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Abstract
In this study, Bi2O3/Bi2SiO5 heterojunction were in-situ constructed on the exfoliated bentonite via a novel
one-pot method. The crystal structure, morphology, and optical features for the as-synthesized
Bi2O3/Bi2SiO5 heterojunctions were systematically characterized by a series of characterization methods.
During the preparation process, the exfoliated bentonite acted as the Si source and framework for the in-
situ formation of Bi2O3/Bi2SiO5 p-n heterogeneous junction on the bentonite interlayer. As a result, the
Bi2O3/Bi2SiO5 photocatalyst exhibited a superior photocatalytic performance than that of bare α-Bi2O3

toward the decomposition of Rhodamine B (RhB) via the simulated solar light irradiation, which was due
to the synergetic effects of large speci�c surface areas and p-n junction between Bi2SiO5 and Bi2O3.
Moreover, a probable photocatalytic mechanism for the as-prepared photocatalysts was explored. This
work provides a new insight into building the cost-e�cient photocatalysts for the contaminant
degradation and a latent photocatalytic application of bentonite.

Introduction
Nowadays, energy crisis and environmental pollution including water contaminants with dyes has
become a dramatic problem to the eco-environment and human beings (Keshavarzi et al. 2020, Wu et al.
2019a, Wu et al. 2019b). Signi�cant efforts have been devoted to eliminate or minimize the
environmental pollution (Fan et al. 2020, Pan et al. 2021, Rodríguez et al. 2020). Among the reported
methods, the semiconductor photocatalytic technology is an economical and friendly strategy for the
environmental remediation, which has been attracted considerable attention of many researchers (Ai et
al. 2021, Chen et al. 2020, Lee et al. 2018). More importantly, the photocatalyst with cost-effective and
e�cient activity is the core of the semiconductor-based photocatalysis. Recently, as a phase of Aurivillius
family with a layered structure, Bi2SiO5 has been extensively investigated for its nontoxicity, chemical
stability and excellent photocatalytic behaviors (Dou et al. 2019, Park et al. 2016). However, owing to its
broad band gap (~ 3.5 eV), pristine Bi2SiO5 can only absorb the ultraviolet light (Chen et al. 2009, Wan
&Zhang 2015). Therefore, it is essential to expand the photoabsorption range of Bi2SiO5-based
photocatalysts to further harvest the solar energy.

Up to now, various effective strategies have been proposed to enhance the visible-light absorption of
Bi2SiO5 (Chen et al. 2017, Liu et al. 2018, Liu et al. 2014). Among them, the construction of heterojunction
photocatalyst has been proved to be a reliable approach, which shows an improved photocatalytic
property than the bare Bi2SiO5 (Chai et al. 2019, Wang et al. 2018). Bismuth-based oxide photocatalysts
have been considered as an outstanding candidate for the visible light driven photocatalysts due to their
excellent optical response over a wide spectral range (Jia et al. 2021, Li et al. 2019, Lu et al. 2018a, Yu et
al. 2020). Compared with other Bi-based photocatalysts, bismuth oxide (Bi2O3) has been proved to be an
ideal photocatalyst with a narrow band gap and matching band potentials to form the heterojunction
with Bi2SiO5 (Hezam et al. 2018, Xie et al. 2020). Bi2O3 has four kinds of crystal forms including
monoclinic α, tetragonal β, body-centered cubic γ and face-centered cubic δ (Hao et al. 2017). Thereinto,
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α-Bi2O3 is n-type semiconductor photocatalyst with a bandgap of 2.8 eV, while β-Bi2O3 is p-type
semiconductor photocatalyst with a bandgap of 2.4 eV, which can be acted as a good candidate for
visible light induced photocatalyst (Hu et al. 2015, Qiu et al. 2011, Sang et al. 2020). Therefore, it could be
anticipated that the photocatalytic performance of Bi2SiO5 can be notably enhanced by the construction
of Bi2O3/Bi2SiO5 heterojunctions. Speci�cally, the p-n heterojunction formed among p-type β-Bi2O3 and n-
type Bi2SiO5 can facilitate the separation of photo-induced carriers in the complex photocatalyst owing to
its inner electric �eld.

