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ABSTRACT

A series of TiO,_yNy/Beta composite samples were prepared by coating the nitrogen-doped tita-
nia on the Beta zeolite using a simple sol-gel method. Samples were characterized by nitrogen
adsorption-desorption, XRD, TEM, UV-vis, XPS and FTIR techniques. The photocatalytic activities were
evaluated by the degradation of methylene blue under visible light irradiation. The synergistic effect
between absorption and photocatalysis of the TiO,_,Ny/Beta composite materials was found in terms of
methylene blue removal efficiency under visible light irradiation, since the assisting adsorption ability
from H-Beta zeolite could supply a concentrated pollutant environment around titania active sites. The
highest photocatalytic efficiency was obtained on the 10% TiO,_Ny-coated composite sample, which was
probably due to the better dispersion of titania on the support. Furthermore, the TiO,_xNy/Beta-10% cata-
lyst was consistent to be the most efficient composite material tested for the photocatalytic degradation
of methylene blue even in different pH environment.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, industrialization and agricultural development,
together with rapid urbanisation, have caused ever increasing
pollution especially on water resources. Various kinds of con-
taminants enter into our water sources, most of them through
industrial wastewater discharge. Developing effective wastewater
treatment technologies is a challenging task to most researchers
[1,2]. Recently, extensive efforts have been made to investigate the
use of photocatalysis for the destruction and removal of highly toxic
organic compounds in wastewater purification. Titanium oxides as
photocatalysts have attracted a great deal of attention, due to its
high photocatalytic activity, resistance to photocorrosion, photo-
stability, low cost and non-toxicity [3]. It is generally accepted that
fine nano-sized TiO, particles are favourable for attaining higher
photoactivity compared to bulky large particles. Therefore, many
attempts have been made to prepare the photocatalyst with finer
particle size and narrower size distribution. However, in practical
applications, dispersing photocatalysts in the form of fine parti-
cles in water is difficult, and such is separation or recovery [4]. On
the other hand, pollutants in the wastewater often exist in low
concentration (order of ppm or below) and the low concentra-
tion contaminants near TiO, catalyst is not favourable for surface
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contact-based photocatalytic reaction [5]. In order to achieve rapid
and efficient decomposition of organic pollutants and put it to
the practical use, great efforts have been made to design com-
posite materials of TiO, powder immobilized on inert and suitable
porous materials, such as mesoporous silica [6-9], activated carbon
[10-13] and zeolite [14-21]. Among many porous materials, zeo-
lites exhibit several specific features, which make them suitable for
being used as host candidates for photocatalysts. These are (i) more
photochemical stability and thermal and chemical inertness; (ii)
reasonable transparency to UV-vis radiations above 240 nm allow-
ing light of certain wavelength to reach the catalysts and pollutants
at intraparticle positions; (iii) high adsorptive capacity for concen-
trating the organic compounds from solution to the active sites of
the photocatalysts on the substrate; (iv) the ability of the zeolite
framework to participate actively in the electron-transfer process,
either as an electron acceptor or an electron donor [22]. However,
so far most of the composite materials reported in the literatures
were only photocatalytically active under UV light irradiation [23].
It is well known in the overall solar radiation reaching the earth’s
surface, ultraviolet light only contribute to <5% [24]. Therefore, this
with no doubt would restrict the practical application of these kinds
of composite materials in future use.

Recently researchers found that pure TiO, modified by metal
[25,26] and non-metal doping processes [3,24,27-33] could lead
to visible light photocatalysis. However, metal doping has several
drawbacks, such as thermal instability and high cost. Therefore,
anionic dopant seems to be more attractive than metal ions at
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Table 1
The physicochemical properties of the bare TiO,_xN, and the composite samples.

