Al, B, In, Ga, Fe, and combinations thereof. More preferably, X is
selected from the group consisting of Al, B, In, Ga, Fe, and combinations of two or
more thereof. More preferably, X is selected from the group consisting of Al, B, In, and
combinations of two or more thereof. More preferably, X is Al, B, or a combination
thereof. More preferably, X is B.

Therefore, the present invention relates to the process above, wherein Y is selected
from the group consisting of Si, Sn, Ti, Zr, Ge, and combinations of two or more
thereof, Y preferably being Si, and wherein X is selected from the group consisting of
Al, B, In, Ga, Fe and combinations of two or more thereof, X preferably being B.

Therefore, according to a preferred embodiment, a zeolitic material is provided in (i),
having a BEA framework structure, wherein at least 90 weight-%, more preferably at
least 95 weight-%, more preferably at least 98 weight-%, more preferably at least 99
weight-% of the framework structure consists of BoOz and SiO», and wherein the molar
ratio B2Os : SiO2 is greater than 0.02 : 1, more preferably at least 0.03 : 1, more pref-
erably in the range of from 0.03 : 1 to 0.07 : 1, more preferably from 0.03 : 1 to 0.06 :
1, more preferably from 0.03 : 1 to 0.05 : 1. This material is also referred to as B-BEA.

Thus, according to a preferred embodiment of the present invention, a zeolitic material
is provided in (i), having a BEA framework structure, wherein at least 95 weight-%,
preferably at least 98 weight-% of the framework structure consists of B2O3z and SiO»,
and wherein the molar ratio B2O3 and SiOzis in the range of from 0.03 : 1 t0 0.07 : 1,
preferably from 0.03 : 110 0.06 : 1.

According to a preferred embodiment of the present invention, the zeolitic material

provided in (i) is obtained by a synthetic method comprising

(1) preparing a mixture comprising at least one template compound, at least one
source for YOz and at least one source for X203, and

(2) crystallizing the zeolitic material from the mixture prepared in (1).

According to the present invention, the at least one template compound used in (1)
can be any suitable template compound (structure directing agent). Suitable template
compounds include piperidine, hexamethylene imine, N,N,N-trimethyl-1-
adamantammonium hydroxide, piperidine, hexamethylene imine, dibenzyl-1,4-
diazabicyclo[2,2,2]octane, dibenzylmethylammonium, tetraethylammonium hydroxide
and a mixture thereof. According to a preferred embodiment of the present invention,
tetraethylammonium hydroxide is used.
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Furthermore, YOz can be provided in (1) in any conceivable form, provided that a zeo-
litic material having a BEA framework structure comprising YO can be crystallized in
(2). Preferably, YO: is provided as such and/or as a compound which comprises YO:
as a chemical moiety and/or as a compound which, partly or entirely, is chemically
transformed to YO2 during (1). In preferred embodiments of the present invention,
wherein Y stands for Si or for a combination of Si with one or more further tetravalent
elements, the source for SiO. provided in (1) can be any conceivable source. There
can therefore be used, for example, all types of silica and silicates, preferably fumed
silica, silica hydrosols, reactive amorphous solid silica, silica gel, silicic acid, water
glass, sodium metasilicate hydrate, sesquisilicate or disilicate, colloidal silica, pyro-
genic silica, silicic acid esters, or tetraalkoxysilanes, or mixtures of at least two of
these compounds.

In preferred embodiments of the present invention, wherein the mixture according to
(1) comprises at least one source for SiO2, said source preferably comprises at least
one compound selected from the group consisting of silica and silicates, preferably
silicates, more preferably alkali metal silicates. Among the preferred alkali metal sili-
cates, the at least one source preferably comprises water glass, more preferably sodi-
um and/or potassium silicate, and more preferably sodium silicate. In particularly pre-
ferred embodiments of the present invention, the source for SiOz is sodium silicate.
Furthermore, in embodiments comprising silica, fumed silica is preferred.

According to preferred embodiments of the present invention, wherein the zeolitic ma-
terial having a BEA framework structure comprises X203, at least one source for X203
is provided in (1). In general, X203 can be provided in any conceivable form, provided
that a zeolitic material having a BEA framework structure comprising X>O3 can be
crystallized in (2). Preferably, X203 is provided as such and/or as a compound which
comprises X203 as a chemical moiety and/or as a compound which, partly or entirely,
is chemically transformed to X203 during the inventive process.

In more preferred embodiments of the present invention, wherein X stands for B or for
a combination of B with one or more further trivalent elements, for example free boric
acid and/or borates and/or boric esters, such as, for example, triethyl borate or trime-
thyl borate, can be used as starting materials and as the at least one source for X203,
respectively.

There is no particular restriction according to the present invention as to the combina-
tions of X203 and YOz which are comprised in the zeolitic material having a BEA
framework structure. Thus, in principle, any conceivable combination of one or more
tetravalent elements Y in YO2 may be comprised in the zeolitic material in combination
with one or more trivalent elements X in X203, wherein the aforementioned elements
X and Y respectively refer to constitutive elements of the BEA framework structure.
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In general, the crystallization procedure according to (2) can be conducted in any con-
ceivable manner, provided that a zeolitic material having a BEA framework structure is
crystallized from the mixture according to (1). The mixture can be crystallized in any
type of vessel, wherein a means if agitation is preferably employed, preferably by rota-
tion of the vessel and/or stirring, and more preferably by stirring the mixture.

Preferably, the mixture is heated during at least a portion of the crystallization process
in (2). In general, the mixture can be heated to any conceivable temperature of crys-
tallization, provided that a zeolitic material having a BEA framework structure is crys-
tallized from the mixture. Preferably, the mixture is heated to a temperature of crystal-
lization ranging from 80 to 200 °C, more preferably from 90 to 190 °C, more preferably
from 100 to 185 °C, more preferably from 120 to 180 °C, more preferably from 140 to
175 °C, even more preferably from 150 to 165 °C.

The preferred heating in (2) of the present invention can be conducted in any conceiv-
able manner suitable for the crystallization of a zeolitic material having a BEA frame-
work structure. In general, heating may be conducted at one temperature of crystalli-
zation or vary between different temperatures. Preferably, a heat ramp is used for
reaching the temperature of crystallization, wherein the heating rate preferably ranges
from 5 to 100 °C/h, more preferably from 10 to 70 °C/h, more preferably from 15 to
50 °C/h and even more preferably from 20 to 30 °C/h.

In general, the duration of the crystallization process in (2) of the inventive process is
not particularly limited. In preferred embodiments involving heating of the mixture ac-
cording to (1), said crystallization process is conducted for a period ranging from 10 to
200 h, more preferably from 20 to 190 h, and even more preferably from 40 to 170 h.
According to the inventive process, it is further preferred that crystallization is con-
ducted for a period ranging from 60 to 160 h, more preferably from 80 to 150 h, and
even more preferably from 110 to 130 h.

According to preferred embodiments of the present invention, wherein the mixture is
heated in (2), said heating may be conducted during the entire crystallization process
or during only one or more portions thereof, provided that a zeolitic material having the
BEA framework structure is crystallized. Preferably, heating is conducted during the
entire duration of crystallization.

In general, the process of the present invention can optionally comprise further steps
for the work-up and/or further physical and/or chemical transformation of the zeolitic
material having a BEA framework structure crystallized in (2) from the mixture provid-
ed in (1). The crystallized material can, for example, be subject to any sequence of
isolation and/or washing procedures, wherein the zeolitic material obtained from crys-
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tallization in (2) is preferably subject to at least one isolation and at least one washing
procedure.

Isolation of the crystallized zeolitic material can be achieved by any conceivable
method. These methods include, for example, filtration, ultrafiltration, diafiltration and
centrifugation and/or decantation methods or, for instance, spray-drying processes
and spray granulation processes, wherein filtration methods can involve suction
and/or pressure filtration steps. A combination of two or more of these methods can
be applied.

With respect to one or more optional washing procedures, any conceivable solvent
can be used. Washing agents which may be used are, for example, water, alcohols,
such as methanol, ethanol or propanol, or mixtures of two or more thereof. Examples
of mixtures are mixtures of two or more alcohols, such as methanol and ethanol or
methanol and propanol or ethanol and propanol or methanol and ethanol and propa-
nol, or mixtures of water and at least one alcohol, such as water and methanol or wa-
ter and ethanol or water and propanol or water and methanol and ethanol or water
and methanol and propanol or water and ethanol and propanol or water and methanol
and ethanol and propanol. Water or a mixture of water and at least one alcohol, pref-
erably water and ethanol, is preferred, distilled water being very particularly preferred
as the only washing agent.

According to the present invention, the crystallized zeolitic material is preferably sepa-
rated from the suspension by filtration to obtain a filter cake which is preferably sub-
jected to washing, preferably with water. If washing is applied, it is preferred to contin-
ue the washing process until the washing water has a conductivity of at most 1,000
microSiemens/cm, more preferably of at most 850 microSiemens/cm, more preferably
of at most 700 microSiemens/cm.

After separation of the zeolitic material from the suspension, preferably by filtration,
and preferably after washing, the washed zeolitic material is optionally subjected to
pre-drying, for example by subjecting to a suitable gas stream such as air, lean air, or
technical nitrogen, for a time preferably in the range of from 4 to 10 h, more preferably
from 5 to 8 h.

