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Visible-light-driven (VLD) heterojunction photocatalysts for refractory contaminant degradation have
aroused huge interest because of their outstanding photocatalytic performance. From the aspect of prac-
tical application, it is important to develop a highly efficient, durable, eco-friendly and inexpensive VLD
photocatalyst. Herein, we report a novel VLD WO3/Bi2MoO6 heterojunction photocatalyst with remark-
able photocatalytic activity, which was fabricated via an electrospinning–calcination–solvothermal route.
The phase, composition, morphologies, and optical properties of WO3/Bi2MoO6 heterojunctions were
comprehensively characterized. The photocatalytic performance of WO3/Bi2MoO6 heterojunctions was
assessed by the removal of rhodamine (RhB) and tetracycline hydrochloride (TC) under visible light
(VL). WO3/Bi2MoO6 heterojunctions displayed superior photocatalytic activities compared to Bi2MoO6,
WO3, or the mechanical mixture of WO3 and Bi2MoO6. In particular, the heterojunction material
(0.4WB, theoretical molar ratio of WO3/Bi2MoO6 is 0.4/1.0) exhibited the best degradation efficiency
(100%) and mineralization rate (52.3%) in 90 min, both of which exceeded the observed rates for
Bi2MoO6 by 5.3 and 6.4 times, respectively. Moreover, 0.4WB showed a good durability in eight runs.
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The optimized photocatalytic property of WO3/Bi2MoO6 can be attributed to enhanced VL absorption and
reduced recombination efficiency of carriers owing to the synergistic effects between Bi2MoO6 and WO3.
The necessity of direct contact between WO3/Bi2MoO6 and contaminants was experimentally verified.
The study on photocatalytic mechanism demonstrates that superoxide free radicals (O2

��) and photo-
generated hole (h+) are dominantly responsible for the pollutant degradation, as demonstrated by the
trapping experiments and electron spin resonance (ESR) analysis. Therefore, the WO3/Bi2MoO6 hetero-
junction holds huge potential to be utilized as a durable and highly active photocatalyst for wastewater
treatment.

� 2019 Elsevier Inc. All rights reserved.
1. Introduction

Water pollution is becoming severe due to the increasing dis-
charge of toxic and refractory organic contaminants into aqueous
environments, such as antibiotics, industrial dyes, pesticides, and
pharmaceutical compounds, etc. [1]. Facing the enormous chal-
lenge of environmental deterioration, it is essential to develop an
eco-friendly technology to restore environment [2,3]. Semiconduc-
tor photocatalysis technique that can utilize inexhaustible solar
energy to efficiently degrade and even mineralize hazardous pollu-
tants thoroughly has huge potential in resolving environmental
problems [4–11]. To realize this goal, the core issue is to explore
highly active and durable photocatalysts with sufficient sunlight
absorption and high charge separation rate [1,12–16]. As one of
the simplest Aurivillius phase compound, Bi2MoO6, built from
[Bi2O2]2+ slices connecting with MoO6 octahedron, has been the
hotspot in the field of environmental remediation owing to its VL
response, excellent stability, low cost, and nontoxicity [17]. How-
ever, serious recombination of photo-induced charge carriers and
limited VL response range are still two primary drawbacks that
restrain its photocatalytic performance [18–20]. Therefore, several
methods including morphology engineering [21], noble metal
deposition [22], doping/defect-introduction [23,24], and hetero-
junction fabrication [25–31], have been employed to resolve such
problems for improving the photocatalytic property of Bi2MoO6.
Among these strategies, heterojunction construction has been
demonstrated to be a feasible and effective route [32]. As a result,
a variety of Bi2MoO6-based heterojunctions exhibiting intense
optical absorption and high photocatalytic activity, have been con-
structed [25–31]. Although some advances have been achieved,
further rational design of novel Bi2MoO6-based heterojunctions
with outstanding photocatalytic performance for environmental
pollution control is still required for both scientific research and
practical applications.

