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Supported  nanocrystalline  titanium  dioxide  has  been  prepared  by  a  sol–gel  method  through  the  use
of  mesoporous  silica  materials  SBA-15.  The  synthesized  titania/silica  composites  were  characterized  by
X-ray  diffraction,  transmission  electron  microscopy  (TEM)  and  UV–visible  spectroscopy.  The  TiO2–SBA-
15 composites  presented  in this  study  showed  much  higher  photodegradation  ability  of  methylene  blue
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eywords:
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ethylene blue

(MB)  than  commercial  pure  TiO2 nanoparticles  Degussa  P-25  using  different  light  sources  (UV,  visible and
solar  light).  Experimental  results  indicate  that  the  photocatalytic  activity  of titania/silica  mixed  materials
depends  on  the  adsorption  ability  of  composite  and  the  photocatalytic  activity  of  the  titania,  and  the
highest  activity  was  observed  on the  sample  with  Ti/Si  ratio  is about  8.

© 2011 Elsevier B.V. All rights reserved.

hotocatalysis

. Introduction

Titanium dioxide (TiO2) is one of the most promising semi-
onductor photocatalysts used for the treatment of waste streams
ecause of its stability under harsh conditions, commercial avail-
bility, and excellent semiconductor characteristics. Metal oxide
emiconductors, such as TiO2 and ZnO have been applied as pho-
ocatalysts for the removal of highly toxic and non-biodegradable
ollutants commonly presented in air and wastewater [1,2]. The
fficiency of some commercial TiO2, especially Degussa P-25, in
he treatment of exhaust gas and wastewater contaminated with
rganic and inorganic pollutants has been fully proved. In order to
aximize photoactivity, TiO2 particles should be small enough to

ffer a high number of active sites by unit mass [3].  Therefore, in
ost cases, the samples are ultrafine powders and have large sur-

ace area. However, their effective applications are hindered by two
erious disadvantages. Firstly, small particles trend to agglomerate
nto large particles, making against on catalyst performance. Sec-
ndly, the separation and recovery of catalyst is difficult [4,5]. For
hose reasons many researchers have been focused on mesoporous

aterials supporting titania catalysts.
Considering the mechanism of the heterogeneous photocat-

lytic reaction, the main drawback of TiO2 is its relatively low
pecific surface area (SSA). A great deal of research has been carried

ut to improve the photocatalytic properties of TiO2 using a solid
upport with a primary objective of achieving more active sites per
nit area, consequently, a higher photocatalytic reaction rate.

∗ Corresponding author. Tel.: +216 75 392600; fax: +216 75 392421.
E-mail address: lachheb2001@yahoo.fr (H. Lachheb).

010-6030/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jphotochem.2011.09.017
Recently, introducing titanium species into mesoporous silicate
materials has attracted much interest because the titanium-
containing mesoporous materials have much higher active surface
areas (>200 m2/g) in comparison to pure titania [6],  which makes
them more effective. Another method of grafting titanium onto
mesoporous materials is to modify the inner mesopores with a tita-
nium precursor [7,8]. On this basis, a great effort has been focused in
developing supported titania catalysts offering high active surface
area and highly dispersed properties.

Up-to-date most of the reported works are mainly based on
sol–gel processing using an inert amorphous matrix such as SiO2
[9–12]. Although this achieved method improved recovery of the
catalyst particles, it usually does not allow controlling the particle
size. The latter is an important parameter in the titania photocat-
alytic efficiency as the predominant way  of the recombination of
electron–hole pairs that may  be different depending on the semi-
conductor particle size range [13]. It is well known that in the
nanometer size range, the physical and chemical properties of the
semiconductors are modified as compared with bulk semiconduc-
tor and strongly affected by the particle size. Small variations in the
particle diameters involve great modifications in the surface/bulk
ratio thus modifying the significance of volume and surface e−/h+

recombination.
In the present work, we  have investigated the synthesis of

TiO2–SBA-15 materials by a post-synthesis step via Ti-alkoxide
hydrolysis in the support-isopropanol suspension. The samples
with different contents of Ti were prepared and followed by heat

treatment at 400 ◦C. The synthesized materials were characterized
by various physical techniques. Photocatalytic activity of the sam-
ples has been tested using methylene blue as the model pollutant
and compared with Degussa P-25.

