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Abstract

Novel flower-like MWCNT/BiOBr composite photocatalysts have been prepared through a one-pot EG-assisted solvothermal process in the presence
of reactable ionic liquid 1-hexadecyl-3-methylimidazolium bromide ([C;smim]Br). The structures, morphology and photocatalytic properties of as-
prepared samples were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM), energy-
dispersive X-ray spectroscopy (EDS), Fourier transform spectrophotometer(FT-IR), diffuse reflectance spectroscopy (DRS), photoluminescence (PL)
spectroscopy, photocurrent and electrochemical impedance spectroscopy (EIS). During the reactive process, ionic liquid [C;¢mim]Br acted as solvents,
reactants, templates and MWCNT dispersing agents. The MWCNT/BiOBr composite photocatalysts exhibited a conspicuous improved photocatalytic
performance for rhodamine B (RhB) degradation. The optimal MWCNT content for the photocatalytic activity was determined. The DRS analysis
showed that the prepared MWCNT/BiOBr composites exhibited strong absorption ability with the increase of doped MWCNT amount. The results of PL,
EIS and photocurrent analysis indicated that MWCNT could disperse and combine with BiOBr microspheres on its surface, which facilitated electron—
hole separation, and contributed to improve the photocatalytic activity. The radicals trap experiments demonstrated that hole was the main reactive species

during the degrading process of RhB. A possible mechanism for the enhanced photocatalytic activity of MWCNT/BiOBr was also proposed.

© 2013 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

In recent years, much attention has been focused on
bismuth-based oxyhalides (BiOX, X=Cl, Br, I). This new
type of semiconductor materials has potential photocatalysis
application [1-3] because of its unique and excellent electrical
and optical properties [4,5]. Besides, it can also be applied in
ionic conduction, ferroelectric materials and pigments [6,7].

Among these BiOX catalysts, BiOBr is of great research
interest because it is an active and stable visible-light photocatalyst
and it has advantageous performance under visible-light irradia-
tions [8]. BiOBr is an important V-VII ternary compound
which crystallizes in the tetragonal matlockite structure. The layer
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structure characterized by [Bi,O,] slabs interleaved by double
slabs of halogen atoms [9].

At present, BiOBr with different structures and morpholo-
gies prepared by using different synthetic methods is still
among hot research [1,8,10-14]. However, its photocatalytic
activity has been limited by the high recombination of its
photogenerated electron—hole pairs. In order to improve their
performance, different modifications of BiOBr matrix material
have been used. These modifications include coupling BiOBr
with g-C3N, [15], Graphene [16], Bi(OH); [17], BiOI [18],
BiOCI [19], ZnFe,O4 [20], AgBr [21] or doping metals like
Ag [22], Fe [23]. The results indicate that coupling is benefit to
the enhancement of the photocatalyst activity. Therefore, it can
be expected that the formation of composite materials could
further improve the photocatalytic activity of BiOBr.

In recent years, the carbon nanotubes (CNT) have received
much more interests due to its hollow geometrical structures
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and excellent electron conductivity. It is possible to accelerate
the transfer of electrons between the nanostructure interfaces
[24-26]. The carbon nanotubes coupled with semiconductor
composites have been synthesized, such as MWCNT/TiO,
[27-29], BiOI-MWCNT [30], MWNTs/g-C3N, [31], MWC
NTs/CdS [32], MWCNT/ZnS [33], and the results inferred that
the introduction of carbon nanotubes could improve the
photocatalytic degradation activity of the semiconductor
photocatalysts. Considering carbon nanotubes have the large
specific surface areas and the excellent charge transfer proper-
ties, it motivates us to design MWCNT/BiOBr composites
that are expected to be a promising candidate of efficient
photocatalysts.

Tonic liquids (ILs) have aroused increasing interest due to
their high fluidity, low melting temperature, thermal stability,
extended liquid-state temperature range, high ionic conductiv-
ity, ability to dissolve a variety of materials and nearly zero
vapor pressures. Due to the advantages of ILs, many kinds of
materials have been successfully synthesized in ILs, such as
Au nanosheets [34], Pd Nanoparticles [35], high-quality TiO,
nanocrystals [36], CuS nest-like hollow spheres [37], nano-
flower Y,05 [38], Bi,S;, Sb,S5 nanorods [39], CuCl nanopla-
telets [40], ZnO nanoparticles and nanowires [41] and ultrathin
SmVO, nanosheets [42]. The researches show that ILs acted as
good dispersing agents, solvents and templates, contributing to
the synthesis of functional materials. It is also well studied that
the ionic liquids could combined with CNT due to the possible
specific interaction between the imidazolium ion component
and the pi-electronic nanotube surface [43,44]. Inspired by
this, reactable ionic liquid has been designed and used in the
synthesis of MWCNT/BiOBr composites. The potential of
ionic liquids in the controlled synthesis of MWCNT/BiOBr
composites remains to be explored.

