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Bi-doped TiO2 photocatalysts were prepared by a hydrothermal method using nanotube titanic acid
as the Ti precursor. The samples were characterized by X-ray diffraction, transmission electron
microscopy, ultraviolet-visible diffuse reflectance spectroscopy, and X-ray photoelectron spectros-
copy. Methyl orange (MO) was used as a model contaminant to evaluate the visible light photocata-
lytic activity of the Bi-doped TiO2 samples. We found that the Bi ions did not incorporate into the
TiO2 lattice but instead existed in the form of BiOCl. The obtained BiOCl-composited TiO2 samples
exhibited remarkable photocatalytic activity under visible light irradiation for the photodegradation
of MO. The sample obtained when the Bi/Ti molar ratio was 1% and the hydrothermal treatment
temperature was 130 °C (BT0-130-1) showed the highest photocatalytic activity. Moreover, a pos-
sible mechanism was proposed and the enhanced photocatalytic activity was discussed. The
as-prepared catalyst also showed high photocatalytic activity for the photodegradation of 4-chloro-

Oxygen vacancy

Visible light photocatalysis phenol.
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1. Introduction

Titanium dioxide (Ti0z), a promising semiconductor photo-
catalyst, has been intensely investigated for applications in air
cleaning, water purification, and photocatalytic water splitting
[1-3] because of its biological and chemical inertness, stability
against photocorrosion and chemical corrosion, nontoxicity,
and cost-effectiveness. Although TiO2 generally shows high
activity for the photocatalytic oxidation of organic pollutants
[4], there are two drawbacks limiting its practical application:
its low use of the solar spectrum (only active in the ultraviolet
region) and its relatively high electron-hole recombination rate.
To increase the photocatalytic efficiency of TiO2 various
methods have been used to enhance its absorption of the solar

spectrum and to inhibit the recombination of photogenerated
electron-hole pairs. A prominent approach is to dope TiO2 with
transition metals (such as Fe, V and Cr) [5-7] or nonmetallic
elements (such as N, C or B) [8-10]. Doping TiO2 with metal
ions has been investigated to expand the absorbance of TiO2
into the visible region, and at suitable levels can inhibit elec-
tron-hole recombination [11]. Metal ion dopants may act as
electron or hole traps and, consequently, alter the electron-hole
recombination rate. Moreover, doping of TiO2 with metal ele-
ments has been reported to be beneficial in narrowing its band
gap. Indeed, doping TiOz with various metal ions has been
found to improve its photocatalytic properties and enhance its
response to visible light [12,13].

Recently, attention has been paid to TiO2 nanopowders
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modified with Bi dopant ions [14-19]. Doping with Bi ions can
decrease the band gap of TiOz and thereby extend its absorp-
tion into the visible light region, enhancing its photocatalytic
efficiency. It has been shown that bismuth-doped TiO2 systems
are more effective for the photodegradation of organic pollu-
tants, such as methyl orange, benzene, acetaldehyde, and iso-
proturon herbicide, under visible light irradiation [20-23].
Generally, in Bi-doped TiO2 photocatalysts, the Bi-O polyhedra
in bismuth titanate compounds (BixTi,Oz) or the Bi3* species
are the active centers in the photocatalytic reaction [15,24].
Zhang et al. [25] synthesized a highly ordered mesoporous
Bi-doped TiO2z using a synchronous assembly approach. Their
Bi-doped TiO2 samples showed strong absorption in the visible
light region and exhibited enhanced photocatalytic activities for
phenol oxidation and chromium reduction in aqueous suspen-
sion under visible and UV light. The authors ascribed the high
catalytic activity to both the unique structural characteristics of
the material and the Bi doping. The high response to visible
light was found to mainly originate from the doping process as
a result of the formation of new Bi states in the form of Bi-O-Ti
bonds and the reduction in the electron-hole recombination
rate. Xu et al. [26] prepared Bi203-TiO2 composite films by a
sol-gel method under mild conditions. The films were com-
posed of anatase TiO2 and Bi203, with the TiOz particles depos-
ited on the surface of Biz0s. All of their as-prepared Bi203-TiO2
composite films exhibited higher photocatalytic activity than
pure TiO2 under solar irradiation, while the film with a Bi/Ti
atomic ratio of 1.25% showed the highest photocatalytic activ-
ity. Wang et al. [27] prepared bismuth- and sulfur-codoped
TiOz by a simple sol-gel method using tetrabutyl titanate, bis-
muth nitrate pentahydrate, and thiourea as precursors. The
codoped TiO2 exhibited high photocatalytic activity for the
photodegradation of a 20 mg/L solution of indigo carmine un-
der visible light. The high photocatalytic performance was
suggested to be associated with the existence of numerous
oxygen vacancies, the acidic sites on the surface of the TiO2, and
its high specific surface area. Zuo and co-workers [15] also
prepared Bi-doped TiO2 photocatalysts by a sol-gel process and
pointed out that bismuth doping causes TiO: to react with Bi3+*
ions to produce BixTiOy, which results in band-gap narrowing
and a reduced threshold energy for photoactivation, potentially
increasing the photoactivity.