dx.doi.org/10.1016/j.jphotochem.2011.09.017
http://www.sciencedirect.com/science/journal/10106030
http://www.elsevier.com/locate/jphotochem
mailto:lachheb2001@yahoo.fr
dx.doi.org/10.1016/j.jphotochem.2011.09.017
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Fig. 1. The wide range XRD patterns of the (TiO2)xSBA samples calcined at 400 ◦C.

. Experimental

.1. Preparation of Ti-silicate catalysts

The TiO2–SBA-15 materials were prepared by hydrolysis of tita-
ium tetraisopropoxide sonicated in isopropanol, then the required
mount of TTIP was added. A total amount of 8.48 mmol  of sil-
ca precursor material was added in different molar ratios of Ti/Si,
anging from 0.5 to 8. The resulting mixture was slowly added with
ater (water/TTIP with volumetric ratio of 160) to cause the hydrol-

sis of the TTIP. The mixture was centrifuged and the recovered
olid was dried at 110 ◦C over night and calcined at 400 ◦C for 4 h.
he calcination was carried out at 400 ◦C (2 ◦C min−1) under oxy-
en gas for 4 h. The samples will be named by indicating the titania
ontent, support (TiO2)xSBA-15, where x represents the Ti/Si molar
atio.

.2. Structural characterization of Ti-silicate catalysts

BET surface area, pore volume and average pore diameter of
TiO2)xSBA-15 photocatalysts were measured by N2 physisorption
t 77 K using Micrometrics ASAP 2020 system. Powder XRD pat-
erns of the catalyst samples were determined on a XD-2 powder
-ray diffractometer using CuK� radiation of wavelength 0.154 nm
ver the scan range 2� = 10–80◦ for wide angle XRD. Crystallite
iameter (Danatase) of (TiO2)xSBA-15 was determined from the
roadening (peak width at half maximum minus instrumental
roadening) of the anatase main peak at 2� = 25◦ size using Scher-
er’s formula Danatase = 0.91�/ˇcos �.

.3. Photocatalytic reactions

The photodegradation of MB was performed in order to evalu-
te the photocatalytic activity of prepared titania/silica materials.

he experiments were carried out in a Pyrex batch reactor with
ylindrical shape containing 125 mL  of MB  solution with an initial
oncentration of 30 mg/L at natural pH and at room temperature
o assure the adsorption equilibrium was reached. The light source

able 1
extural properties of supports and prepared samples.

Catalyst Structure Danatase (nm) 

(TiO2)0SBA – – 

(TiO2)0.5SBA Anatase 4.43 

(TiO2)2SBA Anatase 4.52 

(TiO2)4SBA Anatase 4.70 

(TiO2)8SBA Anatase 5.20 

Degussa  P25 Anatase/rutile – 
Photobiology A: Chemistry 226 (2011) 1– 8

used with UV-irradiation was provided by a high pressure mercury
lamp (Philips HPK-125W, �max = 365 nm)  and visible halogen lamps
(60, 150 and 250 W)  with a wavelength of 650 nm immersed within
the reactor in a double wall jacket. The methylene blue degrada-
tion reaction have been transposed to the solar light and used to
determine the efficiency of (TiO2)xSBA using solar energy. Commer-
cial pure TiO2 nanoparticles (Degussa P-25) 0.5 g/L were used for
this experiment and the amount of TiO2/SiO2 materials necessary
to achieve the same TiO2 loading. The comparison of tested cat-
alysts was done at this fixed TiO2 concentrations because in our
experimental conditions, only the semiconductor particles were
expected to show photocatalytic activity. Before analysis, the aque-
ous samples were filtered through a 0.45 �m membrane filter to
remove TiO2 agglomerates in suspension. A Schimadzu-1700 UV-
Vis spectrophotometer was  used to determine the concentration
of the MB  and to follow their kinetic disappearance. Calibration
plots based on Beer–Lambert’s law were established to relate the
absorbance to the concentration. The molar extinction coefficient
for MB  was  71.105 L/(mol cm)  estimated at 665 nm.  Suspension
samples of 5 mL  volume were collected at fixed time intervals, fil-
tered and the concentration of MB  was determined by UV-visible
spectrophotometer.