Samples Titanium crystallite size from XRD (nm) Sger (M2 g~1) 1t Epand gap (€V) 2nd Epand gap (€V)
H-Beta - 523.6 - -
TiO,_xNx/Beta-10% - 315.6 3.28 2.66
TiO,_xNx/Beta-40% 5 274.8 3.28 2.40
TiO,_xNx/Beta-90% 5 2283 3.28 2.53

Bare TiO,_xNx 5 2721 3.26 2.57

the moment. Furthermore, latest efforts on calculated densities
of states (DOSs) of the doped anion in the anatase TiO, crys-
tal revealed that nitrogen doping could be the most effective
choice for inducing photocatalytic activity under visible light irra-
diation, which was also confirmed by several experiment results
[5,28,33]. To the best of our knowledge, only few literatures about
titania/adsorbent composite photocatalysts via sol-gel nitrogen
doping preparation are reported [34-36], which certainly deserve
more research attention. Therefore, in this article we developed
a series of TiO,_yNx/Beta composite photocatalyst with differ-
ent titania loading. The obtained composite photocatalysts were
characterized by nitrogen adsorption-desorption, XRD, UV-vis
reflectance, XPS, FTIR and TEM. In addition, we studied the pho-
tocatalytic activities of the TiO,_yNy/Beta composite under visible
light irradiation by using methylene blue as a model pollutant. The
influence of H-Beta zeolite involvement as porous support on the
structure and photocatalytic activities of N-doped TiO, nanoparti-
cles was also discussed.

2. Experimental and methods
2.1. Materials and chemicals

Commercial Beta zeolite (Si/Al=10.8) was purchased from
Sinopec Co (Tianjin, China) and it was calcined at 500°C for 4h
before being used in the sample preparation. The chemicals used for
the synthesis were titanium butoxides (Ti(OC4Hg)4, 97%, Aldrich),
HCI (65.5%, BDH Chemicals, Australia), ethanol (100%, Scharlau).
Methylene blue was obtained from Sigma-Aldrich. All the chemi-
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Fig. 1. XRD patterns of the naked TiO,_xN, and TiO,_xNy/Beta-x% composites sam-
ples coated with 10%, 40% and 90% titania loading.

cals were used as supplied without further purification. Deionized
water, purified with a water purification system (Diamond, Barn-
stead), was used for preparing solutions in the experiments.

2.2. Preparation of TiO,-N/Beta composite catalysts

The TiO, nanoparticles were synthesized by hydrolysis of pre-
cursor chemicals to form a transparent sol using the following
method: 50ml of titanium butoxide (Ti(OC4Hg)4, 97%) was dis-
solved in ethanol (200 ml). The solution was stirred for 30 min at
room temperature followed by addition of a mixture of deionized
water and nitric acid under vigorous stirring. The solution was then
successively stirred at room temperature till a clear transparent sol
was obtained. To introduce the nitrogen dopant into the titanium
nanoparticles, triethylamine (N/Ti=1.0) was added drop-wise into
the above titanium solution. Sol was formed immediately and vig-
orously stirred for another 10 h. Depending on the (wt.%) loading
of TiO, on the catalyst, certain amount of H-Beta zeolite was added
to the titanium sol. The resulting mixed suspension was continu-
ously stirred for 5 h. Finally, the resulting N-doped titania zeolite
catalyst samples were dried at 105°C for 10h and calcined in an
air atmosphere at 350°C with temperature ramping at 5°C min~!
and maintained for 2 h. The synthesized samples were denoted as
TiO,_xNx/Beta-x%, where x is the titania content. The bare TiO;_,Ny
sample without the addition of Beta zeolite, were also prepared
under the same experimental conditions as a reference.

2.3. Catalysts characterization

The specific surface area of all the composite catalytsts
and the bare TiO,_yNy sample was determined from nitrogen
adsorption-desorption isotherms at 77 K using volumetric adsorp-
tion equipment (BELSORP mini). The surface area was determined
using the BET equation. X-ray powder diffraction (XRD) patterns of
all samples were collected in the range 20-80° at ambient tempera-
ture using a Mini Material Analyser (Cu Ko radiation, A = 1.54065 A),
operated at 1kV and 35mA. The scan speed was 0.5° min~!. The
crystallite size was estimated by using the Scherrer equation:

