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Abstract

BisNbO7 has been widely studied as a bismuth-based photocatalyst for degradation of organic pollutants. However, the
fast recombination of photo-excited carriers limits its photocatalytic performance. In this work, the CuBi204/BisNbO~
heterojunction was successfully fabricated, and its photocatalytic performance was evaluated by degradation of TC
under stimulated sunlight. The optimal TC degradation efficiency of 85% was obtained on CuBizO4/BisNbO7
heterojunction with CuBi204 mass ratio of 10% at the condition as initial TC concentration of 40 mg/L and photocatalyst
dosage of 1 g/L. This optimal TC degradation efficiency is greatly higher than that of bulk BisNbO~ with the reaction
rate constant reached 0.035 min'! which is 3.7 times as that of BisNbO7. The photocatalytic degradation mechanism
that based on type-II heterojunction was proposed. This work provided a promising strategy to design highly efficient
photocatalysts for environmental remediation.
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1. Introduction (AOPs) and so on [4-6]. Photocatalysis technology,
which is belonged to one of AOPs, is widely
employed to oxidize antibiotics into molecules that
are easily biodegradable, less hazardous, and even
harmless due to which it has received much
concern from scientists [7]. The development of an
efficient photocatalyst is crucial to photocatalytic
degradation of pollutants. In the recent years,
bismuth-based semiconductors have emerged as
highly promising materials in photocatalysis,
particularly due to their efficiency in harnessing
visible light [8]. Various types of bismuth-based
semiconductors have been developed, including
Bi2Os, BiaWOs, BiaMoOs, BiVO4, Bi202COs,
BisNbO7, BiOx (X = Cl, Br, I), etc [9-13]. Majority
of bismuth-based semiconductors possess narrow
bandgap less than 3.0 eV, originated from the
valence band consists of Bi 6s and O 2p hybrid
orbitals [14,15]. However, there are still exist
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Nowadays, the use of antibiotics has greatly
increased in both human and animal healthcare
to control the spread of diseases. These antibiotics
cannot be completely absorbed by the body and
the unabsorbed portion being excreted and
subsequently entering the environment, where it
may persist, posing significant risks to ecosystem
[1,2]. Tetracycline is one of the most commonly
used antibiotics for treating microbial infections
in both human and animals. However, after
medication, about 75% of TC enters the ecosystem
in its active form through urine and feces [3].
Various methods have been explored to remove
TC from wastewater, such as adsorption,
biodegradation, membrane separation, coagulant
sedimentation, advanced oxidation processes
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For example, the valence band (VB) potential or
the conduction band (CB) potential of bismuth-
based semiconductors is not positive or negative
enough to produce the photo-excited holes or
electrons with sufficient redox ability to drive the
specific photocatalytic reactions, for example to
produce free radicals including hydroxyl radical
(*OH) and superoxide radical (*O2°), which is
crucial for photocatalytic pollutant removal[16].
Secondly, the excited electrons recombine with
holes more easily and quickly in narrow-bandgap
semiconductors [16]. BisNbO7 is one kind of
bismuth-based semiconductors with oxygen-
deficient fluorite structure, and possesses
excellent electrical and optical properties [17-21].
Nevertheless, its photocatalytic ability is limited
by the poor separation of the photo-excited
carriers [22,23]. An effective strategy for
improvement of the photocatalytic activity of
BisNbO7 was the construction of a heterojunction
with other semiconductors. The reported
semiconductors used for this purpose included
BiOIO0s3, Bi2C2COs3, CuO, BiaMoOs, BiOCl, g-C3Ny,
LaFeOs, Bi2Os and so on [22-30].