3. Results and discussion

3.1. XRD

Fig. 1 shows the XRD patterns of TiO2 supported on SBA-15 with
TiO2 content range of 0.5–8 molar ratio. Along with the decrease
in titania content, the (1 0 1) reflection due to anatase was found to
increase. The XRD patterns at higher angles of the supported TiO2
samples evidenced that anatase was  the only titania phase present
in all prepared samples calcined at 400◦ as indicated by the peak
emerging at 25.4◦ associated with (1 0 1) anatase diffraction. No
rutile phase was detected in any case according to the absence of
(1 1 0) rutile reflection at 27.4◦. The XRD patterns of (TiO2)0.5SBA-
15 is very similar to those reported by other studies, indicating that
the broad XRD reflection peak at 23◦ is caused by the very small
size of the solid [14,15]. Also, Fig. 1 shows that the highest peak
for (TiO2)xSBA-15 is closed to 2� equal to 25◦, which is similar to
that observed for anatase. In contrast, rutile has its highest peak at
about 2� equal to 54◦ or 56◦. Therefore, it can be expected that all
the samples have properties that are similar to those of anatase. The
results show that the Danatase increase with increasing TiO2 content
(Table 1). No rutile formation was  observed in (TiO2)8SBA calcined
up to 700 ◦C(Table 4). Thermal stability of the anatase crystalline
phase is probably due to a stabilizing effect of silica on the anatase-
rutile transition at higher temperatures [16,17].

3.2. N2 adsorption–desorption isotherms

Fig. 2 shows N2 adsorption isotherms from calcined samples

with varying titanium loadings. All materials give typical irre-
versible type IV adsorption isotherms with a H1 hysteresis loop
as defined by IUPAC [18]. N2 adsorption at low relative pressure
(P/P0 < 0.3) is accounted for by monolayer adsorption of N2 on the

SSA (m2/g) Vpore (mL/g) dpore (nm)

574 1.03 7.2
400 1.10 6.8
340 1.30 6.5
300 1.30 6.5
200 1.30 6.3

50 – –



H. Lachheb et al. / Journal of Photochemistry and Photobiology A: Chemistry 226 (2011) 1– 8 3

Table 2
Adsorption characteristics of MB.

Catalysts qmax (mg/g) Kads (L/mg)

(TiO2)0SBA 55.00 3.00
(TiO2)0.5SBA 47.60 2.30
(TiO2)2SBA 39.56 0.80
(TiO2)4SBA 34.12 0.36
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(TiO2)8SBA 25.00 0.09
Degussa P25 20.32 0.03

ore walls and does not indicate the presence of micropores. The
alculated BET or specific surface area of (TiO2)0SBA-15 is around
74.0 m2/g. This value becomes smaller after the grafting of tita-
ium species on the pores walls of SBA-15, as indicated in Table 1.
he reduction in size is especially reflected in the BET surface area,
hich showed a reduction of about 65% (TiO2)8SBA-15. The obser-

ation of the decreased surface area may  be an indication of the
ormation of TiO2 clusters within the mesopores. The values of
SA, Vpore and dpore are summarized in Table 1. The results show
hat the TiO2 content clearly affects SSA and pore characteristics of
i-silicates. For (TiO2)8SBA, the BET surface area, dpore and pore
olumes decrease with the increase of calcination temperature
Table 4).

