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Studies on Phenylating SBA-15 Material
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Benzene (Ph) functionalized mesoporous molecular sieve of SBA-15
[Ph-(SBA-15)] was synthesized by post-synthesis method using phenyl-
triethoxysilane as coupling agent. The products were characterized by
means of element analysis, powder X-ray diffraction, infrared spectro-
scopy, low-temperature nitrogen adsorpti on-desorption technique, trans-
mission electron microscopy, thermogravimetry-differential thermal
analysis. Theresults showed that phenyl was successfully grafted to the
mesoporous molecular sieve SBA-15. The Ph-(SBA-15) mesoporous
molecular sieve still retained the ordered mesoporous structure and
possesses high thermal stability.
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INTRODUCTION

A molecular sieveis amaterial containing tiny pores of a precise and uniform
size, the pore can separate or remove one substance from another on a molecular
scale. Due to the very precise and uniform pore opening of the molecular sieve,
certain molecules can be selectively adsorbed, while others can not. Molecular
sieves have opened many new applications to the field of heterogeneous catalysis,
adsorption and separation dueto their large, well-defined pore sizes and high surface
areas. However, for the practical applications in catalysis, these materials have
been suffered from lack of active sites due to the inert nature of the silica surface.
Silicasurfacesin the mesoporous channels consist of siloxane (Si-O-Si) and silanol
(Si-OH) groups. Chemica modification of the surface can be achieved by reaction of
these groups with organosilanes containing functional groups'?. Surface functional-
ization of mesoporous silica has played a vital role in various technological
aspects such as removal of toxic heavy metal ions from waste water*®, separation’,
purification of proteins®, immobilization of enzymes™®, improvement of thermal/
hydrothermal stability and development of new catalysts™. Various organic functional
groups including thiol’, vinyl**** amine*>*® and propyl*’ have been incorporated
into the molecular sieves. SBA-15 molecular sieve is one of the largest pore size
mesoporous molecular sieves with highly ordered hexagonally arranged channels,
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with thick walls, adjustable pore size from 5 to 30 nm and high hydrothermal and
thermal stability*®. Compared to other mesoporous molecular sieves, the SBA-15
posseses larger pores, thicker walls and higher hydrothermal stability and the
mesopores are interconnected by micropores™ enabling the pore surfaces to be
accessed in three dimensions. The molecular sieves and its application arouse the
scientist's enormous interest®®, In the present work, benzene(Ph) functionalized
mesoporous molecular sieve of SBA-15 [Ph-(SBA-15)] was synthesized by post-
synthesis method using phenyltriethoxysilane as the coupling agent. Ordered large
pore SBA-15 silica functionalized through one-pot synthesis was prepared.

EXPERIMENTAL

Triblock copolymer, (ethyleneglycol)-block-poly (propylenglycol)-block-poly
(ethyleneglycol) (average relative molecular mass 5800, Fluka, template);
tetraethyl orthosilicate (TEOS, A.R., Shanghai Chemical Ltd. Co.). Hydrochloric
acid (Beijing Chemical Reagent Plant). Phenyltriethoxysilane (PTES, Zhejiang
Chem-Tech Group Co. Ltd.); benzene (A.R., Tianjin Guangfu Fine Chemical Research
Institute); absolute ethanol (A.R., The Second Chemical Reagent Plant of Tianjin);
deionized water.

Samplepreparation: The SBA-15 molecular sievewas prepared under astrong
acidic condition by using triblock copolymer, poly(ethyleneglycol)-block-poly-
(propylene glycol)-block-poly(ethylene glycol) as the template. The procedure is
asfollows. 2 g of triblock copolymer, poly(ethylene glycol)-block-poly(propylene
glycol)-block-poly(ethylene glycol) was dispersed in 15 g of deionized water and 60 g
of HCI solution (2 mol/L) while stirring, followed by the addition of 4.25 g of
tetraethyl orthosilicate to the homogeneous solution with stirring. This gel mixture
was continuously stirred at 40 °C for 24 h and finally crystallized in a Telflon-lined
autoclave at 100 °C for 2 d. After crystallization, the solid product was filtered,
washed with deionized water and dried in air at room temperature. The material
was calcined in static air at 550 °C for 24 h to decompose the triblock copolymer
and awhite powder (SBA-15) was obtained. Thiswhite powder was used to produce
benzene (Ph) functionalized mesoporous molecular sieve[Ph-(SBA-15)] of the SBA-
15 via the following route. First, 1.0 g of the calcined SBA-15 was placed in the
mixed solution which was made up of 10 mL of benzene and 10 mL of
phenyltriethoxysilane. This mixture was continuously stirred at room temperature
for 72 h. The product was then filtrated and washed twice using absolute ethanol.
Finally, the product wasdried in air at room temperature and calcined in static air at
300 °C for 6 h to obtain the assembly product, designed as Ph-(SBA-15).

