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Abstract The p-n heterojunction Bi,0,/TiO, cata-
lysts with different mass ratios of Bi,O; were pre-
pared by the sol-gel method. Under simulated solar
irradiation, the photocatalytic degradation effects of
Bi,0;, TiO,, and p-n heterojunction Bi,05/TiO, on
acid red 18 (AR18) were evaluated. The characteriza-
tions show that the diffraction peaks were all anatase
phase and Bi,O; was evenly distributed on the surface
of TiO,. With the increase of Bi,O; content, the band
gap of the composites gradually decreased. When
the dosage of catalyst (Bi,O; mass ratio was 10%)
was 0.5 g/L and the initial concentration of dye was
50 mg/L, the photocatalytic experiment was carried
out under a xenon lamp (500 W), the p-n heterojunc-
tion formed by Bi,O; and TiO, improved the perfor-
mance of the photocatalyst and showed good catalytic
performance under acidic conditions. Compared with
TiO, and Bi,0;, when the mass ratio of Bi,0; was
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10%, the photocatalytic degradation performance of
the material was the best, and the degradation rate of
ARI18 could reach 99.76% after 210 min illumination.

Keywords Bi,0;/TiO, - Sol-gel method -
Photochemical catalysis - p-n heterojunction - AR18

1 Introduction

In recent years, environmental problems for instance
water pollution have drawn a lot of attention. Azo
dyes (such as acid ed 18, reactive black 5, direct yel-
low 27, etc.) are those containing azo (—N=N-)
groups that can lead to low biodegradability, and
therefore, many risks are posed to ecosystems and
human health (Luo et al., 2022a, 2022b, 2022c,
2022d). Therefore, how to remove organic dyes
before they are discharged into the water environ-
ment is extremely significant for water treatment. Tra-
ditional water treatment methods cannot effectively
degrade these persistent organic pollutants (POPs) in
wastewater (Mejia-Morales et al., 2020; Mishra et al.,
2022). Photocatalytic degradation technology has
great potential as a promising environmental purifi-
cation method to solve the problem of dye pollution
in the water environment (Luo et al., 2022a, 2022b,
2022c, 2022d).

N-type semiconductor material TiO, dominated by
electronic conductivity has become the most widely
used photocatalyst, because of its low cost, stability,
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low toxicity, and environmental friendliness (Ge et al.,
2021; Khalid et al., 2017). Nevertheless, the practical
application of TiO, in wastewater treatment mainly
has the following problems: (1) photogenerated elec-
tron-hole pairs are easy to recombine, resulting in
reducing photocatalytic performance (Réileanu et al.,
2013); (2) TiO, particles are easy to agglomerate dur-
ing the photodegradation process, which hinders the
light absorption and reduces the photocatalytic per-
formance (Cervantes-Aviles et al., 2017); and (3) the
wide band gap (> 3.2 eV) of TiO, results in its low uti-
lization of sunlight, hindering the application of TiO,
in practical photodegradation (Arutanti et al., 2022).
The construction of heterojunction is an effective
method to solve the above problems (Low et al., 2017;
Taddesse et al., 2020; Wu et al., 2022). P-type semi-
conductor Bi,O; with hole-conductivity as the main
component has good photosensitivity. In addition, dur-
ing the calcination process, Bi*" easily combines with
O, to form Bi,0; (Ren et al., 2015). Therefore, p-type
semiconductor Bi,O; and n-type semiconductor TiO,
are selected to construct heterojunction, which is help-
ful for the effective separation of photogenerated car-
riers and the improvement of photocatalytic activity
(Meda et al., 2022; You et al., 2021).

In this paper, composites with different mass ratios
of Bi,0; were prepared by the sol-gel method, and
the effect of Bi,O; content on the final catalytic per-
formance of the materials was discussed. Bi,0O; is
uniformly distributed on bulk TiO, to provide high-
density active sites. The p-n heterojunction Bi,O5/
TiO, ensures the separation of electrons of Bi,O;
and holes of TiO, and has a strong redox ability. To
evaluate the photocatalytic degradation activity of
p-n Bi,O5/TiO,, the degradation effect of AR18 was
observed under full-spectrum light.

