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Bi,WOg¢ modified with few-layer BN was synthesized by an impregnation method. The as-prepared
products were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM),

transmission electron microscopy (TEM), X-ray photoelectron spectroscopy spectra (XPS), ultraviolet-
visible diffuse reflection spectroscopy (DRS) and Fourier transform infrared spectroscopy (FT-IR). The
as-prepared BN/Bi, WOy photocatalysts exhibited a higher photocatalytic activity for the degradation of
Rhodamine B (RhB) than the pure Bi,WO;4. The 3 wt% BN/Bi,WOy photocatalyst showed the best
photocatalytic activity and high stability after five runs under visible light irradiation. The enhanced
visible-light photocatalytic activity could be attributed to the synergetic effect of few-layer BN and

Bi,WOg.
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Introduction

With the increase in global environmental pollution and
energy crisis, green chemistry has become a necessary
requirement for the sustainable development of human society.
Among the variety of green chemistry techniques,
semiconductor photocatalysis has been considered as a cost-
effective and sustainable green chemistry technology, and it is
the most promising method because it represents an easy way to
complete the degradation of organic contaminants by utilizing
solar energy.l'3 The semiconductor Titanium dioxide (TiO,) is
one of the most promising semiconductor photocatalysts for the
degradation of organic pollutants because of its exceptional
optical and electronic properties, biological and chemical
inertness, and nontoxicity.*” However, the light response range
and the low photocatalytic-efficiency of TiO, limit its
applications because of its wide band gap (3.2 ¢V).® Therefore,
the development of visible-light-driven photocatalysts has
attracted widespread attention. Recently, lots of new
photocatalysts have been performed under visible light, they
typically displayed poor performance under visible light yet,
because the fast recombination of photoinduced electron-hole
pairs and the enhanced visible light absorption occur
simultaneously.’

As one of the simplest Aurivillius oxides, Bismuth tungstate
(Bi;WOg) is a promising photocatalyst due to its optical
properties and excellent intrinsic physical and chemical
properties, such as ferroelectric piezoelectricity, and non-linear
dielectric susceptibility.'®'* However, there are two main
disadvantages existed which limit the application of pure
Bi,WOyg. Firstly, pure Bi,WO¢ exhibits photoabsorption
properties from UV light to visible light with wavelengths
shorter than ca. 450 nm, which occupies a small percentage of
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the solar spectrum. Secondly, the rapid recombination of
photoinduced electron-hole pairs during the photocatalytic
process weakened its photocatalytic activity significantly.
Recently, many efforts have been devoted to the controlled
synthesis of Bi,WOg4-semiconductor nanocomposites (such as
Bi,WO/TiO,,">  Bi,WO¢/Ag,'® Bi,WO¢C;N,,"" etc) to
effectively decrease the probability of electron-hole
recombination and enhance the photocatalytic activities. The
hybrid composites showed higher photocatalytic activity
compared with their individual single-component material. For
this reason, instead of using a single semiconductor, combining
two or more semiconductors with appropriate band positions to
improve the photocatalytic performance is an established idea
because they can lead to enhanced charge separation and
interfacial charge-transfer efficiency.'s*

Boron nitride, especially few-layer or single-layer structure
boron nitride, a structural analog of graphene, exhibits
outstanding properties such as a low dielectric constant, high
chemical stability, large thermal conductivity and nontoxicity.
Previous reports suggest that the composites between BN and
other materials showed a good performance for photocatalytic
applications. For example, Huang et al.”' successfully prepared
Cu,0 octahedrons on h-BN for p-nitrophenol reduction. Wang
et al.?? prepared a high yield of boron-nitride submicron-boxes
for the degradation of MO upon visible light irradiation. Fu et
al.?*?* prepared h-BN/ZnO and h-BN/TiO, by ball-milling. In
our previous work, BN/AgBr photocatalyst was also
synthesized.® All these composites modified with BN showed
higher photocatalytic performance. This is because BN is few-
layer material with a large surface. Moreover, a photocatalyst
loaded on a layered or high surface area material is beneficial
for reducing the rapid recombination of photogenerated
electron-hole pairs that are necessary for the photocatalytic
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reaction.’*?” However, to our knowledge, no works have been
published on the modification of Bi,WO4 with few-layer BN to
improve the photocatalytic performance. Considering these
advantages of Bi,WOg-based composite photocatalysts, we
tried to combine Bi,WO¢ with a few-layer BN to construct a
stable and efficient photocatalytic system.

