Synthesis of microporous surfactant-templated aluminosilicates
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Microporous aluminosilicates have been synthesized in the
presence of organic surfactants according to a procedure
based on a two-step sol-gel process at room temperature;
varying the surfactant chain length and/or the Si/Al ratio,
materials with pore diameters adjustable in the range 1.0-2.5
nm have been obtained; the Al atoms in the as-synthesized
samples present tetrahedral coordination, even for materials
with high Al content (Si/Al = 6).

The M41S family of surfactant-templated mesoporous silicates
and aluminosilicates was discovered and characterized in 1992
by Moabil Oil researchers.® The presence of Al atoms incorpo-
rated into the walls and large pores provide these materialswith
interesting properties for the catalytic conversion of bulky
molecules.24 |n past years, a number of studies have been
published aimed to the synthesis of mesoporous materials with
increasing pore size by incorporation of swelling agents to the
synthesis medium or by using block copolymer surfactants.5-8
Accordingly, micelle-templated silicates and auminosilicates
have been prepared with uniform pore sizes in the range 2-10
nm.%-13 However, less attention has been devoted to the
synthesis of surfactant-templated materials with pore diameters
below 2.0 nm. Thisisan interesting goal as it would contribute
to fill the pore size gap existing between microporous zeolitic
materials (D, < 1 nm) and surfactant-templated mesoporous
solids (D, > 2 nm). Moreover, materialswith uniform poresize
in the range 1.0-2.0 nm are expected to exhibit interesting
shape-selectivity properties in the conversion of large sub-
strates.

Several papers have recently appeared with the aim of
obtaining surfactant templated materials with small pore
diameters. Thus, a novel method for tailoring the pore opening
size of MCM-41 materia s has been reported,4 although based
on a complex post-synthesis treatment with three steps. A
completely different approach has been developed by Bagshaw
and Haymann,5 which hasled to silicates with pore sizesin the
range 1.4-2.0 nm through the use of a new family of w-
hydroxy-bolaform surfactants. However, at present it is not
clear whether thislast aternative would a so alow microporous
aluminosilicates to be synthesized.

In a recent work,16 we have reported a new method for the
preparation of Al-containing micelle-templated silica(Al-MTS)
based on a sol—gel process at room temperature. We have found
that when increasing the al uminium content, materialswith pore
sizesin the range 1.5-2.0 nm are obtained. In the present work
we show that this method is aso useful for the synthesis of Al-
MTS solids with pore sizes that can be tailored in the range
1.0-2.0 nm through the variation of both surfactant alkyl chain
length and Al content.

The materials were synthesized at room temperature accord-
ing to the following procedure. The silica and aluminium
sources (tetraethyl orthosilicate, TEOS, and aluminium iso-
propoxide, IPA) were first hydrolyzed under acidic conditions
(agueous HCI), the starting Si/Al ratio being varied within the
range 5-30. The surfactant was added and the mixture obtained
was stirred and kept under acidic conditionsfor 1 h (TEOS/Surf.
molar ratio = 0.3). Both cetyltrimethylammonium chloride
(CTMACI) and  dodecyltrimethylammonium  bromide
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(DTMABT) were employed as surfactants. In a second step,
condensation reactions were promoted by dropwise addition of
2 wt% aqueous NH3 until the gel point is reached. The solid
material so obtained was filtered off, washed with deionized
water and dried at 110 °C overnight. Finally, it was calcined in
N, flow at a heating rate of 1 °C min—1 up to 550 °C and then
kept in air flow at this temperature for 5 h.

