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Abstract

A simple procedure has been described to directly synthesize hydrothermally stable, disordered mesoporous aluminosilicate
materials with strong surface acidity by using a polymer aluminosilicate precursor, and cationic surfactant cetyltrimethylam-
monium bromide (CTAB) as the structure-directing agent. The comparison of stability, acidity and catalytic activity for
the disordered mesoporous materials and Al-MCM-41 has been studied by X-ray diffraction (XRD), transmission electron
microscopy (TEM), N2 adsorption/desorption, infrared spectra, NH3-temperature program desorption (NH3-TPD) and 27Al
MAS NMR techniques. The results show that the disordered mesoporous materials are very similar to mesoporous material
MCM-41 as regards its uniform mesopore sizes at the mean value of 3.0 nm, while the mesoporous channel arrangement is
fully disordered similar to that for KIT-1 prepared by the additive of organic salts. Scanning electron microscopic (SEM)
images show that the products have regular microscopic arrays and layer sheet-like morphology. The disordered mesoporous
materials are hydrothermally more stable than highly ordered MCM-41. Furthermore, they show stronger acid strength and
higher cracking activities than Al-containing MCM-41. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

The successful synthesis of a new family of meso-
porous materials with large surface area, uniform
pore size and large pore volume has greatly expanded
the capacities of heterogeneous catalysts [1–6,32,33].
However, the surface acid sites including Brönsted
and Lewis acid in such Al-containing mesoporous
silica materials prepared by amphiphilic surfactant
templating are very low even at high aluminum con-
centration, which limits their applications on the con-
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version of large molecules [2,3,7]. Therefore, a great
effort has been made to increase the acid strength
and enlarge the number of acid sites of Al-MCM-41.
Borade and Clearfield [8] have reported a synthesis
of Al-MCM-41 with Si/Al ratio as low as 2 with-
out observing the presence of octahedral Al. Several
post-synthesis routes have also been developed for the
preparation of Al-containing MCM-41 [9–11]. Unfor-
tunately, little results show the strong Brönsted acid
sites generated on the mesoporous materials. The lack
of the strong acidic sites for mesoporous materials
is believed to result from amorphous aluminosilicate
wall. All attempts to synthesize mesoporous silicates
with a crystalline framework were proved to be un-
successful since the wall thickness for MCM-41 is
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too thin. Recently, a family of thick wall mesoporous
silica SBA-15 have been successfully synthesized by
using amphiphilic triblock copolymers [12,13]. How-
ever, Al-SBA-15 could not be directly synthesized
and the silicate species were hardly crystallized to
form an ordered framework since it was synthesized
under strong acid media.

Besides lack of the strong acidity, another disad-
vantage of Al-MCM-41 is the lack of hydrothermal
stability, which would greatly limit its applications
in acid catalysis [14]. Upto now, there are several
routes related to the improvement on the hydrother-
mal stability of mesoporous materials, such as pH
adjustment [15], salt effect [14], post-treatment with
phosphoric acid [16] and thicken the wall [12,13,17].
The hydrothermal stability of MCM-41 is largely im-
proved through these methods. However, the results
are still unsatisfactory.

A newly synthesized disordered mesoporous
material, which is denoted as KIT-1, has attracted
our attention because of its outstanding hydrother-
mal stability [18]. The KIT-1 mesoporous material
was synthesized by hydrothermal polymerization of
silicate and aluminate anions surrounding the molec-
ular organization of hexadecyltrimethylammonium
chloride in the presence of various organic poly-
acids. Its channel arrangement interconnects in a
three-dimensional disordered way and its structure is
stable in boiling water for 48 h. Few syntheses of these
disordered mesoporous materials have been reported
before [19–21]. The discovery showed a possibility of
finding non-crystalline molecular sieves with uniform
pore size and excellent hydrothermal stability. Un-
fortunately, the disordered mesoporous silica KIT-1
must be synthesized with a large amount of organic
salts such as NaEDTA (ethylendiamineteraacetic acid
disodium) and lack of the strong acidity.