In this work, the composite (BN/Bi,WOg¢) was successfully
prepared by impregnation method and characterized by XRD,
SEM, TEM, XPS, DRS, and FT-IR. The photocatalytic
activities of the as-prepared samples were evaluated by
decomposition of Rhodamine B (RhB) under visible light
(A>400 nm). The results indicated that the composite showed a
much higher visible-light-driven photocatalytic activity
compared to the pure Bi, WO,

Experimental section

2.1 Preparation of photocatalysts

2.1.1 Preparation of few-layer BN

The few-layer BN was prepared according to the method of
Rao et al.”® In a typical experimental procedure, boric acid and
urea were dissolved in 40 mL de-ionized water, heated and
stirred at 65 °C. The dried mixtures were heated at 900 C for 5
h in a N, atmosphere, then the white few-layer BN products
were obtained.
2.1.2 Preparation of Bi, WO

Bi,WO, was prepared by hydrothermal synthesis.”’ In a
typical synthesis of Bi,WOg, 2.435 g Bi(NO;);-5H,O and
0.8246 g Na,WO,2H,O was initially dissolved in 100 mL
deionized water. After 20 minutes of ultrasonic processing, the
slurry solution was centrifuged and transferred into a 25 mL
Teflon-lined autoclave and subsequently heated at 160°C for 12
h. The reactor was then allowed to cool to room temperature
naturally. The precipitate was collected and washed with
distilled water and ethanol, and the final products dried at 80°C
for 8 h.
2.1.3 Preparation of BN/Bi, WO, photocatalysts

The BN/Bi,WOg4 composite photocatalysts were prepared by
impregnation method. For the sake of convenience, the
BN/Bi,WOj4 photocatalysts were labeled as x% BN/Bi,WOg (x
denotes wt% of few-layer BN in BN/Bi,WOg). The 1 wt%

BN/Bi,WO4 composite photocatalysts were obtained as follows:

3 mg few-layer BN and 297 mg Bi,WOg4 were added into 100
mL beaker, and then 15 mL ethyl alcohol was added into the
above beaker. In the process of experiment, a plastic wrap was
used not only to prevent the ethanol from evaporating but also
to prevent dust fall into the beaker. After stirred for 11 h, the
products were placed in the oven at 60 ‘C for 7 h. Similarly, the
2 wt%, 3 wt%, 5 wt% and 10 wt% composite photocatalysts
were obtained, respectively.
2.2 Characterization

The crystal structure of the samples were investigated by X-
ray diffraction (XRD) on a Bruker D8 diffractometer with Cu
Ka radiation (A=1.5418A) in the range of 26=10-80°. The field-
emission scanning electron microscopy (SEM) measurements
were carried out with a field-emission scanning electron
microscope (JEOL-JSM-7001F) equipped with an energy-
dispersive X-ray spectroscope (EDS) operated at an
acceleration voltage of 10 kV. Transmission electron
microscopy (TEM) micrographs were taken with a JEOL-JEM-
2010 (JEOL, Japan) operated at 200 kV. X-ray photoelectron
spectroscopy (XPS) measurements were performed using a
Thermo ESCALAB 250XI electron spectrometer. Ultraviolet-
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visible (UV-vis) diffuse reflection spectroscopy (DRS) was
collected at room temperature with a UV-vis spectrophotometer
(Shimadzu UV-2450, Japan) in the range of 200-800 nm,
BaSO, was used as the reference. The Fourier transform
infrared (FT-IR) spectra of the samples were recorded on a
Nicolet Nexus 470 spectrometer.
2.3 Photocatalytic activity test

