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Abstract The Keggin phosphotungstic acid, H3PW 1,049
(HPW), was successfully immobilized on the surface of
mesostructured LaSBA-15 by means of chemical bonding
to aminosilane groups. The catalysts were characterized by
elemental analysis, N, adsoption, TEM, DRS-UV, and
FTIR spectroscopy. Characterization results suggest that
the surface area decreased after grafting amino groups to
silica and the structures of heteropolyanions on amine-
modified LaSBA-15 was maintained. Their catalytic
behaviors were investigated in the alkylation of o-xylene
with styrene. Among the functionalized catalysts, when the
content of amino-groups was suitable, it had the best cat-
alytic performances in terms of yield and stability. It is
worth mentioning that the catalysts could be used repeat-
edly without loss of the activity and selectivity during
several catalytic cycles. The good stability can be attrib-
uted to the strong interaction between the amino groups on
the surface of LaSBA-15 and HPW anions.
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1 Introduction

The alkylation of o-xylene with styrene to give 1-phenyl-1-
arylethane is an industrially important reaction [1]. Phen-
ylxylylethane (PXE) is widely used as a high-energy fuel
for turbojets, jets, rockets, missile engines; as a high-sta-
bility lubricant and as an important additive in the corro-
sion protective coatings of chlorinated rubber and synthetic
resins [1]. One of the main problems in this reaction is the
formation of styrene oligomers generated as byproducts,
especially when homogeneous Brgnsted or Lewis acid
catalysts are used [1]. Traditionally, various homogeneous
catalysts have been used in this reaction, for instance,
H,SO,, BF3, HF, AICl; or FeCl; but their environmental
non-friendliness, troublesome product recovery and puri-
fication, and impossibility of catalyst recycling make them
unsuitable for the purpose. Many efforts have been made to
exploit the environmentally friendly catalytic technology
for the target reaction. In recent years, use of heteroge-
neous catalysts in liquid phase reactions has received great
attention due to their advantages such as high activity and
selectivity, reusability, ease of separation, no corrosion or
disposal of effluent problems, etc. For PXE synthesis, solid
acids such as silica-alumina [2], cation-exchange resins [3],
sulfated zirconia/titania [4, 5] and AI-MCM-41 [6] have
been used as catalysts.

Heteropolyacids, particularly the Keggin-type phospho-
tungstic acid (hereafter HPW), exhibit high acidic strengths
and have performed admirably in a wide variety of acid-
catalyzed reactions [7, 8]. The major disadvantages of HPW
lie in extremely low surface area and water-solubility, which
always limit its practical applications [9]. Impregnation is an
easy way to increase its surface area by supporting HPW onto
various carriers, such as silica gel, zeolite Y, ordered mes-
oporous silica (e.g. SBA-15 or MCM-41), cellular foam
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silica and so on [10]. However, HPW has the tendency to
leach from carriers into polar reaction media, which leads to
the poor catalytic reusability.

It is desired to develop a support with controlled
strength and concentration of surface basic sites can pre-
vent HPW leaching without destroying its acidity. Grafting
method, mainly involving the pre-functionalization of
carrier with organic components and chemical linkage of
HPW, has been chosen to anchor HPW on carriers for
avoiding leaching. Based on this premise, Pizzio et al. [11]
revealed that HPW supported on amine-functionalized
silica and SIMCM-41 exhibited negligible solubility and
high activity in the synthesis of isoamylacetate. Kim et al.
[13] has also reported that H;PMo;,0,49 was chemically
immobilized on a kind of porous carbon by forming a
positive charge on the support via surface modification. Jin
et al. [12] anchored Keggin-structured tungstovanadoger-
manic HPA (HsGeW VO, on the aminesilane func-
tionalized SBA-15, through which HPA clusters were
attached firmly to the surface of SBA-15 evidenced by
spectroscopic characterizations. SBA-15, a well-ordered
hexagonal mesoporous silica with an uniform pore size up
to ~30 nm, is an ideal support for acid catalyst for its
thicker pore walls and higher thermal and hydrothermal
stability [14, 15]. Very recently, our research group suc-
cessfully incorporated rare-earth element La into SBA-15
silicate framework by direct synthesis method [16]. Com-
pared with the SBA-15, Lanthanum doped SBA-15 (LaS-
BA-15) possesses some weak Lewis acid and higher
thermal stability, besides a tunable pore and large surface
area, which is ideal for the dispersion of catalytically active
entities, thus being widely used as a catalytic support [17]
or catalyst [18, 19]. However, to the best of our knowledge,
no attempt has been made to immobilize Keggin-structured
phosphotungstic acid (HPW) on the aminopropyl-functio-
nalized mesostructured LaSBA-15 materials. Furthermore,
no systematic investigation on the amount of amino-groups
used for the surface functionalization of mesoporous
materials has been conducted yet.