At present, Bi2O3/Bi2SiO5 heterojunctions have been prepared by several e�cient strategies. For instance,
Lu et al. exhibited a one-step calcination method for the fabrication of Bi2O3/Bi2SiO5 p-n heterojunction
employing Bi(NO)3 and nano-SiO2 as the precursors (Lu et al. 2018b). Zhang et al. constructed
Bi2O3/Bi2SiO5 nanoheterostructure by using mesoporous SiO2 microspheres (Zhang et al. 2013a). Cheng
et al. exhibited the preparation and photocatalytic performance of Bi2SiO5-Bi2O3 hybrid loaded sepiolite
photocatalysts by a chemical precipitation method (Cheng et al. 2018). Dou et al reported that 3D
microsphere-like Bi2O3/Bi2SiO5 microsphere heterojunctions with rich oxygen vacancies were obtained
via a facile one-pot solvothermal approach (Dou et al. 2020). The above results con�rmed the superiority
of heterojunctions in the photoactivity improvement of Bi2O3/Bi2SiO5. However, Bi2O3 is easy to be
agglomerated, which makes the grain size of Bi2O3 too large for the interfacial reaction, thus greatly
limits the photo-deduced carrier separation e�ciency and photocatalytic properties of Bi2O3. Moreover,
the above-mentioned preparation methods are tedious using costly raw materials. Therefore, it is urgently
to search a facile and cost-effective approach to construct Bi2O3/Bi2SiO5 heterojunctions.

Due to the abundant, cheap, non-toxic and environmentally friendly features with an industrial name of
montmorillonite, bentonite is a hydrophilic materialand often applied as a substrate to deposit the
photocatalysts(Abbasi et al. 2020, Wang et al. 2020, Zhang et al. 2013b). The montmorillonite consists of
2:1 piled layer of two silicon oxide tetrahedrons with a sandwiched alumina octahedron between them
(Perez et al. 2020). The isomorphous substitution of Al3+ by Si4+ in the tetrahedral layer and Mg2+ or Zn
2+ by Al3+ inside the octahedral layer causes in the negative chargeon bentonite surface (Ma et al.
2016b). As compared with other clays, montmorillonite has an outstanding adsorption performance and
su�cient adsorption/ exchange sites between the layers, on the outer surface and edges(Ma et al.
2016a). Due to these advantages, bentonite has been broadly employed in the wastewater puri�cation. In
addition, many previous studies have con�rmed that bentonite can be served as an excellent substrate
for the synthesis of high-performance photocatalysts, for instance, ZnO/bentonite (Selvakumar et al.
2019), BiFeO3-Bi2Fe4O9/bentonite (Wei et al. 2020), MoS2/bentonite (Peng et al. 2016),TiO2/bentonite(E
et al. 2021) etc. These studies have shown that the photocatalysts can be uniformly dispersed in the
solution after being combined with bentonite to produce distinct reaction sites. However, photocatalyst
embedded into the interlayer of bentonite is not favorable for the photons absorption, thereby affecting
the improvement of its photocatalytic activity. Ma et al. used NaF to exfoliate the bentonite, exposing the
interlayer of bentonite to the outside, thereby improving the photocatalytic activity (Ma et al. 2016b).
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However, all of the aforementioned studies only used bentonite as a substrate by simple compounding
without actually utilizing the elements inside the bentonite (E et al. 2021, Tran et al. 2019). Although
some researchers have extracted SiO2 from bentonite by strong acid and high temperature treatment as
the catalytic material, the use of strong acid and high temperature treatment will consume a lot of energy
and pollute the environment, which is not the best choice (Wang et al. 2019).