The photocatalytic activity of the BN/Bi,WO4 composite
photocatalysts were evaluated by degrading RhB using a 300 W
xenon lamp as light source with a 400 nm cutoff filter. In each
experiment, 0.075 g of the composite photocatalysts were
added in a Pyrex photocatalytic reactor containing 75 mL of
RhB (10 mg/L) aqueous solution, and the Pyrex photocatalytic
reactor was connected to a circulating water system which
could keep the reaction temperature at 30 °C. Prior to
irradiation, the suspension was magnetically stirred in the dark
for 30 min to establish the absorption-desorption equilibrium.
At given irradiation interval, 4 mL of the suspension was
collected and centrifuged to remove the catalyst particles. Then
the concentration of RhB was analyzed by UV-2450
spectraphotometer at a wavelength of 553 nm. By the same
procedure, we also carried out the degradation of ciprofloxacin
in aqueous solution.
2.4 Photoelectrochemical measurements

The photocurrents and EIS were investigated with an
electrochemical analyzer (CHI660B, Chen Hua Instruments,
Shanghai, China) in a standard three-electrode system, which
employed a platinum wire as the counter electrode, a saturated
calomel electrode (SCE) as the reference electrode and a ITO as
working electrode, respectively. 5 mg sample powder was dispersed
ultrasonically in a mixture of 0.5 mL ethylene glycol and 0.5 mL
ethanol, and 20 pL of the resulting colloidal dispersion was drop-cast
onto a piece of ITO slice with a fixed area of 0.5 cm? and dried in air
at room temperature. A 500 W Xe arc lamp was utilized as the light
source. The photocurrent measurements were performed at a
constant potential of 0 V. And a 0.1 M Na,SO, aqueous solution was
used as the supporting electrolyte for photocurrent measurements.
The samples were irradiated for several minutes until the
photocurrent was stable. Then we irradiated and shielded the
samples at intervals of 20 seconds to get the photocurrent analysis.
Electrochemical impedance spectra (EIS) were measured at an open-
circuit voltage. 5 mM Fe(CN)s* /(Fe(CN)¢*) was used as the
impedance liquid.

Results and discussion

3.1 Crystal phase composition

Fig. 1 shows the XRD patterns of the as-prepared few-layer BN,
Bi, WOy, and BN/Bi,WO4 composites with various BN contents.
The diffraction peak at around ~25.4° can be ascribed to the
(002) plane of BN (JCPDS No. 34-0421). All the diffraction
peaks of BN/Bi,WO4 composites can be indexed to the pure
orthorhombic Bi;WO¢ (JCPDS No. 39-0256), suggesting that
doping with BN didn’t significantly change the structure of the
Bi,WOg4. As shown in Fig. 1, the diffraction peaks of pure
Bi,WO¢ and BN/Bi,WO4 composites at 28.3°, 32.8°, 47.1°,
56.0°, 58.5° and 68.8° can be attributed to the (131),
(200)/(002), (202), (133), (262), and (400) crystal planes of
orthorhombic Bi,WOg4. The prepared BN and BN/Bi,WOq
composites have good crystallinity, but no BN phase is
observed in BN/Bi,WOg4 composites. This may be due to the
low amount of BN in the composites.

This journal is © The Royal Society of Chemistry 2012
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Fig. 1 XRD patterns of few-layer BN, Bi;WO4 and BN/Bi,WOjq
composites