In this work, mesostructured LaSBA-15 was prepared
via a surfactant templating method. The as-obtained LaS-
BA-15 silica was then modified by grafting 3-aminopro-
pyltriethoxysilane (APTES) to provide sites for the
immobilization of HPW. By taking advantage of the
overall negative charge of [PW12O40]3 ~, the HPW catalyst
was chemically immobilized on the surface of modified
LaSBA-15 (NH,-LaSBA-15) materials as a charge
matching component. The characteristics of HPW catalyst
immobilized on the NH,-LaSBA-15 materials were char-
acterized in terms of various physicochemical techniques.
The catalytic properties of the catalysts were assessed in
the alkylation of o-xylene with styrene. Special attention
was paid to catalyst stability and reusability.

2 Experimental
2.1 Mesoporous Materials Preparation

Lanthanum-substituted mesoporous SBA-15 materials has
been prepared by direct synthesis. 9.4 g of tetraethyl-
orthosilicate and 0.97 g of Lanthanum nitrate (Si/La = 20
molar ratio) were added to 10 mL of HCI aqueous solution
at pH 1.5. This solution was stirred for over 3 h and then
added to a second solution containing 4 g of amphiphilic
triblock copolymer poly(ethylene oxide)-poly(propylene
oxide)-poly(ethylene oxide) (EO,oPO;0EO,y) (Pluronic
123 from Aldrich) in 120 mL of HCI aqueous solution at
pH 1.5 at 40 °C. The mixture was stirred vigorously for
24 h and then transferred into a Teflon-lined autoclave and
aged for 48 h at 120 °C. The resulting solid was filtered,
washed and dried at 120 °C for 24 h. The final mesoporous
LaSBA-15 products were obtained after calcination in air
at 540 °C for 6 h (heating rate: 2 °C min~1).

The adsorption of HPW on the surface of LaSBA-15
was carried out by the following procedure: 1 g of LaSBA-
15 was added to an aqueous solution containing HPW
(0.60 g) with vigorous stirring at 80 °C. After being stirred
for 8 h, the solid was filtered, washed with distilled water
and then it was dried overnight at 80 °C. The obtained
sample is designated as HPW/LaSBA-15 catalyst.

2.2 Surface Modification of LaSBA-15
and Immobilization of HPW

Figure 1 shows the schematic procedures for the surface
modification of LaSBA-15 materials and the subsequent
immobilization of HPW on the surface of modified LaS-
BA-15 (NH,-LaSBA-15) materials. The surface modifica-
tion of the LaSBA-15 materials was achieved by reacting
the silanol group of the LaSBA-15 materials with APTES
under a nitrogen atmosphere. A known amount of APTES
was slowly added to a dry toluene solution containing 1 g
of LaSBA-15 materials with constant stirring at room
temperature. After the solid product was filtered and dried,
it was calcined at 180 °C for 2 h to yield the NH,-LaSBA-
15 samples. A series of NH,-LaSBA-15 samples (NH,-
LaSBA-15-1.0, NH,-LaSBA-15-1.5, NH,-LaSBA-15-2.0,
NH,-LaSBA-15-2.5, and NH,-LaSBA-15-3.0) were pre-
pared by adjusting the amount of APTES added to 1 g of
NH,-LaSBA-15 materials. For example, NH,-LaSBA-15-
1.0 denotes the NH,-LaSBA-15 materials prepared by the
addition of 1.0 mmol of APTES to 1 g of NH,-LaSBA-15
materials.

The immobilization of HPW on the NH,-LaSBA-15
support was carried out as follows (shown in Fig. 1). 1 g of
NH,-LaSBA-15 was added to an aqueous solution con-
taining HPW (0.60 g) with vigorous stirring at 80 °C. After
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Fig. 1 Schematic procedures for the surface modification of LaSBA-15 materials and the subsequent immobilization of HPW on the surface

modified LaSBA-15 materials

being stirred for 8 h, the solid was filtered, washed
with distilled water and then it was dried overnight at
80 °C to yield the HPW/NH,-LaSBA-15 catalysts
(HPW/NH,-LaSBA-15-1.0, HPW/NH,-LaSBA-15-1.5, HPW/
NH,-LaSBA-15-2.0, HPW/NH,-LaSBA-15-2.5, and HPW/
NH,-LaSBA-15-3.0).

