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heterojunctions, but also confirmed a photocatalyst for degrading both organic
pollution and heavy metals wastewater.

1 Introduction

Treatments of dye wastewater and pharmaceutical
wastewater are hard for traditional sewage treatment
technology, because these kinds of organic contami-
nants are high molecular weight and trace amount in
the environment [1, 2]. Not only that, heavy metals
pollution always coexist in organic wastewater, such
as Cr(VI), which is another crucial issue in sewage
treatment technology [1]. This kind of heavy metals
with high toxicity and high solubility has been con-
firmed to cause serious harm to the aquatic creatures
and environments, even taking for mutagenic and
carcinogenic risks to animals and human [3]. Hence,
it is highly meaningful to find an effective advances
wastewater technologies to degrade organic pollu-
tants and reduce Cr(VI) simultaneously [1].

Semiconductor photocatalysis has emerged as one
of the most promising technologies for environmen-
tal remediation and solar energy conversion [4],
which is considered as one of the most appealing and
promising technologies in environmental purification
[5]. Realization of efficient absorption and utilization
of the visible light in solar energy is extremely
essential for improving the photocatalytic properties
of photocatalyst [6]. Hence, it is still highly crucial to
explore novel visible-light photocatalysts with great
photodegradation performance [4]. This type of novel
photocatalysts not only have narrow band gaps to
facilitate the immigration of photogenerated elec-
trons, but also possess stable structures and conduc-
tive to inhibit recombination of photogenerated hole-
electron pairs [7].

With the extensive and in-depth of exploration of
novel photocatalysts, combining more than two kinds
of materials is one of the most effective ways to
synthesize semiconductor photocatalysts.
Among the selected materials, bismuth tungstate
(Bi,WOg) and Ceria (CeO,) have attracted a great
deal of attention [8, 9]. Because Bi,WOy possesses
excellent intrinsic physical and chemical properties,
such as nonlinear dielectric susceptibility and pho-
tocatalytic activity [10], as well as that CeO, has
unique ultraviolet absorbing ability, high mass
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density, low thermal expansion, low phonon energy
and good chemical stability [9]. Furthermore, Bi,WOg
and CeO, have been adopted to synthesized novel
photocatalysts that exhibited visible-light photocat-
alytic activity [8, 11, 12].

Not only that, among tremendous novel materials,
the layered graphitic carbon nitride (g-C3N,) as a
typical metal-free semiconductor has been widely
reported to be adopted in synthesis of novel photo-
catalysts due to low cost, stable chemical structure
and strong visible-light absorption [13, 14]. Hence,
g-C3Ny are usually adopted to combine with other
materials to synthesize novel photocatalysts with
high photodegradation performance [15]. Bi;WOg has
been loaded on g-C3Ny, this composite showed well
photocatalytic activity and photoreducibility [16-18].
In addition, it also has been reported that CeO,
combining with g-C3Ny possessed great pho-
todegradation for organic wastes and photore-
ducibility for CO, reduction and hydrogen evolution
[13, 19, 20]. Although some articles including Bi,
WOq, CeO,, g-C3N,4 have been reported, there is not
article involved the ternary Bi,WOs/CeO,/g-C5Ny
composites, as well as that the photocatalytic per-
formance has clarified.

In order to further increase visible-light response
ability and photodegradation performance for vari-
ous contaminants, it is the first time to designed Bi,
WOQOg, CeO, and g-C3Ny to synthesize a novel ternary
Bi,WO4/CeO,/g-C3N, composites. More than that,
both of visible-light photooxidation and photore-
duction performance over the as-prepared compos-
ites were clarified via photodegradation of dye
wastewater (RhB), pharmaceutical wastewater (te-
tracycline hydrochloride) and heavy metal wastew-
ater (Cr(VI)). In addition, the mechanisms of the
highly efficient photocatalytic activity over ternary
Bi,WO4/CeO,/g-C5Ns composites will be probed
through various characterizations methods. This
study not only confirms the feasibility of formation of
ternary Bi,WOe/CeO,/g-C3Ns composites with
enhanced photocatalytic activity, but also provides a
novel photocatalyst for simultaneously effective
degradation of organic wastewater and heavy metals
wastewater.
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2 Experiments and methods
2.1 Synthesis methods