3.2 Morphology
The morphology and microstructure of samples were
investigated by SEM and TEM. The pure Bi,WO4 was
consisted of a large quantity of hierarchical sphere-like
structure with the average diameter about 2~3 um (Fig. 2a).
From Fig. 2b, it can be seen that Bi,WOg particles are deposited
on the surface of few-layer BN whom has a large surface with a
thin film layer. The morphology of the 3 wt% BN/Bi,WOgq
composite was further analyzed by TEM, from the TEM image
of the 3 wt% BN/Bi,WO¢ composite, it can be observed that
Bi,WOyq particles locate randomly on the surface or edge of
few-layer BN. The contact region between few-layer BN and
Bi,WO4 may make great contribution to improve the separation
of photo-induced electrons and holes. In addition, the EDS
pattern showed that the 3 wt% BN/Bi,WO4 composite contains
B, N, Bi, W and O element. The elements of B, N, Bi, W and O
indicate that BN was successfully combined with Bi,WOs.
X w1 Bl > .f * 3
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Fig. 2 (a) SEM image of Bi;WO. (b) SEM image of 3 wt%
BN/Bi,WOgs. (¢) Local magnified image of (b). (d) TEM image
of 3 wt% BN/Bi,WOg. (e) EDS spectrum taken from 3 wt%
BN/Bi,WOg.
3.3 XPS analysis

XPS was carried out to investigate the elemental composition
and chemical states of the as-prepared Bi,WOs, few-layer BN
and BN/Bi,WOg4 composites and the results are displayed in Fig.
3. The full scan in Fig. 3a showed that Bi, O, W, B, N and C
elements were present in the pure Bi, WOy, few-layer BN and
the 3 wt% BN/Bi,WO¢ composite (the inset of Fig. 3a shows
the magnified the local area of the XPS survey spectra to
distinguish the B 1s spectra). The XPS peak for C 1s is due to
the adventitious hydrocarbon from the XPS instrument itself.
The high-resolution spectra of Bi 4f, W 4f, O 1s, B 1s and N 1s
are displayed in Fig. 3b-f, respectively. The Bi 4f region of the
pure Bi,WOg consists of two peaks located at 159.68 and
164.98 eV corresponding to the binding energy of Bi 4f;, and
Bi 4f5),, respectively, and they are consistent with the binding
energies in Bi,WO.>*! The two peaks located at 36.26 and
38.41 eV in W 4f region could be assigned to W 4f;, and W
4f5),, indicating the existence of W oxidation state. However,
it is worth noting that the Bi 4f binding energy values of the 3
wt% BN/Bi,WOg displayed a slight shift when compared to the
pure Bi,WOg, the two peaks of Bi 4f shift from 159.68 eV to
159.48 eV and from 164.98 eV to 164.81 eV, and the same
change was also observed in W 4f and O 1s, the two peaks of
W 4f shift from 36.26 eV to 35.93 eV and from 38.41 eV to
38.08 eV. This reveals that the interaction between few-layer
BN and Bi;,WOg results in the changes of the local
environments and electron densities of the elements to some
degree.* Fig. 3e and Fig. 3f showed the high-resolution spectra
of B 1s and N 1s, respectively. The peaks of B 1s and N 1s in 3
wt% BN/Bi,WOg¢ are located in 190.64 eV and 398.01 eV,
respectively, which correlated well with Ariel Ismach’s® work
about controlled synthesis of hexagonal boron nitride films.
The B 1s and N 1s binding energy values of the 3 wt%
BN/Bi,WOy also displayed a slight shift when compared to
few-layer BN, the peak of B 1s shift from 190.64 eV to 190.73
eV and N 1s shift from 398.01 eV to 398.14 eV.
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and (f) N 1s.