Then, the optionally the pre-dried filter cake is preferably dried. Preferably, drying is
carried out at a temperature in the range of from 100 to 300 °C, more preferably from
150 to 275 °C, more preferably from 200 to 250 °C in a suitable atmosphere such as
technical nitrogen, air, or lean air. Such drying can be accomplished, for example, in a
suitable drying oven, or by spray-drying. If the drying is accomplished by spray-drying,
the drying gas inlet temperature is preferably in the range of from 200 to 250 °C, more
preferably from 220 to 250 °C, and the drying gas outlet temperature is preferably in
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the range of from 100 to 175 °C, more preferably from 120 to 150 °C. If spray-drying is
carried out, it is conceivable to subject the mother liquor containing the zeolitic materi-
al, optionally after concentration, directly to spray-drying. Further, it is conceivable to
subject the separated and washed zeolitic material to spray-drying, optionally after
suitable re-suspending of the washed and optionally pre-dried zeolitic material.

Therefore, the present invention also relates to the process above, wherein prior to
(i), the zeolitic material provided in (i) is subjected to spray-drying, wherein during
spray-drying, the drying gas inlet temperature is preferably in the range of from 200 to
250 °C and the drying gas outlet temperature is preferably in the range of from 100 to
175 °C.

The preferred synthetic method preferably comprises calcination of the zeolitic materi-
al provided in (i), wherein the zeolitic material can be optionally subjected to spray-
drying beforehand. According to a preferred embodiment of the present invention, pri-
or to (ii), the zeolitic material provided in (i), optionally after spray-drying, is subjected
to calcination. During calcination, the at least one template compounds is preferably at
least partially, more preferably essentially removed from the framework structure.

The calcination generally involves the heating of the zeolitic material provided in (i)
above a temperature of 350 °C. The calcination procedure according to the present
invention generally involves the heating of the zeolitic material provided in (i) at a tem-
perature in the range of from 400 to 700 °C, preferably from 450 to 550 °C in a suita-
ble atmosphere such as technical nitrogen, air, or lean air. Furthermore, calcination
procedure of the zeolitic material provided in (i) is carried out for a period in the range
of from 1 to 10 h, preferably from 3 to 6 h. Thus, according to a preferred embodiment
of the present invention, the calcination is carried out at a temperature in the range of
from 400 to 700 °C, preferably from 450 to 550 °C, for a period in the range of from 1
to 10 h, preferably from 3 to 6 h.

According to the present invention, the crystallinity of the zeolitic material provided in
(i) is not subject to any specific restrictions. As far as the crystallinity is concerned, the
values referred to in the context of the present invention are to be understood as be-
ing determined according to the method as described in Reference Example 2. By
way of example, the crystallinity of the zeolitic material provided in (i) may be in the
range of from 40 to 100 % such as from 50 to 90 % or from 55 to 80 %.

As far as the water uptake of the zeolitic material provided in (i) is concerned, the val-
ues referred to in the context of the present invention are to be understood as being
determined according to the method as described in Reference Example 1. By way of
example, the water uptake of the zeolitic material provided in (i) may be in the range
of from 10 to 50 weight-% such as from 10 to 40 weight-% or from 10 to 30 weight-%.
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Step (ii)

According to the present invention, the zeolitic material having a BEA framework
structure, especially preferred the separated, spray-dried and calcined zeolitic materi-
al, provided in (i), is subjected to a treatment (ii) with a liquid solvent system where-
from a zeolitic material having a molar ration X203 : YOz of at most 0.02 : 1 is ob-
tained, and wherein the zeolitic material is at least partially separated from the liquid
solvent system.

Generally, no specific restrictions exist concerning the chemical nature of the liquid
solvent system used in (ii). Thus, it may be conceivable to use an acidic aqueous sys-
tem for decreasing the molar ratio X203 : YO: of the zeolitic material provided in (i) to
a value of at most 0.02 : 1. As acids, the liquid solvent system may comprise, for ex-
ample, hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid, formic acid, acetic
acid, propionic acid, oxalic acid, or tartaric acid. Preferably, the liquid solvent system
used in (ii) is selected from the group consisting of water, monohydric alcohols, poly-
hydric alcohols, and mixtures of two or more thereof. Concerning the monohydric al-
cohols and polyhydric alcohols, no specific restrictions exist. Preferably, these alco-
hols contain from 1 to 6 carbon atoms, more preferably from 1 to 5 carbon atoms,
more preferably from 1 to 4 carbon atoms, and more preferably from 1 to 3 carbon
atoms. The polyhydric alcohols preferably comprise from 2 to 5 hydroxyl groups, more
preferably from 2 to 4 hydroxyl groups, preferably 2 or 3 hydroxyl groups. Especially
preferred monohydric alcohols are methanol, ethanol, and propanol like 1-propanol
and 2-propanol. Especially preferred polyhydric alcohols are ethane-1,2-diol, propane-
1,2-diol, propane-1,3-diol, propane-1,2,3-triol. If mixtures of two or more of above-
described compounds are employed, it is preferred that these mixtures comprise wa-
ter and at least one monohydric and/or at least one polyhydric alcohol. Most prefera-
bly, the liquid solvent system consists of water. Therefore, the present invention re-
lates to above-defined process and zeolitic material obtainable or obtained therefrom,
wherein the liquid solvent system is selected from the group consisting of water,
methanol, ethanol, propanol, ethane-1,2-diol, propane-1,2-diol, propane-1,3-diol, pro-
pane-1,2,3-triol, and mixtures of two or more thereof, preferably water.

Further, it is especially preferred that the liquid solvent system does not contain an
inorganic acid or an organic acid or a salt thereof, the acid being selected from the
group consisting of hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid, formic
acid, acetic acid, propionic acid, oxalic acid, and tartaric acid. Therefore, the present
invention also relates to the process above, wherein the liquid solvent system is se-
lected from the group consisting of water, methanol, ethanol, propanol, ethane-1,2-
diol, propane-1,2-diol, propane-1,3-diol, propane-1,2,3-triol, and mixtures of two or
more thereof, preferably water, and wherein the liquid solvent system does not contain
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an inorganic or organic acid, or a salt thereof, the acid being selected from the group
consisting of hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid, formic acid,
acetic acid, propionic acid, oxalic acid, and tartaric acid. Even more preferably, the
present invention also relates to the process above, wherein the liquid solvent system
is selected from the group consisting of water, methanol, ethanol, propanol, ethane-
1,2-diol, propane-1,2-diol, propane-1,3-diol, propane-1,2,3-triol, and mixtures of two or
more thereof, preferably water, and wherein the liquid solvent system does not contain
an inorganic or organic acid, or a salt thereof.

The reaction conditions according to (ii) are not specifically restricted, provided that
the solvent system described above is in its liquid state and that the molar ratio X203 :
YO is decreased to a value of at most 0.02 : 1. In particular, concerning the preferred
temperatures described below, the skilled person will choose the respective pressure
under which the treating is carried out in order to keep the solvent system in its liquid
state.

Concerning the duration of the treating according to (ii), no specific restrictions exist.
The above mentioned time is to be understood as the time where the liquid solvent
system is maintained under the below described treating temperature. Preferably, in
(i), the treating is carried out for a period of from 6 to 20 h, more preferably from 7 to
17 h, more preferably from 8 to 12 h. The preferred treating temperatures are in the
range of from 50 to 125 °C, preferably from 90 to 115 °C, more preferably from 95 to
105 °C. Most preferably, the treating according to (ii) is carried out at the boiling point
of the solvent system. If the solvent system is comprised of two or more components,
the treating according to (ii) is preferably carried out at the boiling point of the compo-
nent having the lowest boiling point.

According to a preferred embodiment of the present invention, the treating according
to (ii) is carried out under reflux. Thus, the preferred vessel, representing an open sys-
tem, used for the treating according to (ii) is preferably equipped with a reflux conden-
ser. During (ii), the temperature of the liquid solvent system is kept essentially con-
stant or changed, the treating with the liquid solvent system thus being carried out at
two or more different temperatures. Most preferably, the temperature is kept essential-
ly constant within the above-defined ranges.

Therefore, the present invention relates to the process above, comprising

(ii) treating the zeolitic material provided in (i) with a liquid solvent system, prefera-
bly water, thereby obtaining a zeolitic material having a molar ratio X203 : YOu,
preferably B2Os : SiO», of at most 0.02 : 1 in an open system under reflux at a
temperature in the range of from 95 to 105 °C, and at least partially separating
the zeolitic material from the liquid solvent system.
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As far as the amount of zeolitic material which is employed relative to the amount of
liquid solvent system, no specific restrictions exist. Preferably, the weight ratio of zeo-
litic material relative to the liquid solvent system is in the range of from 1 : 5to 1 : 50,
more preferably from 1 : 10 to 1 : 35, more preferably from 1 : 10 to 1 : 20, even more
preferably from 1:12to 1: 18.

During treating according to (ii), it is further preferred to suitably stir the liquid solvent
system. During (ii), the stirring rate is kept essentially constant or changed, the treat-
ing thus being carried out at two or more different stirring rates. Most preferably, the
zeolitic material is suspended in the liquid solvent system at a first stirring rate, and
during (ii) at above-described temperatures, the stirring rate is changed, preferably
increased. The stirring rates as such can be suitably chosen depending, for example,
on the volume of the liquid solvent system, the amount of the zeolitic material em-
ployed, the desired temperature, and the like. Preferably, the stirring rate under which
the zeolitic material is suspended in the liquid solvent system is in the range of from 5
to 200 r.p.m. (rounds per minute), more preferably from 10 to 200 r.p.m., more prefer-
ably from 20 to 55 r.p.m., more preferably from 30 to 50 r.p.m. The stirring rate under
which the treating at the above-described temperatures is carried out is preferably in
the range of from 50 to 100 r.p.m., more preferably from 55 to 90 r.p.m., more prefer-
ably from 60 to 80 r.p.m.