In this work, we used Bi(NO3)2 and exfoliated bentonite (EB) as the precursors to synthesize
Bi2O3/Bi2SiO5 heterojunctions by one-step calcination. Interestingly, by adjustment the reaction
conditions, bentonite not only served as the substrate, but also reasonably used its internal Si elements to
assist the in-situ formation of Bi2O3/Bi2SiO5 p-n heterojunction in the bentonite interlayer. Compared with
α-Bi2O3, the Bi2O3/Bi2SiO5 heterojunction photocatalyst not only solves the agglomeration problem of
Bi2O3, but also forms β-Bi2O3 and legitimately creates a p-n heterojunction with Bi2SiO5, thus exhibiting a
good photocatalytic activity for RhB. Meanwhile, the environment friendly raw material in this research is
easy to be obtained and the preparation method is simple with low energy consumption, which is
expected to the mass production and application in industry.

Experimental
Raw materials

All the chemical reagents used in this study were of analytical grade and used without any further
puri�cation. Bentonite clay, Bi(NO)3·5H2O and NaF were purchased from Aladdin company.

Preparation of Bi2SiO5-Bi2O3-exfoliated bentonite (Bi2SiO5/Bi2O3/EB) photocatalysts

The liquid phase exfoliation approach was used to exfoliate the bentonite. In detail, 20 g bentonite clays
were dispersed into 0.2 L puri�ed water including 1g NaF and treated by ultrasonic processing for 7 days.
After that, the blended solution was treated with centrifugation at 9000 rpm for 5 min and rinsed several
times with deionized water. The gray solids obtained by the centrifugation were named as exfoliated
bentonite (EB), which was used in all the experiments.

Bi(NO3)3 powder was obtained by treating Bi(NO3)3·5H2O at 70 ℃ for 12 h in a vacuum drying cabinet.
After that, Bi(NO3)3 powder with different masses was added into the quartz agate mortar, then 0.5 g EB
was added. After being mixed for 20 min, the mixture was transferred into a crucible at air atmosphere
and heated at 600 ℃ for 3 h with a ramp of 2 ℃/min in a mu�e furnace. After cooling down to room
temperature, the obtained lemon products were Bi2SiO5/Bi2O3/EB. The products with different Bi(NO3)3

of 1 g, 3 g, 5 g and 7 g were named as BiSiB-1, BiSiB-3, BiSiB-5 and BiSiB-7, respectively. The BiSiB-3
samples were calcined at different temperatures of 500 ℃, 600 ℃, 700 ℃, and were marked as BiSiB-
500 ℃, BiSiB-600 ℃ and BiSiB-700 ℃, respectively. The schematic illustration for the preparation
process was showed in scheme 1. Pure α-Bi2O3 was obtained by the same method without the addition
of EB.
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Characterization

The crystal structure was investigated by X-ray diffraction (XRD) (D8-FOCUS, BrukerAXS, Panalytical)
using Cu Kα radiation. XPS spectra and chemical status were measured by VG Scienti�c ESCALAB Mark
II spectrometer (Thermo ESCALAB 250XI). The morphology and composition of the as-synthesized
samples were analyzed by scanning electronic microscopy (SEM, SU8010, Japan) and transmission
electron microscope (TEM, TF20, JEOL 200F). N2 adsorption/desorption of the as-prepared samples was
analyzed using a Micromeritics ASAP2460 surface area analyzer. The optical absorbance spectra
analysis was conducted by UV-vis diffuse re�ectance spectrometer (Lambda35, Perkin Elemer).

Electrochemical workstation (Chenhua, CHI 660E, Na2SO4 as electrolyte) was used to detect the
electrochemical impedance spectra (EIS) and photocurrent experiments. Ag/AgCl electrode was
employed as the reference electrode, Pt wire was used as the counter electrode, and the as-prepared
catalyst loaded on FTO were used as the working electrode. The working electrode was prepared as
follows: 5 mg catalyst was placed into a blended solution of 10 µL Na�on solution (5wt%) and 0.3 mL
anhydrous alcohol to form a uniform slurry under constant ultrasonic processing. After that, the 30 µL
slurry was uniformly coated onto FTO glass with an area of approximately 1 cm2 and then dried under a
natural condition. The EIS Nyquist plots tests were conducted from 0.01 to 100000 Hz under open circuit
potential conditions.