2 Experiment
2.1 Material Preparation

The reagents bismuth nitrate pentahydrate (Bi
(NO3);'5 H,0), nitric acid (HNO;), acetic acid
(CH;COOR), tetrabutyl titanate (C;;H;,0,T1), etha-
nol (C,HsOH), acid red 18 (AR18), ammonia water,
and pure TiO, for anatase purchased in Macklin are
analytically pure.
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A 5-mmol Bi (NO;);-5H,0 was dissolved in dilute
nitric acid solution. At room temperature, 32 mL
ammonia water was added to bismuth nitrate pen-
tahydrate solution by drop (Cheng & Kang, 2014).
The generated suspension was treated with ultrasound
to reduce agglomeration, and Bi,O; powder was
obtained by filtration drying and calcination at 550 °C.

A certain amount of bismuth nitrate pentahydrate
was dissolved in nitric acid solution to obtain liquid
B. Twenty milliliters of tetrabutyl titanate and 20-mL
anhydrous ethanol were mixed, and 6-mL glacial ace-
tic acid was added and stirred for 30 min to obtain
liquid A (Xiang et al., 2021). The sol was formed by
slowly dropping liquid B into liquid A, and the wet
gel was obtained after aging at room temperature for
24 h. After drying at 80 ‘C, the wet gel was ground
to 0.075 mm, and the composite Bi,O,/TiO, was
obtained after calcination at 450 ‘C for 1 h (Vigil-
Castillo et al., 2019). TB05, TB10, TB20, and TB30
will contain 5 wt %, 10 wt %, 20 wt %, and 30 wt %
Bi,0;.

2.2 Characterization of Materials

X-ray diffractometer (XRD, Rigaku Smart Lab SE,
Japan) was used to test at the scanning rate of 2 “C/
min under Cu-Ko radiation, 40 kV, and 40 maA.
Raman spectra of materials were recorded using a
Raman microscope (Renishaw in Via, England) with
a laser diode (780 nm) as source of radiation. The
surface morphology of the catalyst was analyzed by
scanning electron microscopy (SEM, ZEISS Sigma
300, Germany), and the elemental composition of
the material was recorded by energy-dispersive X-ray
spectrometer (EDS, Hitachi Ltd., Japan). The materi-
als’ diffuse reflectance spectra (UV—-vis DRS) in the
wavelength range of 200-800 nm was measured on
the UV-3600i Plus spectrophotometer (Shimadzu,
Japan) to analyze the light absorption characteris-
tics of the material. The absorbance of acid red 18
wastewater was measured by UV spectrophotometer
(UV-Vis, TU-1901, China). Electron paramagnetic
resonance (EPR) was performed on ESR spectrom-
eter (Bruker EMX PLUS, Germany) with a modula-
tion frequency of 100 kHz. Zeta potential data was
measured with a 90Plus PALS high sensitivity zeta
potential and particle size analyze (DelsaNanoC,
USA).
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2.3 Adsorption Study

The composite (0.05 g) was placed in the AR18 solu-
tion (100 mL, 50 mg/L) and stirred in a dark box for
30 min. Five milliliters of the solution was sampled
every 5 min. Post-centrifugation, the absorbance of
the AR18 solution was measured at a wavelength of
508 nm. The amount of AR18 adsorbed by the com-
posite could be calculated by using Eqs. 2—1:
(C B Ct) 4
0 =" )
m

where ¢ is adsorption time (min), Q, is the amount of
adsorption at time 7 (mg/g), C is the initial concentra-
tion of the AR18 solution (mg/L), C, is the concentra-
tion of AR18 solution at time ¢ (mg/L), V is the initial
volume of the AR18 solution (L), and m is the weight
of the composite (g).