Table 1 summarizes the physicochemical properties of
different AI-MTS materials prepared. Although in genera the
samples obtained show Al contents lower than those of the
synthesis mixture, a close correspondence is observed among
them, even for the synthesis with the lowest Si/Al ratios. TG
analysis of the as-synthesized samples show the presence of the
surfactant molecules occluded in the pores with weight lossesin
the range 40-55 wt%, confirming that they can be regarded as
micelle-templated materials. Fig. 1 illustrates the XRD spectra
of samples prepared with surfactants of different chain length, a
sharp diffraction peak at low angle being observed, which is

Table 1 Synthesis conditions and physicochemical properties of the
synthesized materials

N, adsorption
isotherm (77 K)
BET
Pore surface  Surfactant
Si/Al Si/Al volume?/ areab/m2 contente

Surfactant (medium) (product) cm3g—1 g1 (wt%)
CTMACI 30 45.2 0.93 1180 55
CTMACI 20 315 0.66 1020 52
CTMACI 10 189 0.56 910 50
CTMACI 5 8.3 0.45 790 43
DTMABr 20 424 0.47 960 46
DTMABr 15 189 0.40 840 42
DTMABr 8 10.4 0.39 820 35
DTMABr 5 6.3 0.32 770 40

aMeasured at p/p, = 0.9. b Measured within the range p/p, = 0.01-0.125.
¢ Determined from the TGA weight loss in the range 150450 °C.
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Fig. 1 XRD spectraof calcined samples: (a) DTMABT, Si/Al = 6.3 and (b)
CTMACI, Si/Al = 45.2.
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Fig. 2 N, adsorption—desorption isotherms: (a) CTMACI, Si/Al = 45.2; (b)
CTMACI, Si/Al = 315; (c) CTMACI, Si/Al = 8.3; (d) DTMABT, SiI/Al =
42.4; () DTMABr, Si/Al = 18.9; (f) DTMABr, S/Al = 6.3.

characteristic of M41S amorphous structured materials. The d-
spacings of the calcined samples prepared with DTMABr are
higher than those obtained with CTMACI, which shows that a
lower chain length of the surfactant leads to a reduction in the
unit cell size.

Fig. 2 compares the N, adsorption—desorption isotherms at
77 K of a number of samples synthesized varying both the
surfactant and the starting Si/Al ratio. A type IV isotherm is
obtained for the sample prepared using CTMACI and Si/Al =
45.2, which is typical of a mesoporous material. This sample
shows aporediameter of 2.5 nm, calculated by the BJH method.
However, increasing the Al content and/or reducing the alkyl
chain length of the surfactant leads to type | isotherms, typical
of microporous solids, which is accompanied by a decrease in
both surface areaand pore volume. Fig. 3 showsthevariationin
the pore size of these samples vs. the Al content. For both
surfactants, the pore diameter is progressively reduced asthe Al
content is increased, showing that the presence of aluminium
species during the synthesis process strongly affects the ionic
surfactant-templated mechanism. For the samples prepared
using CTMACI, the lowest pore diameter obtained is 1.5 nm,
clearly within the micropore region. Interestingly, thislimit can
be reduced using DTMABTr as surfactant, which leads to the
synthesis of materials with pore sizes in the range 1.0-1.7
nm.
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Fig. 3 Relationship between the pore diameter and the aluminium content of

the samples: (a) CTMACI (pore diameters cal culated according to the BJH

method) and (b) DTMABr (pore diameters calculated according to the

Saito—Foley method).
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Fig. 4 TEM micrograph of the sample with Si/Al = 6.3 synthesized using
DTMABT as surfactant.

These results are further confirmed by TEM micrographs of
the samples (see Fig. 4). The pore diameters measured in these
micrographs agree well with those derived from the N
adsorption measurements. Moreover, from XRD spacings and
pore diameters, alarge wall thickness (1.5-2.0 nm) is obtained.
This result may be also important in terms of the stability of
these materials.

In order to study the Al environment in the samples, 27Al
MAS NMR spectra were measured, which show that in the as-
synthesized materials al the Al atoms present tetrahedral
coordination. This result indicates that even for samples with
high aluminium content (Si/Al = 6), most of the Al speciesare
effectively incorporated into the pore walls.

In summary, it can be concluded that using this new synthesis
method, and through a suitable combination of surfactant chain
length and Al content, AI-MTS materials with pore size
adjustable in the range 1.0 - 2.5 nm can be prepared.
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