In this paper, we report on a simple synthe-
sis procedure to directly synthesize hydrothermally
stable, strong surface acidic, disordered mesoporous
aluminosilicates (DMASs) by using cationic sur-
factant CTAB as the structure-directing agent and
the polymer aluminosilicate precursors. The resulted
materials show highly hydrothermal stability, fur-
thermore, they show stronger surface acid strength
and higher cracking activities than highly ordered
Al-containing MCM-41. The disordered mesoporous
material is very similar to mesoporous material

MCM-41 as regards its uniform mesopore size at the
mean value of 3.0 nm, while the mesoporous channel
arrangement is disordered similar to that for KIT-1.
SEM images show that the products have regular
microscopic arrays and layer sheet-like morphology.

2. Experiments

2.1. Synthesis

The disordered mesoporous materials were synthe-
sized from a polymer aluminosilicate precursor pre-
pared according to the procedure previously described
[22]. In a typical synthesis, 0.95 g sodium aluminate
(4.35 mmol Al2O3) was dissolved in 6.5 g 2 M NaOH
(13 mmol) and 10.0 g (556 mmol) deionized water,
then 15.0 g (100 mmol) LUDOX AS-40 colloidal sil-
ica (40 wt.%, Aldrich) was added with strong stirring.
After aged at room temperature for 3 days, a solution
of 4.44 g (12.2 mmol) CTAB in 60 g (3.33 mol) water
was added with stirring. After stirring at room tem-
perature for 3 h, the gel was loaded to an autoclave
and heated at certain temperature for 3 days. After
cooling to room temperature, the solid products were
recovered by filtration, washed with water and dried
at room temperature in air. The samples are denoted
as DMAS-X, where X represents for the crystalliza-
tion temperature (100, 120, 144 and 160◦C). Highly
ordered pure silica MCM-41 was prepared according
to previously described method [23] and tetraethoxy-
silane (TEOS) as the silica source. Alumination of sil-
ica MCM-41 was carried out in dry hexane by using
aluminum isopropoxide as the aluminum source [24].
The calcination was carried out in an oven at 550◦C
in air for 8 h with slow increase of temperature.

2.2. Characterization

Powder X-ray diffraction (XRD) patterns were
recorded by a Rigaku D/MAX-IIA X-ray powder
diffractometer, and using Ni-filtered Cu K� radiation
and operated at 40 kV and 20 mA.

Surface areas and N2 adsorption–desorption
isotherms for the samples were measured on an ASAP-
2010 apparatus using nitrogen as adsorbate at
−196◦C. The pore size data were analyzed by the BJH
method with Halsey equation for multilayer thickness.
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Thermogravimetric (TG) analysis was performed on
a Rigaku PTC-10A. After flowing Ar gas of 40 ml/min
for 2 h, the samples were heated with a heating rate of
10◦C/min from room temperature to 850◦C.

NH3-temperature program desorption (NH3-TPD)
was performed on 100 mg of the catalyst with helium
(40 ml/min) as the carrier gas and a thermoconduc-
tor as the detector. The catalyst was first calcined in
helium at 550◦C for 1 h and saturated with ammonia
at 120◦C, then the NH3-TPD test was started with a
heating rate of 15◦C/min. In order to reduce the influ-
ence of desorption water from the surface hydroxyl
group, the amount of desorption ammonia was reana-
lyzed on a gas chromatograph after the separation of
NH3 with water.

Pyridine adsorption infrared spectra (IR) were
obtained on a Nicolet 5SXC FTIR spectrometer. The
self-supporting wafers about 5 mg/cm2 were first
evacuated in situ in an IR cell at 350◦C for 4 h, and
the spectra were recorded after cooling at room tem-
perature. Pyridine was then admitted to desorption at
120, 145, 175, 205, 235, 275 and 300◦C.