2.4 Photocatalytic Performance Test

A 500-W xenon lamp was used to simulate the sunlight,
and the target pollutant AR18 was irradiated and catalyt-
ically degraded. The photocatalytic properties of a series
of Bi,O,/TiO, composites with different mass ratios
were tested. The ambient temperature was maintained
by circulating cooling water, and the light source was
located 10 cm above the reaction vessel. The reaction
device is shown in Fig. 1. In the photocatalytic experi-
ment, a 50-mg catalyst was added into 100 mL ARI18
solution (50 mg/L) and stirred for 30 min in dark envi-
ronment to achieve adsorption equilibrium. After the
beginning of the light reaction, about 5-mL suspension

V/r' / '\\\D\/

Xenon lamp

10 cm

Fig. 1 Photocatalytic device schematic

was centrifuged every 30 min to remove the catalyst,

and the supernatant was measured by ultraviolet spec-

trophotometer at 508 nm. The degradation rate of AR18

was calculated according to the following Eq. 2-2.
_A-4, G -C

= = " % 100% ]
n N o X 100% (2-2)

where m is photocatalytic reaction time (min), A is
initial absorbance of solution (a. u), 4,, is the absorb-
ance of solution after photocatalytic reaction for time
m, (a. u), C, is initial solution concentration (m/L),
and C,, is the concentration of solution after photo-
catalytic reaction for time m (mg/L).

3 Result and Discussion

3.1 Morphology, Structure, and Optical Properties of
Catalysts

The crystal structure of the photocatalyst was tested
by XRD. From Fig. 2a, when the 20 values are
25.06°, 37.80°, 48.00°, 53.88°, 62.88°, 68.7°, and
75.02°, strong diffraction peaks appear, which are
all from 101, 004, 200, 105, 204, 116, and 215 crys-
tal planes of TiO, anatase phase (JCPPDS21-1272).
There were no diffraction peaks of Bi,O; in TB10,
TB20, and TB30. For TB10 and TB20, it was due
to the low content of Bi,O;, which did not meet
the detection limit of XRD. However, 30% con-
tent of Bi,O; could not be detected by XRD, and
this phenomenon could result from the amorphous
structure of Bi,O5; (Valencia et al., 2018). It is com-
mon that the Bi,O; crystal phase in Bi/Ti compos-
ites cannot be identified (Lou et al., 2021; Rongan
et al., 2020; Tang et al., 2021; Zhang et al., 2021a,
2021b). Bi,05 has four crystal phases: a, 5, y, and
0. According to the different synthesis methods,
Bi,0; was combined with TiO, with different crys-
tal phases. On the other hand, due to the differ-
ent ionic radius of Ti** (68 pm) and Bi** (96 pm),
Bi** cannot replace Ti** in TiO, lattice, nor can
it be incorporated into anatase lattice. Compared
with TiO, standard card, the positions of diffrac-
tion peaks of TB10, TB20, and TB30 had no obvi-
ous shift, which is also confirmed. With the gradual
increase of Bi,O5 content, the white of the material
gradually changed from pure TiO, to light yellow of
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Fig. 2 XRD of TB10, TB20, and TB30 samples (a). Raman spectra for TB05, TB10, TB20, and TB30 (b)

TBOS5, TB10, TB20, and TB30, which also confirms
the combination of TiO, and Bi,O;. The content of
bismuth in TBOS5, TB10, TB20, and TB30 tested by
the thiourea method was about 4.2%, 8.4%, 17.6%,
and 26.5%, respectively, accounting for more than
80% of the theoretical value.

The Raman spectra obtained of synthesized materi-
als are concordant with the results obtained by XRD. In
Fig. 2b, the Raman spectra shows signals attributed only
to anatase phase (143, 194, 394, 516, 637 cm‘l) were
observed (Vigil-Castillo et al., 2019). It can be found that
with the increase of Bi,O; content in the material, the
signal of anatase in the graph drifts to a smaller wave-
let number, and the peak was weak. This confirms Bi,O;
dispersion in TiO,, and it is concordant with the inhibi-
tion of growth of anatase crystallites (Yi et al., 2014).

The morphology and element distribution of
TBOS, TB10, TB20, and TB30 were observed by
SEM-EDS (Fig. 3). As shown in Fig. 3a—d, there
is no obvious agglomeration in the material. The
crystallite sizes of TB10, TB20, and TB30 are
9.5 nm, 8.0 nm, and 6.4 nm, respectively, estimated
by the Scherrer formula (Eq. 3-1). With the addi-
tion of Bi,O;, the grain size of the material gradu-
ally decreased (GOomez-Cerezo et al., 2014; Lak-
shmana Reddy et al., 2017; Malligavathy et al.,
2017; Vigil-Castillo et al., 2019). It can be seen
from Fig. 3¢ that bismuth was uniformly distributed
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on the surface of the material. The content of bis-
muth measured by EDS spot scanning (Fig. 3b) was
8.16%, which was slightly different from that meas-
ured by the thiourea method.