In this work, the novel MWCNT/BiOBr composites have
been prepared through a facile one-pot EG-assisted solvother-
mal process in the presence of reactable ionic liquid [Cgmim]
Br. During the reactive process, ionic liquid [C;gmim]Br acted
as solvent, reactant, template and MWCNT dispersing agent at
the same time. The obtained composites showed higher
photocatalytic activity than pure BiOBr. The effect of
MWCNT contents on the photocatalytic degradation efficiency
was investigated. The characterization of the samples indicated
that MWCNT could disperse and combine well with BiOBr
microspheres on its surface, which facilitated electron—hole
separation, and may lead to enhance the visible light photo-
catalytic activity. The radicals trap experiments demonstrated
that hole was the main reactive species for the degradation of
RhB. A possible mechanism for the enhanced photocatalytic
activity of MWCNT/BiOBr was also proposed.

2. Experimental
2.1. Material and sample preparation
All chemicals were analytical grade and used without further

purification. The ionic liquid [C;emim]Br (1-hexadecyl-3-
methylimidazolium bromide) (99%)was purchased from Shanghai

Chengjie Chemical Co. Ltd. The MWCNT (MWCNT-NH,,
purity > 95%) was purchased from Chengdu Organic Chemicals
Co. Ltd., Chinese Academy of Sciences.

2.2. Fabrication of MWCNT/BiOBr composite photocatalysts

In a typical procedure, 5 mg multi-walled carbon nanotubes
(MWCNT) were dispersed into 200 mL of ethylene glycol
with ultrasonic treatment for 30 min and stirred for 3 days to
make MWCNT totally dispersed. 1 mmol of ionic liquid
[Cigmim]Br was dissolved into a certain amount of MW
CNT/EG solution with magnetic stirring for 30 min to make
the ionic liquid interact with MWCNT and then stoichiometric
amounts of Bi(NOj3)5 - 5SH,O were dissolved. The mixture was
stirred for 30 min and was transferred into 25 mL Teflon-lined
autoclave up to 80% of the total volume. The autoclave was
then heated at 140 °C for 24 h and cooled down to room
temperature. The final product was collected by centrifugation
and washed with deionized water and ethanol for three times,
and then dried under vacuum at 50 °C for 24 h before
photocatalytic reaction and further characterizations. The
weight contents of MWCNT in the composite photocatalysts
were 0, 0.01%, 0.05%, 0.1%, 1%, respectively.

2.3. Characterization

X-ray powder diffraction (XRD) analysis was carried out on
a Bruker D8 diffractometer with high-intensity Cu-Ka
(A=1.54 A). X-ray photoemission spectroscopy (XPS) was
recorded on a VG MultiLab 2000 system with a monochro-
matic Mg Ka source operated at 20 kV. The field-emission
scanning electron microscopy (FE-SEM) measurements were
carried out with a field-emission scanning electron microscope
(JEOL JWSM-7001F) equipped with an energy-dispersive
X-ray spectroscope (EDS) operated at an acceleration voltage
of 10 kV. Transmission electron microscopy (TEM) micro-
graphs were taken with a JEOL-JEM-2010 (JEOL, Japan)
operating at 200 kV. UV-vis diffuse reflectance spectroscopy
was recorded on an UV-2450 spectrophotometer (Shimadzu
Corporation, Japan) using BaSO, as the reference. The
structural information for samples was measured by Fourier
transform spectrophotometer (FT-IR, Avatar 470, Thermo
Nicolet) using the standard KBr disk method. The PL spectra
of the photocatalysts were detected using a Varian Cary
Eclipse spectrometer. Photocurrent and electrochemical impe-
dance spectroscopy (EIS) were performed on an electroche-
mical workstation (CHI 660B Chenhua Instrument Company,
Shanghai, China).