WO3 with a medium band gap (2.4–2.8 eV) is reported as a
promising semiconductor by virtue of its strong VL absorption,
non-toxicity, strong oxidizing capability of valence holes and good
stability [33–37]. More importantly, the well aligned straddling
band structures that can accelerate the charge transfer and reduce
the recombination of photo-excited carriers, can be established
between WO3 and Bi2MoO6. Considering these merits, it is highly
desirable to fabricate WO3/Bi2MoO6 heterojunctions and examine
their capability for degrading refractory pollutants via VL
photocatalysis.

Herein, hierarchical WO3/Bi2MoO6 heterojunctions were pre-
pared via a facile procedure and then used for efficient photo-
degradation of toxic pollutants under VL. It was verified that the
strong interactions between WO3 and Bi2MoO6 pronouncedly opti-
mize the light harvesting ability and boost the separation and
transfer of photogenerated carriers. Such an improvement ren-
dered WO3/Bi2MoO6 heterojunctions a markedly upgraded photo-
catalytic performance in decomposing toxic pollutants. These
results provide a novel and facile route for the construction
of Bi2MoO6-based heterojunctions in wastewater purification.

2. Experiment

2.1. Chemicals

Ethylene glycol (EG, >99%), N,N-dimethyformamide (DMF,
>98%), tungsten chloride (WCl6, >98%), bismuth nitrate pentahy-
drate (Bi(NO3)3�5H2O, >99%), polyvinylpyrrolidone (PVP, Mw = 1
300 000), ammonium oxalate (AO, >99%), tetracycline hydrochlo-
ride (TC, >99%), p-benzoquinone (BQ, >98%), rhodamine B (RhB,
>99%), sodium molybdate dihydrate (Na2MoO4�2H2O, >98%), and
isopropanol (IPA, >98%) were purchased from Chinese Sinopharm.

2.2. Photocatalysts preparation

WO3 was fabricated by an electrospinning route (Fig. 1). Typi-
cally, 1.6 g of WCl6 and 1.9 g of PVP were sequentially dissolved
in 11 mL DMF with the assistance of magnetically stirring. After
vigorous agitation for 24 h the homogeneous solution of WCl6,
PVP, and DMF was obtained for electrospinning. A voltage of
14 kV was applied. Subsequently, the as-prepared nanofibers were
put in a muffle furnace and annealed at 500 �C for 2 h in air to
obtain the WO3 product.

WO3/Bi2MoO6 heterojunctionswere constructed via a solvother-
mal route (Fig. 1). Briefly, 1 mmol Bi(NO3)3�5H2O and 0.5 mmolNa2-
MoO4�2H2Owere sequentially dissolved in 40 mL of ethylene glycol.
Then the WO3 nanofibers (0.2, 0.4 or 0.6 mmol) were ultrasonically
dispersed in the above solution for 0.5 h and then blended with
40 mL of ethanol, followed by vigorous agitation for 2 h. Finally,
the solution was loaded into a 100 mL autoclave, followed by
solvothermal treatment at 160 �C for 24 h. The as-obtained samples
are separately named as 0.2WB, 0.4WB and 0.6WB.

2.3. Characterization

X-ray diffraction data of all the catalysts was collected by a Bru-
ker D8 Advance diffractometer. The morphology was recorded by
scanning electron microscopy (SEM, Hitachi S–4800) and transmis-
sion electronmicroscopy (HADDF STEM, Tecnai G2F20), and the ele-
mental composition data was obtained by energy-disperse X-ray
spectroscopy (EDS). XPS data was acquired by a spectrometer
(Thermo SCIENTIFIC). Photoluminescence (PL) spectra were
obtained by a fluorescence spectrophotometer (Hitachi F-7000).
The UV–vis diffuse reflectance spectra (DRS)were detected by using
a Cary 300 UV–vis spectrophotometer. Electron spin resonance
(ESR) spectra of spin-trapping radicals by DMPO were recorded at
room temperature on a Bruker ESR 300E spectrometer, operated
under the following conditions: center field, 3510 G; sweep width,
100 G; microwave frequency, 9.87 GHz; microwave power,
18.75 mW.