3.4 DRS analysis

Fig. 4 shows the UV-vis diffuse-reflectance spectra of the as-
obtained few-layer BN, Bi,WO4 and BN/Bi,WOg4 composites.
The pure Bi;WOg can absorb the wavelengths shorter than ca.
450 nm due to its intrinsic transition. After combined with few-
layer BN, a slight shift of the absorption band toward the low
wavelength region can be observed. This could be due to the
larger band-gap BN widens the band-gap of Bi,WOg. The
visible light absorption ability of the composites are gradually
enhanced with an increase in loaded BN, (the order of the
visible light absorption ability of the composites: 3 wt%>2
wt%>1 wt% ) however, excessive loaded BN will decrease the
visible light absorption (5§ wt%, 10 wt%). The possible reasons
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for that are summarized as follow: when the doping ratio is less
than 3 wt%, the visible light absorption ability of the
composites are gradually enhanced with an increase in loaded
BN, this could be due to doping appropriate amount of BN
could improve the separation efficiency of holes and electrons
due to the synergetic effect between few-layer BN and Bi, WOy,
however, excessive loaded BN will decrease the visible light
absorption may due to the few-layer BN affects the light
absorption of Bi,WOy. Fig. 4b showed the plot of (ahv)* versus
photon energy (hv) for the as-prepared composites and pure
Bi,WOg, where a, #, and v are the absorption coefficient,
constant, and light frequency, respectively.’** The energy of
the band gap is calculated by extrapolating the straight line to
the abscissa axis. The band gap of the pure Bi,WOs was
estimated to 2.89 eV. After doping with few-layer BN, the band

gap of the composites shifted to larger band gap energy.
1.4
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1.0
——Bi,WOg

—— BN/Bi,WOg (3 wt%)
—— BN/Bi,WOg (5 wt%)
—— BN/Bi,WOg (2 wt%)
—— BN/Bi,WOg (10 wt%)
—— BN/Bi,WOg (1 wt%)
——BN

0.8 4

0.6 4

Absorbance(a.u.)

0.4 4

0.24

200 300 400 500 600 700 800
Wavelength(nm)

—— Bi;WOg
—— BN/BiyWOg (1 wit%)
—— BN/BiyWOg (2 wt%)

—— BN/Bi;WOyg (3 wt%)

—— BN/Bi;WOyg (5 wt%)

(ahv)?

—— BN/BiWOg (10 wi%)

2.0 24 2.8 32 16 4.0 44
Photo energy (eV)

Fig. 4 (a)UV-vis diffuse reflectance spectra of BN, Bi, WO,
and BN/Bi,WOgy samples; (b) determination of the band gap
energies.
3.5 FT-IR analysis

In order to further confirm the composition of the as-
prepared samples, pure Bi,WO, few-layer BN, and
BN/Bi,WO¢ composites were characterized by FT-IR analysis.
The FT-IR spectra of the as-prepared samples are shown in Fig.
5. The main characteristic absorption bands can be observed at
approximately 1378 and 805 cm™ for pure BN. The former can
be attributed to the stretching vibration of the B-N bond, while
the latter belongs to the B-N-B out-of-plane bending
vibrations.*® For pure Bi,WOs, the main absorption bands at
400-800 cm! are attributed to W-O, Bi-O stretching and W-O-
W bridging stretching modes.>” These main absorption peaks
are still present in BN/Bi,WOg composites, also suggesting that
the doping with BN didn’t significantly change the structure of
the Bi;WOyg, which is consistent with the XRD result. The peak
at 1378 cm’! in BN/Bi,WOq composites were become wider

This journal is © The Royal Society of Chemistry 2012
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with the increase of the doping content of few-layer BN. And
the two absorption bands at 1630 and 3430 cm™' are assignable
as the stretching and bending vibrations of the adsorbed water
molecules.*®

3430, BN/BI,WO, (10 wt%) 1930

:v BN/Bi,WO, (5 wt%) W
BN/Bi,WO, (3 wi%) ¥ v

: BN/Bi,WO, (2 wt%) W

V—-——
BN/Bi,WO, (1 wt%)

Bi, WO,

Transmittance(a.u.)