Characterization: Element analyses were performed by elementary organic
microanalysisfor C and H in aVERIOEL element analyzer. The content of Si was
obtained by siliconantimomolybdate heteropoly blue photometry®. X-ray diffraction
patterns were collected with a diffractometer (D5005, Siemens, Germany) with
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CuK,, radiation operation at 30 kV and 20 mA for small angles (0.4°~10.0°) with
step size of 0.02° and astep time of 2 s. N, adsorption-desorptions were carried out
at 77 K on a Micromeritics ASAP2010M instrument. Before the measurements,
the samples were outgassed for 12 h at 573 K. The distributions of specific surface
area and pore volume with pore diameter were derived by using BET* and BJH?®
methods. Fourier transform infrared spectrawere recorded on aNicolet 5DX-FTIR
spectrometer, using the potassium bromide wafer technique. Solid state diffuse
reflectance spectra were obtained with a Cary 500 ultraviolet-visible-near infrared
spectrophotometer (Varian, USA). Transmission electron microscopy (TEM) micro-
graphs were obtained on a JEOL JEM-2000 FX electron microscope operating at
200 kV. TG-DTA experiments were performed using SDT2960 standard equipment
with heating and cooling at 10 K/min in nitrogen atmospheres.

RESULTSAND DISCUSSION

The contents of the C and the H in the Ph-(SBA-15) samplesare 9.86 and 1.01 %,
respectively, which were determined by elemental analyzer. The content of the Si
inthe Ph-(SBA-15) samplewas determined by siliconantimo-molybdate heteropoly
blue photometry®. The content of it is21.06 %.The content of O is68.07 % which
can be calculated by that of C, H, Si. Then the molecular formulaof the Ph-(SBA-15)
is calculated to be Ca1Hs0502127S 376.

In Fig. 1, the small-angle XRD pattern of the SBA-15 (curve (a) of Fig. 1) is
compared with that of the Ph-(SBA-15) (curve-b of Fig. 1). The XRD pattern of the
SBA-15 shows 4 well-resolved peaks with intense diffraction peak at 26 = 0.88°
and 3 peaks with lower intensity at higher degree which are indexed to the 100,
110, 200 and 210 planes characteristic for highly ordered and excellent textural
uniformity of a SBA-15 mesoporous material with a mesostructure of hexagonal
space group symmetry pemm‘, The XRD peaks of the Ph-(SBA-15) are lower in
intensity compared with those of SBA-15 and the fourth peak disappeared. The
XRD results indicate that the Ph-(SBA-15) still possesses a long-range-ordered
structure but the ordered degree of it decreases. The unit cell parameters (dioo)
obtained from Fig. 1, is shown in Table-1.

TABLE-1
PORE STRUCTURE PARAMETERS OF THE SAMPLES
Pore . wall
Sample dio (M) 32 (nm) BET Sr‘#fa?e volume®  POIESIZE i e
aea(mg) 3 1 (nm)
(cm”g) (nm)
SBA-15 9.56 11.04 1035.7 1.059 8.14 2.90
Ph-(SAB-15) 9.58 11.06 1000.1 0.999 6.77 4.29

a, = 2 d.; BJH adsorption cumulative volume of pores; “Pore size cal culated from the
\/g 100

adsorption branch; “wWall thickness calculated by (a, - pore size).
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Fig. 1. XRD patterns of the samples (a) SBA-15; (b) Ph-(SBA-15)

Fig. 2 shows the FT-IR spectra of the SBA-15 and Ph-(SBA-15) samples. For
the spectrum of the SBA-15 (curve-a of Fig. 2) there are severa characteristic
peaks. The broad band centered at 3430 cm™ correspondsto that of adsorbed water.
The signal at around 1092 cm™ can be attributed to the asymmetric stretching
vibration of the Si-O-Si. The peak present at 965 cm™ is assigned to the bending
vibration of the Si-OH. The peaks at 802 and 466 cm'™ correspond to the symmetric
stretching vibration of the Si-O-Si and the bending vibration of the Si-O-Si,
respectively. In curve(b) of Fig. 2 the intensity of band at 3430 cm™ decreased and
the band at 965 cm™* disappeared. At the same time, 3 new characteristic peaks
(1431, 740, 698 cm'™) appear. The bands at 740 and 698 cm'™ can be attributed to the
bending vibration of the C-H replaced by benzene. The band at 1431 cm™ corres-
ponds to the stretching vibration of the C-Si®. The results indicate that benzene
functional groups have been covalently attached to the surface of the SBA-15. Fig. 3is
the reaction schematic of the SBA-15 and phenyltriethoxysilane.