After the treating according to (ii), the obtained zeolitic material is separated from the
suspension. All methods of separating the zeolitic material from the suspension are
conceivable. These methods include, for example, filtration, ultrafiltration, diafiltration
and centrifugation methods or, for instance, spray-drying processes and spray granu-
lation processes, wherein filtration methods can involve suction and/or pressure filtra-
tion steps. A combination of two or more of these methods can be applied.

With respect to one or more optional washing procedures, any conceivable solvent
can be used. Washing agents which may be used are, for example, water, alcohols,
such as methanol, ethanol or propanol, or mixtures of two or more thereof. Examples
of mixtures are mixtures of two or more alcohols, such as methanol and ethanol or
methanol and propanol or ethanol and propanol or methanol and ethanol and propa-
nol, or mixtures of water and at least one alcohol, such as water and methanol or wa-
ter and ethanol or water and propanol or water and methanol and ethanol or water
and methanol and propanol or water and ethanol and propanol or water and methanol
and ethanol and propanol. Water or a mixture of water and at least one alcohol, pref-
erably water and ethanol, is preferred, distilled water being very particularly preferred
as the only washing agent. If washing as applied, it may be preferred to continue the
washing process until the washing water has a conductivity of at most 1,000 mi-
croSiemens/cm, more preferably of at most 850 microSiemens/cm, more preferably of
at most 700 microSiemens/cm.
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According to the present invention, the zeolitic material is preferably separated from
the suspension by filtration to obtain a filter cake which is preferably subjected to
washing, preferably with water.

In general, the process of the present invention can optionally comprise further steps
for the work-up and/or further physical and/or chemical transformation of the zeolitic
material having a BEA framework structure obtained in (ii). The obtained zeolitic mate-
rial can for example be subject to any sequence of isolation and/or washing proce-
dures, wherein the zeolitic material is preferably subject to at least one isolation and at
least one washing procedure.

After separation of the zeolitic material having a BEA framework structure from the
suspension, preferably achieved by filtration, and after washing, the zeolitic material
obtained in (ii) is optionally subjected to drying. The drying procedure can optionally
comprise one or more drying steps. In general, any conceivable means of drying can
be used. Drying procedures preferably include heating and/or applying vacuum to the
zeolitic material having a BEA framework structure.

Preferably, the separated and washed zeolitic material is subjected to drying, for ex-
ample by subjecting the filter cake to a suitable gas stream, such as air, lean air, or
nitrogen, for a time preferably in the range of from 4 to 10 h, more preferably from 5 to
8 h.

It is further preferred that, prior to (iii), the zeolitic material obtained from the treating
according to (ii) is subjected to spray-drying. If the drying is accomplished by spray-
drying, the drying gas inlet temperature is preferably in the range of from 200 to 250
°C, more preferably from 220 to 250 °C, and the drying gas outlet temperature is pref-
erably in the range of from 100 to 175 °C, more preferably from 120 to 150 °C. If
spray-drying is carried out, it is conceivable to subject the mother liquor containing the
zeolitic material, optionally after concentration, directly to spray-drying. Further, it is
conceivable to subject the separated and washed zeolitic material to spray-drying,
optionally after suitable re-suspending of the washed and optionally pre-dried zeolitic
material.

According to an especially preferred embodiment of the present invention, the zeolitic
material obtained from (ii) is in the form of a powder, preferably in the form of a spray
powder wherein the spray-powder may result either from spray-drying in (i) and/or

spray-drying in (ii).

According to (ii), the preferably dried zeolitic material is optionally subjected to calcina-
tion. Preferably, the calcination is carried out in a suitable atmosphere such as air,
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lean air, or nitrogen at a temperature in the range of from 400 to 700 °C, preferably
from 500 to 600 °C, for a period in the range of from 1 to 10 h, preferably from 2 to 6
h.

According to a preferred embodiment of the present invention, the zeolitic material
obtained in (ii) is not subjected to calcination prior to (iii).

According to the present invention, the treatment according to (ii) with the liquid sol-
vent system decreases the molar ratio X203 : YO2 of the zeolitic material; thus, it is a
procedure for removing at least a portion of X from the BEA framework structure.
Therefore, the molar ratio X203 : YO: of the zeolitic material having a BEA framework
structure obtained from (ii) is higher than the molar ratio X203 : YO2 of the zeolitic ma-
terial having a BEA framework structure provided in (i). According to a preferred em-
bodiment of the present invention, the molar ratio X203 : YOz obtained in (ii) is at most
0.02 : 1, preferably at most 0.01 : 1, more preferably in the range of from 0.0005 : 1 to
0.01 : 1, more preferably from 0.0009 : 1 t0 0.003 : 1.

Step (iii)

After (ii), the zeolitic material having a BEA framework structure, preferably the sepa-
rated and dried zeolitic material having a BEA framework structure is subjected to a
treatment with a liquid aqueous system having a pH in the range of 5.5 to 8 and a
temperature of at least 75 °C.

According to the present invention, any conceivable amount of water can be contained
in the liquid aqueous system, provided that the water content of the liquid aqueous
system is greater than 50 weight-% and the pH of the liquid aqueous system is in the
above-mentioned range. Generally, the amount of water contained in the liquid aque-
ous system is at least 85 weight-%, preferably at least 90 weight-%, more preferably
at least 95 weight-%, more preferably, at least 99 weight-%, even more preferably at
least 99.9 weight-%. Even more preferably, the liquid aqueous system used in (iii) es-
sentially consists of water, and may only contain certain impurities which are con-
tained in the water, preferably contained in the preferably used deionized water. Thus,
according to a preferred embodiment of the present invention, in (iii), the liquid aque-
ous system comprises at least 90 weight-%, preferably al least 99 weight-%, more
preferably at least 99.9 weight-% water.

Concerning the pH of the aqueous system used in (iii), a pH in the range of from 5.5 to
8 is preferred. The pH of the liquid aqueous system is determined using a pH sensitive
glass electrode. According to a further preferred embodiment of the present invention,
the liquid aqueous system used in (iii) has a pH in the range of from 6 to 7.5, prefera-
bly from 6.5 to 7.5.
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Concerning the duration of the treatment with the liquid aqueous system according to
(iii), no particular restrictions exist. Preferably, in (iii), the zeolitic material is treated
with the liquid aqueous system for a period in the range of from 0.5 to 24 h, preferably
from 1 to 18 h, more preferably from 8 to 14 h.

Further, no particular restrictions exist concerning the temperature of the liquid aque-
ous system, provided that the aqueous system is in its liquid state. Therefore, con-
cerning the preferred temperatures described below, the skilled person will choose the
respective pressure under which the treating according to (ii) is carried out in order to
keep the solvent system in its liquid state.

Preferably, in (iii), the zeolitic material is treated with the liquid aqueous system at a
temperature in the range of from 75 to 200 °C, preferably from 90 to 180 °C, more
preferably from 100 to 160 °C, more preferably from 110 to 160 °C, more preferably
from 110 to 150 °C.

While concerning the type of vessel in which heating in (iii) is conducted, no particular
restrictions exist, the vessel is suitably selected to allow to treat the zeolitic material at
the temperatures described above, at which temperatures the aqueous system is in its
liquid state. Therefore, as far as higher temperatures are concerned, the treatment
according to (iii) is carried out in a closed system under autogenous pressure.

According to a conceivable embodiment of the present invention, heating in (iii) is
conducted in an open system. In this case, the reaction conditions are restricted by
the temperature as the treating is carried out below the boiling temperature of the em-
ployed aqueous system in order to keep the aqueous system in its liquid state.

According to a preferred embodiment, heating in (iii) is conducted in a closed system.
Thus, heating in (iii) is preferably conducted under solvothermal conditions, meaning
that the zeolitic material is treated with the liquid aqueous system under autogenous
pressure of the liquid aqueous system, for example in an autoclave or other vessels
suited for generating solvothermal conditions.

Therefore, according to a particular preferred embodiment of the present invention, in
(iii), the zeolitic material is treated with the liquid aqueous system in a closed system,
preferably an autoclave, under autogenous pressure.

Consequently, according to a preferred embodiment of the present invention, treating
according to (ii) is carried out in an open system, preferably under reflux, and treating
according to (iii) is carried out in a closed system, preferably under autogeneous pres-
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sure wherein in (ii), the solvent system is in its liquid state and in (iii), the aqueous sys-
tem is in its liquid state.

Therefore, the present invention also relates to the process as defined above, com-

prising

(i) treating the zeolitic material provided in (i) with a liquid solvent system, prefera-
bly water, thereby obtaining a zeolitic material having a molar ratio X203 : YO,
preferably B2Os3: SiO2, of at most 0.02 : 1, in an open system under reflux at a
temperature in the range of from 95 to 105 °C, and at least partially separating
the zeolitic material from the liquid solvent system;

(iii)y treating the zeolitic material obtained from (ii) with a liquid aqueous system,
preferably water, having a pH in the range of 6.5 to 7.5 and a temperature in the
range of from 110 to 160 °C in a closed system under autogenous pressure.

During treating according to (iii), it is further preferred to suitably stir the liquid aque-
ous system. During (iii), the stirring rate is kept essentially constant or changed, the
treating thus being carried out at two or more different stirring rates. The stirring rates
as such can be suitably chosen depending, for example, on the volume of the liquid
aqueous system, the amount of the zeolitic material employed, the desired tempera-
ture, and the like. Preferably, the stirring rate used in (iii) is in the range of from 10 to
200 r.p.m. (rounds per minute), more preferably from 50 to 180 r.p.m., more preferably
from 80 to 160 r.p.m., more preferably from 110 to 130 r.p.m.