.3. Diffuse reflective UV–visible spectroscopy

DRS spectra are shown in Fig. 3. For low titanium loading sam-
les ((TiO2)0.5SBA), the observed absorption maximum band is at
90 nm.  For increasing titanium loading, this maximum band shifts
o near 300 nm ((TiO2)8SBA). Its intensity increases with increas-
ng titanium content. The absorption edge shifts towards shorter

avelengths for the TiO2/SBA-15 sample and clearly indicates an
ncrease in the band gap of as-synthesized TiO2 particles inside
he SBA-15. Band gap energy can be estimated from a plot of
˛)1/2 versus photon energy (h�) (Fig. 4). The intercept of the tan-
ent to the plot direct gives a good approximation of the band
ap energy for indirect band gap materials such as TiO2 [19,20].
he larger varied between 3.3 and 3.6 eV respectively (TiO2)0.5SBA
nd (TiO2)8SBA. The larger band gap of the TiO2 nanocrystals can
e attributed to the quantum size effect. This is because the as-
repared TiO2 nanoparticles have smaller crystalline size limited
y SBA-15 nanometer channels [21]. This result strongly suggests

hat the addition of SBA-15 can effectively suppress the growth of
iO2 particles (Table 1).

Fig. 2. N2 adsorption–desorption isotherms of (TiO2)xSBA calcined at 400 ◦C.
Fig. 3. UV–vis absorption spectra of the (TiO2)xSBA samples.

3.4. TEM

The transmission electron microscope lattice image of
(TiO2)xSBA (x = 0, 0.5, 2 and 4) samples are shown in Fig. 5. It
shows that the highly ordered pore structure of pure SBA-15
described in literature [22,23] with a pore diameter of 7 nm is well
recognized in Fig. 5A. Moreover, the regular silica morphology
is at least partially maintained in Ti-silicates up to TiO2 content
of 0.5. Increasing the TiO2 content up to (TiO2)4SBA, however,
destroys the ordered silica pore arrangement completely (Fig. 5D).
TEM pictures of (TiO2)xSBA-15 display some small dark spots on
the silica framework (Fig. 5C and D) since these structures are
not present in pure SBA-15 (Fig. 5A), they are probably associated
with the presence of TiO2. The localization of TiO2 on the external
silica surface is further supported by the negligible effect of TiO2
content on Vpore and dpore (Table 1). Decreased SSA probably is a
result of the loss of ordered pore arrangement, as observed by TEM
(Fig. 5A–D) and XRD (Fig. 1).

3.5. Photocatalytic activity

3.5.1. UV-light
Methylene blue photodegradation test reactions were carried

out in order to evaluate the activity of the prepared catalysts. In

photodegradation experiments, there are two  factors resulting in
the decreasing of the concentration of MB:  the adsorption of the MB
onto the surface of the photocatalyst and the photodegradation of
MB.  The kinetics of adsorption for MB  (30 ppm) are represented in

Fig. 4. Plots of ˛1/2 versus photon energy (h�) for (TiO2)xSBA.
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Fig. 5. TEM image of (TiO2)0SBA (A), (TiO

ig. 6 in the presence of (TiO2)xSBA samples with different con-
ents of TiO2 (x = 0.5, 2, 4 and 8) and commercial Degussa P-25.
t can be observed that the steady state of adsorption is reached

ithin 1 h. Therefore, this time has been selected for the initial

eriod in the dark previously to UV-irradiation at time tUV = 0 min
o make sure that initial degradation initiates at the equilibrium
f adsorption. The maximum adsorbed quantities qmax and the
dsorption constants Kads of MB  were determined at different initial

ig. 6. Kinetics of adsorption of MB  adsorption in the presence of (TiO2)xSBA and
egussa P-25. Conditions: C0 = 30 ppm, m(catalyst) = 62.5 mg,  V = 125 mL, natural pH,

 = 30 ◦C.
A (B), (TiO2)2SBA (C) and (TiO2)4SBA (D).

concentrations varying between 5 and 30 mg/L using the linear
transform of the Langmuir equation.