Nitrogen adsorption-desorption isotherms of the materials are shownin Fig. 4.
The pore size distribution is determined by the BJH method® and the results are
showninFig. 5. Thetextural dataof the SBA-15 and Ph-(SBA-15) are summarized
in Table-1. It can be seen from Fig. 4 that two isotherms can be classified astypical
type IV according to IUPAC nomenclature®®. The hysteresis loop of the SBA-15
(curve-aof Fig. 4) occurs at higher relative pressure and displays a steeper capillary
step, revealing that it possessesalager pore size and anarrower poresize distribution.
This can be further confirmed by the pore size distribution curve in Fig. 5(a) with a
narrow peak. For the Ph-(SBA-15) awide hysteresis|oop beginning at alow relative
pressure exhibits, indicating a relative wide pore size distribution and a smaller
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Fig. 2. Infrared spectra of the samples () SBA-15; (b) Ph-(SBA-15)
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Fig. 3. Reaction schematic of the SBA-15 and phenyltriethoxysilane
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Fig. 4. Low temperature nitrogen adsorption-desorption isotherms of the samples
(a) SBA-15; (b) Ph-(SBA-15)



2212 Zhai €t al. Asian J. Chem.

i)

d/V/dD (mL/g*nm)
=
s

0 5 10 ll.* Ll 5 !-I‘J- is A0
Effective pore size (nm)

Fig. 5. Pore size distribution patterns of the samples (a) SBA-15; (b) Ph-(SBA-15)

pore diameter, as shown in Fig. 5(b). The incorporation of phenyls diminishes the
pore size. Nitrogen adsorption-desorption isotherms, the pore size distribution and
textua properties of the samplesindicate that all samples have mesoporous channels
and narrow pore size distributions and the benzene functional groups have been
attached to the surface of the SBA-15.

Fig. 6 shows the TEM images of the Ph-(SBA-15). It can be seen that thereis
no significant collapse of the pore structure of the Ph-(SBA-15). The pore diameter
(6.8 nm) measured from TEM image is in good agreement with that determined
from the nitrogen adsorption. It indicates that the preparation of the sampleis success-
ful but the ordered characteristic structure of the Ph-(SBA-15) is decreased.

Fig. 7isthe TG-DTA patterns of Ph-(SBA-15). The TG curve of the Ph-(SBA-15)
displays aweight loss of 1.40 % in the region of 25 to 160 °C caused by adsorbed
water. Accordingly, the DTA curve exhibits asmall endothermic peak at 135°C. In
the temperature range of 160-468 °C, the silanol groups of the Ph-(SBA-15) are
combined with each other, losing hydroxyl group. Thus, the TG curve shows 1.97 %
weight loss. In the temperature range of 468-657 °C the TG curve shows noticeable
weight loss of 10.89 %, which is due to the break of the C-Si of Si-CsHs. Phenyl
oxidation releases heat and thusthe DTA curve possesses a strong exothermic peak
at 600 °C. This provides that phenyl was successfully grafted to the mesoporous
material. From 657 to 1000 °C the weight of samplesis constant, but at 950 °C a
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small peak appearsinthe DTA curve. This can be explained asthe collapse of frame-
work of the sample. The TG-DTA patterns suggest that the Ph-(SBA-15) possesses
good thermostability.

10z T T T T T T T T T Z.0
100 L]
D
o8 | hd
1.5 w©
=
“ o | o
a2 o
— 1 )
+ . Ll;:
= 1.0 5
— 92 I (i)
[A]
= q
90 | =
a5 o
88 [ B
5
86 | =
B4 I e L)
0 100 200 3200 400 500 600 70O SO00 900 1000
Temperature ()
Fig.7 TG-DTA curves of the Ph-(SBA-15) sample
Conclusion

The benzene functionalized mesoporous molecular Seve of SBA-15 [Ph-(SBA-15)]
was synthesized by post-synthesis method and was characterized by different tech-
niques. Powder X-ray diffraction and transmission electron microscopy provide
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evidence for the structural integrity of the benzene-functionalized SBA-15. The
synthesized materia swere also characterized by low-temperature nitrogen adsorption-
desorption studies, indicating that all samples have mesoporous channels and a
narrow pore size distributions and the benzene functional groups have been attached
to the surface of the SBA-15. FT-IR studies showed that phenyl was successfully
grafted to the mesoporous molecular sieve SBA-15. Thermogravimetry-differential
thermal analysistechnique suggested that the Ph-(SBA-15) possesses high thermal
stability.
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