As far as the amount of the liquid aqueous system used in (iii) relative to the amount
of the zeolitic material which is employed, no specific restrictions exist. Preferably, in
(iii), the weight ratio of the liquid aqueous system relative to the zeolitic material is in
the range of from 35 : 1 to 5 : 1, preferably from 30 : 1 to 10 : 1, more preferably from
25:1t015:1.

After the treatment according to (iii), the zeolitic material having a BEA framework
structure is preferably separated from the suspension. Separation of the zeolitic mate-
rial can be achieved by any conceivable method including, for example, filtration, ultra-
filtration, diafiltration and centrifugation and/or decantation methods, wherein filtration
methods can involve suction and/or pressure filtration steps. Subsequently, the sepa-
rated zeolitic material is subjected to one ore more optional washing procedures.
Washing agents which may be used are, for example, water, alcohols, such as meth-
anol, ethanol or propanol, or mixtures of two or more thereof. Examples of mixtures
are mixtures of two or more alcohols, such as methanol and ethanol or methanol and
propanol or ethanol and propanol or methanol and ethanol and propanol, or mixtures
of water and at least one alcohol, such as water and methanol or water and ethanol or
water and propanol or water and methanol and ethanol or water and methanol and
propanol or water and ethanol and propanol or water and methanol and ethanol and
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propanol. Water or a mixture of water and at least one alcohol, preferably water and
ethanol, is preferred, distilled water being very particularly preferred as the only wash-
ing agent. If washing is applied, it may be preferred to continue the washing process
until the washing water has a conductivity of at most 1,000 microSiemens/cm, more
preferably of at most 850 microSiemens/cm, more preferably of at most 700 mi-
croSiemens/cm.

According to the present invention, the zeolitic material is preferably separated from
the suspension by filtration to obtain a filter cake which is preferably subjected to
washing, preferably with distilled water.

In general, the process of the present invention can optionally comprise further steps
for the work-up and/or further physical and/or chemical transformation of the zeolitic
material having a BEA framework structure obtained in (iii). The obtained zeolitic ma-
terial can, for example, be subject to any sequence of isolation and/or washing proce-
dures, wherein the zeolitic material obtained from (iii) is preferably subject to at least
one isolation and at least one washing procedure.

After separation of the zeolitic material having a BEA framework structure from the
suspension, preferably achieved by filtration, and after washing, the zeolitic material
obtained in (iii) is subjected to at least one drying step. The drying procedure can op-
tionally comprise one or more drying steps. In general, any conceivable means of dry-
ing can be used. Drying procedures preferably include heating and/or applying vacu-
um to the zeolitic material having a BEA framework structure.

After separation of the zeolitic material having a BEA framework structure from the
suspension, preferably achieved via filtration, and after washing, the washed filter
cake containing the zeolitic material having a BEA framework structure is optionally
subjected to drying, for example by subjecting the filter cake to a suitable gas stream,
preferably a nitrogen stream. Thus, according to a particular preferred embodiment of
the present invention in (iii), the zeolitic material is subjected to drying. Concerning the
duration and the temperature of drying no specific restrictions exist. Preferably, drying
is carried out in a suitable atmosphere such as air, lean air, or nitrogen, at a tempera-
ture in the range of from 100 to 180 °C, preferably from 120 to 150 °C, for a period in
the range of from 10 to 70 h, preferably from 15 to 25 h.

After separation of the zeolitic material from the suspension, preferably by filtration,
and preferably after washing, and prior to drying, the washed zeolitic material can be
subjected to pre-drying, for example by subjecting to a suitable gas stream such as
air, lean air, or nitrogen, for a time preferably in the range of from 4 to 10 h, more
preferably from 5 to 8 h.
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Further, according to a preferred embodiment of the invention, the zeolitic material,
optionally after drying, is subjected to calcination in (iii). Preferably, calcination is car-
ried out at a temperature in the range of from 350 to 600 °C, preferably from 400 to
500 °C, for a period in the range of from 1 to 10 h, preferably from 2 to 7 h. Suitable
calcination atmospheres include nitrogen, air, or lean air.

According to a particular preferred embodiment of the present invention, after (i)
and/or after (ii) and/or after (iii), the zeolitic material is, prior to calcination, subjected
to drying, wherein drying is preferably carried out at a temperature in the range of from
100 to 180 °C, preferably from 120 to 150 °C, for a period in the range of from 10 to
70 h, preferably from 15 to 25 h.

Surprisingly, it was found that by the process according to the present invention, a
zeolitic material with a decreased molar ratio X203 : YO3 relative to the zeolitic materi-
al provided in (i) could be obtained wherein, at the same time, the hydrophobicity of
the zeolitic material, characterized by water uptake measurements as described here-
in, can be kept constant or even be increased. Such an increase in the hydrophobicity
is desired for many potential uses of the zeolitic material such catalytically active ma-
terials. Therefore, the combination of the deboronation step according to (i) and the
subsequent treatment with the liquid aqueous system was found to overcome the dis-
advantages of the prior art processes. Thus, according to the present invention, the
water uptake of the zeolitic material obtained from (iii) is lower than the water uptake
of the zeolitic material provided in (ii). Preferably, the water uptake of the zeolitic ma-
terial obtained from (iii) is at least 40 %, preferably at least 50 %, more preferably at
least 55 %, even more preferably at least 60 % lower than the water uptake of the
zeolitic material provided in (i).

Further, it was found that the treating with a liquid aqueous system according to (iii)
has an influence on the specific surface area of the zeolitic material. Preferably, the
specific surface area of the zeolitic material obtained from (iii) is at least 100 m2/g,
preferably at least 200 m2/g lower than the specific surface area of the zeolitic material
obtained from (ii). The term “specific surface area” as used in this context of the pre-
sent application relates to the multipoint BET specific surface area, which is deter-
mined via nitrogen adsorption according to DIN 66131.

Yet further, it was surprisingly found that the additional treatment with a liquid aqueous
system according to (iii) of the inventive process has a positive influence on the silanol
group characteristics of the zeolitic material. In particular, in the infrared spectrum of
the zeolitic material of the present invention, a first type of silanol groups is represent-
ed by a first absorption band with a maximum in the region of from 3701 to 3741 cm™,
wherein said first absorption band may be attributed to surface silanol groups, and a
second type of silanol groups is represented by a second absorption band with a max-
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imum in the region of from 3500 to 3550 cm-', wherein said second absorption band
may be attributed to silanol nests. Again, within the meaning of the present invention,
the term “surface silanol” or “surface silanol groups” preferably refers to Si-OH groups
which are not hydrogen-bonded and of which the characteristic absorption in the IR
spectra of e.g. silicalites is found in the range of 3650 to 3800 cm-, as described in
Zecchina et al. in J. Phys. Chem. 1992, 96, pp. 4991-4997. More specifically, it may
be observed that the treatment of a zeolitic material for lowering the X203 : YO2 molar
ratio such as by steam and/or acid treatment leads to the increased formation of si-
lanol nests characterized by an increase in intensity of the second absorption band,
whereas the concentration of surface silanol groups reflected by the intensity of the
first absorption band remains comparably constant upon treatment for the lowering of
the X203 : YO2molar ratio. As a result, the intensity ratio of the first absorption band to
the second absorption band obtained from the evaluation of a given IR spectrum of a
zeolitic material constitutes a reliable indicator as to the relative concentration of si-
lanol nests in a given zeolitic material, and in particular as to changes in the silanol
nest concentration upon treatment of the zeolitic material, e.g. as a result of steam
and/or acid treatment thereof. More specifically, a decrease in the intensity ratio of the
first absorption band to the second absorption is indicative of an increase in the rela-
tive concentration of the silanol nests in the zeolitic material whereas an increase
thereof accordingly reflects a decrease in the relative concentration of the silanol
nests.

Thus, according to the present invention, it was found that the intensity ratio of the IR
band representing the silanol groups of the first type relative to the IR band represent-
ing the silanol groups of the second type of the zeolitic material obtained in (iii) is at
least 5 %, preferably at least 10 %, more preferably at least 20 %, more preferably at
least 30 %, more preferably at least 50 %, more preferably 60 %, and more preferably
70% higher than the respective ratio of the zeolitic material obtained in (ii). As noted
above, concerning the intensity ratio of the first IR absorption band to the second IR
absorption band, an increase of said ratio indicates a decrease in the relative concen-
tration of internal defects (i.e., silanol nests) in the zeolitic material, which is induced
by the treatment with a liquid aqueous system in (iii). Consequently, the surprising
technical effect of the inventive process may be observed by observing the evolution
of the intensity ratio of the aforementioned bands in the IR spectrum of the zeolitic
material prior to and after the treatment of step (iii), wherein the increase in said ratio
which may be observed in said step indicates the surprising regenerative effects pro-
vided by the inventive process after degradation of the zeolitic structure as a result of
the treatment in step (ii) for removing X203 from the zeolite framework, for example by
steam and/or acid treatment.

Further, it was found that by the treatment with a liquid aqueous system according to
(iii) of the inventive process, the crystallinity of the zeolitic material obtained in (ii) may
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be kept constant or slightly decreased. In particular, the hydrothermal treatment
showed little influence of the crystallinity of the zeolitic material such that the initial
crystallinity of the zeolitic material obtained in (ii) could be maintained to a large ex-
tent. By way of example, the crystallinity of the zeolitic material obtained from (iii), as
determined via XRD analysis, may be less than 30 %, preferably less than 20%, more
preferably less than 15 %, more preferably less than 10 %, more preferably less than
5 %, more preferably less than 2 %, and more preferably less than 1 % lower than the
crystallinity of the zeolitic material obtained in (ii).