27Al MAS NMR spectra were recorded at room
temperature on a Bruker MSL-300 spectrometer
with resonance frequencies of 78.21 MHz [27]. The
magnetic field was 7.05 T. The spin rate of the
samples was 4.0 kHz and the number of scans was
4000–5000. The pulse lengths were adjusted to 4.6 �s
with repetition times to 500 ms. The sweep width
was 29477 Hz. External Al-(H2O)6

3+ was used as a
reference.

2.3. Catalytic test

The catalytic cracking reactions of n-cetane (n-C16),
n-dodecane (n-C12) and n-heptane (n-C7) were car-
ried out in a pulse microreactor at a H2 pressure
of 2.2 bar and a hydrogen flow rate of 30 ml/min.
The catalyst (100 mg) with the particle size of
0.28–0.45 mm was pretreated in situ in a quartz tube
with 4 mm i.d. by heating in hydrogen at 500◦C for
2 h. The cracking activities were then investigated by
the injection of 1 �l of the reactant into the catalyst
bed at temperature of 450◦C. Reactants and prod-
ucts were analyzed online by a gas chromatograph,
equipped with a capillary OV-101 column (50 m
length, 0.25 mm i.d.) and with a flame-ionization
detector.

3. Results and discussion

DMASs can be directly synthesized by reacting
cationic surfactant such as CTAB with the polymer-
ized aluminosilicate precursors [22]. The Si/Al ratio
of the polymerized precursors can be varied from 5 to
30 to obtain high crystalline disordered mesoporous
aluminosilicates. The precursors have been proved
to contain the initial polymerized aluminosilicate
species for synthesis of zeolite mordenite [22]. With-
out CTAB the aluminosilicate precursors are heated at
175◦C for 2–3 days, full crystalline mordenite zeolite
can be obtained. For comparison, pure silica MCM-41
have been synthesized under base synthesis condition
[23] and Al-containing MCM-41 has been prepared
by post-treatment procedure and using aluminum iso-
propoxide as the Al source in dry hexane [24]. XRD
patterns for as-synthesized DMAS samples (Fig. 1)
show three well-resolved reflection peaks indexed as
(1 0 0), (2 0 0) and (3 0 0) at 2θ range of 1–7◦, which
are similar to that of mesoporous KIT-1. While at high
angle of 15–30◦, only a very broad diffraction peak
caused from amorphous silica wall is observed for all
samples, suggesting that no other crystalline phase is
formed. Compared with that (d1 0 0, 4.0–4.2 nm) for
KIT-1 prepared in the presence of organic salts such
as EDTA, the as-synthesized DMASs have a larger
d1 0 0 spacing of ∼4.98 nm (Table 1). With the increas-
ing synthesis temperature, XRD patterns of DMASs
become relatively poorly resolved and the d(1 0 0)
spacing increases a little bit (Fig. 1, Table 1). After
calcination at 550◦C for 8 h, XRD patterns become
much better-resolved and the intensities are much
increased (Fig. 1), suggesting that the DMASs are
thermally stable and further cross-linking of alumino-
silicate species is occurred to give better-organization
for the mesostructures. It is interesting that the d(1 0 0)
spacing is not decreased but a little bit increased af-
ter calcination (Table 1), indicating that no structural
shrinkage occurs because the inorganic walls may con-
sist of relatively high polymerization aluminosilicate
precursors. The relative large precursors can further
cross-linked together and reorganized mesostructure.
On the other hand, as-synthesized pure silica MCM-41
prepared by using monosilicate TEOS as the silica
source and cationic surfactant CTAB as the template
without aging under base synthesis condition [23]
show well-resolved XRD pattern. Seven diffraction
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Fig. 1. Powder XRD patterns of as-synthesized, calcined DMASs prepared at different temperatures, and as-prepared and calcined
Si-MCM-41.