KA
~ B cosO (1)

where B is the full-width at half-maximum (FWHM) of the diffrac-
tion peak, K=0.89 is a coefficient, 6 is the diffraction angle, and A
is the X-ray wavelength corresponding to the Cu Ko irradiation.
Optical properties of the TiO,_,Nx/Beta composite samples were
studied by a Cary 100 UV-vis spectrometer in diffuse reflectance
mode over the spectral range of 200-800 nm. Surface analysis of
the composite materials and the bare N-doped TiO, catalysts was
carried out by using X-ray photoelectron spectroscopy (XPS). The
instrument employed for XPS studies was a SPECS SAGE spectrom-
eter with a Phoibos 150 hemi-spherical analyser, and an MCD-9
detector. The radiation source used was Mg Ka, and was run at
10kV and 20mA (200 W). Samples were placed on carbon tape
and then inserted directly to the sample stage. Fourier transform
infrared (FTIR) spectra were recorded with KBr disks containing the
powder sample with the FTIR spectrometer (Shimadzu FTIR 84005).
Transmission electron microscopy (TEM) analysis was conducted
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Fig. 2. TEM images of the bare N-doped TiO; (a and b), TiO,_xNy/Beta-10% (c and d) and TiO,_xNy/Beta-90% (e and f) samples.

using H-7500 microscopy operating with an acceleration voltage
of 80 kV. The samples were prepared by ultrasonication in ethanol,
and then evaporating a drop of the resultant suspension onto a
carbon support grid.

2.4. Photocatalytic activity test

The photocatalytic activities of TiO,_yNx/Beta composite cat-
alysts were evaluated by measuring the concentration decrease
of methylene blue dye (MB) in the solution under visible light
irradiation. In order to eliminate the influence of adsorption,
prior to the illumination, a suspension containing the catalyst
(30mg) and 100 ml of aqueous solution with 15 ppm of MB was
stirred continuously for 2h in the dark in order to establish the
adsorption/desorption equilibrium. Thereafter, the photocatalytic
reaction proceeded under visible light irradiation, during which an
80-W Xe lamp equipped with a UV cut-off filter (A >460 nm) was

used as a visible light source. At the given time intervals, a ca. 2 ml
of sample was withdrawn by a syringe from the suspension. The
catalyst was separated by centrifugation from the aqueous solu-
tion prior to the analysis. The concentration of MB was determined
by a Cary 100 UV-vis spectrometer at 650 nm wavelength. For the
photocatalytic degradation at different pH value solutions, the pH
was adjusted using either NaOH or HNOj3 solution.

3. Results and discussion
3.1. Characterization

The specific surface areas of all samples are listed in Table 1.
Compared to the parent H-Beta zeolite, 10% titania coated on the
zeolite lead to a great decrease on the BET specific surface area.
A higher loading of titania would result in a further decease. How-
ever, this tendency alleviated when titania loading increased to 40%
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Fig. 3. (a) XPS spectra of the bare N-doped TiO, sample in the whole banding energy region and the banding energy region for N1s; The Ti2p region (b) and O1s region (c)
of XPS spectra from different samples: the bare N-doped TiO, and TiO,_xNy/Beta-x% composites samples with different titania loadings.

and 90%. As for the TiO,_xNy/Beta-90% catalyst, the surface area
was even smaller than that of the bare N-doped TiO, sample. The
decreasing trend on the specific surface area indicated that the zeo-
lite support and naked N-doped TiO, was not simply a mechanical
mixing. Instead, N-doped TiO, nanoparticles were dispersed on or
inside the support and blocked the zeolite’s pore channels partially,
which may lead to the apparent decrease of the BET specific surface
area.

The XRD patterns of TiO,_,Nyx/Beta-x% catalysts with 10%, 40%,
90% titania loading and the bare TiO,_,Nx sample are displayed in
Fig. 1. For the bare N-doped TiO, sample the diffraction peaks were
all assigned to the anatase crystalline phase, and no other crystal
phase (rutile or brookite) was detected. As for the TiO,_,Nx/Beta-x%
catalysts with 40%, 90% titania loadings, besides the anatase crys-
talline phase, the diffraction peaks assigned to the Beta zeolite were
clearly observed. This proves that the zeolite structure was well
preserved in the preparation process. For the TiO,_,Nx/Beta-10%
sample, except the diffraction peaks of zeolite support, no obvi-

ous anatase peaks could be seen. This may imply that the titania
nanoparticles may be small enough and evenly dispersed on Beta
zeolite support. The average crystalline sizes of the photocatalysts
were determined according to Scherrer’s equation and the results
are listed in Table 1. The average crystalline sizes were estimated to
be 5 nm for the TiO,_,Nx/Beta-x% catalysts with 40%, 90% titanium
loadings, which was close to that of the bare N-doped TiO, sample.