Especially preferably, the process of the present invention does not comprise a steam
treatment, in particular a water steam treatment, neither prior to, nor during, nor after
(iii). Thus, preferably, the zeolitic material obtained from the inventive process is not
subjected to a steam treatment during the entire process.

Further preferably, the process of the present invention does not comprise a treatment
of the zeolitic material with an aqueous solution having a pH below 5.5 or above 8,
neither prior to, nor during, nor after (iii). Thus, preferably, the zeolitic material ob-
tained from the inventive process is not subjected to an acid treatment or a base
treatment during the entire process.

The present invention further relates to a zeolitic material which is obtainable or ob-
tained by the process according to the present invention.

Preferred zeolitic materials

As mentioned above, the process according to the present invention exhibits major
advantages in particular regarding the hydrophobicity of the zeolitic materials, which
materials are preferably a powder or a spray powder, having a lower molar ratio X203 :
YOz relative to the starting zeolitic material. As defined above, Y is preferably selected
from the group consisting of Si, Sn, Ti, Zr, Ge, and combinations of two or more
thereof, Y preferably being Si, and X is preferably selected from the group consisting
of Al, B, In, Ga, Fe and combinations of two or more thereof, X preferably being B.

Therefore, the present invention also relates to a zeolitic material having a BEA
framework structure, wherein the framework structure comprises YO, and X203,
wherein Y is a tetravalent element and X is a trivalent element, said zeolitic material
have a molar ratio X203 : YOz of at most 0.02 : 1, preferably at most 0.002 : 1, and a
water uptake of at most 7 weight-%, preferably of ta most 6 weight-%, wherein prefer-
ably at least 95 weight-%, more preferably at least 98 weight-%, more preferably at
least 99 weight-% of the framework structure of the zeolitic material consist of X203
and YOq. In particular, the present invention relates to a zeolitic material having a BEA
framework structure, wherein the framework structure comprises SiO> and B203, said
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zeolitic material have a molar ratio B2Os : SiO> of at most 0.02 : 1, preferably at most
0.002 : 1, and a water uptake of at most 7 weight-%, preferably at most 6 weight-%,
and wherein preferably at least 95 weight-%, more preferably at least 98 weight-%,
more preferably at least 99 weight-% of the framework structure of the zeolitic material
consist of B2O3z and SiOa.

Preferably, the molar ratio X203 : YOo, preferably the molar ratio B2Os : SiOo, is at
most 0.002 : 1, more preferably in the range of from 0.0001 : 1 to 0.002 : 1, more
preferably from 0.0005 : 1 to 0.002 : 1, and the water uptake of the zeolitic material is
in the range of from 3 to 7 weight-%, preferably from 4 to 6 weight-%.

Still further, it was found that the inventive zeolitic materials are preferably character-
ized by an infrared spectrum which exhibits a first type of silanol groups which are
represented by a first absorption band with a maximum in the region of from 3701 to
3741 cm~', and a second type of silanol groups which are represented by a second
absorption band with a maximum in the region of from 3500 to 3550 cm-'. Preferably,
the intensity of said first absorption band relative to the intensity of said second ab-
sorption band is at least 1.0, preferably in the range of from 1.0 to 3.0, more preferably
in the range of from 1.3 to 2.2, more preferably in the range of from 1.2 to 2.8, more
preferably in the range of from 1.4 to 2.6, more preferably in the range of from 1.5 to
2.5, more preferably in the range of 1.6 to 2.4, more preferably in the range of from
1.7 to 2.3, and more preferably in the range of from 1.8 to 2.2.

Yet further, it was found that the inventive zeolitic materials are preferably character-
ized by a crystallinity as determined by XRD analysis, of at least 60 %, preferably in
the range of from 60 to 90 %, more preferably in the range of from 65 to 80 %.

Yet further, it was found that the inventive zeolitic materials are preferably character-
ized by a specific surface are (BET surface) of at most 600 m?g, preferably in the range
of from 60 to 600 m?/g, more preferably from 100 to 600 #/g, more preferably from 200 to
600 m?g, as determined according to DIN 66131.

Preferred uses

The zeolitic material having a BEA framework structure according to the invention,
preferably obtainable or obtained by the process according to the invention, is prefer-
ably used as catalyst, as catalyst support, or as catalyst component. By way of exam-
ple, the use as a noble metal catalyst support in diesel oxidation catalysts (DOC) or
the use as washcoat component in a DOC may be mentioned. Further, the zeolitic
material according to the invention, preferably obtained by the process according to
the invention, can be used as a catalyst in hydration or dehydration reactions such as
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isopropanol dehydration. Still further, it can be used as a molecular sieve, an adsor-
bent, or afiller.

Therefore, the present invention also relates to a catalytic process, wherein a zeolitic
material according to the present invention or obtainable or obtained according to the
process of the present invention is employed as a catalyst, as a catalyst support or as
a catalyst component.

Generally, and in particular in case the inventive zeolitic material is used as catalyst, it
is possible to prepare a molding comprising the zeolitic material, for example by suita-
bly mixing the zeolitic material with at least one binder and/or with at least one binder
precursor, and optionally at least one pore-forming agent and/or at least one plasticiz-
ing agent. The moldings may be shaped in every conceivable geometry such as
strands, for example having rectangular, triangular hexagonal, quadratic, oval, or cir-
cular cross-section, stars, tablets, spheres, hollow cylinders, and the like. Examples of
such binders are metal oxides, such as, for example, SiO», Al>Os, TiO2, ZrO2 or MgO
or clays or mixtures of two or more of these oxides or mixed oxides of at least two of
Si, Al, Ti, Zr, and Mg. Pore-forming agent such as mesopore-forming agents include
polymeric vinyl compounds, such as polyalkylene oxides like polyethylene oxides, pol-
ystyrene, polyacrylates, polymethacrylates, polyolefins, polyamides and polyesters.
Pasting agents include organic, in particular hydrophilic polymers, such as carbohy-
drates like cellulose, cellulose derivatives, such as methyl cellulose, and starch, such
as potato starch, wallpaper plaster, polyacrylates, polymethacrylates, polyvinyl alco-
hol, polyvinylpyrrolidone, polyisobutene or polytetrahydrofuran. The use of water, al-
cohols or glycols or mixtures thereof, such as mixtures of water and alcohol, or water
and glycol, such as for example water and methanol, or water and ethanol, or water
and propanol, or water and propylenglycol, as pasting agents may be mentioned.

The present invention is illustrated by the following examples.
Examples
Reference Example 1: Determination of the Water Uptake

Water adsorption/desorption isotherms were performed on a VTI SA instrument from
TA Instruments following a step-isotherm program. The experiment consisted of a run
or a series of runs performed on a sample material that has been placed on the mi-
crobalance pan inside of the instrument. Before the measurement was started, the
residual moisture of the sample was removed by heating the sample to 100 °C (heat-
ing ramp of 5 °C/min) and holding it for 6 h under a nitrogen flow. After the drying pro-
gram, the temperature in the cell was decreased to 25 °C and kept constant during the
measurement. The microbalance was calibrated, and the weight of the dried sample
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was balanced (maximum mass deviation 0.01 wt.-%). Water uptake of a sample was
measured as the increase in weight compared to the dry sample. First, an adsorption
curve was measured by increasing the relative humidity (RH) (expressed as weight-%
water in the atmosphere inside of the cell) to which the sample was exposed and
measuring the water uptake by the sample as equilibrium. The RH was increased with
a step of 10 % from 5 % to 85 % and at each step the system controlled the RH and
monitored the weight of the sample until reaching the equilibrium conditions after the
sample and recording the weight uptake. The total adsorbed water of the sample was
taken after the sample was exposed to the 85 weight-% RH. During the desorption
measurement, the RH was decreased from 85 weight-% to 5 weight-% with a step of
10 % and the change in the weight of the sample (water uptake) was monitored and
recorded.

Reference Example 2: Determination of the Crystallinity

The crystallinity of the zeolitic materials according to the present invention was deter-
mined by XRD analysis, wherein the crystallinity of a given material is expressed rela-
tive to a reference zeolitic material wherein the reflecting surfaces of the two zeolitic
materials are compared. The reference zeolitic material having a crystallinity of 100%
was zeolite ammonium beta powder commercially available under the CAS registry
number 1318-02-1. The determination of the crystallinity was performed on a D8 Ad-
vance series 2 diffractometer from Bruker AXS. The diffractometer was configured
with an opening of the divergence aperture of 0.1 ° and a Lynxeye detector. The sam-
ples as well as the reference zeolitic material were measured in the range from 19 ° to
25 ° (2 Theta). After baseline correction, the reflecting surfaces were determined by
making use of the evaluation software EVA (from Bruker AXS). The ratios of the re-
flecting surfaces are given as percentage values.