2.3 Characterization

The nitrogen adsorption—desorption isotherms were mea-
sured at —196 °C on a Micromeritics ASAP 2020 appa-
ratus. The surface areas and pore volumes of the prepared
samples were calculated using the BET equation and the
BJH model, respectively. Nitrogen contents were deter-
mined by CHN elemental analyses (EC Instrument,
EA1110). The HPW contents were obtained by X-ray flu-
orescenece (XRF) measurements on a SWITZERLAND
ARL9800 XRF. Pore structures of the samples were
examined by TEM (Jeol, JEM-2000EXII).

Infrared spectra were recorded on a Bruker Tensor 27
using DRIFT techniques, scanned from 4,000 to 400 cm™ L.
The sample was ground with KBr and pressed into a thin
wafer.

@ Springer

The diffuse reflectance UV-Vis spectra were collected
using a SHIMADZU UV3600 scanning spectrophotometer.
The powder sample was loaded into a quartz cell, and the
spectra were collected over the range of 200-800 nm ref-
erence to BaSO,.

2.4 Catalytic Tests

The alkylation reactions were carried out in a continuously
stirred batch reactor under reflux conditions using a three-
neck 100-ml round-bottom flask equipped with a con-
denser. Preliminary runs were conducted with 7.50 g
(0.0721 mol) of styrene, 57.35 g (0.5402 mol) of o-xylene
(mole ratio of o-xylene to styrene, 7.5:1) and 1.50 g of
catalyst (20% w/w of styrene) at 120 °C for 180 min. The
required amount of o-xylene was initially added to the
reactor at the reaction temperature, followed by the desired
amount of catalyst, a known amount of styrene was then
added to the reaction mixture at the same temperature.
After the reaction, unreacted o-xylene was distilled out
under atmospheric pressure and then a collected part was
called as crude product. The crude product was analyzed
with GC-9890A gas chromatograph equipped with OV-1
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capillary column and a flame ionization detector (FID).
The yield of PXE was defined as follows:

actual product weight

Yield of PXE (%) =
teldo (%) all theoretical product weight

100

Actual product weight = crude product weight
x PXE (chromatography) %.

3 Results and Discussion

3.1 Characterization of the HPW/NH,-LaSBA-15
Catalysts

The elemental analysis data and textural properties of the
initial supports and supported HPW samples are given in
Tables 1 and 2, respectively. The amount of aminopropyl
functional group in the NH,-LaSBA-15 materials was
indirectly measured by CHN elemental analysis. As can be
seen, the surface area of the NH,-LaSBA-15 and HPW/
NH,-LaSBA-15 materials decrease with increasing amount
of APTES used, while the nitrogen content in the NH,-
LaSBA-15 materials increase roughly with increasing
amount of APTES used. As expected, no nitrogen has been
detected in the bare LaSBA-15 sample. These results
strongly suggest that aminopropyl functional group has
been successfully grafted on the LaSBA-15 materials via
the surface modification step. It could be also found that
the nitrogen content increase linearly with increasing
amount of APTES used up to 2.0 mmol. However, no
additional increase of nitrogen content can be observed
when the amount of APTES is greater than 2.0 mmol.
Furthermore, the HPW/NH,-LaSBA-15 catalysts show a
lower surface area than the corresponding NH,-LaSBA-15
supports, due to the loading of the HPW species (Tables 1
and 2). The HPW loading depends on the surface con-
centration of NH, groups on the support. Although the
nitrogen content in the NH,-LaSBA-15 supports is the
highest when 2.0 mmol of APTES is used (Table 1), no
substantial difference in HPW loading is found in the
HPW/NH,-LaSBA-15 catalysts when the amount of AP-
TES exceeded 2.0 mmol (Table 2). The above results
indicate that 2.0 mmol of APTES is sufficient to modify
the surface of the NH,-LaSBA-15 materials for the maxi-
mum loading of HPW species. In other words, the surface
modification of LaSBA-15 supports to provide anchoring
sites for HPW species is essential for the successful
immobilization of HPW species on LaSBA-15 supports.
Figure 2 shows the N, adsorption—desorption isotherms
and pore size distributions of LaSBA-15, NH,-LaSBA-15-
2.0, and HPW/NH,-LaSBA-15-2.0. All the samples exhibit
typical IV type isotherms and H1 type hysteresis loops at
high relative pressures. This indicates that LaSBA-15 with