1378— 805
3500 3000 2500 2000 1500 1000 500
Wavenumber(cm'1)

Fig. 5 FT-IR spectra of BN, Bi;WOg, and BN/Bi,WOg4 samples.
3.6. Photocatalytic activity and regeneration

The photocatalytic activities of the as-prepared samples were
evaluated by the degradation of Rhodamine B aqueous under visible
light irradiation and the results are shown in Fig. 6, where Cyand C,
represent the concentrations in aqueous phase at beginning and at
reaction time t. All the BN/Bi,WO4 composites showed much higher
photocatalytic activity than that of the pure Bi,WQg. It is obvious
that the amount of BN had a great effect on the photocatalytic
activity of the as-prepared samples. With the increase of the content
of BN, the photocatalytic activity of the composites increased until
the amount of BN reach to 3 wt%. Continue to increase the amount
of BN, the photocatalytic activity of the composites decreased. So
the highest photocatalytic activity reached at the proportion of BN is
3 wt%, and 98.2% of RhB was degraded after 100 min irradiation.
By the same time, the rate of photocatalytic reaction was also
investigated by fitting the first-order kinetic and the results were
displayed in Fig. 6b and Table 1. The k value of the 3 wt%
BN/Bi,WOg is about 2.4 times as that of the pure Bi,WOg. The shift
of the maximum absorption wavelength was due to N-deethylation
and destruction of the conjugated structure of RhB molecule.* Fig.
7a showed the change in UV/vis absorption of RhB aqueous
solutions under visible-light irradiation in the presence of pure
Bi,WOg, the maximum absorption wavelength shift from 553 nm to
503 nm, which indicate that the four ethyl are not completely
removed. And Fig. 7b showed the change in UV/vis absorption of
RhB aqueous solutions under visible-light irradiation in the presence
of 3 wt% BN/Bi,WOQg, the maximum absorption wavelength shift
from 553 nm to 497 nm, which indicate that the four ethyl are
completely removed. That’s to say, the degradation ability for RhB
of the 3 wt% BN/Bi,WO¢ composite is better than that of pure
Bi;WOg. And the color of the solution changed from red to light
green-yellow (the inset of Fig. 7).

J. Name., 2012, 00, 1-3 | 5



RSC Advances

1.0
(a)
—=—Bi,WO,
0.8 - —e— (1 wt%) BN/Bi,WO_
—A— (2 wt%) BN/Bi,WO,
0.6- —v— (3 wt%) BN/Bi,WO_
- —<— (5 wt%) BN/Bi,WO,
o —— (10 wt%) BN/Bi,WO,
© 0.4- self-degradation
0.2
0.0
0 20 40 60 80 100
time (min)
04 & (b)
14
=)
24 | v . [ ]
e = BiWOg PN
Q:, ©  BN/BiWOg (1 wt%)
= 34 4 BNBi;WOg(2wt%)
v BN/BiWOg (3 wt%)
< BN/Bi,WOg (5 wt%)
41 self-degradation
T U M J M J M U M T
0 20 40 60 80 100

time (min)
Fig. 6 (a) photocatalytic degradation of RhB by BN/Bi, WOy
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Fig. 7 Change in UV/vis absorption of RhB aqueous solutions
under visible-light irradiation in the presence of (a) pure
Bi,WOg and; (b) 3 wt% BN/Bi,WO¢ composite samples.

In order to investigate the generality of the photocatalytic
activity for removal of other pollutants, the 3 wt% BN/Bi,WOjq
composite was used to degrade the ciprofloxacin aqueous
solution under visible light irradiation. The result in Fig. 8
showed that the ciprofloxacin conversion was 67.6% under
visible light irradiation within 100 min.

Table. 1 First-order kinetic constant for RhB degradation with
different photocatalysts.

Samples k(min™) R?
Bi, WO, 0.0183 0.9905
1 wt% BN/Bi, WOy 0.0340 0.9974
2 wt% BN/Bi, WOy 0.0396 0.9957
3 wt% BN/Bi, WOy 0.0435 0.9938
5 wt% BN/Bi, WO 0.0331 0.9966
self-degradation 5.887E-4 0.9921