Reference Example 3: IR Measurements

The IR measurements were performed on a Nicolet 6700 spectrometer. The zeolitic
materials were pressed into a self-supporting pellet without the use of any additives.
The pellet was introduced into a high vacuum cell placed into the IR instrument. Prior
to the measurement the sample was pretreated in high vacuum (10> mbar) for 3 h at
300 °C. The spectra were collected after cooling the cell to 50 °C. The spectra were
recorded in the range of 4000 cm-' to 800 cm- at a resolution of 2 cm-'. The obtained
spectra were represented by a plot having on the x axis the wavenumber (cm-') and
on the y axis the absorbance (arbitrary units). For the quantitative determination of the
peak heights and the ratio between the peaks a baseline correction was carried out.
Changes in the 3000 to 3900 cm-' region were analyzed and for comparing multiple
samples, the band at 1800 £ 5 cm-1was taken as reference.
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Example 1:

(i)

Providing a Starting Material (Zeolitic Material of Framework Structure BEA)

209 kg de-ionized water were provided in a vessel. Under stirring at 120 rpm
(rounds per minute), 355 kg tetraethylammonium hydroxide were added and the
suspension was stirred for 10 minutes at room temperature. Thereafter, 61 kg
boric acid were suspended in the water and the suspension was stirred for an-
other 30 minutes at room temperature. Subsequently, 555 kg Ludox® AS-40
were added, and the resulting mixture was stirred at 70 rpm for another hour at
room temperature. The liquid gel had a pH of 11.8 as determined via measure-
ment with a pH electrode. The finally obtained mixture was transferred to a crys-
tallization vessel and heated to 160 °C within 6 h under a pressure of 7.2 bar
and under stirring (140 rpm). Subsequently, the mixture was cooled to room
temperature. The mixture was again heated to 160 °C within 6 h and stirred at
140 rpm for additional 55 h. The mixture was cooled to room temperature and
subsequently, the mixture was heated for additional 45 h at a temperature of 160
°C under stirring at 140 rpm. 7800 kg de ionized water were added to 380 kg of
this suspension. The suspension was stirred at 70 rpm and 100 kg of a 10 wt-%
HNOs aqueous solution was added. From this suspension the boron containing
zeolitic material having a BEA framework structure was separated by filtration.
The filter cake was then washed with de-ionized water at room temperature until
the washing water had a conductivity of less than 150 microSiemens/cm. The-
thus obtained filter cake was subjected to drying in a nitrogen stream.

The thus obtained filter cake was admixed with water to obtain a suspension
having a solid content of 40 weight-%. This suspension was subjected to spray-
drying in a spray-tower with the following spray-drying conditions:

drying gas, nozzle gas: technical nitrogen

temperature drying gas:

- temperature spray tower (in): 235°C

- temperature spray tower (out): 140 °C

nozzle:

- top-component nozzle supplier Gerig; size 0

- nozzle gas temperature: room temperature

- nozzle gas pressure: 1 bar

operation mode: nitrogen straight

apparatus used: spray tower with one nozzle
configuration: spray tower - filter - scrubber
gas flow: 1,500 kg/h

filter material: Nomex® needle-felt 20 m?
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dosage via flexible tube pump: SP VF 15 (supplier: Verder)

The spray tower was comprised of a vertically arranged cylinder having a length
of 2,650 mm, a diameter of 1,200 mm, which cylinder was conically narrowed at
the bottom. The length of the conus was 600 mm. At the head of the cylinder,
the atomizing means (a two-component nozzle) were arranged. The spray-dried
material was separated from the drying gas in a filter downstream of the spray
tower, and the drying gas was then passed through a scrubber. The suspension
was passed through the inner opening of the nozzle, and the nozzle gas was
passed through the ring-shaped slit encircling the opening.

The spray-dried material was then subjected to calcination at 500 °C for 5 h. The
calcined material had a B2Os : SiO2 molar ratio of 0.045, a crystallinity of 100 %
and a water uptake of 20.9 weight-%. The IR spectrum of the obtained product
exhibits a first absorption band with the maximum in the range of from 3701 cm-"
to 3741 cm-! and a second absorption band with the maximum in the range of
from 3500 cm-1 to 3550 cm-1, wherein the ratio of the intensity of the first absorp-
tion band relative to the intensity of the second absorption band is 2.97.

Treatment with a liquid solvent system - deboronation

840 kg de-ionized water were provided in a vessel equipped with a reflux con-
denser. Under stirring at 40 rpm, 28 kg of the spray-dried material obtained ac-
cording to (i) were employed. Subsequently, the vessel was closed and the re-
flux condenser put into operation. The stirring rate was increased to 70 rpm. Un-
der stirring at 70 rpm, the content of the vessel was heated to 100 °C within 1 h
and kept at this temperature for 20 h. Then, the content of the vessel was cooled
to a temperature of less than 50 °C.

The resulting deboronated zeolitic material of structure type BEA was separated
from the suspension by filtration under a nitrogen pressure of 2.5 bar and
washed four times with deionized water at room temperature. After the filtration,
the filter cake was dried in a nitrogen stream for 6 h.

The obtained deboronated zeolitic material was subjected to spray-drying under
the conditions as described in (i). The obtained deboronated zeolitic material had
a B20s : SiO2 molar ratio of less than 0.002, a crystallinity of 77% and a water
uptake of 15 weight-%. The IR spectrum of the obtained deboronated product
exhibits a first absorption band with the maximum in the range of from 3701 cm-"
to 3741 cm-! and a second absorption band with the maximum in the range of
from 3500 cm-1 to 3550 cm-1, wherein the ratio of the intensity of the first absorp-
tion band relative to the intensity of the second absorption band is 1.27.
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Compared to the starting zeolitic material obtained in (i), the deboronated zeolitic
material displays a decreased B20s3 : SiO2 molar ratio (i.e., from initially 0.045 to
less than 0.002), a decreased crystallinity (i.e., from initially 100 % to 77 %), and
a decreased water uptake (i.e., from initially 20.9 weight-% to 15 weight-%). Fur-
thermore, the ratio of the intensity of the first absorption band relative to the in-
tensity of the second absorption band in the IR spectrum is decreased from 2.97
to 1.27, indicating that a considerable amount of internal defects (i.e., silanol
nests) within the zeolitic material have been created as a result of the deborona-
tion process.

(i) Treatment with a liquid aqueous system

1600 g de-ionized water were provided in a vessel and 80 g of the deboronated
zeolitic material obtained (ii) were added under stirring. The suspension was
stirred for 10 min at room temperature. Thereafter, the suspension was heated
at 140 °C under autogenous pressure for 12 h.

The resulting zeolitic material was separated from the suspension by filtration
and washed with deionized water at room temperature. After the filtration, the fil-
ter cake was dried at 120 °C for 16 h.

The dried zeolitic material was then subjected to calcination. The zeolitic materi-
al was heated to 450 °C within 5.5 h and heated at this temperature for 2 h.

The water treatment was carried out a second time as described above. The ob-
tained material had a B20s : SiO2 molar ratio of 0.0009, a crystallinity of 68 %
and a water uptake of 5.4 wt.-%. The IR spectrum of the obtained product exhib-
its a first absorption band with the maximum in the range of from 3701 cm-! to
3741 cm-' and a second absorption band with the maximum in the range of from
3500 cm" to 3550 cm-', wherein the ratio of the intensity of the first absorption
band relative to the intensity of the second absorption band is 2.17. The mul-
tipoint BET specific surface area determined via nitrogen adsorption at 77 K ac-
cording to DIN 66131 was 229 m?/g.

Results of Example 1

According to the present invention, a combination of a deboronation procedure using
a liquid solvent system (water) with a treatment with a liquid aqueous system (water)
was carried out. This combination, on the one hand, led to a zeolitic material having a
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BEA framework structure with a decreased molar ratio of B>Os : SiO2 (i.e., from initially
0.045 : 1 to 0.0009 : 1), a decreased crystallinity (i.e., from initially 100 % to 68 %), a
decreased water uptake (i.e., from initially 20.9 weight-% to 5.4 weight-%) and conse-
quently an increased hydrophobicity. Concerning the ratio of the intensity of the first
absorption band relative to the intensity of the second absorption band in the IR spec-
trum, said ratio of the final product of Example 1 is far higher than that of the de-
boronated product in Example 1-(ii), which indicates that the relative concentration of
the silanol nests in the zeolitic material is considerably reduced by the treatment with
a liquid aqueous system. Such a decrease in the relative concentration of internal de-
fects (i.e., silanol nests) is highly unexpected, especially in view of the fact that the
crystallinity of the zeolitic material is decreased from 77 % (for the deboronated prod-
uct in Example 1-(ii)) to 68 % (for the final product of Example 1) after the treatment
with a liquid aqueous system.

Example 2:

(i) Treatment with a liquid aqueous system

1600 g de-ionized water were provided in a vessel and 80 g of the deboronated
zeolitic material obtained according to Example 1 (ii) having and a B20s: SiO2
molar ratio of less than 0.002 and a water uptake of 15 weight-% were added
under stirring. The suspension was stirred for 10 min at room temperature.
Thereafter, the suspension was heated at 160 °C under autogenous pressure for
13 h.

The resulting zeolitic material was separated from the suspension by filtration
and washed with deionized water at room temperature. After the filtration, the fil-
ter cake was dried at 120 °C for 5 h.

The dried zeolitic material was then subjected to calcination at 450 °C for 2 h.

The treatment was carried out a second time as described above. The obtained
material had a B2Os : SiO2 molar ratio of 0.0008, a crystallinity of 64 % and a wa-
ter uptake of 4.3 weight-%. The IR spectrum of the obtained product exhibits a
first absorption band with the maximum in the range of from 3701 cm-' to 3741
cm-! and a second absorption band with the maximum in the range of from 3500
cm' to 3550 cm', wherein the ratio of the intensity of the first absorption band
relative to the intensity of the second absorption band is 1.8. The multipoint BET
specific surface area determined via nitrogen adsorption at 77 K according to
DIN 66131 was 61 m?g.