Photocatalytic activity test

The photodegradation of organic pollutant (RhB) under simulated solar light irradiation was carried out to
evaluate the performance of photocatalysts. The light was provided by a 300 W Xeon-lamp. In all the
tests, the photocatalyst sample (0.2 g) was dispersed into 100 mL RhB aqueous solution (20 mg/L) for
the photocatalytic activity testing. Before the lighting irradiation, the solution was stirred in dark condition
for 60 min to reach an adsorption/desorption equilibrium. Afterward, 3 mL aliquot was taken out and
�ltered at a regular interval. To determine the corresponding RhB concentration, the maximum absorption
wavelength (554 nm) were measured by using the optical characteristic absorption (DH-mini Ocean
Optics).

Active species trapping experiments

Disodium ethylenediaminetetraacetate (EDTA), tertiary butyl alcohol, and the ascorbic acid was added
into the RhB solution to investigate the main active species, such as remove holes (h+), hydroxyl radical
(·OH), and superoxide radical (·O2

−), respectively (Liu et al. 2019, Xi et al. 2019). The amount of these
capture agents was 1 mmol, and the other experimental conditions were consistent with the
photocatalytic activity testing.

Results And Discussion
Structure and composition analysis
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The crystal information of α-Bi2O3, exfoliated bentonite and Bi2SiO5/Bi2O3/EB photocatalysts was
described by using X-ray diffraction (XRD). The results were displayed in Fig. 1. As shown in Fig. 1a, the
characteristic diffraction peak for EB sample at 2θ = 8.20° corresponds to (001) crystal plane (Ma et al.
2016a). For the α-Bi2O3, the three distinct peaks with 2θ of 27.37°, 33.31° and 46.42° are referred to the
(-121), (-202) and (041) planes of α-Bi2O3 (JSPDS: 71–0465), respectively. For BiSi-3 sample, the two
diffraction peaks 2θ = 27.98° and 32.81° are correlated with the (201) and (220) planes of β-Bi2O3

(JCPDS:77-5341), separately, which indicates that Bi2O3 mainly exists in the form of β-Bi2O3 phase (Lu et
al. 2018b). Meanwhile, the other three intense diffraction peaks with 2θ of 11.26°, 23.92° and 29.31° are
corresponded to the (200), (310) and (311) planes of Bi2SiO5 (JCPDS: 36–0287), separately. As shown in
Fig. 1d and S1, when the calcination temperature was 500 ℃, the diffraction peaks of α-Bi2O3 and β-
Bi2O3 were simultaneously present, while the diffraction peak of α-Bi2O3 disappears, but β-Bi2O3

diffraction peak still exists when the temperature is raised to 600 ℃ and 700 ℃, which means that Bi2O3

mainly exists in the crystal form of β- Bi2O3 phase at the calcination temperature of 600 ℃ and 700 ℃.

The morphology and structure of the as-prepared photocatalyst as determined by scanning electron
microscopy (SEM). As shown in Fig. 2a, the EB has a sheet structure with a thickness of about 1 µm. SEM
image of α-Bi2O3 (Fig. 2b) demonstrates that pure α-Bi2O3 shows an agglomerated bulk structure.
However, after the formation of heterojunction, BiSiB-3 andBiSiB-7 samples exhibit a �u�er scattered
structure compared with pure α-Bi2O3, which is bene�cial for the photocatalytic activity (Fig. 2c, 2d). Due
to the fact that Bi2O3/Bi2SiO5 heterojunction was in-situ generated on EB, the sheet structure could also
be observed (Fig. 2c). Fig. 3 shows the detailed microstructure of the typical heterojunction by TEM and
HRTEM. It is obviously observed that the �uffy scattered structure of Bi2O3/Bi2SiO5 heterojunction is
formed. As shown from the lattice spacing of BiSiB-3 in Fig. 3d, a distinct lattice fringes of 0.227 nm
corresponds to the (202) plane of Bi2O3, andthe interplanar spacing of 0.381 nm can be indexed to the
(400) plane of Bi2SiO5. Fig. 3f-i and Fig. S2 showed the element distribution of BiSiB-3 sample. The
results indicate that the O, Si and Bi elements in the samples are evenly distributed, and their atomic
ratios are 59.56%, 9.43% and 28.81%, respectively, which further expounds the as-prepared sample is
homogeneous.