Fig. 1. Illustration of the preparation of WO3/Bi2MoO6 heterojunctions.

S. Li et al. / Journal of Colloid and Interface Science 556 (2019) 335–344 337
2.4. Photocatalytic tests

The photocatalytic removal of RhB or TC was implemented
under the light from a 300 W Xe lamp installed with a 400 nm cut-
off filter. Specifically, the sample (50 mg) was suspended in RhB
(20 mg/L, 100 mL), or TC (20 mg/L, 50 mL) aqueous solution. Prior
to irradiation, the solution was vigorously agitated for 0.5 h in
darkness to reach an adsorption/desorption equilibrium. Subse-
quently, the irradiation initiates the reaction. The concentration
of RhB or TC was measured by the UV–vis spectrophotometer
according to the characteristic peak for RhB at 554 nm or TC at
357 nm. Total organic carbon (TOC) values during photodegrada-
tion of RhB over various samples were detected to assess the min-
eralization ability of the catalysts.
Fig. 2. XRD patterns of Bi2MoO6, WO3, and WO3/Bi2MoO6 heterojunctions (0.2WB,
0.4WB and 0.6WB).
3. Results and discussion

3.1. Structure and morphology

The crystalline phases of all samples were examined using XRD
patterns. As illustrated in Fig. 2, bare Bi2MoO6 displays an
orthorhombic phase (JCPDS 76-2388) with characteristic diffrac-
tion peaks at 28.4�, 32.2�, 46.3�, and 55.7�, in agreement with the
(1 3 1), (0 0 2), (2 0 2) and (1 3 3) diffraction planes, respectively
[19,38]. Pure WO3 is crystallized in hexagonal phase (JCPDS 83-
0951) with characteristic diffraction peaks at 23.2�, 23.7�, 24.3�,
33.3�, 34.2�, and 41.9�, corresponding to (0 0 2), (0 2 0), (2 0 0),
(0 2 2), (2 0 2), and (2 2 2) diffraction planes, respectively [37].
The diffraction peaks of both Bi2MoO6 and WO3 can be detected
from the WO3/Bi2MoO6 heterojunctions (0.2WB, 0.4WB and
0.6WB) without other detectable peaks, validating the high purity
of these samples. Of note, the diffraction intensity of the WO3

peaks gradually becomes stronger with the increase of WO3

content.
The morphologies of the as-prepared Bi2MoO6, WO3, and WO3/

Bi2MoO6 heterojunctions were studied by SEM and TEM. Pristine
WO3 prepared by an electrospinning-calcination procedure con-
sists of numerous nanofibers (diameter: �200 nm) (Fig. 3a). How-
ever, after solvothermal process, the WO3 sample is composed of
nanoparticles (diameter: about 20–50 nm) (Fig. 3b). The apparent
evolution from nanofibers to nanoparticles should result from
the breakage of the nanofibers into nanoparticles during the
solvothermal reaction.

Pristine Bi2MoO6 shows flowerlike nanostructures (diameter:
1.0–3.0 lm) (Fig. 4a) [31]. The in-situ formation of WO3 on
Bi2MoO6 exerts an impact on the nanostructure of the heterojunc-
tions. With the increase of WO3 content, WO3/Bi2MoO6 heterojunc-
tion exhibits more irregular 3D hierarchical superstructure
(Fig. 4b–d). Specifically, 0.4WB presents a micro-spherical super-
structure with diameters in the range of �0.8–2.5 lm (Fig. 4c),
which is constructed by Bi2MoO6 nanosheets and WO3 nanoparti-
cles with a diameter of �40 nm (Fig. 4e). Furthermore, the EDS
spectra (Fig. 4f) show that W, Bi, Mo, and O elements coexist in
0.4WB, signifying that successful preparation of the WO3/Bi2MoO6

heterojunction.
More morphological details on 0.4WB were further obtained

using TEM images. Fig. 5a confirms the hierarchical superstructure
of 0.4WB. Fig. 5b exhibits the corresponding high-resolution TEM



Fig. 3. SEM images of the as-prepared WO3 (a) before and after solvothermal treatment (b).