Results of Example 2
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According to the present invention, a combination of a deboronation procedure using
a liquid solvent system (water) with a treatment with a liquid aqueous system (water)
was carried out. This combination, on the one hand, led to a zeolitic material having a
BEA framework structure with a decreased molar ratio B-Os : SiOz (i.e., from initially
0.045 : 1 t0 0.0008 : 1), a decreased crystallinity (i.e., from initially 100 % to 64 %), a
decreased water uptake (i.e., from initially 20.9 weight-% to 4.3 weight-%) and conse-
quently an increased hydrophobicity. Concerning the ratio of the intensity of the first
absorption band relative to the intensity of the second absorption band in the IR spec-
trum, said ratio of the final product of Example 2, similar to the case of the final prod-
uct of Example 1, is also much higher than that of the deboronated product in Exam-
ple 1-(ii), which indicates that the relative concentration of the silanol nests in the zeo-
litic material is substantially reduced by the treatment with a liquid aqueous system.
Such a decrease in the relative concentration of internal defects (i.e., silanol nests) is
again unexpected in view of the fact that the crystallinity of the zeolitic material is de-
creased from 77 % (for the deboronated product in Example 1-(ii)) to 64 % (for the
final product of Example 2) after the treatment with a liquid aqueous system.

Comparative Example 1: Steam Treatment

A shallow bed sample of 100 g zeolitic material obtained according to Example 1 (ii)
having a B>Os : SiO2 molar ratio of less than 0.002 and a water uptake of 15 weight-%
was provided in a muffle oven and heated to 650 °C (temperature ramp 5 K/min). For
the steam treatment, a gas flow of 6 L/min (10 % steam in air) was used, wherein the
water dosing started at 200 °C. The steam-treatment was carried out for 1 h at 650 °C.

The obtained material had a B2Os : SiO> molar ratio of 0.0014, a crystallinity of 70 %
and a water uptake of 13.0 weight-%. The multipoint BET specific surface area deter-
mined via nitrogen adsorption at 77 K according to DIN 66131 was 518 m?g. The IR
spectrum of the product obtained after steaming exhibits a first absorption band with
the maximum in the range of from 3701 cm-' to 3741 cm! and a second absorption
band with the maximum in the range of from 3500 cm! to 3550 cm-", wherein the ratio
of the intensity of the first absorption band relative to the intensity of the second ab-
sorption band is 1.42.

Thus, compared to the zeolitic material obtained according to the inventive process,
although the steam treated materials more or less retain their crystallinity, the steam
treatment does not have the regenerative effect relative to the internal defects in the
form of silanol nests, the ratio of the first absorption band relative to the intensity of the
second absorption band in the IR spectrum only slightly increasing as a result of the
steam treatment regimen. Furthermore, steam treatment has little influence on the
water uptake, which also remains more or less constant, only slightly decreasing,
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which clearly contrasts to the zeolitic materials obtained from the inventive process of
which the water uptake drops to a fraction of its initial value as a result of the treat-
ment with the liquid aqueous system in step (iii).

Comparative Example 2: Steam Treatment

A shallow bed sample of 100 g zeolitic material obtained according to Example 1 (ii)
having a B>Os : SiO2 molar ratio of less than 0.002 and a water uptake of 15 weight-%
was provided in a muffle oven and heated to 850 °C (temperature ramp 5 K/min). For
the steam-treatment, a gas flow of 6 L/min (10 % steam in air) was used, wherein the
water dosing started at 200 °C. The steam-treatment was carried out for 1 h at 850 °C.

The obtained material had a B2Os : SiO> molar ratio of 0.0016 and a water uptake of
8.1 weight-%. The multipoint BET specific surface area determined via nitrogen ad-
sorption at 77 K according to DIN 66131 was 405 m?g. The IR spectrum of the prod-
uct obtained after steaming exhibits a first absorption band with the maximum in the
range of from 3701 cm-' to 3741 cm™ and a second absorption band with the maxi-
mum in the range of from 3500 cm- to 3550 cm-!, wherein the ratio of the intensity of
the first absorption band relative to the intensity of the second absorption band is 1.4.

The XRD diffraction pattern of the resulting zeolitic material, however, reveals a differ-
ent pattern than for zeolite beta, thus revealing that the harsh steam treatment condi-
tions have stongly altered the zeolitic framework. Thus, the conditions employed in the
present example have obviously modified the zeolitic framework such that it may not
be compared with the zeolitic material obtained from the inventive process. Notwith-
standing said structural modification, the resulting zeolitic material also does not dis-
play the regenerative changes which may be observed when employing the inventive
process. In particular, as for Comparative Example 1, the ratio of the first absorption
band relative to the intensity of the second absorption band in the IR spectrum re-
mains practically constant. The water uptake, on the other hand, displays a slightly
stronger decrease, without however achieving the results obtained in the zeolitic ma-
terials subject to a treatment with a liquid aqueous system according to step (iii) of the
inventive process.

Example 3 Isopropanol dehydration tests

General procedure for the preparation of catalyst powders

General procedure for the preparation of the catalyst

The catalyst was prepared as an extrudate before testing. 18 g water were added to
20 g dried powder in a Stephan-Werke GmbH mixer (Model No.: 0ZDe042/4s) at a
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mixing rate of 80 rpm. This mixture was mixed until a homogeneous mixture was ob-
tained which took about 10 minutes. Then 4 g of Ludox AS40 and 1 g of Walocel were
added and mixed until homogeneous which took about 2 minutes. Ludox® AS40 (20
weight-%) was added to the mixture as a binder, Walocel™ (5 weight-%) was added
to the mixture as a lubricant. Then 2 g of water were added slowly and the paste was
mixed for about 5 minutes to homogenize. This paste was then pressed in a hand
press with an extrusion hole of 2 mm diameter and 10 cm length. The resulting extru-
date was dried at 120 °C for 5 hours and calcined at 500 °C for 5 hours. The extrudate
was then sized into split and sieved to separate a split size of from 0.5 to 0.6 mm. This
size fraction was used for testing in the reactor. The sieves used were obtained from
Retsch (500 micrometer sieve 60.122.000500 and 600 micrometer mm sieve
60.122.000600) both having a diameter of 200 mm and a height of 25 mm).

General procedure for isopropanol dehydration

The activities of the catalysts were measured by the decomposition of isopropanol
performed at atmospheric pressure. 4.0 g catalyst as prepared according to Example
3 - General procedure for the preparation of the catalyst (500 to 800 micrometer split
size) were placed in a U-type reactor (49.5 cm length, 0.6 cm diameter). The reactor
was fixed in an adjustable furnace. A stream of nitrogen (6 I/h) was fed with isopropa-
nol vapor (200 °C) via an HPLC pump with a pump rate of 8.021 g isopropanol per
hour. To avoid the condensation of isopropanol or any reaction product, all lines from
the saturator to the cryostat were heated to a temperature above 120 °C. The gas
reaction mixture was fed to the reactor at a weight hourly space velocity of 2.0 g/(g*h).
The temperature of the furnace was kept 1 h at 200 °C, 1 h at 250 °C, 1 h at 300 °C
and 1 h at 350 °C. For each temperature, reactant and products were collected via
liquefaction at 5 °C within a cryostat after passing the reactor. Reactant and products
concentrations were measured by gas chromatography (Perkin EImer Autosystem GC
with a 50 m HP-1 methyl silicone capillary column and flame ionization detector).

Zeolitic materials tested in the isopropanol dehydration tests:

- the zeolitic material obtained according to Example 1 (iii), i.e. a material having
been subjected to the inventive combination of deboronation with a liquid solvent
system (water) and a treatment with a liquid aqueous system (water);

- the zeolitic material obtained according to Example 1 (ii), i.e. a material having
been subjected only to deboronation with a liquid solvent system (water), without
the subsequent step of treatment with a liquid aqueous system; after deborona-
tion, this material was subjected to calcination by heating to 550 °C (temperature
ramp 2 K/min) and heating at this temperature for 4 h;
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- the zeolitic material obtained according to Example 1 (ii), i.e. a material having
been subjected only to deboronation with a liquid solvent system (water), without
the subsequent step of treatment with a liquid aqueous system; after deborona-
tion, this material was subjected to calcination by heating to 650 °C (temperature
ramp 2 K/min) and heating at this temperature for 3 h.

Results of Example 3

The results discussed below are shown in figure 1.

An isopropanol conversion of approximately 33 % is observed at a temperature of 250
°C when using the zeolitic material according to the invention obtained according to
Example (iii). Furthermore, the use of this zeolitic material leads to an isopropanol
conversion of about 99 % at a temperature of 300 °C. However, by use of the zeolitic
materials obtained according to Example 1 (ii), no isopropanol conversion is detected
at a temperature of 250 °C. At a temperature of 300 °C an isopropanol conversion of
only about 90 % is observed by the zeolitic material obtained according to Example 1
(i), which was calcined at 550 °C. The use of the zeolitic material obtained according
to Example 1 (ii), which was calcined at a temperature of 650 °C results in an isopro-
panol conversion of only about 65 % at a temperature of 300 °C.

Comparison of the catalyst performance at 300 °C shows that the catalyst obtained
according to the invention leads to a 9 % or 34 % higher isopropanol conversation,
respectively, compared with the catalysts which are not subjected to a treatment ac-
cording to the present invention. Further, the catalyst obtained according to the inven-
tion is the only catalyst of the three tested catalysts which is able catalyzing the reac-
tion already at a temperature of 250 °C. The values of the isopropanol conversion
show that the catalyst obtained by the process according to the invention, i.e. a com-
bination of (ii) a deboronation procedure using a liquid solvent system with (iii) a
treatment with a liquid aqueous system, exhibits to the best performance.