peaks are observed at 2θ of 1–10◦, indicating that the
Si-MCM-41 is a high quality mesoporous material.
The d(1 0 0) spacing of 4.41 nm is a little smaller than
that for the DMASs. After calcination, seven diffrac-
tion peaks for Si-MCM-41 are retained and the d(1 0 0)
spacing of 4.01 nm decreases, suggesting that further
cross-linking of the silica species to result in shrinking
is occurred. Unlike DMAS materials, highly ordered
Si-MCM-41 consists of low polymerization silica

Table 1
The physical properties of the disordered mesoporous materials and Al-MCM-41

Sample Si/Al
ratio

d(1 0 0) (nm) N2adsorption data Total weight
loss (wt.%)

Amount of desorp-
tion NH3 (mmol/g)a

As-made Calcined Pore size
(nm)

BET surface
area (m2/g)

Pore volume
(ml/g)

DMAX-100 18 4.98 5.11 2.9 610 0.64 49 0.40
DMAX-120 4.94 4.95 2.9 450 0.50 44 0.36
DMAX-144 22 4.55 4.58 2.9 445 0.45 43 0.32
DMAX-160 4.51 4.52 3.0 380 0.40 39 0.29
MCM-41 4.41 4.01 2.2 1130 0.67 44
Al-MCM-41 14 4.35 3.94 2.1 790 0.47 0.16

a The amount of desorption ammonia was re-analyzed on a gas chromatograph after separation of NH3 with water.

species on the wall. After alumination in dry hexane,
as-prepared and calcined Al-MCM-41 show similar
XRD patterns (not shown) except the intensities and
the d spacing a little bit decrease (Table 1), indicating
that Al-MCM-41 have highly ordered mesostructure.

Transmission electron microscopy (TEM) image
of calcined DMAS (Fig. 2a) shows full-disordered
mesostructure but with relatively uniform mesopore,
further confirming that calcined DMAS samples have
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Fig. 2. TEM images of: (a) DMAS prepared at 100◦C; (b) highly ordered pure silica MCM-41 and SEM images; (c, d) DMASs with
different magnification.

fully disordered mesostructures similar to that for
KIT-1. The selected electron diffraction of calcined
samples does not show that the wall of DMAS has
regular ordered array, suggesting that the inorganic
wall consists of amorphous aluminosilicates. On the
other hand, calcined Si-MCM-41 shows well-ordered
two-dimensional hexagonal mesostructrue (Fig. 2b),
further confirming that it is a high quality mesoporous
molecular sieve. After alumination, TEM measure-
ment shows that Al-MCM-41 retains highly ordered
mesostructure, suggesting that the alumination pro-
cess in dry hexane does not affect the organization
of the mesoporous materials. SEM images (Fig. 2c
and d) for as-synthesized DMAS samples have mi-
croscopically regular array of layer sheet-like similar
to the morphology of MCM-22 [25,34]. After calci-
nation at 550◦C for 8 h, layer-sheet-like morphology
is retained, suggesting that the structure is stable.
While SEM images show that the highly ordered

Si-MCM-41 prepared by using CTAB as the templates
under base synthesis condition and Al-MCM-41 have
agglomerated particles (∼2�m), suggesting that they
have do not regular macroscopical ordering.

The calcined DMAS materials have significantly
greater hydrothermal stability in comparison to cal-
cined highly ordered Si-MCM-41 material prepared
by using cationic surfactant CTAB as the template in
base synthesis condition. All of the calcined DMAS
samples prepared with the polymer aluminosilicate
precursors are stable after heating in boiling water
for more than 70 h. For example, the XRD pattern of
calcined DMAS-100 prepared at 100◦C is essentially
unchanged from that obtained after the sample has
been heated in boiling water for 24 h (Fig. 3A). All
scattering reflections are retained after this hydrother-
mal treatment, although the (3 0 0) reflection peak be-
comes broader. The (1 0 0) peak, however, is observed
with similar intensity (Fig. 3A). Even after heating in
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Fig. 3. Powder XRD patterns of calcined DMAS-100 after heating
in boiling water for: (A) 12 h, (B) 70 h, (C) calcined pure silica
MCM-41 after heating in boiling water for 6 h.