To date, the main method used to obtain Bi-doped TiO:
(BTO) photocatalysts has been the sol-gel approach, and there
are few reports focused on the preparation of Bi-doped TiOz by
hydrothermal methods [19]. In addition, the Ti source used is
mainly tetrabutyl titanate (Ti(OCsH7)4). In the present work,
the first using nanotube titanic acid (NTA; H2Ti204(0OH)2) as the
Ti precursor, we synthesized a series of BTO photocatalysts
with different Bi/Ti molar ratios via a hydrothermal method.
The as-prepared samples were characterized by X-ray diffrac-
tion (XRD), transmission electron microscopy (TEM), X-ray
photoelectron spectroscopy (XPS), and ultraviolet-visible dif-
fuse reflectance spectroscopy (UV-Vis DRS). The photocatalytic
activity of the samples was evaluated for decoloration of me-
thyl orange (MO) under visible light irradiation. For compari-
son, we also prepared bismuth doped TiOz (denoted as Bi-TiOz)

via a sol-gel process using tetrabutyl titanate as the Ti precur-
sor. The hydrothermally-prepared BTO system showed much
higher visible-light photocatalytic activity in the photodegrada-
tion of methyl orange than that of the Bi-TiO2 prepared by the
sol-gel process. The as-fabricated BTO also showed high pho-
toactivity for the photocatalytic degradation of 4-chlorophenol
(4-CP).

2. Experimental section
2.1. Catalyst preparation

NTA was prepared using concentrated NaOH and TiO: as
the raw materials, according to a typical previously described
procedure [28,29]. In brief, 300 mL of aqueous NaOH (10
mol/L) was placed in a PTFE beaker and 3 g P25 (TiO2) powder
was added under continuous stirring. The mixture was trans-
ferred into an autoclave and heat-treated at 120 °C for 24 h.
The resulting white precipitate was washed with deionized
water to pH = 7.0-8.0, and then immersed in HCl solution (0.1
mol/L) for 7 h under magnetic stirring. The precipitate was
then washed again with deionized water to remove Cl-, dried
under vacuum at room temperature, and then ground. The
product obtained was NTA.

To prepare Bi-doped TiO2 samples using the hydrothermal
method, known amounts of bismuth chloride (to give Bi/Ti
molar ratios of 0%, 0.5%, 1%, 2%, and 5%) were first dis-
solved in 50 mL of deionized water acidified with hydrochlo-
ric acid. 1 g of as-prepared NTA was added to the solution
under continuous stirring, and the resulting mixture was
transferred into an autoclave and reacted at 130°C for 3 h.
After cooling, the product was washed with hydrochloric acid
(0.1 mol/L) and then deionized water by centrifugation. The
obtained sample was dried under vacuum at room tempera-
ture and then ground. The powder samples were labeled
BTO-130-0, BTO-130-0.5, BTO-130-1, BTO0-130-2, and
BTO0-130-5, representing BTO with the above Bi/Ti molar
ratios. In addition, the BT0O-160-1 and BTO-210-1 samples
were prepared by subjecting a Bi/Ti molar ratio = 1% pre-
cursor mixture to hydrothermal reactions at 160 and 210°C.
Meanwhile, as a comparison, we also prepared bismuth
doped TiO2z (denoted as Bi-TiOz) by a sol-gel method using
tetrabutyl titanate as the Ti precursor. The Bi-TiO2 prepara-
tion procedure was the same as that reported by Zhang et al
[30]. Pure BiOCl was also synthesized using the method re-
ported by Jiang et al [31].