Synthesis of CeO,: 0.05 mol Ce(NO;); was added to
0.1 L distilled water, stirring until it dissolved, and
then 0.015 mol NH4;NO; was added the solution
immediately. After dissolution, 0.016 mol NH,HCO;
was injected into the mixed solution evenly at room
temperature. The mixture was deposited for aging at
80 °C for 4 h. After cooling, the precipitate was dried
in an drying oven at 60 °C for 12 h. Finally, the pre-
cursor was calcined in a muffle furnace at 500 °C for
2 h. After cooling, CeO, were ground to prepare for
the next experiment.

Synthesis of g-C3Ny4: the method was same with
that our research group has published previously
[17].

Synthesis of Bi;WO4/CeO,/g-CsNy: 4 mmol
Bi(NO3)3-5H,O was dissolved into 35 mL mixed
solution of 4 mmol solution of sodium oleate and
ethylene glycol. At the same time, 2 mmol Na,WOy,-
2H,0 was dissolved into 20 mL ethylene glycol. And
then, the two solutions were mixed, stirring for 1 h. A
certain amount of CeO, and 0.02 g g-C3N, was dis-
solved ultrasonically in 10 mL ethylene glycol for
30 min, respectively. Firstly, the CeO,-ethylene glycol
was injected into the above precursor solution of
Bi,WQ, stirring for 1 h. Nest, g-C3Ny-ethylene glycol
was injected into this mixture solution, stirring for
2 h. And then, the precursor mixtures were sealed in
a 100 mL Teflon-lined autoclave and heated at 180 °C
for 20 h. After cooling to the room temperature, the
mixtures were washed and filtered with mixed
solution of distilled water and ethylene glycol, drying
at 60 °C for 12 h. Finally, the mixtures were ground
to obtain the black powdered Bi,WO4/CeO,/g-C5Ny
(abbreviated as BW/Ce/g). The added amount of
CeO, corresponding to the sample numbers were
0.344 g for BW/Ce/g-1; 0.172 g for BW/Ce/g-2;
0.086 g for BW/Ce/g-3; 0.043 g for BW/Ce/g-4,
separately. Meanwhile, for comparison, pure Bi, WO
(abbreviated as BW) was synthesized under the same
consideration.

2.2 Characterization
X-ray diffractometry (XRD) was conducted using a

Japan Rigaku Rotaflex diffractometer with a
monochromatic Cu Ko radiation source, under 40 kV
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and 100 mA (1 = 0.15418 A). Transmission electron
microscopy (TEM) was recorded on a FECNAI F20
microscope. Energy-dispersive X-ray spectroscopy
(EDS) was additionally conducted during TEM
measurement. Scanning electron microscopy (SEM)
images were observed by a JEOLJSM-6700F SEM
device. X-ray photoelectron spectroscopy (XPS)
measurement performed in an ESC ALAB-2501-XL
device, which take a monochromatic Al target X-ray
source (hv = 1486.6 eV) and a DLD detector, the
binding energy was adjusted by carbon Cls
(284.60 eV). Fourier transform infrared spectra (FT-
IR) were undertaken in a Nicolet 500 FT-IR analyzer
in the region 4000-400 cm ™' and using KBr pellets.
Ultraviolet—visible diffuse reflectance spectra (UV-
DRS) were recorded by a Shimada (Japan) UV-2550
spectrometer using BaSO, as a reference. Photolu-
minescence (PL) spectra were measured at room
temperature on a Hitachi F-4600 fluorescence spec-
trophotometer  (AEx = 338 nm).  Electrochemical
impedance spectroscopy (EIS) and Mott-Schottky
curves of thin films of the prepared materials were
performed on a computer-controlled in a conven-
tional three-electrode, single-compartment quartz cell
on an electrochemical workstation (CHI-600E) under
A 100 W LED cold lamp. EIS measurements were
carried out in 0.5 M Na,SO, solution at an open cir-
cuit potential over a frequency range from 10° to
10~% Hz. Mott-Schottky plots were measured at fre-
quencies of 1000 Hz in 0.5 M Na,SO, solution.