_ _Kr
" Bcos®

(3-D

where D is the grain diameter perpendicular to the
crystal plane, nm. K is Scherrer’s constant, gener-
ally K is 0.89. 4 is the wavelength of incident X-ray,
which is 0.15406 nm. f is the half-peak width of the
diffraction peak, rad. 0 is the Bragg diffraction angle,
degree.

The band gap energies of the prepared sam-
ples are shown in Fig. 4. The band gap energies
of TBOS5, TB10, TB20, and TB30 were 3.02, 2.98,
2.85, and 2.72 eV, respectively. With the increase
of Bi,O; content, the band gap of the material
gradually decreased and the optical absorption
range gradually increased. After adding Bi,0;, the
light absorption of the material was enhanced obvi-
ously and the spectrum was similar (the shoulder
typically of Bi,O; (Tang et al., 2021)). Meanwhile,
due to the strong coordination effect of p-n hetero-
junction, the band gap of the material was short-
ened from 3.02 to 2.72 eV. Compared with pure
TiO,, the composite photocatalyst was easier to
excite under visible light irradiation.
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Fig. 3 SEM-EDS of samples. SEM images of TB0S5, TB10, TB20, and TB30 (a—d). EDS mapping of TB10 sample (e Ti, f O, g Bi),

the inset shows atomic ratios for TB10

3.2 Adsorption Study

Figure 5 shows the effect of contact time on
the adsorption of AR18 by TiO,, TB05, TB10,
TB20, and TB30. The adsorption capacity of
TiO, to AR18 was extremely low, and the adsorp-
tion capacity of TBOS5, TB10, TB20, and TB30
to AR18 was 9 mg/g, 24 mg/g, 16 mg/g, and
11 mg/g, respectively. The addition of Bi,O;

further improved the adsorption capacity of TiO,.
Moreover, the adsorption rate was faster in the
first 5 min because the adsorption process was
at an early stage and there were more adsorption
sites. As the contact time increased, the repulsion
between the solute and bulk phase made it difficult
to occupy the remaining adsorption sites (Zhang
et al., 2021a, 2021b). Finally, adsorption equilib-
rium was reached at 20 min.
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Fig. 4 The band gap energies of TBOS5, TB10, TB20, and
TB30, the inset shows the UV-vis diffuse reflectance spectra
of TiO,, TBO5, TB10, TB20, and TB30
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Fig. 5 Adsorption curves of AR18 by TB05, TB10, TB20,
and TB30

3.3 Photocatalytic Performance Analysis

Figure 6A shows that when the dye concentration
was 50 mg/L and the catalyst dosage was 50 mg, the
degradation effect of different photocatalysts was on
AR18. After 210 min illumination, the degradation
rate of AR18 was 0 without any catalyst, indicating
that the self-degradation of AR18 could be ignored.
After 30-min dark adsorption, the ARI18 solution
concentration treated with TiO,, Bi,0;, TB05, TB10,

@ Springer

TB20, and TB30 decreased by 1.51%, 2.39%, 15.21%,
32.07%, 21.57%, and 17.60%, respectively. This indi-
cates that TiO, had poor adsorption capacity. In addi-
tion, the addition of Bi,O; improved the adsorption
capacity of the material (Vigil-Castillo et al., 2019).
In different mass of Bi,O; composite TiO, materials,
the TB10 adsorption effect was the best, indicating
that the appropriate amount of Bi,O; addition could
improve the adsorption properties of composite mate-
rials. Therefore, the composite of Bi,O5 under visible
light can improve the photocatalytic performance of
TiO,. Among the materials, TB10 showed the best
photocatalytic performance, and the degradation rate
of ARI8 could reach 99.76%. Due to the addition
of Bi,0;, the heterojunction was formed with TiO,,
and the separation of electrons and holes were pro-
moted by the spatial potential difference. At the same
time, the narrow optical response range, poor opti-
cal absorption ability, and low quantum efficiency
of TiO, were improved (Low et al., 2017; Tai et al.,
2022), and the degradation efficiency of AR18 was
improved. To further studying the photocatalytic
degradation process, the photocatalytic degradation
kinetics was studied. The pseudo-first-order dynamic
equation is shown in Eq. 3-2.