Short Description of the Figure

Figure 1 shows the results of the isopropanol dehydration tests of

- the zeolitic material obtained according to the process of the present invention
(Example 1 (iii)) (diamonds; —* — —);

the zeolitic material obtained according to Example 1 (ii), which was further sub-
jected to calcination by heating to 550 °C (temperature ramp 2 K/min) and heat-
ing at this temperature for 4 h (squares; — —— —— );
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- the zeolitic material obtained according to Example 1 (ii), which was further sub-
jected to calcination by heating to 650 °C (temperature ramp 2 K/min) and heat-
ing at this temperature for 3 h (triangles; ).

The x axis shows the temperature in °C, the y axis shows the isopropanol conversion

in %.
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Claims

1.

A process for the post-treatment of a zeolitic material having a BEA framework structure,

the process comprising

(i) providing a zeolitic material having a BEA framework structure,
wherein the framework structure of the zeolitic material comprises X203 and YOq,
wherein Y is a tetravalent element and X is a trivalent element and wherein the
molar ratio X20s: YO is greater than .02 : 1,
wherein Y is selected from the group consisting of Si, Sn, Ti, Zr, Ge, and
combinations of two or more thereof
wherein X is selected from the group consisting of Al, B, In, Ga, Fe and
combinations of two or more thereof;

(i) treating the zeolitic material provided in (i} with a liguid solvent system thereby
obtaining a zeolitic material having a molar ratio X203: YOz of at most 0.02 : 1, and
at least partially separating the zeolitic material from the liquid solvent system,
wherein the liquid solvent system is selected from the group consisting of water,
monohydric aicchols, polyhydric alcohols, and mixtures of two or more thereof,
wherein in (i}, the treating is carried out at a temperature in the range of from 50 to
125 °C;

(i) freating the zeolitic material obtained from (i) with a liquid aqueous system having
a pH in the range of 5.5 to 8 and a temperature of at least 75 °C,
wherein the water content of the liquid agueous system is greater than 50 weight-
%,
wherein in (i}, the zeolitic material is treated with the liquid agqueous system for a
period in the range of from 0.5 {o 24 h; '

wherein the pH of the aqueous system used in (i) is determined using a pH sensitive

glass electrode.

The process of claim 1, wherein Y is Si, and X is B.

The process of claim 1 or 2, wherein in (i), at least 95 weight-%, preferably at least 98
weight-%, more preferably at least 99 weight-% of the framework structure of the zeolitic
material consist of X203 and YOo.

The process of any of claims 1 to 3, wherein in (i), the molar ratio X203: YOz is at least
0.03 : 1, preferably in the range of from 0.03 : 1 to 0.07 : 1, more preferably from 0.03 : 1
{0 0.06 : 1, more preferably from 0.03 : 110 0.05: 1.

The process of any of claims 1 to 4, wherein prior to (i), the zeolitic material provided in
(i) is subjected to spray-drying, wherein during spray-drying, the drying gas inlet
temperature is preferably in the range of from 200 fo 250 °C and the drying gas outlet
temperature is preferably in the range of from 100 to 175 ° C.
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The process of any of claims 1 to 5, wherein prior to (ii}, the zeolitic material
provided in (i), optionally after spray-drying, is subjected to calcination.

The process of claim 6, whetein calcination is carried out at a temperature in the
range of from 400 to 700 °C, preferably from 450 to 550 °C, for a pericd in the
range of from 1 to 10 h, preferably from 3 {c 6 h.

The process of any of claims 1 to 7, wherein in (i), the liquid solvent system is
selected from the group consisting of water, methanol, ethanol, propanol, ethane-
1,2-diol, propane-1,2-diol, propane-1,3-diol, propane-1,2,3-triol, and mixtures of two
or more thereof, preferably water, wherein preferably, the liquid solvent system
does not contain an inorganic or organic acid, or a salt thereof.

The process of claim 8, wherein In (i}, the treating is carried out at a temperature in
the range of from 80 to 115 °C, preferably from 95 to 105 °C, for a period in the
range of from 6 to 20 h, preferably from 7 to 17 h, more preferably from 8 to 12 h.

The process of claim 9, wherein in (i), the treating is carried under reflux.

The process of any of claims 1 to 10, wherein the zeolitic material obtained in (i)
has a molar ratio X0z YOz of at most 0.01 : 1, preferably in the range of from
0.0005 : 1 to 0.01 : 1, more preferably from 0.0009 : 1 10 0.003 : 1.

The process of any of claims 1 to 11, wherein prior fo (iil), the zeolitic materiai
obtained from (ii} is subjected to spray-drying.

The process of any of claims 1 to 12, wherein the zeolitic material obtained from (i)
is in the form of a powder, preferably in the form of a spray powder.

The process of any of claims 1 to 13, wherein prior to (i}, the zeolitic material
provided in (ii), optionally after spray-drying, is subjected to calcination.

The process of claim 14, wherein the calcination is carried out at a temperature in
the range of from 400 to 700 °C, preferably from 500 to 600 °C, for a period in the
range of from 1 to 10 h, preferably from 2 10 6 h.

The process of any of claims 1 to 15, wherein in {iii}, the zeolitic material is treated
with the liguid aqueous system for a period in the range of from 1 to 18 h,
preferably from 8 to 14 h.
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The process of any of claims 1 to 18, wherein in (iii), the zeolitic material is treated
with the liquid aqueous system at a temperature in the range of from 75 to 200 °C,
preferably from 90 to 180 °C, more preferably from 100 to 160 °C, more preferably
from 110 to 150 °C.

The process of any of claims 1 to 17, wherein the liquid agueous system used in
{ii) has a pH in the range of from 6 to 7.5, preferably from 6.5 to 7.5.

The process of any of claims 1 to 18, wherein in (jii), the weight ratio of the liquid
aqueocus system relative to the zeolitic material is in the range of from 35 : 110 5 :
1, preferably from 30 : 1 to 10 : 1, more preferably from 25 : 1to0 15 . 1.

The process of any of claims 1 to 19, wherein in (iii}, the liquid agueous system
comprises at least 90 weight-%, preferably al least 99 weight-%, more preferably at
least 99.9 weighi-% water.

The process of any of claims 1 to 20, wherein in (iii), the zeolitic material is treated
with the liquid agueous system in a closed system, preferably an autoclave, under
autogenous pressure.

The process of any of claims 1 to 21, wherein the zeolitic material obtained from (i)
is subjected to calcination.

The process of claim 22, wherein calcination is carried out at a temperature in the
range of from 350 to 600 °C, preferably from 400 to 500 °C, for a period in the
range of from 1 to 10 h, preferably from2 to 7 h.

The process of any of claims 1 to 23, wherein after (i) and/or after {iiy and/or after
(i), the zeolitic material is, prior to calcination, subjected to drying, wherein drying
is preferably carried out at a temperature in the range of from 100 to 180 °C,
preferably from 120 to 150 °C, for a period in the range of from 10 to 70 h,
preferably from 15 to 25 h.

The process of any of claims 1 to 24, wherein neither prior to nor during nor after
(i), the zeolitic material is subjected to steam treatment and/or wherein neither
during nor after (i), preferably neither prior to nor during nor after (jii), the zeolitic
material is subjected to a treatment with an aqueous solution having a pH of below
5.5 or above 8, wherein the pH of the aqueous system used in (iii) is determined
using a pH sensitive glass electrode.
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A zeolitic material having a BEA framework structure, wherein the framework
structure comprises YOz and X203, wherein Y is a tetravalent element and X is a
trivalent element, said zeolitic material having a molar ratio X;0z : YOz of at most
0.002 : 1 and a water uptake of at most 7 weight-%, wherein Y is selected from the
group consisting of Si, Sn, Ti, Zr, Ge, and combinations of two or more thereof,
wherein X is selected from the group consisting of Al, B, In, Ga, Fe and
combinations of two or more thereof, wherein the zeclitic material has an IR
spectrum exhibiting a first absorption band with the maximum in the range of from
3701 cm-' to 3741 cm! and a second absorption band with the maximum in the
range of from 3500 cm'to 3550 cm’, and wherein the ratio of the intensity of the
first absorption band relative to the intensity of the second absorption band is in the
range of from 1.4 to 2.6.

The zeolitic material of claim 26, wherein the molar ratio X203 : YOz is in the range
of from 0.0005 : 1 to 0.002 : 1 and the water uptake is at most 6 weight-%.

The zeolitic material of claim 26 or 27, wherein the zeolitic material has a
crystallinity, as determined by XRD analysis, of at least 60 %, preferably in the
range of from 60 to 90 %, a specific surface area of at most 600 m?®/g, preferabiy in
the range of from 60 to 600 m?/g, as determined according to DIN 66131, and an IR
spectrum exhibiting a first absorption band with the maximum in the range of from
3701 cm' to 3741 -cm™! and a second absorption band with the maximum in the
range of from 3500 cm-'to 3550 cm-*, wherein the ratio of the intensity of the first
absorption band relative to the intensity of the second absorption band is in the
range of from 1.5 to 2.5, preferably in the range of 1.6 to 2.4, more preferably in the
range of from 1.7 to 2.3, and more preferably in the range of from 1.8 to 2.2.

The zeolitic material of any of claims 26 to 28, wherein Y is Si, and wherein X is B.

The zeolitic material of any of claims 26 to 29, being in the form of a powder,
preferably in the form of a spray powder.

A zeolitic material, preferably the zeolitic material according to any of claims 26 to
30, obtainable or obtained by a process according to any of claims 1 o 25.

Use of a zeolitic material according to any of claims 26 to 31 as a catalyst, as a
catalyst support or a catalyst component.