Fig. 4. SEM images of Bi2MoO6 (a), 0.2WB (b), 0.4WB (c, e), and 0.6WB (d); EDS spectrum of 0.4WB (f).
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image of 0.4WB. The two adjacent lattice spacings of 0.37 nm and
0.33 nm at the interface agree with the Bi2MoO6 (1 1 1) plane [27]
and the WO3 (1 2 0) plane [34], respectively, indicating that WO3

NPs are intimately attached to the Bi2MoO6 nanosheets. All these
results demonstrate the successful fabrication of WO3/Bi2MoO6

heterojunctions via the facile strategy.
3.2. Photoexcition properties

UV–Vis DRS was employed to illustrate the optical properties of
Bi2MoO6, WO3, and WO3/Bi2MoO6 heterojunctions. As displayed in
Fig. 6a, pristine Bi2MoO6 displays an absorption edge at �466 nm
[18], while pristine WO3 exhibits an absorption edge at �476 nm



Fig. 6. (a) UV–Vis DRS of Bi2MoO6, WO3, and WO3/Bi2MoO6 heterojunctions
(0.2WB, 0.4WB and 0.6WB); (b) PL spectra of Bi2MoO6 and WO3/Bi2MoO6

heterojunctions.

Fig. 5. (a, b) TEM images of 0.4WB.
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[39]. Interestingly, the absorption in the VL region was enhanced
and extended after Bi2MoO6 was modified by the WO3, verifying
that the WO3/Bi2MoO6 heterojunctions could improve the utiliza-
tion of sunlight and can possibly ameliorate the photocatalytic
property toward pollutant degradation.

Photocatalysis primarily depends upon the separation and
transfer rate of the photo-induced electron-hole pairs
[29,35,40,41]. Since photoluminescence (PL) intensity can reflect
the recombination efficiency of photo-excited carriers, the PL spec-
tra of Bi2MoO6 and WO3/Bi2MoO6 heterojunctions were recorded.
In general, a stronger intensity represents a lower separation effi-
ciency of charge carriers [36,42,43]. Fig. 6b exhibits the PL spectra
of bare Bi2MoO6 andWO3/Bi2MoO6 heterojunctions under the exci-
tation wavelength of 300 nm. Pure Bi2MoO6 displays an intense
emission peak located at ca. 370 nm, in agreement with the litera-
ture [31]. Comparatively, the PL intensity for WO3/Bi2MoO6 hetero-
junctions is weakened dramatically, indicating the effective
separation of charge carriers through the WO3/Bi2MoO6 interface.
Notably, 0.4WB shows the lowest PL intensity, which reveals the
most effective separation of carriers and thereby implies the best
photocatalytic performance.
3.3. Photocatalytic performance

The photocatalytic properties of WO3/Bi2MoO6 heterojunctions
for toxic pollutant degradation under VL were characterized.
Fig. 7a shows the degradation profiles of RhB in different systems.
As observed, no RhB was decomposed without catalysts after
90 min of VL illumination, indicating that RhB self-degradation
can be ignored under present experimental conditions. The order
of photocatalytic activity of the as-prepared samples can be sum-
marized as follows: 0.4BW > 0.2BW > 0.6BW > Mixture > Bi2-
MoO6 > WO3. These heterojunctions show markedly enhanced
photocatalytic activity compared to pure Bi2MoO6 and WO3. The
excellent photocatalytic property of these heterojunctions gives
credit to the fascinating hierarchical hetero-structure that
enhances the VL harvesting capability (Fig. 6a) and largely pro-
motes the separation of photo-induced carriers (Fig. 6b), thus
greatly improving the photocatalytic performance. Specifically,
0.4BW shows the optimum activity, which can be explained by
the fact that the most efficient separation of electrons and holes
was found in 0.4BW, as verified by the weakest PL intensity of
0.4BW (Fig. 6b). Complete degradation of RhB by 0.4BW was
reached within 90 min. For comparison, the mechanical mixture
(86.8 wt% Bi2MoO6 + 13.2 wt% WO3) was also employed to decom-
pose RhB. However, only 23.9% of RhB was degraded, validating the
establishment of closely contacted interface is beneficial to amelio-
rating the photocatalytic performance. Besides, the reaction kinet-
ics of the RhB degradation process was calculated using the
apparent first-order model (Fig. 7b). Remarkably, 0.4WB has the
largest k value of 0.0393 min�1, exceeding that of sole Bi2MoO6

