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Synthesis of pure polymorph C of Beta zeolite in a fluoride-free system
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Pure polymorph C (denoted ITQ-17) resulting from the
intergrowth of zeolite Beta has been synthesized in the
presence of Ge from a fluoride-free synthesis mixture; this
shows that fluoride is not necessary to obtain structures
containing D4MR units that were believed to be stabilised by
fluoride; on the other hand, the presence of Ge directs the
synthesis towards the formation of pure polymorph C.

Zeolites are porous crystalline aluminosilicates that have found
important applications in catalysis, adsorption and as ion
exchangers. For many of these applications, it would be
interesting to carry out an a priori design of zeolites.
Unfortunately, despite the efforts made by several groups,1,2 the
existing knowledge on nucleation and crystallization mecha-
nisms at the molecular level is limited, and the synthesis of new
structures has advanced mainly by accumulated experience
using different structure directing agents (SDAs) and synthesis
conditions. More specifically, in the case of high silica/alumina
large pore three-dimensional zeolites, the number of existing
structures is quite limited3 and up to now only Beta zeolite has
found commercial applications.4 Zeolite Beta is a highly faulted
intergrowth of two polymorphs A and B. Newsam et al.5
described a hypothetical framework, denoted as polymorph C,
which is related to polymorphs A and B of zeolite Beta, and
could be generated from polymorph A simply by the recurrent
application to the building layers of a shear operation along both
a and b axes. The structure of polymorph C has a three-
dimensional system of 12MR channels that intersect perpendic-
ularly, and in contrast with polymorphs A and B, all the
channels in the structure C are linear.5 Furthermore, polymorph
C contains double four-membered ring (D4MR) cages as
secondary building units [two D4MR cages per unit cell (u.c.)],
while polymorphs A and B do not contain such secondary
building units.

It has been reported6 that, among a large number of pure
silica structures, those that contain mainly triple 4-MRs are the
least stable frameworks with enthalpies of transition for
quartz? molecular sieve (DH298

trans) 4 10.8 kJ mol21, in-
dicating that the presence of large fractions of multiple 4-MRs
seems to lead to a destabilization of the framework, at least for
less dense structures such as CHA, ISV, FAU and AST. It is
apparent from this point of view that structure C which presents
D4MRs should be less stable than zeolite Beta formed by
polymorphs A and B. Then, while it is true that purely
thermodynamic data cannot answer questions about the kinetics
of zeolite synthesis, they can nevertheless help to rationalize
driving forces for synthesis.6 On this basis it is not surprising
that the polymorph C has been elusive, whereas zeolite Beta has
been synthesized with several SDAs.7–9 However, it has been
shown10 that fluoride ions can stabilize D4MR small cages and,
consequently, a synthesis procedure in fluoride media, in
principle, could favour the synthesis of polymorph C. Very
recently, Liu et al.11 have found polymorph C as an impurity of
the pure silica Beta zeolite, when this was synthesized in
fluoride media using tetramethylenebisquinuclidinium diqua-
ternary cation (M4BQ2+) as structure directing agent. It was
suggested that the presence of fluoride ions was required for the
formation of the observed impurity. However, pure polymorph

C (ITQ-17) was not obtained until Corma et al.12 showed that in
the presence of fluoride ions this structure is formed when Ge is
also introduced in the synthesis media. Then, it appears that
both F2 and Ge stabilise the presence of double four-membered
rings in the structure and then it is possible to prepare the pure
polymorph C of Beta with a large number of organic structure
directing agents.

Unfortunately, the presence of F2 in the synthesis media is
not desirable from an industrial point of view and, therefore, it
is of interest to find a fluoride-free synthesis of the pure
polymorph C, not only for practical reasons but also from a
conceptual point of view in order to establish whether the
presence of F2 anions is mandatory for the stabilization of
D4MR units, which are present in that structure.

Here, we will show that the synthesis of pure polymorph C
(ITQ-17) of the intergrowth of Beta zeolite has now been
achieved in the absence of fluoride ions.

The synthesis was carried out in OH2media, using 1-methyl-
4-aza-1-azoniabicyclo[2,2,2]octane hydroxide (DABMe(OH))
as the structure directing agent. The 1-methyl-4-aza-1-azoniabi-
cyclo[2,2,2]octane cation (DABMe+) was synthesised in its
iodide form in the following way: a solution of iodomethane
(Aldrich) (3.7 g) in tetrahydrofuran (THF, 15 ml) was added
dropwise to a solution of 1,4-diazabicyclo[2,2,2]octane
(DABCO) (Aldrich) (5.6 g) in THF (200 ml) at room
temperature, and the mixture was stirred for 20 h. The resulting
solid was filtered off and washed with diethyl ether. Finally the
salt, DABMeI, was exchanged into its hydroxide form using an
anion-exchange resin (Amberlite IRN-78, Supelco). More
specifically, a synthesis gel with the following composition was
prepared:

0.666 SiO2+0.333 GeO2+0.5 DABMe(OH)+3.5 H2O.
This was obtained by adding GeO2 (powder) and TEOS
(tetraethylorthosilicate) to an aqueous solution of DAB-
Me(OH). The homogenized mixture was stirred vigorously at
room temperature in order to eliminate the ethanol produced
during the hydrolysis of TEOS and to adjust the water content
to that of the gel composition. The resulting gel was introduced

Fig. 1 X-Ray diffraction patterns of as-synthesized ITQ-17 zeolites
prepared in fluoride-free media (top) and in the presence of fluoride12

(bottom).
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into new, Teflon-lined autoclaves that had never been in contact
with a solution containing F2, and were heated at 150 °C under
static conditions. The fluoride-free gel after 12 days gives a
sample, the X-ray diffractogram of which is given in Fig. 1. This
is compared with a sample of ITQ-17 obtained in a fluoride
system and whose structure was found to correspond to that of
the pure polymorph C of zeolite Beta.12 From the comparison,
it becomes evident that well crystallized pure polymorph C has
been obtained in OH2 media and in the absence of F2.
Elemental analysis of this sample gives a C/N atomic ratio of
3.5, as would be expected, which indicates that the SDA must be
intact inside of the pores of the zeolite. A Si/Ge ratio of 2.5 was
found for this sample when analysed whereas F2 anions were
not detected by chemical analysis or by 19F MAS NMR
spectroscopy. Pure ITQ-17 samples with higher Si/Ge ratios
have been obtained by this procedure. It should be remarked that
even if pure polymorph C can be synthesized in the absence of
F2 when Ge is introduced, the combination of both F2 and Ge
accelerates the synthesis of this zeolite (Fig. 2).

The results presented here clearly prove that pure polymorph
C of Beta intergrowth can be obtained in the absence of F2
anions. Ge seems to direct the synthesis towards the formation
of this structure due to the stabilization effect of D4MR units
present in ITQ-17 materials. These results are in line with the
fact that the presence of Ge in the synthesis media strongly
accelerates the nucleation of Ti-ITQ-713 and Al-ITQ-714

zeolites that also contain D4MRs in the structure.
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Fig. 2 Crystallization curves of ITQ-17 zeolite synthesized in fluoride-free
media (-) and in the presence of fluoride (Ù).
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