Copper bismuthate (CuBi2Os4) has recently
gained attention as a visible-light responsive p-
type semiconductor photocatalyst, due to its
favorable band position, narrow band gap (1.5-1.8
eV), visible light absorption, low cost, and high flat
band potential. However, CuBi2O4 suffers from a
low absorption coefficient, high charge
recombination rate, and poor charge transport,
stemming from its electronic band structure
[31,32]. These limitations restrict the applications
of CuBi204. The conduction band (CB) of CuBi204
is highly negative, facilitating the reduction
reactions. At the same time, the valence band (VB)
of CuBi204 possesses so higher position that aligns
with the conduction bands of different
semiconductors, making it a candidate with great
potential in the formation of heterojunction
systems aimed at modifying redox potentials at
interfacial regions [33]. Considering the band
structures of BisNbO7 and CuBi20y4, in this work,
we used CuBi204 to modify BisNbO7 by fabrication
of CuBi204/BisNbO7 heterojunction photocatalyst,
aiming at improving the photocatalytic activity of
BisNbO7. The photocatalytic activity was
evaluated by degradation of TC. The effect of
CuBi204/BisNbO7 ratio on the photocatalytic
performance was investigated. Moreover, a
possible mechanism for degradation of TC by
CuBi204/BisNbO7 heterojunction photocatalyst
was proposed.

2. Materials and Method

2.1 Preparation of Photocatalyst

BisNbO7 was prepared according to the
method described elsewhere [34,24]. Typically, 0.5
g of Nb20s was dispersed in 3 mL of HF solution

(17 wt%), then the resulting suspension was
transferred to an autoclave and heated at 150 °C
for 4 h, forming a clear solution A. 5.48 g of
Bi(NO3)3 -5H20 was dissolved into 50 mL of HNOs3
(4 mol/L)) under stirring, resulting a clear solution
B. Both of solution A and B were dropped into 10
mL of KOH solution (4 mol/L), keeping the pH
around 13 by simultaneously dropping KOH
solution (4 mol/L). After stirring for 2 h, the
suspension was centrifugally separated, and the
wet product was washed repeatedly with
distillated water and anhydrous ethanol,
respectively, until the solution reached neutrality.
After centrifugally separation, the wet solid
powder was vacuum dried at 60 °C, resulting in
the precursor of BisNbO7 which was subsequently
heated at 500 °C for 8 h to obtain the faint yellow
Bi3sNbO7 powder, which was noted as BNO.

CuBi204 was synthesized by hydrothermal
method. Typically, 5.48 g of Bi(NO3)s56H20 and
1.21 g of Cu(NOs3)2-3H20 were dissolved into 50
mL of HNOs (4 mol/L). After stirring for 30 min,
the pH of the solution was adjusted to 13 by
adding KOH solution (4 mol/L). The solution was
stirred for 3 h to obtain the precursor. The
resulting precursor was transferred into a Teflon
autoclave and heated at 180 °C for 24 h.
Subsequently, the resulted solid particles were
collected by centrifugation and then washed
several times with distilled water and absolute
ethanol, and finally dried at 80 °C for 6 h to form
CuBi204 nanoparticles, which was labelled as
CBO.

CuBi204/BisNbO7 composite photocatalysts
were fabricated by an impregnation method. The
weighted as-prepared CuBi2Os and BisNbO-
powders were diapered in 25 mL of methanol
under ultrasonication for 30 min, respectively.
Then, the resulted two solutions were mixed
together and stirred for 3 h. Subsequently, the
suspension was heated at 60 °C until the methanol
was completely evaporated. The collected solid
was heated at 300 °C for 2 h. Finally, the
CuBi204/BisNbO7 composites were obtained, and
labelled as CBO/BNO-x, where x refers to the
CuBi204/BisNbO7 mass ratio. Figure 1 shows the
schematic diagram for the preparation of the
CBO/BNO composite.