2.4. Photocurrent and EIS measurements

The photocurrent and EIS measurements were conducted by
using an electrochemical analyzer (CHI660B, Chen Hua
Instruments, Shanghai, China) with a standard three-electrode
configuration. A 500 W xenon lamp was used as photosource.
The working electrodes were ITO glass (0.5 x 1 cm?) coated
with as-prepared samples (0.1 mg), the counter electrode was
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a platinum wire, and the reference electrode was a saturated
Ag/AgCl electrode. The electrolyte solution of photocurrent
was phosphate buffered saline (PBS) (0.1 mol L™ L pH=7.0).
The EIS were performed in a 0.1 M KCI solution containing
5 mM Fe(CN)glee(CN)éf. Sunless conditions were ensured
when experiments were carried out.

2.5. Photocatalytic activity measurement

Photocatalytic activities of the prepared samples were
evaluated by the photocatalytic degradation of RhB under
the visible light irradiation. Experiments were carried out in a
Pyrex photocatalytic reactor with a 300 W Xe lamp with a UV
cutoff filter (1> 400 nm) as the visible-light source, and a
circulating water system to prevent thermal catalytic effects.
Aeration was performed using an air pump to make sure a
constant supply of oxygen and to mix the solution with
photocatalysts fully during photoreactions. In a typical photo-
catalytic experiment, 0.01 g of MWCNT/BiOBr powders was
dispersed into 100 mL of RhB (10 mg L™ 1 solutions. Prior to
irradiation, the solution was stirred magnetically in the dark for
30 min in order to reach the adsorption equilibrium between
the photocatalyst and the RhB. During irradiation, about 3 mL
of the suspension was withdrawn periodically from the reactor
cell. With the process of the irradiation, the intense red color of
the RhB solution gradually faded. The photocatalyst powders
and the RhB solution were separated by centrifuge. The RhB
concentration was analyzed by a UV-vis spectrophotometer
(Shimadzu, UV-2450), the absorbance wavelength is 553 nm.

3. Results and discussion
3.1. XRD analysis

Fig. 1 shows the XRD patterns of the MWCNT/BiOBr
composites of varying MWCNT contents. The results showed
that the photocatalysts were well crystallized. All the samples
had similar diffraction peaks, which were readily indexed to
the tetragonal phase of BiOBr (JCPDS card No. 73-2061).

- BiOBr

- 0.01 wt% MWCNT/BiOBr
- 0.05 wt% MWCNT/BiOBr
- 0.1 wt% MWCNT/BiOBr
1 wt% MWCNT/BiOBr

(110)

L IE-V = ]
'

Intensity (a.u.)

10 20 30 40 50 60 70 80

2-Theta (degree)

Fig. 1. The XRD pattern of the as-prepared MWCNT/BiOBr composites with
different contents of MWCNT.

No diffraction peaks corresponding to MWCNT were observed
in MWCNT/BiOBr composites. This was due to the trace amount
of loading MWCNT with a low atomic number cannot be
resolved by XRD. The result can also be found in the similar
system [32]. No other characteristic peaks were found, indicating
the high purity of the as-prepared samples. The existence of
MWCNT was identified by SEM, TEM and EDS.

3.2. XPS analysis

To investigate the states of the ions, the MWCNT/BiOBr
composite was studied by X-ray photoelectron spectroscopy
(XPS) (Fig. 2). The XPS analysis showed that the composites
were composed of elements of Bi, O, Br, and C. The carbon peak
probably came from the MWCNT and the adventitious carbon on
the surface of the sample. And, the existence of MWCNTSs has
been further confirmed in the SEM, TEM and EDS results. The
high-resolution spectra of Fig. 2c¢ displayed that the two strong
peaks at 159.0 eV and 164.4 eV were assigned to Bi 4f7/2 and Bi
4£5/2, respectively, which was characteristic of Bi*t in the
composites. The Br 3d peaks were associated with binding energy
of 68. 04 eV (Fig. 2d), which was characteristic of Br™ in the
composites. The high-resolution spectra of Fig. 2e showed that the
peak at binding energies of 529.7 eV was assigned to O 1s, which
was characteristic of oxygen in BiOBr materials. As a result, it can
be confirmed that the MWCNT/BiOBr composites have been
successfully synthesized.

3.3. FT-IR spectra analysis

The infrared spectrum of MWCNT/BiOBr composites pre-
pared is shown in Fig. 3. The absorption peak around
1630 cm ' corresponded to the bending vibrations of O—H,
which was ascribed to the water adsorbed. The absorption
band at 510 cm ' was ascribed to the Bi-O stretching mode.
No characteristic absorption peak of the ionic liquids was
found in the FT-IR spectra, which could lead to the assumption
that the ionic liquid can be easily removed from the surface of
the material by washing with deionized water and alcohol.