(0.0022 min�1), WO3 (0.0015 min�1), or the mixture
(0.0030 min�1) by approximately 17.8, 26.2, and 13.1 times,
respectively.

To further confirm the photo-oxidation ability of 0.4BW, we
also investigated the photocatalytic degradation of the TC



Fig. 8. Photocatalytic degradation of TC (20 mg/L, 50 mL, pH = 6.1) using Bi2MoO6

(50 mg), WO3 (50 mg), 0.4WB (50 mg) and the mixture (43 mg Bi2MoO6 + 7 mg
WO3) under VL.

Fig. 9. (a) The TOC removal efficiency of RhB (20 mg/L, 100 mL, pH = 6.3) over
Bi2MoO6 (50 mg), WO3 (50 mg) and 0.4WB (50 mg) after 90 min of VL irradiation;
(b) Cycling of 0.4WB (50 mg) sample for RhB (20 mg/L, 100 mL, pH = 6.3) removal.

Fig. 7. Photocatalytic degradation of RhB (20 mg/L, 100 mL, pH = 6.3) using various
catalysts (50 mg) under VL (a) and the corresponding degradation kinetics of RhB
(b).
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antibiotic, which could induce reproductive abnormalities to peo-
ple. As demonstrated in Fig. 8, nearly 77.3% of TC was decomposed
after treatment with 0.4BW for 120 min, while only 20.8%, 16.4%,
and 24.3% of TC were decomposed by Bi2MoO6, WO3, and the mix-
ture, respectively. Analogous to RhB degradation, 0.4BW shows the
most efficient photocatalytic degradation performance with the
highest k value of 0.0119 min�1 that is about 5.3 and 7.5 folds
higher than that of Bi2MoO6, and WO3, respectively (Fig. S1). These
findings validate the excellent photocatalytic properties of 0.4BW
in the degradation of toxic pollutants.

The mineralization capability is also a crucial parameter to
appraise the photocatalytic performance of photocatalysts. Thus,
the mineralization degrees of RhB by Bi2MoO6, WO3 and 0.4WB
were examined by TOC. As displayed in Fig. 9a, the TOC removal
ratios of RhB by using Bi2MoO6, WO3 and 0.4WB reached 8.2%,
4.7% and 52.3% at 90 min, respectively, proving the superior photo-
catalytic mineralization capability of 0.4WB. The results demon-
strate that 0.4WB can effectively mineralize RhB dye during the
photocatalytic reaction, and further holds a promising potential
for the practical application.

Equally importantly, ideal photocatalysts for the decomposition
of toxic pollutants are not only required to possess excellent pho-
tocatalytic activity but also should be endowed with good stability
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for the practical application [44]. In this work, the reusability of
WO3/Bi2MoO6 was examined by conducting eight consecutive runs
for the decomposition of RhB. As observed in Fig. 9b, 0.4 WB dis-
plays superior stability. The photocatalytic activity of 0.4WB decli-
nes slightly during the cycling tests. In addition, the crystal
structure and nanostructure is sustained throughout the pho-
todegradation process, as evidenced by the phase and morphology
analysis on the catalyst after cycling runs (Figs. S2 and S3). The
results demonstrate the good stability and reusability of 0.4WB.
3.4. Reaction mechanism

The photo-excited reactive oxygen species (ROS) produced dur-
ing the 0.4BW photocatalytic process under VL illumination were
firstly identified by the electron spin resonance (ESR) spectrum
(Fig. 10a and b) [45]. DMPO was used as the spin-trap reagent in
aqueous solution for �OH and in methanolic solution for O2