In(Cy/C,) = kt (3-2)

where k is the pseudo-first-order reaction rate con-
stant (min~'), ¢ is the light irradiation time (min),
C, is the concentration of AR18 solution following
dark adsorption (mg/L), and C, is the concentration
of ARI18 solution after light irradiation for time ¢
(mg/L).

Figure 6b shows the results obtained after fitting.
The degradation of AR18 by composites with differ-
ent mass ratios of Bi,O; accorded with the pseudo-
first-order kinetic equation. The degradation rate of
AR18 by Bi,O5 was relatively low. The p-n hetero-
junction formed between Bi,O; and TiO, improved
the removal rate of AR18. When the mass of Bi,O;
was 10%, the k value reached the maximum and TB10
showed the highest activity. Aggregation of excessive
Bi,0; resulted in a slight decrease in photocatalytic
activity of the material (Chang et al., 2017; Zou et al.,
2019). Compared with the degradation efficiency of
other reported bismuth titanium materials (Table 1),
TB10 prepared by the sol-gel method showed excel-
lent removal ability (99.76%) for AR18 (50 mg/L,
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Fig. 6 ARI8 photocatalytic degradation curve (a) fitting graph of the pseudo-first-order kinetic equation (b)
Table 1 Comparison of photocatalyst with other similar reported system
Sample Catalyst dosage  Pollutant concentration Irradiation time ~ Efficiency  Ref
BiOI/Bi/TiO, - RhB - 330 min 97.3% (Zhang et al., 2022)
TiO,/BisO;1 40 mg RhB 40 mL (10 mg/L) 120 min 90% (Mai et al., 2022)
Bi/Ti0,/W05-0.33H,0 10 mg RhB 40 mL (10 mg/L) 90 min 99.84% (Deng et al., 2020)
TiO,/BiVO 5mg MB 20 mL (5 mg/L) 300 min 96.23% (Soares et al., 2022)
Ti0,-WO;-Bi,0,/SiO, 10 mg RhB 10 mL (10 mg/L) 240 min 92% (Haghighi et al., 2022)
Bi,S,/BiVO,/TiO, - MO - 180 min 76.4% (Liu et al., 2021)
TB 10 50 mg ARI18 100 mL (50 mg/L) 240 min 99.76% This work
100 mL) through the synergistic effect of adsorption
and photocatalysis within 240 min, indicating it is a
promising environmental functional material. 1004 [ ]Light
90 4 I Dark adsorption
3.4 Analysis of affecting factors the photocatalytic s 0]
experiment § 70

£ 0]
3.4.1 Catalyst Dosage b

g 50
In order to discuss the influence of catalyst dosage Té’ 40 1
on the photocatalytic degradation of AR18 by TB10, g 30~
10, 30, 50, 80, and 100 mg, catalysts were added to = 20 4
100 mL AR18 solution (50 mg/L), respectively. The 104
results are shown in Fig. 7. With the increase of cata- o]
lyst dosage, the degradation rate of AR18 dye gradu- 0.1 03 0.5 0.8 1

ally increased. When the catalyst dosage was 0.01 g,
the amount of catalyst was less, and the hole h,,* and

highly active superoxide radical (eO,) generated in

Catalyst dosage (g/L)

Fig. 7 Effect of catalyst dosage on AR18 degradation
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unit time were less, so the degradation rate of dyes
was low (An et al., 2020). Dark adsorption increases
with the increase of dosage and the photodegradation
increased from 21.1 to 37.8%, then reached the maxi-
mum value (74.4%) and then gradually decreased to
5.4% with the increase of dosage. When the dosage
was 0.5 g/L, the photodegradation was the best, and
the value was 74.38%. Therefore, the optimal dosage
of catalyst is 0.5 g/L for 50 mg/L AR18 solution.