2.3 Photocatalytic activity

Photocatalytic activities of BW/Ce/g were evaluated
through the photodegradation of Rhodamine B and
tetracycline hydrochloride under the irradiation of a
500 W Xe lamp in a sealed photocatalytic reactor.
Firstly, 0.01 g of the as-prepared photocatalysts were
added to a 0.1 L RhB solution (0.01 g/L) or TH
solution (0.01 g/L) or Cr(VI) solution (0.01 g/L). The
solution was stirred for 75 min in the dark to reach
adsorption—desorption equilibrium before irradia-
tion. After that, the mixture solution encompassing
the photocatalysts and the tested solution were situ-
ated below the Xe lamp. As for RhB and TH, a 0.0035
L aliquot was sampled at each 15 min interval,
meanwhile, centrifuged to discard the photocatalyst
particles, as for Cr(VI) at 5 min interval. Next, the
absorbance of the centrifuged solution was measured
at 553 nm for RhB or 357 nm for TH or 540 nm for
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Cr(VD) in a Persee (Beijing) UV-visible spectropho-
tometer (TU-1901). Among them, the concentration of
Cr(VI) was tested using the 1,5-diphenylcarbazide
method [21].

3 Results and discussion
3.1 Characterization

The phase and composition of the as-prepared com-
posites were characterized by XRD, as shown in
Fig. 1. It can be found clearly that the diffraction
peaks of the as-prepared composites can be indexed
to the standard phase-pure orthorhombic Bi,WOg
(JCPDS No. 39-0256) [22], which implied that Bi,WO,
was synthesized in the solvothermal process. Mean-
while, the diffraction peaks were also able to corre-
spond to the cubic fluorite-type CeO, (JCPDS No.
43-1002). Furthermore, there are more peaks corre-
sponding to the characteristic peak of CeO, in BW/
Ce/g-1 and BW/Ce/g-2 with the high amounts of
CeO,. It can be preliminarily indicated that the
composites including Bi,WO, and CeO, were syn-
thesized. However, there was not g-C3N4 detected,
which could be attributed to the few amounts of
g-C3Ny [17].

TEM and HRTEM of BW/Ce/g-3 were displayed
in Fig. 2, illustrating the morphologies and
microstructures. It can be showed that BW/Ce/g has
been synthesized to form nanoparticles (Fig. 2a).
Additionally, the polycrystalline structure and high
crystallinity of BW/Ce/g-3 can be determined by the
diffraction rings of the selected area electron-

BW/Ce/g-4
i WP .

BW/Celg-3

BW/Ce/g-2
L o)

Intensity (a.u.)

BW/Ce/g-1
A

| PDF#43-1002
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10 20 30 40 50 60 7080 90
2 Theta (degree)

Fig. 1 XRD patterns of the as-prepared composites
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diffraction pattern (inset in Fig. 2a) [6]. Furthermore,
it can be observed there were four sets of lattice
fringes (Fig. 2b). The lattice distance of 0.272 nm was
corresponded to the (200) crystal plane of Bi,WOg
[23]. In addition, 0.312 nm d-spacing and 0.246 nm
d-spacing were consistent with the (111) crystal plane
and the (200) crystal plane of CeO,, respectively.
More than that, the 0.327 nm d-spacing representing
the (002) plane of g-C3;N, was illustrated, which can
demonstrate that g-C3N, existed in these composites
[24]. Moreover, the multiphase lattices and the poly-
crystalline structure can be suggested that the
heterojunctions between Bi;WO;,, CeO, and g-C3Ny4
were formed [25]. Meanwhile, Bi, W, C, N, O and Ce
can be found as the major elements of BW/Ce/g-3
via EDS elemental microanalysis, which can further
demonstrate the composites were synthesized by
Bi,WOs, CeO, and g-C3Ny. In short, the formation of
heterojunctions between Bi;WO,, CeO, and g-C3Ny4
has been firmed by the results of TEM and EDS. The
heterojunctions structure would imply that Bi,WOg/
Ce0O,/g-C3N4 owned a narrowed band gap, so that
the electrons can be departed from holes and transfer
into the conduction band more easily under the vis-
ible-light irradiation.