Table 1 Elemental analysis data and textural properties of various
supports

Entry  Sample SBeT" APTES  Nitrogen

(m? g 1y added content®
(mmol)  (wt%)

1 LaSBA-15 (Si/La = 20) 628 0.00 0.00

2 NH,-LaSBA-15-1.0 485 1.00 0.85

3 NH,-LaSBA-15-1.5 381 1.50 1.28

4 NH,-LaSBA-15-2.0 344 2.00 1.63

5 NH,-LaSBA-15-2.5 330 2.50 1.60

6 NH,-LaSBA-15-3.0 325 3.00 1.55

% BET method

® Result from CHN elemental analysis

Table 2 Elemental analysis data and textural properties of supported
HPW catalysts

Entry  Sample SgeT" APTES HPW
(m2 g ) added content®

(mmol)  (wt%)

1 HPW/LaSBA-15 560 0.00 30.0

(Si/La = 20)

2 HPW/NH,-LaSBA-15-1.0 350 1.00 10.5

3 HPW/NH,-LaSBA-15-1.5 313 1.50 20.4

4 HPW/NH,-LaSBA-15-2.0 263 2.00 30.2

5 HPW/NH,-LaSBA-15-2.5 230 2.50 30.5

6 HPW/NH,-LaSBA-15-3.0 220 3.00 31.2

? BET method
° Result from XRF analysis

a fairly uniform pore size distribution was successfully
prepared. Interestingly, the NH,-LaSBA-15-2.0 and HPW/
NH,-LaSBA-15-2.0 show very similar isotherm patterns
(inset) and pore size distributions compared to those of
LaSBA-15, indicating that the mesopore structure of
LaSBA-15 was still maintained even after the surface
modification step and the subsequent immobilization step
of HPW.

Figure 3 shows the TEM images of LaSBA-15, NH,-
LaSBA-15-2.0, and HPW/NH,-LaSBA-15-2.0. The well-
ordered hexagonal arrays of mesopore of LaSBA-15 can be
clearly seen in all samples. The pore diameters of all
samples determined from TEM images are ca.7 nm with no
great difference, in good agreement with the pore size
distribution calculated from the BJH isotherm model
(Fig. 2). This result clearly indicates that the samples keep
the pore structure of the support very well.

The successful immobilization of the HPW catalyst on
the aminopropyl-functionalized LaSBA-15 materials can
also be confirmed by FT-IR analyses as shown in Fig. 4. In
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Fig. 2 N, adsorption—desorption isotherms and pore size distribu-
tions of LaSBA-15, NH,-LaSBA-15-2.0, and HPW/NH,-LaSBA-15-
2.0

the case of LaSBA-15, NH,-LaSBA-15-2.0, and HPW/
NH,-LaSBA-15-2.0, the asymmetric and symmetric
stretching vibrations of the Si—O-Si framework bands
originated from LaSBA-15 materials were observed at
around 465, 800 and 1,080 cm~!. A broad band at

3,000-3,400 cm~ ! and a weak band at around 2,930 cm™!
observed in the NH,-LaSBA-15-2.0 and HPW/NH,-LaS-
BA-15-2.0 are attributed to the -CH,— stretching Vibration,
indicating the presence of aminopropyl functional group in
the NH,-LaSBA-15-2.0 and HPW/NH,-LaSBA-15-2.0
[20]. The IR spectra of the pure HPW, NH,-LaSBA-15-2.0,
and HPW/NH,-LaSBA-15-2.0 are shown in Fig. 4b. Pure
HPW shows IR bands approximately at 1,080 (PO in the
central tetrahedron), 980 (terminal W = O) and 890 and
800 (W—O-W) cm™" corresponding to asymmetric vibra-
tion associated with Keggin ion. From the FTIR analysis, it
is found that no structural collapse of pore structures
occurred by the incorporation of HPW for Si—O bonds. The
characteristic IR bands of [PW,,040]°~ in the HPW/NH,-
LaSBA-15-2.0 are different from those of the unsupported
one. The P-O band in the HPW/NH,-LaSBA-15-2.0 sam-
ple is not clearly identified due to the overlapping by the
broad Si—O-Si band. However, W-O and W—-O-W bands
of [PW,040]°~ in the HPW/NH,-LaSBA-15-2.0 sample
appear at slightly red-shift positions (944 cm™') compared
to those of the unsupported one, indicating the presence of
a strong interaction between [PW,04]°~ and NH,-LaS-
BA-15-2.0 supports [21].