Ce

qe
= 1

kqmax
+ Ce

qmax

where Ce is the equilibrium concentration of the dye and qe is the
quantity of the adsorbed MB  at the photocatalyst surface. The lin-
earity of the curves clearly indicates that the Langmuir isotherm is
correctly observed, implying a monolayer adsorption model. The
calculated values are listed in Table 2. The adsorption constants
Kads vary from 0.03 to 3.0 L/mg. The incorporation ratio of titanium

that resulted in the highest maximum adsorption capacities was
(TiO2)0.5SBA. MB  sorption capacity decreased when the molar ratio
increased from 0.5 to 8 (Fig. 7), possibly due to incorporation of Ti
into the silica framework. Ti that the silica framework would not

Table 3
Rate constant of (TiO2)xSBA-15 and Degussa P25 for MB  photodegradation.

Catalysts Content of
titania (g)

kapp(min−1)

UV light Visible
light (250 W)

Solar light

(TiO2)0SBA 0.00 0.012 0.008 0.005
(TiO2)0.5SBA 0.57 0.027 0.011 0.009
(TiO2)2SBA 2.34 0.048 0.021 0.018
(TiO2)4SBA 4.75 0.090 0.041 0.034
(TiO2)8SBA 9.96 0.130 0.075 0.064
Degussa P25 – 0.116 0.055 0.033
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ig. 7. Linear variations between the (Qmax, Kads) of adsorbed MB and the Ti/Si ratio.

unction as reactive sorption sites for MB  removal. Similar results
ave been observed in other studies that investigated LaxSBA-15,
lxSBA-15, and FexSBA-15 [24].

The following general observations can be made. For both
nsupported Degussa P-25 and (TiO2)xSBA photocatalysts, the
aximum quantities of adsorbed MB  increase in the following

rder:

-25 < (TiO2)8SBA < (TiO2)4SBA < (TiO2)2SBA

< (TiO2)0.5SBA < (TiO2)0SBA

The (TiO2)xSBA samples exhibits a much higher adsorption
apability of MB  than Degussa P-25, which is attributed to their
uch higher specific surface area and pore volumes than pure
egussa P-25 [12].

Fig. 8 shows the degradation curves of MB  with UV light by
TiO2)xSBA samples with different contents of TiO2 and commercial
egussa P-25, without UV irradiation, during the initial 90 min  the
oncentration of MB  rapidly decreased and 60% is discolored, which
as due to the adsorption of dye on catalyst surface. The adsorp-

ion amount of MB  on (TiO2)xSBA (adsorption capacity of 60% in
he presence of (TiO2)8SBA) is much higher than that Degussa P-
5 (20%), because these catalysts have larger surface area and pore
olume (Table 1).
Blank experiments were also carried out in the presence
f SBA-15, no obvious photodegradation was observed, all the
amples show photocatalytic activity, and the MB  conversion
epends on the Ti content in the TiO2–SBA materials. The MB was

ig. 8. The photocatalytic performance of the (TiO2)xSBA-15 samples and Degussa P-
5.  Conditions: C0 = 30 ppm, m(catalyst) = 62.5 mg,  V = 125 mL, natural pH, T = 30 ◦C.
Fig. 9. Effect of the Ti/Si ration on the degradation of methylene blue. Conditions:
C0 = 30 ppm, m(catalyst) = 62.5 mg,  V = 125 mL,  natural pH,  T = 30 ◦C.

photocatalytic decomposed by TiO2–SBA at higher Ti loading which
demonstrated that Ti in the silica is also active for photocatalytic
reaction. We  can seen that besides the adsorption ability of cata-
lysts, other factors, such as crystal phase, surface area, crystalline
size and crystallinity, also play an important role in influencing
photoactivity.

The apparent rate constants of different photocatalysts were cal-
culated (Fig. 9) and listed in Table 3. It can be clearly seen that
the addition of titania is necessary for photocatalytic activity, sig-
nificantly improve the photodegradation activity of the catalysts.
Catalyst (TiO2)8SBA has the highest rate constant of 0.13 min−1,
which is higher than that of Degussa P-25 (0.116 min−1), whereas,
(TiO2)0SBA has the lowest rate constant of 0.012 min−1. It is gener-
ally accepted that for effective degradation, the organic materials
should be concentrated at the TiO2 surface firstly, and the large sur-
face area of (TiO2)xSBA samples also can adsorb significant amounts
of water and hydroxyl groups, which react with photoexcited holes
on the catalyst surface and can produce hydroxyl radicals [25].
Interesting, the removal rate of MB  increased when the molar ratio
of ((TiO2)xSBA) increased from 0.5 to 8. This is due to the fact that
titanium is well dispersed in the synthesized samples. In addition,
according to Zhang et al. [3],  the photocatalytic activity depends
on the titania mean particle size since the nanocrystalline TiO2 will
influence the dynamic of e−/h+ recombination.