XPS spectra of BW/Ce/g-3 were displayed in
Fig. 3, which was adopted to analyze the surface
element composition and the chemical states of all the
elements in the as-prepared composites. Among
them, the peaks of Bi 4f in BW/Ce/g-3 at two peaks
158.94 eV and 164.4 eV were representing to Bi 4f;/,
and Bi 4f5, spin states of Bi,WOgq [26, 27] (Fig. 3a). In
addition, the peaks of W 4f in BW/Ce/g-3 at 35.1 eV
and 37.5 eV were ascribed to W 4f5,, and W 4f;,,, on
behalf of W®" in Bi,WOs [23] (Fig. 3b). However,
compared with the counterparts in Bi,WOs, some
peaks representing Bi and W in BW/Ce/g-3 shifted,
which implied the combination between Bi, WO, and
other materials via the change of these bond energy.
Furthermore, Ce XPS spectra revealed that spectral
peaks of Ce 3d were divided to v, v, vy, vo, v3, U, Uy,
u; and ug (Fig. 3c), which indicate the spin—orbit
coupling of 3ds,, and 3d3,,, respectively [28]. Among
of them, the peaks located at v, v, and v; were
attributed to Ce**3ds /2, and the peaks located at u, u,
and uz were assigned to Ce**3d, s2, besides, the
doublet peak of v,, v; and u; represented Ce’t 3ds /2
and 3d3,; [6, 29]. But, compared with CeO,, the vy
peak of BW/Ce/g-3 disappeared and the v peak
shifted left to low energy, as well as that the
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Fig. 2 TEM images and selected area electron diffraction (inset) (a), HRTEM micrographs of the lattice (b) and EDS spectra (c) of BW/

Ce/g-3

intensities of the v; peak and the v, peak have
changed, which meant the formation heterojunction
between CeO, and other materials by changing of
Ce**/Ce*" bond [29]. Meanwhile, the peaks of O 1 s
in CeO,, g-CsN4 and BW/Ce/g-3 were showed dif-
ferently (Fig. 3d). The peaks of O 1s in CeO, were
represented the lattice oxygen (530.6 eV) and surface
oxygen (533.1 eV) [30], the peaks of Ols (532.5 eV) in
g-C3Ny represented organic carbon oxygen bonds
[22], whereas the peaks of O 1s (530.8 eV) in BW/Ce/
g-3 were on behalf of the crystal lattice oxygen of
metallic oxides [31]. This can be indicated that all
types of oxygen have been transformed into the more
stable lattice oxygen during formation of hetero-
junctions. More than that, the peak of C 1s and N 1s

@ Springer

on behalf of g-C3N, have been changed as well. The
peaks of C 1s in g-C3N, at 284.8 and 288.3 eV were
attributed to C-N and N-C=N of g-C3Ny4, respec-
tively, nevertheless the peak in BW/Ce/g-3 at
284.8 eV was corresponded to the bond of C-N [32]
(Fig. 3e). Likewise, the peaks of Nls in g-C3N4 at
395.5 eV and 397.2 eV were attributed to sp>-hy-
bridized nitrogen (C-N=C), and tertiary nitrogen N-
(CB3), respectively [33, 34], which has been shifted to
the peak at 398.6 in BW/Ce/g-3 (Fig. 3f). The results
of C 1s and N 1s meant that g-C3N, coupled with
other materials to form the heterojunctions via the
shift of carbon—nitrogen bonds. Hence, integrated
these results, not only the existence of CeO, and
g-C3Ny in the as-prepared composites can be
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Fig. 3 XPS spectra of Bi 4f (a), W 4f (b), Ce 3d (c), O 1s (d), C 1s (e), N 1s (f)

furthermore confirmed, but also the formation of the
ternary heterojunction was determined between
CeO,, g-C3Ny and Bi;WO4 by chemical change of
bonds, as well as that the structure was more stable.