boiling water for 70 h, the (1 0 0), (2 0 0) diffraction
peaks are still retained, and the intensities are a little
decreased (Fig. 3B). In contrast to this, the calcined
highly ordered Si-MCM-41 prepared by using cationic
surfactant CTAB under base synthesis condition is
unstable, after heating in boiling water for 6 h, the
material becomes amorphous and loses all XRD scat-
tering reflections (Fig. 3C) [12,18]. In addition, meso-
porous aluminosilicate material AlHMS with Si/Al
ratio of 15 prepared by using hexadecylamine [26] is
stable after heating treatment at 90◦C water for 6 h,
but longer time of the boiling water treatment results
in the significant decrease of the XRD intensity and
surface area and pore volume for the AlHMS sample,
which shows similar stability to that of Al-MCM-41
with the same Si/Al ratio [26], suggesting that hydro-
thermal stability of the disordered aluminosilicates
DMAX are also higher than that of AlHMS.

The TG analysis measurements show total weight
loss of 39–49 wt.% for DMAS samples, which due
to the removal of organic templates of CTAB [27].
The results are similar to that (44 wt.%) (Table 1) for
Si-MCM-41 and almost all of the templates can be
removed after calcination at 550◦C for 8 h.

Representative nitrogen adsorption/desorption iso-
therms and the corresponding pore size distribution

Fig. 4. N2 adsorption/desorption isotherms (up) and pore size dis-
tribution (down) calculated based on BJH model from adsorption
branches for a, b, and c, DMASs prepared at different temperature
of (a) 100◦C; (b) 120◦C; (c) 144◦C; (d) calcined MCM-41.

calculated by BJH model from adsorption branch are
shown in Fig. 4. Calcined DMASs prepared from
the polymerized aluminosilicate precursors yield the
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complex type isotherms. A steep increase is observed
at a relative pressure at 0.32 < P/P0 < 0.5, which
is due to the filling of mesopores by capillary con-
densation [13,28]. Another step is observed in the ad-
sorption curve at a relative pressure 0.95–1.0, which
may be due to the filling of the macropore caused
from the void space between the sheet-like crystals
[29]. All samples show narrow pore size distribution
at the mean values of ∼3.0 nm (Fig. 4, Table 1), sug-
gesting that the DMASs prepared directly from the
polymer precursors have well-uniformed mesoporous
channels. With the increase of synthesis temperature,
the BET surface area for disordered mesoporous ma-
terials decreases, but the pore size is always kept
constant (Table 1). While, highly ordered Si-MCM-41
shows a typical I–V isotherm curve without hystere-
sis and the capillary condensation occurs at a lower
relative pressure (P/P0 ∼ 0.10–0.30) (Fig. 4d). The
corresponding pore size distribution calculated from
adsorption branch (Fig. 4d) [30] shows a narrower
distribution peak at the mean values of 2.2 nm than
those for the DMASs. The BET surface areas for
Si-MCM-41 is 1130 m2/g much higher than those for
DMAS samples. After alumination, the BET surface
area and pore volume a little decrease, but still higher
than those for DMAS materials prepared directly
from the polymer aluminosilicate precursors.