The TEM images of the bare N-doped TiO,, TiO,_xNx/Beta-10%
and TiO,_,Nx/Beta-90% samples are shown in Fig. 2. From Fig. 2(a
and b), it seems that for the bare TiO, sample, the size of TiO,
nanoparticles is ca. 5 nm, which is in good accordance with the XRD
calculation. However, the particle aggregation was so severe that
massive bulk of titania can be seen in the image. For the image
of TiO,_yNx/Beta-10% sample in Fig. 2(c and d), it indicates that
the titania particles were in small size and well dispersed on the
support. While for the TiO,_,Ny/Beta-90% sample in Fig. 6(e and
f), except a small part of the titania particles spread on the zeolite
surface, most of them are aggregated like the bare N-doped TiO,.
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From the TEM results, it can be conclude that 10% titania loading
was suitable to obtain a good dispersion on the zeolite support.

X-ray photoelectron spectroscopy (XPS) was carried out for
the surface characterization of the bare N-doped TiO, and the
TiO,_4Nx/Beta composite samples. In Fig. 3(a), it can be seen that a
tiny peak is present in the N1s spectra region of the bare N-doped
TiO, sample and enlarged in the insert of Fig. 3(a). With a suitable
spectral deconvolution the peak could be separated into two peaks
at ca. 400 and 397 eV. It is well known that precise identification
of nitrogen species with the banding energy at ca. 400eV is still a
challenging topic in the field of nitrogen-doped material, but it is
generally accepted that the peak at ca. 400 eV may be attribute to
the presence of the N atom from adsorbed nitrogen containing com-
pounds on the surface of the samples. As for the peaks in the region
of 396-398 eV, they probably arose from O-Ti-N linkages when N
atoms replaced the oxygen in the TiO, crystal lattice [32,37,38].
Therefore, it is believed that during the sol-gel preparation some
nitrogen has been successfully incorporated into the titania lattice
and substituted oxygen in the bare N-doped TiO, sample.

Fig. 3(b) shows the Ti2p region of the XPS spectra collected
from the composite samples with different Ti loading. The bare
N-doped TiO, acts as a reference sample. The binding energy
(BE) of the Ti2p3/? and Ti2p'/? for the bare N-doped TiO, sam-
ple appear at 462.5 and 468.3 eV. While for the TiO,_,Nx/Beta-90%
and TiO,_xNx/Beta-40% samples, the Ti2p peak is shifted to the
higher banding energy region, which is about 462.8 and 468.6eV,
respectively. Furthermore, more obvious shift can be observed for
the TiO,_,Ny/Beta-10% sample, for which the 2p3/2 peak is at ca.
463.4eV and no peak for Ti2p!/2 can be clearly found. This result
was similar to that observed by Petkowicz et al. [18,39]. Petkowicz
et al. think that the shift was caused by the bonding configuration
existing between TiO, and zeolite, with Ti-O-Si and Ti-O-Al bonds
acting as bridges between two materials. In other words, chemical
links were thought to exist between TiO, and Beta zeolite. From
the TEM image in Fig. 2, it can be see that in the TiO,_4Nx/Beta-10%
sample titania particles were not tend to aggregate but to evenly
dispersed on the support. Therefore, it is believed that the chemical
link between TiO, and Beta zeolite were more pronounced in the
TiO,_4Nx/Beta-10% sample, which contributed the apparent shift to
higher banding energy region in the Ti2p peaks. Further investiga-
tion was conducted on the O1s region of XPS spectra for the same
samples which are shown in Fig. 3(c). It is believed that for the
composite samples, the O1s signals come from two main contribu-
tions: first signal around 533.8 eV, related to the O in the formation
of nitrogen-doped TiO, anatase and second signal at higher banding
energy region, related to the O bonded to Si and Al in the zeolite
moiety [18]. From Fig. 3(c), it seems that for the composite sam-
ples, the peaks of O1s are all moved to the high banding energy
region, compared to the N-doped TiO, sample, especially for the
TiO,_4Nx/Beta-10% sample. It means that for all the composite sam-
ples, the O1s signal from the zeolite structure made contributions
to the overall O1s peak more or less. Petkowicz et al. [18] found
that no signal of O1s from the zeolite support could be detected
if the layer of Ti completely covers the zeolite surface in the com-
posite samples. Therefore, it can be inferred that in our composite
samples, the surface of zeolite was not covered by the Ti compound
completely, even when the Ti loading was 90%.