2.2 Characterizations

The phases of the resultant sample was
analyzed by X-ray diffraction (XRD) using a
Bruker D8 ADVANCE diffractometer under CuKa
radiation (A=0.15406 nm), operating at 40 KV and
40 mA over the 20 range from 10 to 70°. The
morphology and microstructure of the as-obtained
sample were observed through a scanning
electron microscope (SEM, ZEISS Gemini SEM
300) and a transmission electron microscope (FEI
Titan G2 60-300), respectively. UV-vis diffuse
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reflectance spectra were recorded on a UV-vis
spectrophotometer (UV-3600, Shimadzu)
equipped with an integrating sphere, and BaSO4
was used as the reference. X-ray photoelectron
spectroscopy (XPS) data were captured on an XPS
photoelectron  spectrometer  (ESCALAB250,
Thermo Fisher) equipped with the Mg Ka
achromatic X-ray source. The specific surface area
and pore structure of the samples were evaluated
by the nitrogen adsorption-desorption isotherms
measured by a physiochemical adsorption
instrument (V-Sorb 2800P, Beijing APP Co. Ltd,
China). The content of total organic carbon (TOC)
of the solutions were obtained using a TOC
analyzer (TOC-L CPH, Shimadzu Corp., Japan).
Free radicals formed by the samples under
irradiation were detected through the EPR
technique (Bruker Magnettech ESR5000). 5,5-
dimethyl-1-pyrrolin-n-oxide (DMPO) was used as
the trapping agent for hydroxyl and superoxide,
and methanol was used as the reaction solvent,
while and 2,2,6,6-Tetramethylpiperidoxyl
(TEMPO) was used as the trapping agent for holes
and water was used as the reaction solvent. The
electrochemical performance was analyzed by the
Mott-Schottky spectroscopy (MS), electrochemical
impedance spectroscopy (EIS) and photocurrent
response measurements using an electrochemical
workstation (CHI ~ 660E, Shanghai CH
Instruments Co., China) with a three-electrode
system, where Pt plate was used as the contrast
electrode and Ag/AgCl as the reference electrode.
The working electrode was prepared by coating
the as-prepared material on an indium tin oxide
(ITO) conductive glass and drying at 60 °C for 1 h.
Ks[Fe(CN)s]-Ka[Fe(CN)s]-KCl solution 10
mmol/L) was used as the supporting electrolyte
solution.

Cu(NOy),-3H,0
Bi(NO,);SH,0
FHNO,

Bi(NO,),-5H,0
HHNO,

2.3 Photocatalytic Activity Measurements

A 300 W Xenon lamp was used as the
irradiation source. The lamp was located on the
top of the solution with the distance of 10 mm. The
as-prepared photocatalyst was dispersed into a
jacketed beaker containing 100 ml TC solution
according to the predetermined dosage. The
degradation reaction was performed at 25 °C kept
by the circulating water from a water bath. After
regular intervals, the samples were taken and
filtrated by a 0.22 pm filter membrane to separate
the photocatalyst for analysis. The TC
concentration was measured by a
spectrophotometer at wavelength of 356 nm. The
TC degradation efficiency (n%) was calculated as
follows:

C"C‘C X 100% (1)
0

n% =

where Co (mg/L) and C (mg/L) refer to TC
concentration at the starting and reaction time ¢,
respectively.

3 Results and Discussion
3.1 Characterizations

Figure 2 provides the XRD patterns of
BisNbO7, CuBi20s4, and CuBi2O4/BisNbO~
composites. The pristine BisNbO~ exhibits distinct
diffraction peaks at 20 angles of 28.2°, 32.7°, 46.8°,
55.7° and 58.5°, corresponding to the crystal
planes (111), (200), (220), (311) and (222), of
BisNbO7 (JCPDS No.86-0875). The pristine
Cu2Bi204 presents the diffraction peaks located at
26 angles of 20.8°, 28.0°, 30.7°, 33.3°, 37.4°, 46.7°,
52.9° and 55.6°, matching with the crystal planes
(200), (211), (002), (310), (202), (411), (213) and

Bi;NbO,

Figure 1. Schematic diagram for the preparation of the CBO/BNO composite.

Copyright © 2026, ISSN 1978-2993



Bulletin of Chemical Reaction Engineering & Catalysis, 21 (3), 2026, 529

(332) of Cu2Bi204 (JCPDS No0.86-0875). In the
patterns of CuBi204/BisNbO7 composites, there
emerge clear diffraction peaks of BisNbO7, but no
clear diffraction peaks of CuBi20s4, due to the
lower combination amounts of CuBi2Os4. In the
local magnification patterns, the diffraction peaks
( 26 angles of 20.8° and 37.4°) of CuBi204 can be
observed, and the intensities increase with the
increase 1n CuBizOs combination amount,

indicating the successful preparation of
CuBi204/BisNbO7 composites.