Fig. 5 shows the 27Al-MAS NMR spectra of
as-synthesized and calcined DMASs prepared from
the polymer aluminosilicate precursors at 100 and
144◦C, respectively. All spectra give two resolved
lines at 55 and 0 ppm. The line at 55 ppm can be
assigned to the aluminum in a tetrahedral environ-
ment (AlO4), in which aluminum is covalently bound
to four Si atoms via oxygen bridges, whereas the
chemical shift at 0 ppm can be assigned to octahedral
aluminum (AlO6) [24]. The results clearly show that
almost all of aluminum for as-synthesized DMAS-100
are in the presence of AlO4 structure unit (Fig. 5).
After calcination at 550◦C in air the intensity of the
line at 0 ppm increases (Fig. 5), suggesting that some
of aluminum with AlO4 unit, which are located on the
framework of the disordered mesoporous materials
are unstable and can be moved out from the frame-
work to become non-framework octahedral aluminum
AlO6. Compared with those for as-synthesized and
calcined samples prepared at 144◦C, as-synthesized
and calcined DMAS-100 samples show lower inten-

Fig. 5. 27Al-MAS NMR spectra of as-synthesized and calcined
DMASs prepared at 100 and 144◦C respectively; and as-prepared
and calcined Al-MCM-41 prepared by post-synthesis of MCM-41
with aluminum isopropoxide in dry hexane.

sities corresponding to the line at 0 ppm (Fig. 5),
indicating that lower synthesis temperature enhances
the incorporation of aluminum into the mesoporous
materials framework, which is in agreement with the
XRD data. As shown in Fig. 5, as-prepared highly
ordered Al-MCM-41 shows only one line at 50 ppm,
indicating that the simple post-alumination process
can result in all the aluminum located on the frame-
works of MCM-41. After calcination at 500◦C for
8 h in air, a weak line at 0 ppm is observed (Fig. 5),
suggesting that a little dealumination occurs during
the calcination. Compared to Al-MCM-41, aluminum
located on the frameworks of the DMAS prepared at
low temperature such as DMAS-100 is more stable,
while the aluminum on DMASs prepared at high
temperature is less stable.

29Si-MAS NMR spectra of as-synthesized and
calcined DMASs prepared at 100 and 144◦C show
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the broad lines at 110 ppm resulted from the silicon
associated with proton and aluminum, further indi-
cating that the wall for the samples are amorphous
aluminosilicates [12,13,29]. The lines at 110 ppm for
the samples prepared at 144◦C are much broader
than those for the sample prepared at 100◦C, sug-
gesting that higher synthesis temperature yield a
more disordered wall [2,14]. As-synthesized pure
Si-MCM-41 shows three relative narrow lines at
93, 100 and 110 ppm, which correspond to Q2, Q3

and Q4 silica species, respectively, associated with
progressively increased silica cross-linking. From the
relative peak areas, the ratios of these species are
established to be Q2:Q3:Q4 = 0.04:1:0.8. After calci-
nation at 550◦C, the Q4 line increases and the ratio
becomes Q2:Q3:Q4 = 0.04:0.67:1, indicating that fur-
ther cross-linking occurs and condensed amorphous
silica framework is formed during the calcination. Af-
ter alumination, the line at 110 ppm becomes broad,
which is caused from aluminum. Compared with the
DMASs, Al-MCM-41 shows a broader line around
110 ppm, suggesting that highly ordered Al-MCM-41
may have more disordered wall structure [2,14].

4. Acid properties

Fig. 6 shows TPD of ammonia (NH3-TPD) curves
on calcined DMAS materials and Al-containing

Fig. 6. NH3-TPD profiles for (a) DMAS prepared at 100◦C; (b)
DMAS prepared at 144◦C; (c) calcined Al-MCM-41.

MCM-41 with similar Si/Al ratio, respectively.
Obviously, the desorption temperature and amount of
ammonia for all calcined DMAS samples are higher
than those for Al-MCM-41 with similar Si/Al ratio
(Table 1). Two desorption peaks that may cause from
weak and strong surface acidity, respectively, can be
observed for calcined DMAS materials prepared at
100 and 120◦C (Fig. 6a), although latter peaks do
not go down to the base line, which may cause from
further desorption of the hydroxyl groups from the
mesoporous materials. In order to accurately calculate
the desorption amount of the ammonia, we have sep-
arated the ammonia with the water from desorption
of the hydroxyl groups on the mesoporous materi-
als, and analyzed it again in gas chromatograph (see
Table 1). These results suggest that DMASs prepared
at low temperature have more acidic sites than that for
Al-MCM-41 with similar Si/Al ratio. With increas-
ing synthesis temperature, the desorption amount of
ammonia decreases and high temperature desorption
peak becomes poorly resolved (Fig. 6b), suggest-
ing that low temperature synthesis may yield large
amount of the surface acidic sites.