2.2. Catalyst characterization

The structural properties of the as-prepared BTO samples
were analyzed by XRD (Philips X'Pert Pro, Netherlands) (Cu-Ka,
A=0.15418 nm at 40 kV, 40 mA over the 28range 5°-90°). The
morphology of the samples was observed by TEM (JEOL
JEM-2010). The UV-Vis diffuse reflectance spectra (DRS) of the
samples were determined using a Shimadzu U-3010 UV-Vis
diffuse spectrometer equipped with an integrating sphere. A
BaSO4 standard was used as a reference sample for baseline
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correction. The scan range was 200-800 nm. Binding energy
was recorded by XPS with an Axis Ultra spectrometer using
monochromatized Al-Kx (hv=1486.6 eV) radiation as the excita-
tion source. Adventitious carbon (C 1s peak at 284.8 eV) was
used to calibrate the binding energy.

2.3.  Photocatalytic activity

The photocatalytic activity of the BTO samples was investi-
gated by photodegradation of methyl orange in aqueous solu-
tion under visible light irradiation. The photodegradation ex-
periment was carried out using the following procedure: 3 mL
BTO photocatalyst suspension (0.06 g/L) was placed in a
quartz cell (1.0 cm x 1.0 cm x 4.5 cm) containing 50 pL methyl
orange solution (1 mmol/L) and stirred with a small magneton.
A 300 W xenon lamp was used as the visible light source. The
short wavelength components (A < 420 nm) of the light were
cut off using a glass optical filter. The intensity of the light with
A2 420 nm was estimated to be 43 mW/cm2. Before irradia-
tion, the suspension was held in the dark for 30 min to reach
complete adsorption-desorption equilibrium. The MO photo-
degradation efficiency was monitored by detecting the change
in absorbance at 464 nm between defined time intervals using
the UV-Vis spectrophotometer. For comparison, the photocata-
lytic activity of P25 and pure BiOCl, as well as the sol-gel
Bi-TiO2 was also investigated under the same conditions as that
of the BTO catalysts. The MO photodegradation rate was calcu-
lated as (Co — C¢)/Co x 100%, where Co and C: represent the
concentrations of the MO solution at the initial moment and
time ¢, respectively.

3. Results and discussion
3.1.  XRD analysis

The phase structure of the BTO samples was investigated by
XRD, as shown in Fig. 1. The BT0-130-0, BT0-130-0.5, and
BTO-130-1 samples exhibited only the characteristic peaks of
anatase, and no obvious diffraction peaks corresponding to
bismuth oxides were observed. However, with increase in the
Bi/Ti molar ratio from 2% to 5%, a new phase assigned to Bi-
OCl (26 = 12.2°, 24.2°, 25.9°, 32.5°, 33.6° 36.9°, 41.2°, 46.7°,
49.8°, and 58.7°, JCPDS No. 06-0249) appeared. At the same
time, the anatase phase peaks gradually weakened and even
disappeared (especially at Bi/Ti = 5%), which indicates that the
Bi ion doping suppressed the growth of anatase TiO2. This was
caused by the newly formed BiOCI phase on the TiOz surface
inhibiting the growth of the anatase crystals. At lower levels of
Bi doping, this BiOCl phase could not be observed, which may
be because the formed BiOCl content was below the detection
limit of the XRD instrument. In addition, we also found that
obvious diffraction peaks ascribed to BiOCl phase appeared
when the hydrothermal temperature increased to 160 and 210
°C at controlled Bi/Ti molar ratio of 1%, indicating that higher
hydrothermal reaction temperature promotes the generation
of BiOCl phase. Based on the above XRD results, it can be con-
cluded that Bi3+ was not doped into the TiOz lattice by replacing
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Fig. 1. XRD patterns of BTO samples.