The morphology of BisNbO7, CuBi204, and
CuBi204/BisNbO7 composites was studied by
SEM and TEM. As shown in Figure 3a, the
pristine CuBi2Os4 exhibit nanocolumn-shaped
particles that self-assembled into microspheres,
with an estimated mean diameter of 2-3 pm [35].
The pristine BisNbO7 presents agglomerated
nanoparticles (Figure 3b). The CBO/BNO
composite exhibits the hybrid morphology of
CuBi204 and BisNbO7, which contains CBO
microspheres with smaller BNO nanoparticles
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Figure 2. XRD patterns of BisNbO7, CuBi204, and CBO
patterns of CBO/BNO composites..
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—

Figure 3. SEM images of (a) CuBi204, (b) BisNbO7, (¢) CuBi204/Bi3sNbO7, (d-f) TEM images of CBO/BNO-
10.
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distributed over its surface. TEM images show the
CBO/BNO composite presents the agglomerated
nanoparticles shape. HRTEM image indicates the
distinct lattice fringes of CBO and BNO, with the
measured lattice spacing of 0.316 nm and 0.3 nm,
corresponding to the plane (111) of BisNbO7 and
the (220) plane of CuBi204, respectively. The EDX
result (Figure Sla) confirmed the presence of
characteristic peaks corresponding to Cu, Bi, Nb,
and O elements. Elemental mapping results
(Figure S1b) reveal that these constituent
elements distribute uniformly on the surface. The
results of morphology analysis illustrate the
successful  fabrication of CuBi2O4/BisNbO~
heterojunction, which is agreement with the
results of XRD.

Figure 4 provides the Nz adsorption—
desorption isotherms and the pore size
distribution curves for CBO, BNO, and CBO/BNO
composites. As shown in Figure 4a, the isotherms
of all samples are associated to type IV with a
distinct H3-type hysteresis loop, indicating the
presence of mesoporous pores. As listed in table
S1, the BET specific surface area of CBO 1is
determined as 4.25 m2/g, while that of BisNbO7 is
14.48 m2/g. In comparison, the specific surface
area is ~3.4 folds of that of CBO. This is originated
from that BNO possesses the loose agglomerated
nanoparticle structure, while CBO exhibited
compact microsphere structure, as illustrated in
SEM images. The specific surface area of
CBO/BNO composites displays an increase trend
with the increase in the combination amount of
BNO, except CBO/BNO-10. As shown in Figure
4b, the pore size distributions curves indicate that
the pores in all samples mainly exist in form of
mesoporous pores, accompanied by macroporous
pores.

XPS analysis was performed to investigate
the surface composition and chemical state of
CuBi204, BisNbO7, and CuBi204/BisNbO~
composite. Figure 5 shows the high-resolution
XPS spectra of Bi 4f, Nb 3d, Cu 2p, and O 1s. As
shown in Figure 5a, the Bi 4f spectra present two

BNO

CBO/BNO-5

CBO/BNO-10 ’
CBO/BNO-15 ‘
CBO/BNO-20 J

CBO
AT e e E Y
00 02 04 06 08 1.0

Relative pressure (0/p,)

Volumn absorbed (a.u.)

peaks at 163.7~164.0 and 158.3~158.7 ¢V which
are assigned to Bi 4fs2 and Bi 4f7e, respectively,
indicating that the existence of Bi3* in the
samples [24,17]. Compared with those of BNO
and CBO, the Bi 4f binding energy of CBO/BNO-
10 shifts to higher energy position. The spectra of
Nb 3d of BNO and CBO emerge two distinct
peaks located at 209.0 and 206.2 €V,
corresponding to Nb 3dsz and Nb 3dsse, revealing
that Nb exists in the valence state of Nb5*. The
binding energy of Nb 3d shows almost no change
after combination of BNO with CBO. It can be
seen from Figure 5¢, in the Cu 2p spectrum of
CBO, the peaks at 953.1 and 933.3 eV belong to
the Cu 2p1z and Cu 2psre, respectively. The peaks
at 941.5 eV and the peak at 961.6 eV are satellite
peaks of Cu2*. These peaks are the characteristic
peaks of Cu2+ [35-37]. In the Cu 2p spectrum of
CBO/BNO-10, the characteristic peaks shifted to
lower binding energy positions at 932.3 and 952.1
eV, accompanied by the shift of the satellite peaks
to lower energy positions at 940.1 and 959.9 eV,
respectively. The shifts in binding energies of Bi
4f and Cu 2p indicate that the changes in the
electron cloud density due to the movement of
electrons from BNO to CBO during the formation
of the composite [36]. The O 1s peak in the
spectrum of BNO was fitted to three peaks at
529.3 eV, 531.7 eV and 533.4 eV, respectively,
corresponding to Bi-O bond, Nb-O and oxygen in
hydrated species OH on the surface, respectively
[17]. The O 1s in the spectrum of CBO exhibits
two fitted peaks at 529.0 eV and 530.6 eV, which
are associated to lattice oxygen from Bi-O bond
and oxygen vacancy, respectively [38,39]. The O
1s binding energy of CBO/BNO-10 is located
between those of bulk CBO and BNO, indicating
heterojunction formation.

