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Ordered mesoporous aluminosilicates have gathered considerable a b
research interest as solid acid catalysts and adsorbents, especially
in the bulk molecule involved process. Unfortunately, their
amorphous walls and corresponding low hydrothermal stability and
low catalytic (ion exchange) ability seriously limit their practical
applicationt2 On the other hand, zeolites have been widely used
as shape-selective catalysts and adsorbents in petroleum and 1 2 3 4 5 10 20 5
chemical processéddowever, serious diffusion restriction imposed ) 26 ) ) )
by the micropore limited their use in large molecule involved ’;gé’ﬁzl_‘l () Low- and (b) wide-angle powder X-ray diffraction pattern
reactions! Hence, syntheses of new materials to combine advan- '
tages of both zeolites and ordered mesoporous materials ar
industrially very interesting for such materials, providing great
opportunity to overcome the difficulty in bulk molecular catalytic
conversion and separation.
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€and TEM. Microporous ZSM-5 with a similar Si/Al ratio was
synthesized and characterized for comparison.
In the low-angle PXRD pattern of OMZ-1 (Figure 1a), three well-

. - - resolved peaks indexed to tR&mmhexagonal symmetry with a
Synthesis of crystallized ordered mesoporous aluminosilicate by P 9 y y

- . ) lattice constania being 101 A can be observed. The nitrogen
a conventional surpramolecular chemistry-based route is extremely L . . . -
e . . . adsorption isotherm shown in Supporting Information also confirms
difficult since the molecular mechanism for how zeolite frameworks

. : . the existence of a uniform mesopore in OMZ-1 with a BJH
are actually assembled is still unclear. Until now, only ordered mesopore diameter of 5 nm. The BJH mesopore surface area and
mesoporous material with zeolitic primary units in the wall was | f OMZ-.l 389.4%) d 0.50 cr#
synthesized.A promising alternative to synthesize ordered meso- mesopore voiume o . are 7 and 9.59 Ciig,
porous material, which cannot be obtained through other methods,reSpeCtlve.ly’ \.Nh'Ch are slightly lower tlhan those of parent SBA-
is the nanocasting route by utilization of ordered mesoporous silica 15. §0n§|_der|ng that the condensation degree of _crys@a_llllzed
or carbon as the hard templ&&However, previous attempts to alumlno_slllcate is higher than that of amorphous alu_mlnosmcate,
synthesize ZSM-5 by using CMK-3 as hard tempidter recrys- the part!al loss of surface area and pore volume during recrystal-
tallization of CMK-3-filled SBA-159 only obtained an agglomerate lization is reasonable. These results imply that the ordered meso-
of ZSM-5 nanocrystals with disordered mesoporous structure or porous S_"“‘?t“re of SBA-15 was successfully preserved after
SBA-15 with zeolitic fragments in the mesopore wall. Here we 'ecrystallization.

report that an ordered mesoporous aluminosilicate with completely ~ 1he successful and complete crystallization of SBA-15 was
crystalline zeolite pore wall structure, denoted as OMZ-1, was '¢vealed by PXRD and FT-IR patterns. The reflections of OMZ-1

successfully synthesized by recrystallization of SBA-15 using in [N the wide-angle PXRD pattern (Figure 1b) are very sharp, and

situ formed CMK-5 as the hard template. The role of CMK-5 carbon the crystal domain size determined from line broadening is larger
material here not only serves as the hard template to preservet’an 100 nm, which indicated that large domains of SBA-15 are

ordered mesoporous structure but also kinetically controls the POSSibly converted to a coherent scattering ZSM-5 phase. The
crystallization process to form large crystals. relative intensities of diffraction peaks at similar positions of OMZ-1
For the synthesis of OMZ-1, high-quality AI/SBA-15, with a  are different from those of reference ZSM-5 and the physical
Si/Al ratio of 20, and consequently Al/SBA-15/CMK-5 nanocom- Mixture of SBA-15 and ZSM-5 (see Supporting Information).
posite were synthesized according to the reported procédiure. Considering that the synthetic conditions (templatefSi@tio,
Tetrapropylammonium hydroxide (TPAOH, 25 wt % in methanol Crystallization temperature and time, and template removing
solution) was then impregnated into the AI/SBA-15/CMK-5 nano- Method) for both samples are almost the same, such difference is
composite with a TPAOH/Si©molar ratio of 0.2. After methanol ~ perhaps due to the effect of mesopores in the zeolite crystal
evaporation, the final mixture was transferred into a Teflon cup Structure. The FT-IR patterns of starting SBA-15, the physical
for recrystallization of the amorphous pore wall of AI/SBA-15 at mixture of SBA-15 and ZSM-5 in a weight ratio of 1.1, ZSM-5, as
443 K for 48 h in an autoclave containing enough water to produce Well as OMZ-1 are shown in Figure 2. The framework vibration
saturated steam. The products were washed with distilled waterband at 550 cmt (double five rings) is the characteristic of MFI-
and dried in air at 383 K overnight. The removal of carbon material type zeolite¥ and can be used to determine the crystalline degree
as well as the organic template was achieved by a controlling of these samples. The intensity of the 550 ¢ipand of OMZ-1 is
combustion step, that is, first heated in nitrogen from room obviously higher than that of the SBA-15/ZSM-5 mixture and
temperature to 823 K with a heating rate of 1 K/min, and then the comparable with that of reference ZSM-5. The optical density ratio
nitrogen was switched to air and kept at 823 K for 5 h. of the 550 cm? to the 455 cm?! bands for OMZ-1 is 0.79, which
As-synthesized OMZ-1 was characterized by PXRD, FT-IR, BET, is very close to that of the reference ZSM-5 sample (0.81),