UV-vis diffuse reflectance of BW/Ce/g composites
was shown in Fig. 4, investigating the visible-light
response capability of the as-prepared composites to
further suggest the potential of enhanced photocat-
alytic activity. It can be found that all the as-prepared
composites possessed great absorbance in the UV—vis
light region (Fig. 4a), especially within the visible-
light region (400-800 nm). The result suggested that

BW /Ce/g composites possessed well the visible-light
response capability.

In addition, the Kubelka-Munk equation can be
used to calculate the band gap energy of BW/Ce/g
composites and Bi,WOg:

oho = A(hv — Eg)"* (1)

where, « is the absorption coefficient, & is the Planck
constant, v is the light frequency, E, is band gap, and
A is a constant. Among them, n is determined from
the type of optical transition of a semiconductor, so
the value of n for the direct semiconductor (Bi,WOg)
is 1 [35]. The band gaps were estimated from the
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Fig. 4 a UV-vis diffuse reflectance spectra of BW/Ce/g; b band gaps of the as-prepared composites

(¢hv)* versus photon energy (hv) plots were approx-
imately 22eV (BW/Ce/g-3 and BW/Ce/g-2),
2.45 eV (BW/Ce/g-1) and 2.72 eV (BW) respectively,
as shown in Fig. 4b. It can be determined that com-
bining CeO, and g-C;N, effectively narrow the gap
band of BW/Ce/g composites, which was suppos-
edly attributed to the heterojunction structure.

3.2 Photocatalytic activity

Photocatalytic activity of Bi;WOs/CeO,/g-C3Ny for
degrading RhB under visible-light irradiation was
shown in Fig. 5a. It can be obviously demonstrated
that BW/Ce/g-3 exhibited best photocatalytic activ-
ities, which degraded 99.24% of RhB in 75 min. Not
only that, all the as-prepared composites showed
better photocatalytic activities than that of Bi,WOs
after 60 min, even better than that of Bi,WO4/CeO,
[11] and a similar Bi; WO, composites [36]. Hence, it
can be determined that combining CeO, and g-C3N4

can improve photocatalytic activity of Bi,WOs. This
can be attributed to the formed heterojunction
between Bi,WO4, CeO, and g-C3N4, which enable
BW/Ce/g possessed enhanced visible-light response
ability. Moreover, it was shown that the best as-pre-
pared composite is BW/Ce/g-3. Consequently, BW/
Ce/g-3 was chosen to be tested in the subsequent
tests.

In order to further illustrate the photocatalytic
activity of BW/Ce/g-3, the temporal progression of
the spectra during the photodegradation for RhB
under visible-light irradiation (A > 420 nm) is pre-
sented in Fig. 5b. A quick decline of RhB absorption
was detected at wavelength of 553 nm, and then the
peak of the spectral maximum move from 553 to
496 nm. The hypsochromic shifts were likely induced
by the release of N-ethyl groups and the elimination
of the conjugated structure from RhB during pho-
todegradation [37]. These results also demonstrate
that the chemical structure of RhB was changed by

(@) (b) i
1.0 —— Omin
—=— BW/Ce/g-1 .
—e— BW/Ce/g-2 30min
BW/Ce/g-3 _ ——— 45min
= [—— 60min
—v— BW/Ce/g-4 3 25min
BW = ——— 90min
8 £ —— 105min
S 2
Q 0.5 § ‘
=
<«
0.0 T T - T - T
0 15 30 45 60 75 90 105 200 400 600 800

Time (min)

Wavelength (nm)

Fig. 5 a Photodegradation for RhB by the as-prepared composites b UV-vis spectra of the reaction solution with BW/Ce/g-3
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the photocatalytic activity of BW/Ce/g during the
degradation process, rather than adsorption. Overall,
these results demonstrated that BW/Ce/g-3 dis-
played excellent photocatalytic activity for degrading
RhB.

BW/Ce/g exhibited enhanced photocatalytic
activity, not only for degrading dye wastewater, but
also for degrading pharmaceutical and heavy metal
wastewater, such as tetracycline hydrochloride and
Cr(VI), as illustrated in Fig. 6. BW/Ce/g-3 can pho-
todegrade TH to 54.76% in 105 min (Fig. 6a), which is
better than 47.26% of Bi,WOg. In addition, it can be
found that BW/Ce/g-3 did not show adsorption for
TH, hence, it can be determined that degradation of
TH was ascribed to the photocatalytic activity rather
than adsorption ability.