The band gaps (Eg) of CBO, BNO and the
CBO/BNO composites were determined by UV-
vis DRS tests. As shown in Figure 6a, the bulk
BisNbO7 shows an intensive absorption peak with
absorption edge at range of 400-600 nm. The bulk
CuBi204 exhibits a broad absorption peak with

—a— CBO

—e— CBO/BNO-S

—a— CBO/BNO-10

—v— CBO/BNO-15
CBO/BNO-20
BNO

N

50 100 150 200
d{nm)

Figure 4. (a) N2 adsorption-desorption isotherms and (b) pore size distribution curves of samples.
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absorption edge between 620-800 nm. For the
CBO/BNO composites, the absorption curves
present the hybrid absorption of CBO and BNO,
displaying the formation of a heterojunction [40].
The band gaps of the samples were further

estimated using  Kubelka-Munk  formula
(Equation 2):
ahv = A(hv — E;)"/? 2)

Here, a, h, v, A and E; represent the absorption
coefficient, Planck constant, light frequency,
proportion constant and band gap, respectively.
The value of n is related to the type of
semiconductor, n =1 for the direct semiconductor,
whereas n = 4 for an indirect semiconductor. CBO
and BNO are belonged to direct and indirect
semiconductor, respectively. Therefore, based on
the plot of (ahv)2/(ahv)V2 versus hv. The band gaps
were estimated to be 1.72 eV and 2.2 eV for CBO
and BNO, respectively.

To determine the energy band positions of
CBO and BNO, the Mott-Schottky (M-S) curves
were studied. As shown in Figure 6(c-d), the
positive slope of M-S curve indicate BNO is a n-
type semiconductor, whereas the negative slope
reveals CBO is a p-type semiconductor. The
estimated flat-band potentials were -0.48 V and
0.75 V (vs Ag/AgCl) for BNO and CBO,
respectively. According to the equation (ENHE =
Eagagcr + 0.197) [23,26], the resulted flat-band

potentials were converted to standard hydrogen
electrode (NHE) potentials of -0.28 V and 0.95 V.
Considering that the flat-band potential is 0.2 eV
higher than the potential of the conduction band
(CB) for the n-type semiconductors [36], whereas
0.1 eV lower than the potential of the valence band
(VB) [40], the CB of BNO and the VB of CBO were
estimated to be -0.48 eV and 1.05 eV, respectively.
According to the equation, Evs = Ecs + Eg, the VB
of BNO and CB of CBO potentials were calculated
to be 1.72 and 0.67 eV for BNO and CBO,
respectively. The VB potentials of CBO and BNO
were also investigated by XPS valence tests. As
shown in Figure 6(e-f), the VB potentials of CBO
and BNO were determined as 1.69 and 1.03 eV,
respectively, which are agreement with those
obtained by M-S tests.

The interface charge transport behavior of the
samples was studied by electrochemical
impedance spectroscopy (EIS) measurements. The
arc radius of the Nyquist plot was used to evaluate
the charge transfer resistance at the material
surface. The smaller arc radius indicates faster
charge transfer and more effective photo-excited
charge carrier separation [40]. As shown in Figure
7a, among these photocatalysts, sample
CBO/BNO-10 exhibits the smallest arc radius the
smallest radius, indicating the lowest resistance
and the highest charge -carrier separation
efficiency during the transfer of charges. The
photocurrent response and carrier transfer under
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Figure 5. XPS spectra of (a) Bi 4f, (b) Nb 3d, (¢) Cu 2p and (d) O 1s.
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irradiation of stimulated sunlight was further
investigated by photoelectrochemical
measurement. As shown in Figure 7b, the highest
photocurrent density was observed for CBO/BNO-
10, implying the highest photocurrent response
among these samples, which is agreement with
the results of EIS test.