Considering the applications of photocatalysts, the

regeneration of a photocatalyst is important and necessary. In
our work, the 3 wt% BN/Bi,WO4 composite was used to
investigate the stability of the photocatalyst. Before each
experiment, the photocatalyst was washed by de-ionized water
and ethanol, and dried at 60°C in the oven. The results showed
that BN/Bi,WO4 composite photocatalysts were very stable.
From Fig. 9 it can be observed that there was only a slight
decrease in degradation efficiency after five cycles.
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Fig. 8 Photocatalytic degradation of ciprofloxacin by Bi, WOy
and 3 wt% BN/Bi, WOg hybrids under visible light irradiation.
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Fig. 9 Cycling runs of 3 wt% BN/Bi,WO; photocatalyst for
RhB degradation.
3.7. Photoelectrochemical measurements

The separation efficiency of electrons and holes may make great
contribution to the photocatalytic reaction. Photocurrent produced
from the photo-generated electrons in the conducting bands of
semiconductor photocatalysts with leaving holes in their valence
bands. Therefore, higher photocurrents are indicative of better
electron and hole separation efficiencies, and thus higher
photocatalytic activities.* The photoelectrochemical property of the
pure Bi,WO¢ and 3 wt% BN/Bi,WO4 composite were investigated,
and the results are shown in Fig. 10. It is clear that the 3 wt%
BN/Bi,WO4 composite exhibited a slightly higher photocurrent than
the pure Bi;WOg4 under visible light irradiation. Meanwhile, the EIS
of the pure Bi,WO4 and the 3 wt% BN/Bi,WOg composite were
measured. The results are presented in Fig. 11, and the arc radius in
EIS of 3 wt% BN/Bi,WOs composite is smaller than the pure
Bi,WOg. The results are in accordance with that of photocurrent,
which indicate that Bi,WOs modified with few-layer BN can
promote the separation efficiency of electron and hole when
compared to the pure Bi,WOsg.
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Fig. 10 Photocurrent of Bi;WOg¢ and 3 wt% BN/Bi,WO4 composite.
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BN/Bi,WO4 composite.
3.8. Possible photocatalytic mechanism
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Fig. 12 Trapping experiments of active species during the
photocatalytic degradation of RhB over BN/Bi,WOg hybrid material
under visible light irradiation.

In order to reveal the photocatalytic mechanism, it is necessary to
detect the main active species in the photocatalytic process. In this
work, the trapping experiments were used to determine the main
active species. From the results of Fig. 12, the degradation efficiency
of RhB is slightly decreased with addition of tert-butyl alcohol (a
hydroxyl radical scavenger*'), suggesting that hydroxyl radicals are
not the main active species for the degradation of RhB. On the
contrary, the degradation efficiency is remarkably prohibited when
EDTA-2Na (hole scavenger*’) was added. This result suggests that
holes should be the main active species in the photocatalytic process.

On the basis of the above experimental results, a possible visible
light photocatalytic mechanism of BN/Bi,WO4s composite
photocatalyst is proposed in Fig. 13. Under visible light irradiation,
Bi,WOg is excited and the corresponding photoinduced electrons and
holes are generated. The photoinduced electrons can be excited from
the VB to the CB of Bi,WOy and transfered to the surface of few-
layer BN, leaving the holes to the VB of Bi;WOg. The high surface
area of BN made it easier to transfer the photoinduced electrons,
which promote the separation efficiency of photoinduced electron-
hole pair and thus an enhanced photocatalytic activity. It is consist
with the results of the photocurrent and EIS analysis.
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Fig. 13 Schematic of the separation and transfer of
photogenerated charges in the BN/Bi,WOs composite
photocatalyst combined with the possible reaction mechanism
of photocatalytic procedure.

Conclusions

In summary, we have successfully prepared the BN/Bi,WOyq
composite via impregnation method. The hybrid material
showed an enhancement of photocatalytic efficiency and high
stability than pure Bi;WOg under visible light irradiation. The
doping amount of BN have an obvious effect on the
photocatalytic activity, and the optimal doping amount reached
at 3 wt%, which 98.2% of RhB was degraded after 100 min
irradiation. The high photocatalytic activity of the BN/Bi,WOjq
composites could be attributed to the synergetic effect of few-
layer BN and Bi,WOsg.
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