The detailed surface chemical composition and chemical state of EB, α-Bi2O3 and BiSiB-3 samples were
studied by X-ray photoelectron spectroscopy. Figure 4a showed the survey spectrum of the EB, α-Bi2O3

and BiSiB-3 samples. The peaks of O, Al, and Si in EB, as well as the peak of Bi and O in α-Bi2O3 were
detected. The peaks of O, Al, Si and Bi were observed from the surface of BiSiB-3, while the element of Si
was undetected in α-Bi2O3. In Fig. 4b, the two intensive peaks of 159.1 eV and 164.4 eV were correlated

with the orbitals 4f7/2 and 4f5/2 of Bi3+ in α-Bi2O3, separately (Wang et al. 2017). In addition, compared
with α-Bi2O3, the binding energy of these two peaks in BiSiB-3 decreased by 0.2 eV, which might
be caused by the tight binding between Bi2SiO5 and β-Bi2O3, resulting in the change of chemical state
around Bi (Xie et al. 2018). As shown in Fig. 4c, the binding energy of Si 2p was 102.7 eV, which indicates
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that the valence state of Si in the sample is +4. Two distinct peaks of O 1s in α-Bi2O3 were located at

528.8 eV and 530.9 eV, which corresponded to O2- in α-Bi2O3 (Fig. 4d)(Zhang et al. 2017). For the BiSiB-3
sample, the peak at 530.1 eV in the O 1s energy spectrum was corresponded to Bi-O in Bi2SiO5 and
Bi2O3(Di et al. 2016, Hu et al. 2015). Another stronger peak at 532.2 eV was attribute to the adsorbed
surface oxygen, which increased by 1.3 eV compared with α-Bi2O3(Song et al. 2018, Yan et al. 2016).
BiSiB-3 has lager speci�c surface, thus the surface of Bi2SiO5 can adsorb a large amount of O2.

Figure 5 exhibits the results of N2 adsorption-desorption analysis of α-Bi2O3 and BiSiB-3 samples. As can

be seen from Fig. 5, the speci�c surface area of α-Bi2O3 and BiSiB-3 is 1.74 m2g− 1 and 14.72 m2g− 1,
respectively. Obviously, the speci�c surface area of BiSiB-3 was larger than of α-Bi2O3, which was 8.5
times higher than that of α-Bi2O3. The increase of speci�c area, attributing to the in-situ formation of
Bi2O3/Bi2SiO5 heterojunction on the bentonite surface, not only improves the adsorption capacity of the
catalyst for pollutants, but also allows more O2 to be adsorbed on its surface, which can produce more

O2− with intense oxidizing properties under light irradiation, thus improving the photocatalytic
degradation reaction.

3.2. Optical and photoelectrical performance

To investigate the optical properties and energy band structure of the photocatalysts, UV-Vis
spectroscopy and the Kubelka-Munk equation were used (Wang et al. 2013). As shown in Fig. 6a and 6b,
the absorption edge of α-Bi2O3 was 454 nm, and its corresponding bandgap was 2.74 eV. Other samples
with EB exhibited two absorption edges at 390 nm and 575 nm, respectively, where the absorption edge at
575 nm was corresponded to the bandgap of 2.15 eV for β-Bi2O3, and the absorption edge at 390 nm was
assigned to the bandgap of 2.96 eV for β-Bi2O3/Bi2SiO5 heterojunction. The absorption edge of bare
Bi2SiO5 was 360 nm and the associated bandgap was 3.58 eV. The absorption band edges of β-
Bi2O3/Bi2SiO5 heterojunction were all situated between Bi2SiO5 and β-Bi2O3, which indicated that the β-
Bi2O3/Bi2SiO5 heterojunction could broaden the spectral responsive range compared to bare Bi2SiO5.