10636 = J. AM. CHEM. SOC. 2006, 128, 10636—10637 10.1021/ja061182| CCC: $33.50 © 2006 American Chemical Society



COMMUNICATIONS

OMZ-1

Table 1. Catalytic Results of 2-Methylnaphthalene Methylation?
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Figure 2. Fourier transform infrared spectra of OMZ-1 and related

materials.

Figure 3. Transmission electron microscopy image and corresponding
indexed electron diffraction pattern of OMZ-1; the diameter of the selected
area aperture is about 100 nm, as schematically shown in the TEM image.

b

i

Figure 4. Structural difference between SBA-15/CMK-3 (a) and SBA-
15/CMK-5 (b) nanocomposites.

indicating that the mesoporous wall of AI/SBA-15 has been
completely crystallized into the MFI structure.

TEM images were recorded with a Philips Tecnai G2 20 operated
at 200 kV. Figure 3 is the TEM image viewed parallel to the

mesopore channels and the corresponding indexed electron dif-

fraction pattern of OMZ-1. The selected area ED pattern shows
the single ZSM-5 crystal (lattice parametera:= 19.839,b =
20.117, andt = 13.386) nature when viewed down the [100] zone
axis. Combination with PXRD and FT-IR analyses suggests that
the crystalline ZSM-5 domains extend over areas much larger than
the mesopore spacing. The exact nature of the ZSM-5 crystallite
size and alignment with respect to the mesopore channel axis is
still under investigation. It should be noted that some OMZ-1 with
slightly less ordered mesopore structure was also found during the
TEM test. There is a slight structural difference between SBA-15/
CMK-3% and SBA-15/CMK-5 nanocomposites as shown in Figure
4. Such difference may result in different contact manner between
TPAOH and the pore wall of SBA-15 and, consequently, a different
ratio between nucleation rate and growth rate of ZSM-5, which
controls the crystal size.

The thermal and hydrothermal stability of OMZ-1 was tested
by treatment of OMZ-1 both at 85T for 4 h in aflow of nitrogen
saturated with water vapor at 8@ and refluxing in boiling water
for 120 h. The meso- and microstructure of OMZ-1 was stable after
such severe treatment, as confirmed by powder XRD and TEM
(see Supporting Information).

The catalytic performance of OMZ-1 in the methylation of
2-methylnaphthalene with methanol was investigated. Detailed Zr

BL-DMN  2,6-DMN
conv. selectivity selectivity 2,6/2,7-DMN 2,6-DMN
catalyst (%) (%) (%) ratio yield (%)
Zr/lOMZ-1 (0.5 h) 48 75 46 2.7 18
Zr/ZSM-5 (0.5 h) 10 85 51 2.0 4.6
Zr/OMZ-1 (8 h) 44 78 49 2.6 17
ZrIZSM-5 (8 h) 6 91 55 2.2 3.1

a8 Thermodynamic equilibrium selectivity3,5-DMN = 36%; 2,6-DMN
= 12%.

isomorphic substitution, catalytic reaction, and product analysis
methods can be found elsewhétédMZ-1-based catalyst shows
much better catalytic performance than ZSM-5, as shown in Table
1. The higher conversion of 2-MN over Zr/OMZ-1 than over Zr/
ZSM-5 may, on first sight, be explained by the difference in the
crystal size of OMZ-1 and the reference ZSM-5. However, as
previously reported, the conversion of 2-methylnaphthalene over
ZSM-5 with a particle size of 7680 nm, which is smaller than
the single ZSM-5 crystallite size in OMZ-1 (proved by XRD and
ED pattern), is not higher than 25%hence it appears reasonable
to explain the higher conversion of Zr/OMZ-1 from the improve-
ment in diffusion properties, while selectivity 8f3-DMN and 2,6-
DMN, which is much higher than the thermodynamic equilibrium
value, is due to the shape-selectivity of the catalyst. The unique
catalytic properties further elucidate the claimed structure of OMZ-
1.

In summary, our preliminary TEM studies, in combination with
PXRD and FT-IR analyses, suggest that an ordered mesoporous
aluminosilicate with completely crystalline zeolite wall structure
was successfully synthesized, and the crystalline ZSM-5 domains
in OMZ-1 extend over areas much larger than the mesopore spacing.
The OMZ-1 shows high thermal and hydrothermal stability and
catalytic performance in the shape-selective methylation of 2-me-
thylnaphthalene. Further structural characterizations of OMZ-1 as
well as synthesis and application of other crystallized ordered
mesoporous metallosilicates are still under investigation.
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