IR spectra of pyridine adsorption on calcined
DMASs and Al-MCM-41 with similar Si/Al ratio
are shown in Fig. 7. It is clear that both Brönsted
(band at 1540 cm−1) and Lewis (band at 1450 cm−1)
acid sites can be observed on these samples [31].
IR spectra show that the calcined DMASs espe-
cially DMAS-100 has a larger amount of Brönsted
acid sites than that for Al-MCM-41, suggesting that
DMAS samples prepared directly from the poly-
mer precursors yield more surface acid sites than
that for Al-MCM-41. Moreover, after degassed at
250◦C, the 1540 cm−1 peak associated with Brön-
sted acid sites totally disappears on the Al-MCM-41,
whereas it still remains on the DMAS-100 sample
even after desorption at 300◦C, indicating that the
strength of Brönsted acid sites on DMAS-100 sample
is stronger than that on the Al-MCM-41. The re-
sults indicate that DMAS materials prepared directly
from the polymer precursors have medium strength
Brönsted acid sites, which are much stronger than
that for highly ordered Al-MCM-41 with similar
Si/Al ratio. Moreover, mesoporous AlHMS with the
Si/Al ratio of 15 prepared by using hexadecylamine
as a structure-directing agent shows similar acidity
to Al-MCM-41 [26],suggesting that the strength of
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Fig. 7. IR spectra of pyridine adsorbed on DMAS prepared at 100◦C and Al-MCM-41 and degassed at different temperature.

Table 2
The cracking activity of disordered and Al-MCM-41 mesoporous materials

Sample Conversion (%) C (C12)/C (C16)a C (C7)/C (C16)b

n-C16 n-C12 n-C7

DMAS-100 82.2 17.4 3.6 0.21 0.044
DMAS-144 77.8 14.6 2.9 0.19 0.037
Al-MCM-41 60.1 7.8 0.6 0.13 0.001

a Representing the ratio of n-C12 conversion to n-C16’s.
b Representing the ratio of n-C7 conversion to n-C16’s.

Brönsted acid sites on the DMASs is also stronger
than that on AlHMS.

5. Catalytic activity

The catalytic activities of the DMAS samples to-
wards cracking of n-alkanes are illustrated in Table 2.
Generally speaking, the cracking of n-alkanes with
short alkyl chains needs the catalysts with strong
acid sites. Therefore, we choose n-alkanes with dif-
ferent long alkyl chains as the reactants to study the
acid strength for the samples. As shown in Table 2,
the DMAS samples exhibit good activities for n-C16
cracking, but for n-alkanes with short alkyl chains
the cracking activities decrease greatly. The results
indicate that the acid strengths of the DMAS sam-
ples are mild. Meanwhile, for cracking reactions
of all n-alkanes the activities decrease in order:
DMAS-100 > DMAS-144 > Al-MCM-41. This

may result from the different number and strength
of acid sites. The acid strength of these samples
can be described more clearly by using the ratio of
n-C12’s conversion to n-C16’s or n-C7’s conversion to
n-C16’s. As shown in Table 2, the ratio is in the order:
DMAS-100 > DMAS-144 � Al-MCM-41, which
is in the agreement with the order of acid strength
for these samples. These results indicate that the dis-
ordered mesoporous materials synthesized directly
from the polymer precursors have larger amount
of acid sites, stronger acid strength, and therefore
higher cracking activity than those for conventional
Al-MCM-41 mesoporous material.
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