Fig. 3 TEM images of a LaSBA-15, b NH,-LaSBA-15-2.0, and ¢ HPW/NH,-LaSBA-15-2.0
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3.2 Catalytic Activity

The catalytic activity of different catalysts is showed in
Table 3. The detailed reaction scheme is shown in
Scheme 1, reaction 1 is the PXE formation reaction
whereas reaction 2 and 3 represent the formation of styrene
oligomers and more substitutes, respectively.

As listed in Table 3, the homogeneous HPW show very
high catalytic performances for the reaction, however, it is
difficult to separate the HPW from the product mixture.

Table 3 Activity of various supported HPW catalysts in alkylation of
o-xylene with styrene

Catalyst Styrene PXE PXE
conversion Yield® Selectivity®
(%) (%) (%)
HPW* 100 97.9 9:1
NH,-LaSBA-15 - - -
HPW/LaSBA-15 100 97.9 9:1
HPW/NH,-LaSBA-15-1.0 91 56.2 7:1
HPW/NH,-LaSBA-15-1.5 95 73.3 8:1
HPW/NH,-LaSBA-15-2.0 100 92.9 9:1
HPW/NH,-LaSBA-15-2.5 100 93.0 9:1
HPW/NH,-LaSBA-15-3.0 100 93.2 9:1

Reaction conditions: o-xylene : styrene = 7.5:1, reaction tempera-
ture = 120 °C, reaction time = 3.0 h, catalyst loading = 20% (w/w
of styrene)

? Hompgeneous catalyst, 0.30 g
® Isolated yield based on the amount of styrene

¢ Ratio of para-to-ortho product

emcac

0O-Xylene Styrene Phenylxylyl ethane (PXE)
\
n
Cat
Styrene Styrene Oligomer o)
A\
Cat

+ —_—

O-Xylene Styrene more substitutes 3)

Scheme 1 Reaction scheme of alkylation of o-xylene with styrene
over a heterogeneous catalyst

Furthermore, the NH,-LaSBA-15 support itself shows no
activity performances. It can be seen that the PXE yield
decreases in the following order: HPW/NH,-LaSBA-15-3.0
(93.2%) ~ HPW/NH2-LaSBA-15-2.5 (93.0%) ~ HPW/
NH,-LaSBA-15-2.0 (92.9%)> HPW/NH,-LaSBA-15-1.5
(73.3%) > HPW/NH,-LaSBA-15-1.0 (56.2%). It is intrigu-
ing that much higher conversion (100%) and excellent
selectivity (~90%) were also obtained when HPW content
is higher than 30% (see Table 2). The differences in catalytic
performances can be attributed to the fact of the diverse
active HPW species amounts. The HPW content of the HPW/
NH,-LaSBA-15 catalysts increases with the increasing
amount of APTES used. However, no substantial difference
in HPW loading is found in the HPW/NH,-LaSBA-15 cat-
alysts when the amount of APTES exceeded 2.0 mmol. In
this case a significant difference is found among these cat-
alysts as a function of the HPW loading. Due to the less
amounts of active site in the sample, the catalysts of HPW/
NH,-LaSBA-15-1.0 and HPW/NH,-LaSBA-15-1.5 show
less product yield than that of the 2.0, 2.5 and 3.0 HPW/NH,-
LaSBA-15 catalysts. This result suggests that 2.0 mmol of
APTES is sufficient to modify the surface of the NH,-LaS-
BA-15 materials for the maximum loading of HPW species.
In addition, it is worth of noting that the HPW/LaSBA-15
shows higher catalytic performances, because it has higher
surface and HPW content (see Table 2).