��,
respectively, because the facile disproportionation of the superox-
ide species in water interferes with the spin trapping. No DMPO-
O2H spin adduct was detected in the dark in the presence of
0.4BW. Upon laser irradiation (k = 532 nm), the characteristic
Fig. 10. ESR spectra of 0.4BW for DMPO-O2H (a) and DMPO-OH (b). The spectra in
red and blue in figure a denote experimental and simulated data, respectively. (For
interpretation of the references to color in this figure legend, the reader is referred
to the web version of this article.)
sextet peaks of DMPO-O2H adduct (in methanol solution) were
observed (Fig. 10a). The identity of superoxide was further con-
firmed by the simulated hyperfine splitting constant for DMPO-
O2H (aN = 13.8 G; aH(b) = 11.1 G; aH(c) = 1.2 G) [46]. In contrast,
no obvious DMPO–OH signals could be detected in the dark or even
under VL irradiation, revealing that no �OH was produced in this
photocatalytic system (Fig. 10b). In conclusion, ESR technique con-
firms that O2

�� rather than �OH is the major ROS responsible for the
photodecomposition of RhB.

Besides determining the ROS, the scavenging experiments were
conducted to further illustrate the photocatalytic mechanism
[47,48]. As displayed in Fig. 11, IPA (1 mmol), BQ (0.05 mmol) or
AO (1 mmol) were used to quench �OH, O2

�� or h+ species in the
RhB degradation, respectively. The degradation rate of RhB by
using 0.4WB in 90 min of reaction was 100% without any scav-
engers. When IPA was introduced, the degradation rate of RhB
slightly declined, implying that �OH plays a minor role in RhB
degradation. Comparatively, the addition of BQ or AO significantly
inhibited RhB removal, highlighting that O2

�� and h+ species are
both effective in the photodegradation process over WO3/Bi2MoO6.
It can be concluded that O2

�� and h+ radicals are crucial species
involved in the pollutant degradation over WO3/Bi2MoO6 while
�OH plays a subordinate role, as verified by the trapping experi-
ments and ESR analysis.

To unveil whether the direct contact is prerequisite for the
photo-degradation of RhB over WO3/Bi2MoO6, a reactor equipped
with the separation system (Fig. 12a) was designed and set up
according to the reported literature [49,50]. Briefly, the separation
system composed of a dialysis bag that allows the free entry of
small molecules (e.g., ions, reactive species) but no entry of photo-
catalysts and slight leakage of RhB dye. In this system, aqueous RhB
solution (20 mg/L, 20 mL) was poured into the dialysis bag, which
was suspended in 300 mL of water in the presence or absence of
0.4WB. Fig. 12b presents the percentages of RhB in the inner sys-
tem or outer system under different conditions. The control exper-
iment shows that 78.4% of RhB remains in the dialysis bag and
21.6% of RhB leaks into the outer system within 90 min of VL irra-
diation, due to the nature of semipermeable membrane. When the
0.4WB catalyst was added into the outer system and exposed to VL
for 90 min, the concentration of RhB inside the dialysis bag did not
apparently change as compared to the control system, implying
that most of the active species do not pass through the membrane
to participate in the degradation of RhB. By contrast, no RhB can be
Fig. 11. Effects of various quenchers on RhB degradation performance by using
0.4WB.



Fig. 12. (a) Schematic illustration of the reactor equipped with the separation system, (b) Percentages of RhB inside and outside a semipermeable membrane container when
the outer system is under different conditions.

Fig. 13. (a) Tauc’s plots of Bi2MoO6, and WO3; (b) VB XPS spectra of Bi2MoO6 and
WO3.
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detected outside the dialysis bag, reflecting that the diffused RhB is
first adsorbed on the surface of 0.4WB and then photocatalytically
decomposed by the photo-generated reactive species. This experi-
ment clearly verifies that the direct contact between 0.4WB and
contaminants is the prerequisite for the photocatalysis.