Fig. 4 shows the results of diffuse reflectance spectroscopy.
For the parent Beta zeolite, only a very weak absorbance in the
ultraviolet region could be observed. As for the TiO,_yNx/Beta-x%
composite samples, the absorbance behaviour is much different.
Strong absorbance was observed and the optical response clearly
extended into the visible region, which was similar to the bare N-
doped TiO, sample. This was resulted from the narrowed band gap
after nitrogen incorporation, which also confirmed that the nitro-
gen incorporation also existed in the titania matrix after coating on
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Fig. 4. UV-vis diffuse reflectance spectra of the naked TiO, 4Ny and the
TiO,_xNy/Beta-x% composite samples with different titania loading.

the Beta support. Furthermore, with TiO, loading increasing, fur-
ther extension occurred. Two absorbance edges located at 370-380
and 460-520 nm appeared, respectively. The appearance of the sec-
ond absorption edge indicates that a new energy band was formed.
The band gap energies are summarized in Table 1.

Fig. 5 shows the FTIR spectra of the TiO,_,Nx/Beta-90%,
TiO,_4Nx/Beta-40%, TiO,_,Ny/Beta-10%, and H-Beta samples. The
broad peak centred at 3427 cm~! was assigned to the O-H stretch-
ing region, and the peak at 1631 cm~! corresponding to the O-H
bending vibration of adsorbed water molecules [40]. The peaks
in the region of 1250-950, 790-650 and 500-420cm~! were
attributed to the asymmetrical stretching, symmetrical stretching
and to (O-Si-0 or O-Al-0) deformation, respectively [18]. Sun et al.
reported a peak appearing at 934 cm~! after titania was loaded on
the SiO, support. This was related to the vibration involving a SiO,
tetrahedron bonded to a titanium atom through Ti-O-Si bonds [39].
The same peak was also observed in our composite samples, espe-
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Fig. 5. FTIR spectra of the materials: TiO,_xNy/Beta-90%, TiO,_N./Beta-40%,
TiO,_xNx/Beta-10%, H-Beta samples.
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cially in the TiO,_4Nx/Beta-10% sample. This further proves that
titania particles were immobilized on the Beta zeolite by chemical
bonds, which was in good accordance with the XPS results.

3.2. The photocatalytic activities

3.2.1. Effect of H-Beta zeolite support on the composite
photocatalytic ability

To investigate the photocatalytic activities of the composite
samples, the MB photodegradation under the visible light irra-
diation was carried out and compared with the bare TiO,_,Ny
sample (shown in Fig. 6). In the adsorption-desorption process
(from —120 to Omin), it can be seen that for the parent H-
Beta zeolite, the final methylene blue removal rate by adsorption
could only reach 61%. With the increase of the TiO, loading, the
amount of adsorbed MB by the composite materials was greatly
reduced, and yet still higher than that of the bare N-doped TiO,
sample. At the adsorption-desorption equilibrium point, the MB
removal rates were 17%, 44% and 50% over the TiO,_yNy/Beta-
90%, TiO,_xNx/Beta-40%, TiO,_,Nx/Beta-10% catalysts, respectively,
while the bare N-doped TiO, sample only achieved 8%. The addi-
tion of Beta zeolite appeared to enhance the composite adsorption
ability, of which the order was also consistent with the BET results.
However, the blockage in the pore channels on H-Beta support after
TiO, addition may deteriorate with the increase of the TiO, loading.