Ti4*+ ions, but instead existed in the form of BiOCl on the TiO2
surface.

3.2.  Surface morphology of the photocatalysts

TEM images of the BTO samples are displayed in Fig. 2. Al-
most all of the samples exhibited diamond schistose-like struc-
ture with an average size of 10-20 nm, which did not change
with the increase in Bi/Ti molar ratio. Zheng et al. [32] report-
ed that the morphology of TiO2 crystalline grains was associat-
ed with the type of precursor used and the acidity or basicity of
the hydrothermal reaction medium. They also pointed out that,
under acidic conditions, the product of the hydrothermal reac-
tion was anatase phase TiO2 with diamond schistose-like
structure, similar to that obtained herein.

3.3. XPS study

Figure 3 shows the high-resolution XPS spectra of the BTO
samples. From Fig. 3(a), we can see that two peaks, assigned to
Ti 2ps/2 and Ti 2p12, existed in the Ti 2p spin-orbital spectrum.
The Ti 2ps/2 and 2p1/2 peaks were located at binding energy of
about 458.8 and 464.6 eV, respectively, which correspond to a
+ 4 valence state of the Ti cations in TiOz [33,34]. The Bi 4f XPS
line (Fig. 3(b)) shows peaks centered at 164.6 and 159.0 eV
corresponding to the binding energy of Bi 4f7/2 and Bi 4fs/2,
respectively, indicating that the main chemical state of bismuth
in the samples was trivalence [35]. From Fig. 3(c), it can be
seen that the O 1s peak could be divided into two different
peaks at 529.4 and 530.8 eV. The former is attributed to the
Ti-O bond in the TiO: crystal lattice, while the latter is lower
than 531.5 eV of O-H resulting from chemisorbed water [36].
The peak at 530.8 eV may originate from Bi-O [37]. From Fig.
3(d), two weak peaks around at 198.0 and 199.6 eV can be seen
for all samples, which should be ascribed to Cl 2p3/2 and Cl
2p1/2 [37,38], respectively. This further demonstrates the
presence of BiOCl phase, in accordance with the XRD results.

3.4. Optical absorption of BTO photocatalysts
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Fig. 2. TEM images of the BTO samples. (a) BT0-130-0; (b) BTO-130-0.5; (c) BTO-130-1; (d) BTO-130-2; (e) BTO-130-5.
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Fig. 3. High-resolution XPS spectra of BTO samples. (a) Ti 2p of BTO-130-1; (b) Bi 4f of BTO-130-1; (c) O 1s of BTO-130-1; (d) Cl 2p of BTO samples.

The UV-Vis DRS spectra of the BTO samples were investi-
gated to elucidate the effect of Bi-doping on the optical proper-
ties of the TiO2, and the results are shown in Fig. 4. The DRS
spectrum of P25 is also given for comparison. From Fig. 4(a), it
can be seen that the bismuth doping did affect the light absorp-
tion property of the catalysts. Compared with that of P25, the
photo-absorption of the BTO samples obtained after hydro-
thermal treatment at 130 °C for 3 h exhibited a red shift to-
wards the visible light region to some extent. As expected, the
degree of red shift differed with the Bi/Ti molar ratio. Accord-
ing to the XRD and XPS analysis results, the Bi3+ did not incor-
porate into the TiO: lattice, and were present in the form of
BiOCI phase. Therefore, we should call our BTO as BiOCl com-
posited TiOz2. However, BiOCl, a new type of photocatalyst with
a band gap of 3.2 eV, only exhibits strong absorption in the
ultraviolet region [39]. Our previous studies have indicated that
hydrothermal treatment of NTA generates large amounts of
single-electron-trapped oxygen vacancies (SETOVs). These
SETOVs form an intra-band level below the conduction band,
which contributes to visible light absorption [40-42]. So, we
can ascribe the visible-light absorption of the BiOCl composited

TiOz catalysts in the present work to the formation of SETOVs
during the process of NTA hydrothermal treatment. Fig. 4(b)
shows the effect of hydrothermal reaction temperature on the
absorption of the BiOCl composited samples. It can be seen that
the visible light absorption intensity of these samples was sim-
ilar despite the increase in reaction temperature, which is in
agreement with reports from the literature [40].