Authors showed that it was  reported that the rates of photode-
composition of MB  using TiO2 photocatalyst were enhanced by
loading TiO2 particles onto adsorption such as silica. Using mixed
SiO2 and TiO2 resulted in enhanced photocatalytic efficiencies in
the destruction of other dyes (Orange G [26], rhodamine-6G [27]
and ethylene [28]) compared with Degussa P25 alone. The benefi-
cial effect of SiO2, which shows no photoactivity, probably relates
the preferential adsorption of the substrates on SiO2. And Chen et al.
[29] suggested that the doping of SiO2 has no effect on the crystal
structure and the surface groups of TiO2, except for increasing the
specific surface area.

0.5 g/L (TiO2)8SBA catalyst was  reused three times under UV
light to degrade 30 mg/L of methylene blue, washing the catalyst
with water after each use, putting a new quantity of MB,  and repeat-
ing the repetitive experiments. The results were similar as shown in
Fig. 10,  but the degradation efficiency was  decreased slightly from
0.922 to 0.859 after 60 min  degradation. Such repetitive experi-
ments also proved that (TiO2)8SBA was stable photocatalyst, and
not decompose after under UV-light.
Fig. 11 shows the degradation of MB  by (TiO2)8SBA calcined
at different temperatures, an increase of the dye decomposi-
tion with increasing calcination temperature was  observed. The
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Table  4
Textural properties of (TiO2)8SBA samples calcined at different temperatures.

Catalyst Structure Danatase (nm) SSA (m2/g) Vpore (mL/g) dpore (nm)

(TiO2)8SBA-400 Anatase 5.2 200 1.30 6.3
(TiO2)8SBA-550 Anatase 5.8 155 1.10 6.1
(TiO2)8SBA -700 Anatase 6.2 105 0.90 5.2
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Fig. 12. Photocatalytic MB  degradation under visible light of (TiO2)xSBA and
Degussa P-25. Conditions: C0 = 30 ppm, m(catalyst) = 62.5 mg, V = 125 mL,  natural pH,
T  = 30 ◦C.
ig. 10. The influence of the reuse of (TiO2)8SBA-15 catalyst on the degradation
fficiency. Conditions: C0 = 30 ppm, m(catalyst) = 62.5 mg,  V = 125 mL,  natural pH,

 = 30 ◦C.

hotocatalytic activities of TiO2/SBA samples decreased as
he following order: 700 ◦C > 550 ◦C > 400 ◦C. It confirms that
TiO2)8SBA-700 has more photocatalytic effect on the degrada-
ion of MB  than other catalyst could be explained by their phase
omposition [30]. It is clear that there are several factors such as
rystal phase, surface area, crystalline size, and more accessible
hoto-oxidative sites [30] can play an important role in influencing
hotoactivity. Though the sample calcined at 400 ◦C has the high-
st BET surface area and smaller particle size but its crystallinity
s worse than those calcined at higher temperature leading to law
hotoactivity.
.5.2. Visible light
In the presence of visible light at 250 W intensity, (TiO2)8SBA

as compared to that of TiO2 P-25 catalyst, in all cases the

ig. 11. The photocatalytic activity of (TiO2)8SBA samples calcined at different tem-
eratures. Conditions: C0 = 30 ppm, m(catalyst) = 62.5 mg,  V = 125 mL, natural pH,

 = 30 ◦C.
Scheme 1. Photosensitized degradation reaction on sensitized TiO2 particle
(�  > 400 nm).
results showed photocatalytic efficiency decomposition of MB in
the presence of (TiO2)8SBA than Degussa P-25 using visible light
irradiation (Fig. 12).  Blank experiments were carried out in the
presence of SBA-15, no photodegradation of MB  was  observed.