3.2 Photocatalytic Performance

The photocatalytic performance of
photocatalysts were evaluated by degradation of
TC under irradiation of stimulated sunlight. It
can be seen from Figure 8a, after irradiation of 60
minutes, the C/Co decreased from 1 to 0.67 and
0.49 on CBO and BNO, corresponding to TC

respectively. For the CBO/BNO composites, the
C/Co greatly declined to 0.24, 0.15, 0.20 and 0.25,
which is associated to the TC degradation
efficiencies of 76%, 85%, 80% and 75%, on
composites CBO/BNO-5, CBO/BNO-10,
CBO/BNO-15 and CBO/BNO-20, respectively,
revealing that the CBO/BNO heterojunction
presents the higher photocatalytic activity than
bulk CBO and BNO. Moreover, the highest TC
degradation efficiency was found on CBO/BNO-
10, implying that an appropriate combination
amount of CBO and BNO is necessary to
effectively improve the photocatalytic activity of
bulk BNO. Generally, the photocatalytic
degradation of the pollutant in solution by the
solid photocatalyst involves three consecutive

degradation efficiencies of 33% and 51%,
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Figure 7. (a) EIS plots and (b) Photocurrent response of photocatalysts.
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steps: the adsorption of the pollutant onto the
surfaces of the solid photocatalyst, the
photocatalytic degradation of the adsorbed
pollutant, and the desorption of the degraded
products from the surfaces of the photocatalyst.
As shown in Figure 8, the adsorption process
displays weaker contribution on the TC
degradation, as compared to the photocatalytic
degradation. Although the specific area of
CBO/BNO-10 is lower than those of other
CBO/BNO heterojunction photocatalysts, the
optimal TC degradation efficiency was obtained
on CBO/BNO-10. This is originated from the
efficient separation of photo-excited carriers on
the CBO/BNO-10 heterojunction photocatalyst, as
evidenced by the results of EIS and photocurrent
response tests (see Figure 7). The first-order
kinetics model was used to fit the photocatalytic
degradation data. The results display that the
photocatalytic degradation of TC follows better
first-order kinetics due to the higher correlation
coefficients as above 0.96 (see Table S2). The
optimal reaction rate constant & of 0.035 min-! was
found on CBO/BNO-10 photocatalyst, which is 3.7
times as that on bulk BNO.

Figure 8c provides the UV-vis scanning
curves of the TC solution during the
photocatalytic degradation process. As shown in
Figure 8c, two distinct absorption peaks centered
at 275 and 356 nm emerge in the TC spectrum. As
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illustrated in Figure S2, the peak at 275 nm was
reported to be related to the structure of aromatic
ring A, which includes enolic hydroxyl, amide, and
ketone groups, whereas the peak at 357 nm was
attributed to aromatic rings B, C, and D [41]. As
the photocatalytic degradation proceeded, the
intensities of the two peaks gradually declined,
indicating that TC was destroyed in structure and
decomposed to intermediates, even mineralized
into CO2 and H20. It is also found that the peak at
275 nm still exhibited a relative higher intensity
after irradiation of 60 min, implying the
incomplete decomposition of TC and forming some
intermediates. To further find out the change of
TC during the degradation process, TOC analysis
was conducted. As shown in Figure 8d, as the
photocatalytic  degradation  proceeded, the
TOC/TOCo value decreased, displaying the
decrease in concentration of organic compounds.
However, the value of TOC/TOCo is not zero and
higher than that of C/Co after irradiation of 60
minutes, implying that incomplete mineralization
of TC and formation of some organic compounds
with small molecule weight.

3.3 Photocatalytic Mechanism

In order to find out the active radicals in the
photocatalytic degradation, the free radical
capture experiments were conducted. Isopropyl

)
1.0
0.8
0.6
BNO ¢
0.44 *+ CBO
« CBO/BNO-5
= CBO/BNO-10
0.21 « CBO/BNO-15
+  CBO/BNO-20
0.0 T T T T T T T
0 10 20 30 40 50 60
t (min)
@ 100
100
80 1 75
60 -
40 -
20 1 16
=30 min ¢ min 60 min
t(min)

Figure 8. (a) Photocatalytic degradation efficiency of TC on CBO, BNO and CBO/BNO composites; (b)
first-order kinetics fitting plots; (c) UV-vis scanning curves of solutions during photocatalytic process;