Meanwhile, BW/Ce/g-3 exhibited excellent pho-
toreduction for Cr(VI), reducing 94.85% of Cr(VI) in
30 min, compared to 38.46% of Bi,WOs (Fig. 6b). It
can be found that, compared with counterpart of
enhancing photooxidation, combining CeO,/g-C3Ny
can improve photoreduction of Bi,OW, more effec-
tively. In addition, it can be found that BW/Ce/g-3
still owned a little reducing capacity in the absence of
light. The excellent reducing capacity could be
attributed to the g-C3N4, whose the CB position is
relatively negative to facilitate the reduction ability of
the photogenerated electrons [38]. Totally, these
results can be further manifested that BW/Ce/g
possessed highly effective photocatalytic activity not
only for oxidized degradation of organic wastes, but
also for reduction of heavy metals.
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3.3 Possible photocatalytic mechanism

The separation efficiency of photogenerated electron—
hole pairs of BW/Ce/g were assessed by photolu-
minescence spectra (excited at 370 nm), as shown in
Fig. 8a. PL emissions are created from the radiative
recombination of photogenerated electron—hole pairs.
Hence, the higher PL emission indicates the easier
recombination of charge carriers [39]. It can be found
that PL emission peaks decreased with reducing
amount of CeO,. CeO, did not play the important
role to inhibit the recombination of photogenerated
electron-hole pairs as expected, instead the recom-
bination was promoted with the increase of the
addition amount. Hence, it would be deduced that
g-C3N4 was the main reason to inhibit the recombi-
nation of the photogenerated electron-hole pairs.

In order to further clarify the effect of g-C3N, on
the separation and migration of photogenerated
electron-holes of BW/Ce/g, the interface charge
separation efficiency was investigated by electro-
chemical impedance spectroscopy under visible-light
irradiation (A > 420 nm), as displayed in Fig. 7b. The
radius of each arc is characteristic of the charge
transfer process at the corresponding elec-
trode/electrolyte interface with a smaller radius
corresponding with a lower charge transfer resistance
[40]. The arc radius of g-C3N,; was much smaller than
that of BW/Ce/g-3 and Bi,WO,, which implied
g-C3N, owned excellent charge transfer ability. More
than that, the arc radius of BW/Ce/g-3 was smaller
than that of Bi,WOs, suggesting that BW/Ce/g-3
exhibited a smaller charge transfer resistance than
that of Bi,WQOg [41]. This result can be indicated that
BW/Ce/g-3 would have more effective charge
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Fig. 6 Photodegradation for TH (a) and Cr(VI) (b) over BW/Ce/g-3
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Fig. 7 a Room-temperature photoluminescence spectra of BW/Ce/g; b EIS Nyquist plots of BW/Ce/g-3, Bi,WO¢ and g-C3N,4

shuttling between the electrode and the electrolyte
under coupling g-C;Ny, therefore, a faster charges
transfer can occur at the heterojunction interface
between Bi,WOg, CeO, and g-C3N4 to enhance pho-
tocatalytic activity [10].

The band structure position of BW/Ce/g-3 was
calculated by Mott-Schottky curves and depicted in
Fig. 8, further elucidating a possible mechanism of
the enhanced photocatalytic activity. On the basis of
the Mott-Schottky equation, an observed positive
slop indicated that BW/Ce/g-3 was n-type like
semiconductors [42]. By extrapolation to 1/ C?=0,
the flat band position (Vg,) can be calculated as —
1.17 V (vs. Ag/AgCl electrode) and — 0.97 V (vs.
NHE) for BW/Ce/g-3, — 1.76 V (vs. Ag/AgCl elec-
trode) and — 1.56 V (vs. NHE) for Bi,iWO,, — 1.48
(vs. Ag/AgCl electrode) and — 1.28 V (vs. NHE) for
g-C3Ny. Because the conduction band potential (Ccp)
of the n-type semiconductor was very close to the
NHE value of Vg, [43], the Ccg values of BW/Ce/g-3,