After adsorption—desorption equilibrium, photodegradation of
MB by parent H-Beta zeolite was performed under visible light
irradiation as a blank experiment. In Fig. 6, no conversion can be
seen by the parent H-Beta zeolite under the visible light irradiation.
This means that the H-Beta zeolite was inert for the photodegra-
dation of MB and any direct photocatalysis of MB was negligible.
For the composite catalysts, after the photocatalytic reaction com-
mencing, the MB concentration continued to decrease (from 0
to 180 min). The final MB removal achieved is 85%, 83%, 80% for
the TiO,_,Ny/Beta-90%, TiO,_xNx/Beta-40% and TiO,_xNx/Beta-10%
catalysts, respectively. For the bare N-doped TiO, catalyst, the
ultimate MB removal was only about 55%. It is evident that photo-
catalytic activities were greatly improved after adding the zeolite
support compared to the bare N-doped TiO,.

In order to demonstrate the synergistic role of the Beta zeo-
lite support for photocatalytic activities in the composite samples
more distinctively, the comparison of photocatalytic activity over
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Fig. 7. Comparison of removal efficiency of MB on the TiO,_yN/Beta-90%, the
TiO,_xNy and the mixed catalyst of bare TiO,_xN, (90%) with H-Beta (10%) under
visible light irradiation.

the TiO,_,Nx/Beta-90%, the bare N-doped TiO, sample and a mix-
ture of bare N-doped TiO, (90%) with H-Beta (10%) was carried out.
The results are shown in Fig. 7. For the loose mixture of naked N-
doped TiO, with H-Beta, it was apparent that the MB removal by
adsorption was higher than for the N-doped TiO, because of the
addition of the Beta zeolite. However, the ultimate MB conversion
(54.4%) after photocatalytic degradation was almost same lose to
that of the bare N-doped TiO; (55.8%), and much lower than for the
TiO,_xNx/Beta-90% (85.0%). This suggested that due to the success-
ful loading of the titania on the Beta zeolite carrier, a synergistic
effect existed that the Beta zeolite, which possessed a high surface
area, could easily absorb the MB pollutant and supply a highly con-
centrated MB environment for the nearby titania to proceed the
photocatalytic reaction.
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Fig. 8. Removal efficiency of MB on TiO,_,N,/Beta-x% catalysts under visible light
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3.2.2. Determining optimal titania loading on the H-Beta zeolite
support

One would expect that the titania loading on the H-Beta support
affect the resulting photocatalytic ability of composites greatly. In
Fig. 8, it is shown that for the bare TiO,_xNy sample, the photocat-
alytic efficiency was the lowest compared with the TiO,_,Ny/Beta
composite samples. With the addition of H-Beta support, the pho-
tocatalytic efficiency was enhanced in the composite samples. For
the TiO,_xNx/Beta-10% sample, extraordinarily high efficiency was
obtained, which was 3-7 times higher than other samples. How-
ever, any higher titania loading than 10% appeared to have adverse
effects. For the TiO,_,Nx/Beta-90% sample, the photocatalytic effi-
ciency was a little higher than the bare TiO,_yNyx sample. It is
speculated that in composite samples some titania particles self-
aggregate like the pure titania and the others link with the Beta
support, while for the TiO,_xNx/Beta-10% sample, nano-sized tita-
nia particles were more well dispersed on the Beta support with
strong bonding links. This could make the concentrated MB access
the adjacent titania particles near the support more easily.

3.2.3. Influence of the solution pH values

In real applications, the pH value of wastewater varies depend-
ing on the source, which is an important factor influencing the
photocatalytic activities [41]. Therefore, herein we investigated the
effect of different pH values (pH=2, pH=7 and pH=10) on the
performance of composite samples.