3.5.  Photocatalytic activity

The photocatalytic activity of the BTO catalysts was studied
by photodegradation of MO in aqueous solution under visible
light irradiation. Figure 5 displays the degradation efficiency of
MO over different photocatalyst samples under visible light
irradiation. MO was very stable in the absence of light or a
photocatalyst. The comparison photocatalysts P25 and pure
BiOCI showed slight photocatalytic activity for the degradation
of MO (Fig. 5(a)), which is possible because a small amount of
ultraviolet light is remained in the light source. Upon introduc-
ing Bi ions into the TiO2z system, all the composited samples
showed high photoactivity for the photodegradation of MO
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except for Bi/Ti molar ratio = 5%. The photocatalytic activity of
the BTO samples increased rapidly with Bi dopant level, and
reached a maximum value at Bi/Ti molar ratio = 1%. In con-
trast, as the Bi dopant level was increased to 5%, the photo-
catalytic activity gradually decreased and was finally reduced
to a level lower than that of P25. The effect of the hydrothermal
reaction temperature on the photocatalytic activity was also

studied. At Bi/Ti molar ratio = 1%, the photocatalytic activity
decreased when the hydrothermal reaction temperature was
increased above 130 °C (Fig. 5(b)). Thus, it can be concluded
that the optimal Bi/Ti molar ratio is 1% and the optimal hy-
drothermal temperature is 130 °C.

Figure 6 shows the photodegradation kinetics of MO over
P25 and the BTO samples. In the studied concentration range,
the photocatalytic degradation appears to follow pseudo first-
order reaction kinetics, which can be expressed as follows:

In (Co/Ct) = kappx ¢,
where kapp is the apparent first-order reaction rate constant,
used as the basic kinetic parameter for the different photocata-
lysts because it allows the photocatalytic activity to be deter-
mined independent of the adsorption period in the dark and
the concentration of MO remaining in the solution. From Fig. 6,
it can be seen that the BTO photocatalysts had obviously in-
creased apparent first-order rate constants for the photocata-
lytic degradation of MO under visible light irradiation. The ap-
parent rate constants (or the photocatalytic activity) followed
the following trend: BT0-130-1 > BT0-130-0.5 > BT0-130-2 >
BTO-130-0 > P25 > BTO-130-5. Namely, the rate constant of the
composited TiO2 samples first increased with Bi/Ti molar ratio
and reached a maximum at Bi/Ti molar ratio = 1%, i.e,, for the
BTO-130-1 sample. At higher Bi ion doping levels, the rate con-
stant of the samples decreased, eventually dropped to a level
similar to that of P25, and for the sample BTO-130-5, even
lower than that of P25. These results imply that an excess of Bi
ions led to a decrease in the photodegradation efficiency of MO,
which may have resulted from the generation of excess BiOCl
phase. The XRD and XPS results demonstrate that Bi3* did not
incorporate into the lattice of TiO2, and were instead present in
the form of BiOCl phase. In addition, higher Bi doping level and
hydrothermal temperature promoted the formation of BiOCl
phase, meaning the generation of greater amounts of BiOCl
phase. The deposition of more BiOCl phase on the TiO2 surface
would hinder the transfer of photogenerated electrons and
holes to the surface, and too much BiOCl would form recombi-
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Fig. 6. First order kinetic curves of MO degradation over different pho-
tocatalysts.