(a) o
70
= BW/Celg
60 * BW
<
g 50
T
002 40
T 301
% E(BW) =-1.76V
20 E(BW/Ce/g) =-1.17V
N A.M
0 T T T T T T T T

T T T T
20 -1.8 -1.6 -14 -1.2 -1.0 -08 -06 -04 -02 00 02 04
Potential (V)

Bi,WO4 and g-C3Ny were approxi-
mately — 097 V, — 1.56 V and — 1.28 V, separately.
Integrated the estimated band gap energy of 2.2 eV
(BW/Ce/g-3) and 2.72 eV (BW), as well as 2.7 eV for
g-C3Ny and 2.83 eV for CeO, [44], the valence band
positions (Vyg) of were determined as 1.23 V for BW/
Ce/g-3, 1.16 V for pure Bi;WOs, 1.42 V for g-C3Ny.
Hence, the positions of the Vyp and the Ccp of BW/
Ce/g was illustrated in Scheme 1.

The mechanism on charge separation in visible-
light irradiation and enhanced photocatalytic activity
of BW/Ce/g is illustrated in Scheme 1. Based on the
above results, it can be determined that Bi,WOg can
couple with CeO; and g-C;Ny to construct the ternary
heterojunctions structure, an interlaced energy level
structure was formed, thus the band gap that the
photogenerated electrons will transfer can be nar-
rowed effectively. That means that electrons can be
irritated more easily by visible light to departed from
holes and transfer into the Ccg, which enable BW/

(b)

1/CX(108 F? cm®)
I

I
o
!

e
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Fig. 8 Mott-Schottky curves of BW/Ce/g-3 and Bi,WOg(a), g-C3N, (b)
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Organic Wastes

Cr(IV)

Visable light

Degradation Products

Scheme 1 Illustration of mechanism on charge separation of BW/
Celg

Ce/g to possess better visible-light response ability.
More than that, the great conductivity of g-C3N, will
be able to facilitate photogenerated electrons in the
CB and holes in the VB to move fast in two opposite
directions. In addition, the special energy level
structure of the ternary heterojunctions can lengthen
the migration path of photogenerated charge carriers,
which will prolong the lives of photogenerated elec-
trons and holes. This enabled more photogenerated
electrons and holes were able to involve in photo-
catalytic reactions produce abundant free radicals, so
that the photocatalytic activity of BW/Ce/g can be
enhanced to degrade organic wastes and reduce
Cr(VD).

4 Conclusion

Novel Ternary Bi,WO4/CeO,/g-CsNy composites
were synthesized successfully in this study, which
exhibited enhanced visible-light photocatalytic
activity for oxidization of RhB and TH as well as
reduction of Cr(VI). The characterization of the as-
prepared composites demonstrated that Bi,WOg,
CeO, and g-C3N,4 were successfully coupled together
to form the ternary heterojunctions structure, which
can narrow the band gap of Bi,WO¢/CeO,/g-C5N,4 to
improve separation and migration of photogenerated
electrons-hole pairs. Moreover, it has been indicated
that the great conduction of g-C3N, promoted the
separation of photogenerated electron-holes pairs of
B,WOg, in addition, the special ternary heterojunc-
tions structure can lengthen the migration path of
photogenerated charge carriers, which will prolong
the lives of photogenerated electrons and holes.

17533

Therefore, Bi,WO4/CeO,/g-C3Ny possessed
enhanced photocatalytic activity. BW/Ce/g-3 can
degrade 99.24% of RhB in 75 min, which was better
than that of Bi,WOg4 and Bi,WO4/CeO,. More than
that, BW/Ce/g exhibited enhanced photocatalytic
activity for oxidation of TH (54.76%, 105 min) and
reduction of Cr(VI) (94.85%,30 min). Meanwhile, the
best synthesized condition was determined that the
adding amount of CeO, was 0.043 g and g-C3N4 was
0.02 g. This study provided a novel photocatalyst for
simultaneously effective degradation of organic
wastewater and heavy metals wastewater, as well as
that the feasibility of formation of ternary Bi WO/
CeO,/g-C3Ny composites with enhanced photocat-
alytic activity can be confirmed.
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