Firstly, the adsorption of the bare TiO,_,Nx and H-Beta samples
at different pH values were studied as references and the results
are shown in Fig. 9(a) and (b). For the bare TiO,_,Nx sample, the
adsorption ability was remarkably different at acidic and basic pH.
The removal rate by adsorption could attain almost 90% at basic
medium (pH=10), while nearly no adsorption was observed at
acidic medium (pH=2). At the neutral pH, only a small removal
rate (ca. 7%) could be achieved. Reportedly, the pHy,¢ of titania is
about 3.5-6.7, above which its surface became negatively charged.
Since the MB is cationic dye, high pH medium would favour the
MB adsorption apparently [41]. As for the H-Beta support, the sim-
ilar trend of adsorption abilities was also found. Together, it is
concluded that basic pH favoured the enhancement of the adsorp-
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Fig. 10. Comparison of photocatalytic removal rate of MB on TiO,_xNy/Beta-90% (a) and TiO,_xNy/Beta-10% (b) samples under visible light irradiation.

tion ability both on the bare N-doped TiO, sample and on the
H-Beta support, while this effect was more pronounced on the bare
TiO,_xNx sample than on parent H-Beta support. Fig. 9(c) and (d)
shows the results about for MB adsorption of the TiO,_,Ny/Beta-
90% (a) and TiO,_xNx/Beta-10% (b) composite samples at different
pH values. The MB adsorption behaviour of the TiO,_4Nx/Beta-10%
sample showed little difference to that of H-Beta. Both of them
showed a great improvement of adsorption when the pH reached
10. For the TiO,_yNx/Beta-90% sample, the order of absorption
between different pH values was similar to the bare TiO,_,Nx sam-
ple with slightly better adsorption ability at each pH due to the
addition of small amount of H-Beta support.

In Fig. 10, further consideration has been given to the photocat-
alytic efficiency of the TiO,_,Nx/Beta-90% and TiO,_xNx/Beta-10%
composite samples for the MB degradation under different pH val-
ues. From Fig. 10(a), it can be seen that the photocatalytic efficiency
of the TiO,_xNx/Beta-90% sample was influenced by the pH value
greatly. As discussed before, the composite adsorption ability was
associated with pH value strongly. Moderate adsorption (pH=7)
appears red to be optimal for the continuation of the photocat-
alytic reaction over the TiO,_yNy/Beta-90% sample. Higher basicity
(pH=10)with the overly strong MB adsorption could cover the tita-
nia active sites and thus hinder the absorption of light to progress
the reaction. On the other hand, high acidity (pH=2) with very
weak or no adsorption was not beneficial to the reaction either,
because of the low MB concentration adjacent to the active tita-
nia. The photocatalytic activity behaviour of the TiO,_,Nx/Beta-10%
sample was somewhat different, as seen in Fig. 10(b). Although the
efficiency order was the same as that of TiO,_,Nx/Beta-90% sample
(pH=7>pH=10>pH=2), the difference between the curves was
narrow with a maximum point only at ca. 10%. Compared with
TiO,_xNx/Beta-90% sample, TiO,_,Nyx/Beta-10% sample exhibited
higher photocatalytic efficiency consistently at all three pH values.

4. Conclusions

A series of TiO,_yNy/Beta composite samples were prepared
using a simple sol-gel method where nitrogen has been incorpo-
rated into the titania successfully. It is found that N-doped titania
can be evenly dispersed on the Beta zeolite support at a low load-
ing with chemical bonding between titania and the Beta zeolite

support. Itappeared that the synergistic absorption and photocatal-
ysis of the TiO,_yNx/Beta composite materials could enhance the
removal efficiency of methylene blue under visible light irradiation.
All of the TiO,_xNx/Beta composite samples showed excellent pho-
tocatalytic activities under visible light irradiation, among which
the TiO,_4Nx/Beta-10% sample achieved the highest rate. This was
potentially ascribed to the better dispersion of the TiO,_yNx on
support, which could make the concentrated MB access the adja-
cent titania particles on the zeolite support more easily. Further
investigation also revealed that the TiO,_,Nx/Beta-10% sample was
consistent to be the most efficient composite material of the photo-
catalytic degradation of methylene blue in different pH solutions.
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