Electrochemical impedance spectroscopy (EIS) and photocurrent response were used to characterize the
separation and transfer e�ciency of photogenerated electro-hole pairs. As we can see from Fig. 7a,
Bi2SiO5/Bi2O3/EB sample exhibits a higher photocurrent than bare α-Bi2O3, which means that
Bi2SiO5/Bi2O3/EB has a batter photocarrier separation e�ciency. As can be seen from Fig. 7b, the arc of
Bi2SiO5/Bi2O3/EB is smaller than that of α-Bi2O3, which indicates that Bi2SiO5/Bi2O3/EB has a smaller
resistance than α-Bi2O3. These results indicate that the β-Bi2O3/Bi2SiO5 heterojunction formed by the
combination of Bi2O3 and EB can increase the photocarrier transfer and separation speed, reduce the
resistance, thus enhance its photocatalytic performance.

3.3 Photocatalytic performance of Bi2SiO5/Bi2O3/EB composites
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The photocatalytic activities of exfoliated bentonite, α-Bi2O3 and Bi2SiO5/Bi2O3/EB were investigated by

degrading RhB (20 mgL− 1) under simulated solar light irradiation. Fig. S3 shows the RhB degradation
dynamic curve of BiSiB-3 at different temperatures. It can be seen that the sample with the calcination
temperature of 600 ℃ has the best photocatalytic performance. Figure 8a shows the RhB degradation
dynamic curves over different photocatalysts. Pure α-Bi2O3 exhibited extremely poor adsorption
performance, but the Bi2SiO5/Bi2O3/EB composites exhibited better adsorption performance after being
compounded with exfoliated bentonite. After stirring for 60 min in the dark, the adsorption rate of SiBiB-1
and SiBiB-3 reached 78.94% and 17.61%, separately. Under simulated solar light irradiation, the pure α-
Bi2O3 exhibits almost no photocatalytic activity over RhB. However, when it is combined with exfoliated
bentonite, it forms a Bi2O3/Bi2SiO5 heterojunction and exhibits strong degradation performance for RhB.

Among the as-prepared photocatalysts, BiSiB-3 sample shows the optimum photocatalytic activity with a
removal e�ciency of 96.89%. And the decomposition e�ciency for the RhB is 0.0148 min-1, which is 49
folds than that of α-Bi2O3 (Fig. 8d). Furthermore, as shown in Fig. 6c, the decolourization proportion is
about 94.92%, 68.35% and 61.61% for the BiSiB-1, BiSiB-5 and BiSiB-7 samples after the irradiation of
180 min, respectively. The results indicated that the combination Bi2O3/Bi2SiO5 heterojunction not only
increases the speci�c surface area to enhance the adsorption capacity, but also improves the separation
e�ciency of the photogenerated carriers, thereby improving the photocatalytic property.

To further investigate the photocatalytic performance, the reaction kinetics of RhB removal were studied.
The kinetic rate constant value were calculated by the pseudo-�rst-order model (-ln(Ct/C0) = kt) (Xu et al.
2011). C0 and Ct are the original and instantaneous concentration of RhB, respectively, k is a kinetic

constant. As shown in Fig. 8b and 8d, the kinetic constants of BiSiB-1 (k = 0.0083 min− 1), BiSiB-3 (k = 
0.0148 min− 1), BiSiB-5 (k = 0.006 min− 1) and BiSiB-7 (k = 0.0043 min− 1) for RhB are 27.6 times, 49.3
times, 20 times and 14.3 times higher than bare α-Bi2O3 (k = 0.0003 min− 1), respectively. It could be
considered that the Bi2O3/Bi2SiO5 heterojunction could obviously improve the photocatalytic property
compared with α-Bi2O3. Moreover, the decomposition kinetic constant of BiSiB-3 to RhB is 1.8, 2.5 and 3.4
times than that of BiSiB-1, BiSiB-5 and BiSiB-7 samples, which indicated that BiSiB-3 sample
demonstrated the maximum photocatalytic performance toward the RhB degradation.