For further determining the transfer pathway of photo-excited
electrons and holes, the band edge potentials of pure Bi2MoO6,
and WO3 were tested by UV–vis DRS and the VB-XPS spectra
(Fig. 13). The band gap energies of Bi2MoO6 and WO3 were esti-
mated from the UV–vis DRS by using the kubelka-Munk function:
ahm = A(hm-Eg)n/2, where Eg, a, m, and A separately represents band
gap, absorption coefficient, light frequency, and a constant [51]. n
equals to 1 or 4 for direct or indirect band-gap semiconductor. n
equals to 4 for Bi2MoO6 [18] and WO3 [51]. Fig. 13a presents the
plot of (ahm)1/2 versus hm. The Eg values of Bi2MoO6 and WO3 are
counted as 2.66 and 2.76 eV, respectively. The valence band (VB)
values of Bi2MoO6 and WO3 were measured to be 2.34 and
3.32 eV (versus NHE) (Fig. 13b). Accordingly, the conduction band
(CB) values of Bi2MoO6 and WO3 were calculated to be �0.32 and
0.56 eV. Based on the alignment of their band edge potentials, the
transfer path of photo-excited carriers at the interface are depicted
in Fig. 14.

According to these experimental results and discussion, the
photocatalytic pollutant degradation mechanism is proposed
(Fig. 14). With VL illumination, both Bi2MoO6 and WO3 can be dri-
ven synchronously to produce charge carriers. In terms of the fact
that the CB or VB edge potential of Bi2MoO6 is much more positive
than that of WO3, the photo-excited electrons on the CB of Bi2MoO6

can readily move to that of WO3, resulting the accumulation of
electrons on WO3. Subsequently, these electrons are consumed
by reducing O2 for the generation of reactive O2

�� species. Simulta-
neously generated holes on the VB of WO3 can be injected into that
of Bi2MoO6, resulting the accumulation of holes on Bi2MoO6. In
such a special hetero-structure, the preferential transfer of
photo-generated carriers greatly enhances the electron-hole sepa-
ration efficiency, as well as pronouncedly upgrades the photocat-
alytic property [3,32]. Eventually, the pollutant degradation and
mineralization was achieved under the attack of reactive O2

�� spe-
cies and h+, as confirmed by trapping experiments and ESR tests
(Figs. 10 and 11). It is indisputable that the component synergy
in the unique WO3/Bi2MoO6 hetero-structure plays the key roles
in its enhanced VL utilization, efficient carrier separation, and the
resulting excellent photocatalytic performance in the removal of
toxic contaminants.



Fig. 14. Proposed photocatalysis mechanism of WO3/Bi2MoO6 toward refractory contaminants under VL.
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4. Conclusions

In summary, hierarchical WO3/Bi2MoO6 heterojunctions with
closely interfacial interactions were fabricated via an achievable
electrospinning–calcination–solvothermal approach. The photo-
catalytic degradation of RhB and TC were conducted on WO3/Bi2-
MoO6 heterojunctions under VL. The photocatalytic activities of
WO3/Bi2MoO6 were markedly improved in contrast with pure
WO3 and Bi2MoO6. When the WO3/Bi2MoO6 molar ratio reaches
0.4/1.0, the 0.4WB possesses the maximum photocatalytic activity
among all samples. It is proposed that the component synergy in
the unique WO3/Bi2MoO6 heterostructure endows the catalyst
with enhanced VL utilization, and effective carrier separation,
which further results in an excellent photocatalytic performance.
The scavenging experiments and ESR analysis indicate that the
main radicals involved in the pollutant degradation are O2

�� and
h+ species. It is worthy of noting that the direct contact between
WO3/Bi2MoO6 and contaminant is prerequisite for the photodegra-
dation of pollutants. Additionally, the cycling tests and TOC analy-
sis verify that 0.4WB is a kind of stable catalyst with satisfactory
mineralization capability. Thus, this study provides an effective
way to construct highly efficient and stable VLD heterojunction
photocatalysts for practical environmental remediation.
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