Haiyan Li et al. / Chinese Journal of Catalysis 35 (2014) 1578-1589 1583

nation centers where photo-induced carriers could be cap-
tured, thereby leading to lower photocatalytic activity [43].
Both undoped-TiO2 and pure BiOCl exhibited very low photo-
catalytic activity under visible light irradiation, as shown in Fig.
5. However, when the Bi/Ti molar ratio = 0.5% and 1%, the
formed BiOCl/TiO2 composite showed higher activity than un-
doped-TiO2z and pure BiOCl, which may have originated from
the different energy band positions of these two semiconduc-
tors. According to literature [39,44], the valence band and
conduction band positions of BiOCl are lower than those of
TiO2. This difference in energy band position accelerated the
transfer and separation of photogenerated carriers [45], and
further enhanced the photocatalytic activity. This is mainly
because the generation of BiOCl may introduce lattice defects in
TiOz and produce more photocatalytically active sites, as dis-
cussed in the photocatalytic mechanism section below.

In the present work, we also introduced bismuth ions into a
TiOz system (the obtained sample was denoted Bi-TiOz) using a
sol-gel method with tetrabutyl titanate as the Ti precursor
(Bi/Ti = 1%), and compared its photocatalytic activity with that
of the corresponding hydrothermally-prepared BiOCl/TiO2
composite (Fig. 7). Hydrothermal synthesis is a well-known
technique that can be used to prepare metal ion-doped oxides
in a sealed high-temperature and high-pressure environment
[46]. Differing from the conventional sol-gel methods, hydro-
thermal methods can offer many advantages, such as energy
conservation, simple preparation, rapid reaction, and low op-
eration temperature. This is evidenced by the decreased visible
light photocatalytic activity of Bi-TiO2 sample. As shown in Fig.
7, the hydrothermally-obtained photocatalyst composite dis-
played much higher photocatalytic activity than the Bi-TiO:
catalyst.

The photocatalytic degradation of 4-chlorophenol was also
investigated over the BTO sample. Herein, we only chose
BTO-130-1 sample. The result is shown in Fig. 8. The photo-
degradation of 4-chlorophenol was carried out in a 100 mL
photocatalytic reactor system by adding 0.1 g catalyst into
4-chlorophenol solution of an initial concentration of 12 mg/L.
Prior to illumination, the mixture of photocatalyst and
4-chlorophenol solution was kept in the dark for 2 h to estab-

40
35F
30
S osf
= L
2 20+
g L
2 15F
O L
= 10+
5

0

(2 (b)
Photocatalyst

Fig. 7. Comparison of the efficiency of MO photodegradation over
BT0-130-1 obtained by hydrothermal method (a) and Bi-TiO2 with
Bi/Ti molar ratio = 1% obtained by sol-gel method (b).
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Fig. 8. Degradation of 4-chlorophenol over the BTO-130-1 sample un-
der visible light irradiation.

lish adsorption-desorption equilibrium. The visible light irradi-
ation time was 6 h, and samples for analysis were taken from
the suspension at 1 h intervals and immediately centrifuged.
The photocatalytic activity was evaluated by monitoring the
change in absorbance of the 4-chlorophenol solution at a
wavelength of 227 nm. The absorbance decreased obviously
after visible light irradiation for 6 h, implying that the obtained
BTO photocatalyst showed high photoactivity for the photo-
degradation of organic pollutant 4-chlorophenol.