To investigate the stability and reusability of Bi2SiO5/Bi2O3/EB sample, the recycling experiments were
performed. In this procedure, all the parameters remained the same. As represented in Fig. 9a, the
photocatalytic e�ciency of BiSiB-3 still achieved 91.0% after four cycles. Moreover, Fig. S4 showed the
SEM image of BiSiB-3 after the removal of RhB. The morphology and the sample size did not change
obviously. Additionally, after the four times photocatalytic tests, the XRD patterns of BiSiB-3 (Fig. 9d) also
had no change. All the above-mentioned results indicated that the as-prepared sample had a good
stability.

The capture experiments of the active species were used to prove the photocatalytic degradation of the
main active species in RhB. Tert-butanol, ascorbic acid and disodium ethylenediaminetetraacetate (EDTA-
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2Na) were used as the sacri�cial agents of hydroxyl radical (·OH), superoxide radical (·O2
−) and hole (h+)

in the photodegradation process of RhB, respectively. As shown in Fig. 9b and 9c, when tert-butanol,
ascorbic acid and EDTA-2Na were added to the photocatalytic degradation system, the RhB degradation
rate dropped from 79.29–73.30%, 37.25% and 5.05%, respectively. The results demonstrated that h+ and
·O2

− were the principal active species for the photocatalytic degradation of RhB system.

In brief, the improvement of photocatalytic performance is primarily owed to the following four aspects.
First, Bi2SiO5/Bi2O3/EB has a higher speci�c surface area than bare α-Bi2O3 and has a stronger
adsorption for RhB. Thus, the active species produced by light irradiation are more likely to oxidize the
contaminants adsorbed on the catalyst surface. Second, the exfoliated bentonite was added to the
reactants, and as a result, not only Bi2SiO5 but also β-Bi2O3 was in-situ formed at the same time. Due to
the lager light response range of β-Bi2O3, the utilization of light was improved. Third, Bi2SiO5 is a
canonical n-type semiconductor and β-Bi2O3 is a p-type semiconductor. Therefore, Bi2SiO5 and β-Bi2O3

can construct a p-n heterogeneous junction, which can effectively separate the electrons and holes, and
inhibit the recombination of photon-generated carriers, thereby increasing the photocatalytic e�ciency.
Furthermore, the negative charge electrostatic interaction on the surface of EB can accelerate the
separation of electrons and holes and inhibit the recombination of electron-hole pairs.

According to the above discussion, a possible mechanism of the RhB photodegradation by
Bi2SiO5/Bi2O3/EB photocatalysts was proposed. As shown in Fig S5, according to the equation: ENHE =

EAg/AgCl + EθAg/AgCl (0.1976V) and EVB = ECB + Eg, the valence band positions of α-Bi2O3, β-Bi2O3 and
Bi2SiO5 are estimated to be 3.07 eV, 2.62 eV and 3.52 eV, respectively. The conduction band positions of
α-Bi2O3, β-Bi2O3 and Bi2SiO5 are estimated to be 0.33 eV, 0.27 eV and − 0.06 eV, respectively (He et al.
2015, Hu et al. 2015, Lu et al. 2018b, Wu et al. 2013). The band edges of β-Bi2O3 and Bi2SiO5 exhibit a
typical embedded structure, which may be unfavorable for the transport of photogenerated electrons and
holes. However, when the n-type Bi2SiO5 and p-type β-Bi2O3 was mutually contacted, a p-n heterogenous
junction can be constituted on the interface of Bi2SiO5 and β-Bi2O3 (Han et al. 2015, Sun et al. 2017). In
addition, when Bi2SiO5 and β-Bi2O3 are in contact with each other, the photogenerated carriers on the
interface of the two semiconductors are redistributed to reach an equilibrium of Fermi energy (Eƒ), and
Fermi levels of the two semiconductors eventually converge to be uniform (Huang et al. 2015, Huang et
al. 2016, Tong et al. 2012). Therefore, an internal electric �eld can be established in the Bi2SiO5 and β-
Bi2O3 composite, and the positive and negative charges can be accumulated on Bi2SiO5 and β-Bi2O3,
separately. Simultaneously, the position of conduction band and valence band has been altered at Fermi
level. As Fermi level is uniform, the band position of Bi2SiO5 moves to the positive position, while β-Bi2O3