The important questions that must be addressed while
studying alkylation processes over a solid catalyst relate to
the stability of the catalyst to leaching of the active com-
ponent and the possibility of catalyst recycling. The cata-
Iytic reusability of the HPW/NH,-LaSBA-15-2.0 and
HPW/LaSBA-15 catalysts was evaluated by carrying out
the reaction with used catalyst under the optimized con-
ditions. After each run, the catalyst was recovered by fil-
tration, then washed with ethanol, dried and used again.
The data obtained are shown in Fig. 5. It can be seen that
only 5% reduction in the activity is observed after 6 runs on
the HPW/NH,-LaSBA-15-2.0 catalyst. In contrast, the
deactivation of the HPW/LaSBA-15 catalyst is much faster
and the PXE yield drops to a very low level of 66.0% after
the sixth reaction cycle. The poor catalytic stability of
HPW/LaSBA-15 may be due to the possibility that HPW
leaching from the catalyst support into the liquid solvent
may result in the low conversion. On the other hand, the
decrease of yield arising from catalysts lost during sepa-
ration and transfer of catalysts into the next reaction cycle
cannot be excluded. This observation reveals satisfied
reusability for HPW/NH,-LaSBA-15-2.0, which means
that HPW have only a slight tendency to leach from the
functionalized LaSBA-15 carrier in reaction.

Figure 6 compares FIIR spectra of HPW/NH,-LaSBA-
15-2.0 catalyst before and after reaction. It can be seen that
the bands assigned to Keggin structure at 980 cm™'

@ Springer



366 X. Sheng et al.
7772 HPW/LaSBA-15
100 - I HPW/NH,-LaSBA-15-2.0
HPW/NH,-LaSBA-15-2.0
80 N
;\? -
g =l
T 60 3
2 =
= @
w g HPW/LaSBA-15
x 40 «
o 2
S
: \
w
]
20
0 /
1 2 3 4 5 6 7
Reaction cycle
L 1 L 1 L 1 L
220 240 260 280 300

Fig. 5 Catalytic stability of the HPW/LaSBA-15 and HPW/NH,-
LaSBA-15-2.0 catalysts in the alkylation of o-xylene with sty-
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Fig. 6 IR spectra of catalyst before and after reaction

(terminal W = O), 890 and 800 cm ™! (W-0-W) of used
HPW/NH,-LaSBA-15-2.0 are still observed, demonstrating
that Keggin HPW still stayed on the surface of amine-
modified LaSBA-15 and kept its own structure.

The leaching of the HPW from the various supports was
also studied by UV-Visible spectroscopy. Figure 7 shows
the UV—Vis diffuse reflectance spectra of HPW/LaSBA-15
and HPW/NH,-LaSBA-15-2.0 catalysts after six catalytic
cycles. As can be seen, a strong signal in the UV—-Visible
spectra at A = 262 nm is observed for the HPW/NH,-
LaSBA-15-2.0 catalyst while no obvious absorption in this
region is detected in the case of HPW/LaSBA-15 catalyst.
According to the literature [22], this characteristic band can
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Fig. 7 UV-Vis diffuse reflectance spectra of two catalysts separation
from product mixture after six catalytic cycles

be assigned to the oxygen-metal charge transfer of tung-
stophosphate anion PW120403_. This evidence indicates
little leaching of HPW from the catalyst and confirms
strong immobilization of HPW on the support.

In conclusion, we can thus be certain that grafting the
silica surface with amine group results in efficient immo-
bilization of HPW, which maintains its high activity in
acid-catalyzed reactions. The well stability of HPW on
functionalized LaSBA-15 may be attributed to the strong
chemical interaction of = Si(CH,);NH;* and HPW,
where modified LaSBA-15 with a positive charge provided
sites for HPW as a charge compensating component [23,
24]. The above results imply that the amine groups in the
LaSBA-15materials played a key role for the immobiliza-
tion of HPW, which can prevent HPW leaching from the
catalyst support.

4 Conclusions

In this work, the heteropoly phosphotungstic acid,
H5PW 5,040, has been successfully immobilized on the
surface of mesoporous LaSBA-15 by means of chemical
bonding to aminosilane groups. Characterization results
from elemental analysis and N, sorption indicate that the
surface area decreased after grafting organic amine to
LaSBA-15 materials. The aminopropyl functional groups
were successfully grafted on the LaSBA-15 from FT-IR
results. The strong interaction between the NH, groups in
the surface of LaSBA-15 and HPW molecules is shown by
FTIR and DRS-UV spectroscopy. The HPW/NH,-LaSBA-
15 is highly efficient in the alkylation of o-xylene with
styrene. When the content of amino-groups was 2.0 mmol,
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it had the best catalytic performances with styrene con-
version up to 100% and PXE yield up to 93%. The HPW/
NH,-LaSBA-15-2.0 catalyst could be used for more than
six times without any significant loss of activity and
leaching of tungsten species in the reaction mixture. The
good stability can be attributed to the strong interaction
between the NH, groups in the surface of LaSBA-15 and
HPW molecules.
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