Fig. 13. Photocatalytic MB  degradation under visible light at different intensities
(60,  150 and 250 W)  of (TiO2)8SBA and Degussa P-25. Conditions: C0 = 30 ppm,
m(catalyst) = 62.5 mg, V = 125 mL, natural pH, T = 30 ◦C.
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Fig. 14. Photocatalytic MB  degradation under solar light of (TiO2)xSBA and
Degussa P-25. Conditions: C = 30 ppm, m(catalyst) = 62.5 mg,  V = 125 mL,  natural pH,
T
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ur results confirm that (TiO2)8SBA has more photocatalytic effect
n the degradation of the dye than Degussa P-25, and a complete
ecoloration is observed within 4 h. It is well known that titania is
hotoinactive under visible light, the process of the photobleach-

ng has to involve the dye as a sensitizer. Other results have shown
he photocatalytic efficiency of dye-sensitized TiO2–SBA on visible
ight illumination [23]. The photosensitization process can expand
he wavelength range of excitation for the photocatalyst through
xcitation of the dye molecules followed by charge transfer to TiO2
Scheme 1). The organic dye serves as both a sensitizer and a sub-
trate to be degraded [31–35,27,36–40].

When D stands for sensitizer, D* is the electronically excited
ensitizer and D+ is the oxidized sensitizer. The mechanism of pho-
ocatalytic decomposition of azo dyes has been widely discussed.
he vis/TiO2 photocatalysis of the dye involves the following reac-
ions [41]:

 + h�(visible) → D∗

∗ + TiO2 → D∗+ + e−
TiO2

−
TiO2

+ O2 → TiO2 + O2
•−

At different intensities (60, 150 and 250 W),  the results illus-
rated in Fig. 13 showed the proportional linear dependence
etween the decomposition rates of MB  and the intensity of the

amp. The curves indicate the efficiency of (TiO2)8SBA irradiated
ith 250 W,  when a total degradation of MB  observed after 4 h

llumination.

.5.3. Solar light
The solar experiments are shown in Fig. 14,  from these results,

t can be seen that the photocatalytic degradation of MB  in the
resence of (TiO2)xSBA is important, in particular, even though
ll methylene blue has disappeared. The photodegradation of MB
as performed using TiO2 supported on silica. In the presence of

TiO2)8SBA, the curves show that after 2 h of the phototreatment,
5% of the dye was eliminated. The results also indicate the slight
enefits that were achieved by adding (TiO2)8SBA compared with

he Degussa P-25. The calculated rate constant of different pho-
ocatalysts irradiated with different intensities (UV, Vis and solar
ight) are listed in Table 3, in all cases, the highest oxidation of
rganic pollutant is observed in the presence of (TiO2)8SBA.

[
[

[
[

hotobiology A: Chemistry 226 (2011) 1– 8 7

4. Conclusion

The titania containing SBA-15 is prepared by the direct
synthesis method with varying titanium loadings and the pho-
tocatalytic activity of synthesized TiO2–SBA-15 materials is
tested by decomposition of MB.  A combination of XRD, nitro-
gen adsorption–desorption isotherm, TEM as well as solid state
UV–visible spectroscopy has been used to characterize the tita-
nia modified SBA-15 materials. These characterization methods
allowed the evaluation of the assembling modes of TiO2 inside
SBA-15. The application of the catalyst supported on silica creates
opportunity to reduce the time of dye decolorisation. In all cases,
the degradation of MB  increased with increasing the TiO2 content.
Results show an enhanced photocatalytic efficiency of decompos-
ing MB  in the presence of (TiO2)8SBA under visible and solar light
irradiation. A total decolorisation was  observed in a short time, this
indicates that is possible to develop the high photocatalytic mate-
rials with dye-sensitized TiO2 immobilized inside SBA-15 pores,
in combination of the high specific surface area of SBA-15 and high
photocatalytic efficiency of dye-sensitized TiO2 on visible light illu-
mination.
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