(d) results of TOC analysis.
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alcohol (IPA), potassium iodide (KI) and p-
benzoquinone (BQR), were used as quenching
agents for the hydroxyl radical (-OH), the
photogenic hole (A*) and the superoxide radical
(*0Oz27), respectively. As illustrated in Figure 9a,
the TC degradation efficiency decreased by the
introductions of the above capture agents,
suggesting that the active radicals *O2~ and A*
take part in the TC degradation in the order of
*O2™ > h*, except *OH. To further verify the roles
of active radicals, EPR tests were carried out. The
EPR results indicate that the intensive signals of
*O2™ and h* presented under irradiation of light,
while no distinct *OH signal was detected. The
EPR results are consistent with those of active
radicals capture experiments.

Based on the above results, we proposed the
type-II mechanism for photocatalytic degradation
of TC on the CBO/BNO heterojunction
photocatalyst. CBO and BNO are p-type and n-
type semiconductors, respectively, when they
contact with each other, a p-n heterojunction is
formed. As a result, an internal electric field (IEF)
from BNO to CBO is built at their interface. XPS
results (Figure 5) revealed that electrons flowed
from BNO to CBO after the CBO/BNO
heterojunction was constructed. Under
irradiation of stimulated sunlight, electrons and
holes were excited on CBO and BNO, respectively.
The photo-excited electrons (e) on the CB of BNO
moved to CB of CBO, while photo-excited holes
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(h*) moved from VB of BNO to VB of CBO. The e~
on the CB of BisNbO7 reduced Oz into superoxide
radical (*Oz7) anions, due to its potential is more
negative than that of Oz/* 02~ (—0.33 eV vs NHE).
However, the A" on VB of CBO can degrade the TC
molecules directly. Moreover, because the
potential of photo-excited holes on VB of CBO was
lower than the standard redox potentials of
*OH/OH~ (1.99 eV vs NHE) and *OH/H:20 (+2.72
eV vs NHE), no * OH was produced, as observed in
the results of active radicals capture experiments.
The photocatalytic degradation mechanism is
illustrated in Figure 10.

3.4 Reusability

The usability of the CBO/BNO heterojunction
was studied by the cycle use experiment. As
shown in Figure 11, the TC degradation efficiency
decreased from 85% to 74% after five cycles of use,
indicating the CBO/BNO heterojunction has
better usability. In order to investigate the
changes in structure and physical properties, the
used photocatalyst were characterized by XRD,
BET, SEM and XPS. XRD result (Figure 11b)
shows that there is no change in the positions of
diffraction peaks, compared with the fresh
photocatalyst, illustrating the crystal structure
was kept after use. However, the specific surface
area (Table S1) decreased slightly, originated
from the loss in the amounts of active sites. As
shown in Figure S3, compared with the fresh
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Figure 9. (a) Free active radicals capture experiments and EPR spectra of (b) A*, (¢) * 02", (d) *OH.
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photocatalyst, the C 1s spectrum of used
photocatalyst displays relative intensive peaks
which are associated to C-O and C=0, illustrating
that the existence of organic compounds on the
photocatalyst surface. In summary, the loss in
photocatalytic activity is because of the adsorption
of intermediates or undegraded TC molecules on
the surface of photocatalyst, occupying the active
sites and blocking the pores of the photocatalyst.

4. Conclusion

The CuBi204/BisNbO7 heterojunction was
successfully prepared. This heterojunction greatly
improved the photocatalytic activity of BisNbO7
under stimulated sunlight irradiation, owing to
the effective separation of photo-excited electrons
and holes. The optimal TC degradation efficiency
of 85% was obtained on sample CBO/BNO-10 at
the condition as initial TC concentration of 40

Before contact

After contact

mg/L and photocatalyst dosage of 1 g/L, and its
reaction rate constant reached 0.035 min-1, which
is 3.7 times as that of BisNbO7. The
CuBi204/BisNbO7 exhibited better reusability that
TC degradation efficiency of 74% was obtained
after five cycles of use. This work provided a
method for improving the photocatalytic activity
of BisNbO7 photocatalyst and may be applied to
the wastewater treatment processes after further

investigations in feasibility to industrial
application.
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