3.4. SEM, TEM and EDS analysis

The SEM images of the 0.05 wt% MWCNT/BiOBr compo-
site have been shown in Fig. 4a. It can be seen that sphere-like
MWCNT/BiOBr structures were formed with an average
diameter of 1-2 pm. The sphere-like MWCNT/BiOBr compo-
site prepared was self-assembled generated by irregular BiOBr
nanosheets. It can be seen clearly from the Fig. 4b,c that a
large number of MWCNT attached to the surface of MWCNT/
BiOBr microspheres. As can be seen clearly from the high
magnification SEM image (Fig. 4d), the MWCNT attached,
embedded and interwoven on the surface of BiOBr nanosheets.
The sphere-like MWCNT/BiOBr composites were further
investigated by TEM, as shown in Fig. 5. The result further
confirmed that the composites were spheres-like structures.
The detailed structure was also characterized by HRTEM
(Fig. 5b). As can be seen, the lattice structure of BiOBr was
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Fig. 2. XPS spectra of the as-prepared 0.05 wt% MWCNT/BiOBr composites. (a) Survey of the sample; (b) C 1s, (c) Bi 4f, (d) Br 3d and(e) O 1s.

orderly. The outer boundary of the MWCNT/BiOBr compo-
sites has some MWCNTSs which were different from the BiOBr
crystal. The clear lattice fringes of the interplane of the BiOBr
core was 0.28 nm in the HRTEM image, which was in
accordance with the [110] direction of BiOBr crystal. The
EDS pattern (Fig. 4e) indicated that the MWCNT/BiOBr
composites contained C, O, Bi, and Br element. It proved that
the sample prepared was MWCNT/BiOBr composite material.
This result consisted with the result of XPS, SEM and TEM
analysis.

3.5. Optical absorption properties

In order to investigate the optical properties, the as-prepared
MWCNT/BiOBr samples were analysed by UV-vis absorption

spectra in the wavelength range of 200-800 nm, and the
spectra was given in Fig. 6a. The absorption intensity of the
as-prepared samples strengthened with increasing MWCNT
content (from O wt% to 1.0 wt%), which was in agreement
with the color change from white to black. Compared with the
pure BiOBr sample, MWCNT/BiOBr samples have apparently
red shift, which means it enhanced light absorption. The
enhanced light absorption of the MWCNT/BiOBr composites
resulted in the generation of more electron—hole pairs under
the same visible light irradiation, which subsequently could
lead to a higher photocatalytic activity.

The band structure of the photocatalyst was responsible for
the difficulty degree of the electronic transitions. A lower band
gap was beneficial to the electronic transitions. As can be seen
from Fig. 6b, the band gap of pure BiOBr was about 2.8 eV.
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Fig. 3. FT-IR analysis of MWCNT/BiOBr materials with different contents
of MWCNT.

With the addition of MWCNT, the band gaps of MWCNT/
BiOBr composites were decreased. It can be judged prelimin-
ary that MWCNT/BiOBr composites had good response in the
visible region and then form more electron—hole pairs. It can
be further speculated that the MWCNT/BiOBr composites
have enhanced degradation activity of organic pollutants in
visible light.

3.6. Photoluminescence spectra analysis

To investigate the effect of the MWCNT, photolumines-
cence spectra analysis was applied to reveal the migration and
recombination processes of photo-generated electron—hole
pairs in MWCNT/BiOBr composite samples. Fig. 7 presents
the PL spectra for BiOBr and 0.05 wt% MWCNT/BiOBr with
an excitation wavelength of 360 nm. After the photocatalyst
was irradiated, electron—hole pairs recombination occurred,
photons were emitted, those lead to photoluminescence.
A weaker intensity of the peak represented a lower recombina-
tion probability of photogenerated charge carriers. The inten-
sity of the 0.05 wt% MWCNT/BiOBr composite photocatalyst
was much lower than that of pure BiOBr, which indicated that
the 0.05 wt% MWCNT/BiOBr composite had a much lower
recombination rate of photo-generated charge carriers. This
result indicated that the doping of MWCNT reduced the
recombination efficiency of electron-hole pairs which was
favorable for enhancing photocatalytic activity of BiOBr. It
can be inferred that the prepared 0.05 wt% MWCNT/BiOBr
composite had a higher photocatalytic activity than pure
BiOBr.