moves to the negative position. Thus, under the solar light irradiation, the electrons on the β-Bi2O3

conduct band can be easily transferred to the CB of Bi2SiO5, and react with O2 to produce ·O2
−. ·O2

− is an

active species with strong oxidizing ability and can react with RhB. Conversely, h+ on the Bi2SiO5 valence
band can be easily transferred to the VB of β-Bi2O3, and then directly reacted with RhB, which allows the
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electrons and holes to separate more e�ciently and reduce carrier recombination, thus enhancing the
photocatalytic e�ciency.

Conclusions
In summary, Bi2O3/Bi2SiO5 p-n heterojunction was successfully in-situ synthesized on the exfoliated
bentonite via a novel one-pot method. The as-prepared Bi2O3/Bi2SiO5/EB sample shows an outstanding
photocatalytic performance and good stability in the RhB degradation under simulated sunlight
irradiation, exhibiting a maximum removal e�ciency of 96.89%, which is 49 times higher than that of
bare α-Bi2O3. The increased photocatalytic performance can be contributed to the lager speci�c surface
area, stronger adsorption capacity, creation of β-Bi2O3 and fabrication of β-Bi2O3/Bi2SiO5 heterojunction.
This study presented a principal route to fabricate the e�cient bismuth-based photocatalysts for the
environmental puri�cation.
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Figure 1

XRD patterns of EB, α-Bi2O3, BiSiB-3 (a-c) and BiSiB-3 at different calcination temperatures (d).
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Figure 2

SEM images for the as-synthesized photocatalyst: EB (a), α-Bi2O3 (b), BiSiB-3 (c) and BiSiB-7(d).
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Figure 3

TEM and HRTEM images of BiSiB-3 (a, b, c, d); HAADF image of BiSiB-3 (e) and corresponding elemental
mapping of O (f), Bi (g), Si (h), Al (I).
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Figure 4

XPS spectra of the sample EB, α-Bi2O3 and BiSiB-3: survey spectra of EB, α-Bi2O3 and BiSiB-3 (a), Bi 4f
(b), Si 2p (c) and O 1s (d). elemental mapping of O (f), Bi (g), Si (h), Al (I).
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Figure 5

N2 Sorption pro�les of α-Bi2O3 and BiSiB-3, the illustrations are the speci�c surface areas of α-Bi2O3 and
BiSiB-3.
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Figure 6

UV-vis diffuse re�ectance spectra (a), estimated band energy spectra (b).

Figure 7

Photocurrent responses (a) and EIS Nyquist plots for the as-prepared samples (b).
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Figure 8

Comparison of the photocatalytic performance toward degrading RhB solution (a), pseudo-�rst-order
kinetics curves over different samples (b), removal e�ciency of RhB (c), contrast of the apparent rate
constants of α-Bi2O3 and Bi2SiO5/Bi2O3/EB for the degradation of RhB (d).
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Figure 9

Reusability experiments toward the degradation of RhB solution over BiSiB-3 (a), effects of different
scavengers on the degradation of RhB in the presence of BiSiB-3 sample (b), trapping experiments of
photocatalytic reactions of RhB on BiSiB-3 (c), XRD of BiSiB-3 after the four photocatalytic cycles (d). of
α-Bi2O3 and Bi2SiO5/Bi2O3/EB for the degradation of RhB (d).
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