3.6. Mechanism of the photocatalytic degradation of MO on
BTO samples

On the basis of the above analysis, the high photocatalytic
activity possessed by the present BTO catalysts can be ascribed
to the formation of SETOVs in the TiO2 matrix during the hy-
drothermal treatment of NTA and the generation of the compo-
site. The formed SETOVs extended the absorption of the TiO2
into the visible light region, while the generation of the Bi-
OCl/TiO2 composite improved the transfer and separation of
photo-induced carriers. The synergistic effect between the two
facilitated the enhancement of the photocatalytic activity of the
catalyst. It has been reported that the valence band (VB) and
conduction band (CB) edge potentials of BiOCl, which has a
band-gap energy of 3.2 eV, are 3.44 and 0.24 eV, respectively
[39], which means that the VB and CB levels of BiOClI are lower
than those of TiOz [44]. Thus, we propose a possible photo-
catalytic mechanism for the degradation of MO on the compo-
sited photocatalysts. To explain the mechanism of the photo-
catalytic degradation, we examined the active species by ob-
serving the degradation yield of MO obtained after adding dif-
ferent types of active species scavengers. The results obtained
under different conditions are compared in Fig. 9. Obvious de-
creases in the MO removal rate were observed upon adding
methanol to capture photogenerated holes, upon adding ben-
zoquinone to capture Oz.- radicals, and upon adding tereph-
thalic acid to capture OH. radicals. However, an abrupt increase
in the photodegradation of MO was observed when silver ni-
trate was added to the reaction system to capture photogener-
ated electrons. This demonstrated that, except for photogener-
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ated electrons, both Oz.- radicals and OH. radicals as well as
photogenerated holes were the active species in the process of
MO degradation over the present catalysts. The corresponding
reaction mechanism is described in Fig. 10. Under visible light
irradiation, the electrons from the VB of TiO2 are first excited to
the intra-band contributed by the SETOVs and are trapped by
the SETOVs. Subsequently, the trapped electrons can be further
excited to the CB of TiOz by visible light. These electrons can be
transferred from the CB of TiO2 to CB of BiOCl. This process
results in more effective separation of photogenerated elec-
tron-hole pairs and faster interfacial charge transfer than in a
mono- semiconductor, and the recombination of the excited
electrons and holes is effectively inhibited. The excited elec-
trons and transferred electrons can be trapped by surface ab-
sorbed molecular oxygen (0z) to form superoxide anion radi-
cals (02*-). Meanwhile, the photogenerated holes in the VB can
be trapped by OH- or H20 species adsorbed on the catalyst
surface to generate reactive hydroxyl radicals (OH*) in aqueous
media. These two radicals are powerful oxidizing agents capa-
ble of degrading organic compounds. Photogenerated holes
possessing powerful oxidizing ability can directly oxidize MO,
leading to its decomposition. As a result, the BTO system exhib-
ited high photocatalytic activity for MO photodegradation un-
der visible light irradiation.

SETOVs

Q
Visible
light
OH7/H,0

Fig. 10. Schematic of mechanism for MO degradation over BTO samples
under visible light irradiation.

4. Conclusions

A series of BTO photocatalysts with different Bi/Ti molar
ratios have been synthesized by a hydrothermal method using
NTA as the Ti precursor. The results show that the Bi ions do
not incorporate into the TiOz lattice but instead mainly exist in
the form of BiOCl phase near the TiO2 surface, forming a Bi-
OCl/TiOz composite. The obtained products possess a rhombus
schistose-like anatase structure. The visible light photocatalytic
degradation of methyl orange over the composited TiO2 sam-
ples demonstrates that they have higher photodegradation
activity than that of P25. The high photocatalytic activity is
attributed to both the presence of SETOVs and the formation of
BiOCl/TiOz composite. The formation of SETOVs in the TiO2
matrix during the process of NTA hydrothermal treatment re-
sults in visible light sensitization, while the formed BiOCl/TiO2
composite improves the separation of photogenerated elec-
trons and holes and prevents them from recombining. In addi-
tion, the as-prepared photocatalyst composite also shows high
photocatalytic activity for the photodegradation of 4-chloro-
phenol.
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HEALTE AT

TRAT T AR DY T T A AU, SR e - s v B
275 ATIO, (T 3FE Fhikrid N Bi-TiO,). H: i Bi/Ti B /K
LU A 1%, FHRFICG A A0 P B[R A 7] B 2R L K FGE BT il 45
IBTOMEALFIBEAT LB (B 7). ARFT R A0, K B2 —Fil
BT PR ) il ey PR ER B R o £ 4 B T AL
W AR, AR TAE Ge I IR - ik, K Pk LA R
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BAERE S, WETHTR, KL % M BTOREAL I
FEAEATE P s T IR-BE e ) #% (1 Bi-THO, AL 7.
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%47 BTO-130-1FF it 1R AT WG HEAL 1 RE(IE18). 4-5 K
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A EE 0.1 g, 4-S R IR E 412 mg/L. JGR
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