3.7. Photocurrent

To understand better about the electron transfer process, the
photocurrent of BiOBr and 0.05 wt% MWCNT/BiOBr under
visible light was measured as shown in Fig. 8. When the lamp
turns on, the photocurrent increased sharply, reaching a stable
value. As soon as the lamp turns off, the photocurrent rapidly

decreased to initial status. In general, a higher photocurrent
would mean the presence of longer living photogenerated
carriers and hence a higher photocatalytic activity. It can be
seen from the diagram that the current intensity of 0.05 wt%
MWCNT/BiOBr was 1.5 times of pure BiOBr. This finding
suggested that the introduction of MWCNT could elevate the
separation efficiency of electrons and holes, so it could
produce longer living photogenerated carriers. Therefore,
compared with pure BiOBr,0.05 wt% MWCNT/BiOBr was
expected to exhibit an enhanced photocatalytic activity.

3.8. Electrochemical impedance spectroscopy

EIS measurement has been employed to research the charge
transfer resistance and the separation efficiency between the
photogenerated electrons and holes. It could be seen from
Fig. 9 that the arc radius on EIS of 0.05 wt% MWCNT/BiOBr
was smaller than that of BiOBr. It indicated that 0.05 wt%
MWCNT/BiOBr had lower resistance than that of pure BiOBr,
which could accelerate the interfacial charge-transfer process
[45]. This result demonstrated that the introduction of
MWCNT into BiOBr could elevate the separation and transfer
efficiency of photogenerated electron—hole pairs [46], and then
contribute to improving photocatalytic activity of BiOBr.

3.9. Photocatalytic performance

RhB was selected as target pollutant to measure the photo-
catalytic activity under the visible-light irradiation. Fig. 10a
shows the time-dependent absorption spectra of RhB solution
in the presence of 0.05 wt% MWCNT/BiOBr composite. The
intensity of the absorption peak at 553 nm decreased drasti-
cally within 75 min. The degradation efficiency reached 97%
after 75 min irradiation, which indicated that the 0.05 wt%
MWCNT/BiOBr composite exhibited high photocatalytic
activity. The peak intensity of the UV-vis absorption related
to RhB decreased evidently, and the maximum absorption of
the RhB solution shifted from 553 to 500 nm after irradiation
for 75 min. In order to study the effect of MWCNT, photo-
catalytic degradation experiments of MWCNT/BiOBr with
different MWCNT contents were carried out using RhB in
an aqueous suspension under visible-light irradiation. Fig. 10b
shows the degraded effect of pure BiIOBr and MWCNT/BiOBr
composites with different MWCNT contents. As shown in
Fig. 10b, the 0.05 wt% MWCNT/BiOBr composite exhibited
the highest photocatalytic activity. Only 31.3% RhB was
photodegraded by pure BiOBr after irradiation for 30 min,
while the 0.05 wt% MWCNT/BiOBr photodegraded 77.4%.
After 75 min irradiation, the degradation efficiency of the
0.05 wt% MWCNT/BiOBr reached 97%. The photocatalytic
results indicated that the doping amount of MWCNT had a
significant effect on the photocatalytic performance of the
MWCNT/BiOBr composite photocatalysts. Contrasting to
the MWCNT combined photocatalysisTiO,/MWCNT [47],
MoOs;/MWCNT [48] and ZnO/MWCNT [49], all the results
showed that the introduction of MWCNT could improve the
photocatalytic ability of the composites, and MWCNT/BiOBr
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Fig. 4. SEM images of the 0.05 wt% MWCNT/BiOBr microspheres structures. (a) and (b) the low magnification SEM image; (c) top view SEM image; (d) the high
magnification SEM image; and (e) EDS of the 0.05 wt% MWCNT/BiOBr microspheres.

composites showed better photocatalytic activity in the visible
light. When the MWCNT content was higher than 0.05 wt%, a
further increase of MWCNT content caused a decrease in the
photocatalytic activity of RhB degradation. It can be specu-
lated that the origin of enhanced photocatalytic activity was
attributed to the fact that increased dark color of photocatalysts
could absorb more light, leading to generate more electron—
hole pairs. Subsequently, MWCNT accelerated the transfer of
electrons between the BiOBr interfaces, elevated the separation
efficiency of electrons and holes, leading to a higher photo-
catalytic activity. As we know, MWCNT dispersed on the
surface of BiOBr. When the MWCNT content was higher than
0.05 wt%, too many MWCNT would hinder the BiOBr absorb
visible light, leading to the decrease of generation of electron—
hole pairs.

3.10. The proposed mechanism

The type of radicals in the photocatalytic process played a
crucial role for understanding the mechanism during the process of
photocatalytic degradation of pollutants. The active ingredient in
the photocatalytic process could be detected by trapping experi-
ments of radicals and holes. Tert-butanol and EDTA-2Na were
selected as the radicals and holes trapping agent respectively[50].
As shown in Fig. 11, the photodegradation of RhB was obviously
depressed after Immol EDTA-2Na was added. On the contrary,
the photocatalytic activity was slightly suppressed after the
injection of 1 mmol Tert-butanol. Therefore, it could be indicated
that hole was the main reactive specie for the degradation of RhB.

Based on the results of structure characterizations and the
visible light photocatalytic tests of the as-prepared samples, a
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Fig. 5. (a) TEM image of the 0.05 wt% MWCNT/BiOBr composites; (c) HRTEM image of 0.05 wt% MWCNT/BiOBr composites.
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possible mechanism of MWCNT on the improvement of
visible light performance was proposed and illustrated in
Fig. 12. The significant enhancement of photocatalytic perfor-
mance can be attributed to synergistic effect between BiOBr
and MWCNT. When the MWCNT were introduced, the
MWCNT dispersed well on the surface of BiOBr microspheres
and combined with BiOBr closely on its surface. The
MWCNT could act as effective electron transfer channel
because they had high electrical conductivity and high electron

a- BiOBr
b- 0.05wt% MWCNT/BiOBr

Relative intensity (a.u)
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Fig. 7. PL spectra of BiOBr and 0.05 wt% MWCNT/BiOBr materials.
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Fig. 8. Transient photocurrent response for the pure BiOBr and 0.05 wt%
MWCNT/BiOBr.

storage ability [25,28]. As can be seen from Fig. 10, when the
system was irradiated by visible light, the BiOBr in the
composite photocatalyst was excited and generated electron—
hole pairs. The photogenerated electrons in the conduction
band (CB) of BiOBr tended to migrate towards the MWCNT,
while the holes remained in valance band (VB). The electrons
would accumulate on the surface of MWCNT which leads to
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efficient separation of electron—hole pairs and effectively
reduction of the recombination of photogenerated electrons
and holes. The hole at the VB was the main reactive specie for
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Fig. 11. Comparison of photocatalytic activities of 0.05 wt% MWCNT/BiOBr
catalyst for the degradation of RhB with or without adding EDTA-2Na and t-
Butanol under visible light irradiation.
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Fig. 12. Schematic of the separation and transfer of photogenerated charges in
the MWCNT/BiOBr combined with the possible reaction mechanism of
photocatalytic procedure.

the degradation of RhB. Therefore, the MWCNT/BiOBr com-
posite had an enhanced photocatalytic activity.

4. Conclusions

In summary, novel MWCNT/BiOBr composite photocata-
lysts were successfully prepared in the presence of reactable
ionic liquid [C;¢smim]Br. The structure, morphology and
photocatalytic activity have been investigated. SEM analysis
indicated that MWCNT/BiOBr composites were flower-like
microspheres consisted of numerous nanosheets. It can be
clearly found that a large number of MWCNT attached to the
surface of BiOBr microspheres. DRS analysis indicated that
the bandgaps of MWCNT/BiOBr composites decreased and
the absorption intensity of visible light strengthened with
the increasing of MWCNT content. An enhanced photocata-
Iytic activity of MWCNT/BiOBr composite photocatalysts has
been observed, compared to pure BiOBr. Besides, the addition
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amount of the MWCNT had a significant influence on the
photoactivity of MWCNT/BiOBr and the optimal MWCNT
content was determined to be 0.05 wt%. PL, EIS, and
photocurrent analysis of the pholocatalyst, indicated that
MWCNT well combined with BiOBr and well dispersed on
the surface of BiOBr microspheres facilitated electron—hole
separation, which may leading to an enhanced visible light
photocatalytic activity. The result of trapping experiments of
radicals and holes suggested that holes were the main oxidative
species in this system. On the basis of above analysis, the
efficient synthesis method in the presence of reactable ionic
liquid for MWCNT/BiOBr could be a new method to design
new photocatalysts with high performance for environmental
applications.
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