3.4.2 Initial Dye Concentration

To study the effect of initial dye concentration on the
photocatalytic degradation of AR18 by TB10, 50 mg
TB10 was added to 40, 50, 60, 70, and 80 mg/L
ARI18 solution (100 mL), respectively. The results are
shown in Fig. 8. With the increase of initial dye con-
centration, the degradation rate of AR18 decreased
gradually after the same treatment time. When the
initial dye concentration was 80 mg/L, the degrada-
tion rate of AR18 was only 34.75% after 210 min illu-
mination. While when the initial dye concentration
was 50 mg/L, the degradation rate was 98.6% and the
solution was colorless. At first, with the increase of
dye concentration, the AR18 solution obstructed light
irradiation on the catalyst, so the actual incident light
intensity on the catalyst surface decreased, resulting
in a corresponding decrease in the amount of €O,~ (Ji
et al., 2021). Secondly, when the AR18 dye concen-
tration was too high, the AR18 molecules collided
with each other in the reaction vessel (Xiang et al.,

] [ JLight

Dark adsorption
90

80
70
60

50

404

30

Removal rate of AR18 (%)

20

40 50 60 70 80
The concentration of AR18 (mg/L)

Fig. 8 Effect of initial dye concentration on AR18 degradation
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2022), a large number of photons were absorbed in
the AR18. As a result, the dye molecules adsorbed in
TB10 catalyst surface could not obtain enough pho-
ton energy. Finally, with the increase of dye concen-
tration, the number of intermediate products gener-
ated by the reaction also increased and competitive
adsorption occurred between intermediate products
(Mahendran & Gogate, 2021) and dyes that led to the
decrease of photocatalytic activity sites acting on dye
molecules and the decrease of dye degradation rate.
Hence, when the catalyst dosage is 0.5 g/L, the initial
dye concentration should not be higher than 50 mg/L.

3.4.3 Initial Solution pH

Figure 9A displays the effect of initial pH (2-12) of
dye solutions on AR18 (50 mg/L) photodegradation
in the presence of TB10 (0.5 g/L). Obviously, the
solution pH greatly affected the degradation effi-
ciency of AR18. When the initial pH of dye solution
decreased from 12, 9, 6.5, 5, to 2, the degradation
efficiency of AR18 changed from 36.99%, 48.63%,
98.73%, 98.15%, to 90.5% in 210 min. The point of
zero charge (PZC) of TB10 was estimated by the zeta
potential measurement, which was at about pH 3.1
(Fig. 9b). Thereby, the surface charge of the catalyst
is positive when pH < 3.1, and it becomes more nega-
tive with higher pH value when pH>3.1. In addition,
ARI18 is anionic dye (Parsa et al., 2014). When the
pH was reduced from 12 to 5, the electrostatic repul-
sion between AR18 and TB10 was weakened, thereby
increasing the photodegradation rate of AR18. How-
ever, when the solution pH is 2, part of ARI8 may
be protonated and positively charged. As a result,
photodegradation of AR18 decreased. The similar
result was observed in the photocatalytic degrada-
tion of direct red 16 dye using L-cysteine-TiO,/Bi,0;
(Karimzadeh & Bahrami, 2022).

3.4.4 The Stability and Recyclability Test

The reusability of TB10 was evaluated by cyclic
synergistic adsorption-photodegradation to remove
AR18, as shown in Fig. 10. The removal ratio of
AR18 was almost 100% for the first time. However,
the removal ratio decreased in the second time in
which 90% of AR18 was removed after 240 min. In
the third time of removal, only 79% of AR18 was
removed after 240 min. The reduction of activity may
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Fig. 10 The reusability of TB10

be related to the mass loss of catalyst during experi-
ments and the blockage of active sites by the adsorp-
tion of intermediaries in degradation or AR18 mol-
ecules (Luo et al., 2022a, 2022b, 2022c¢, 2022d).

3.5 Analysis of Degradation Mechanism

At first, p-benzoquinone (PBQ), potassium iodide (KI),
and tert-butyl alcohol (TBA) were used as the trapping
agents for superoxide radical (¢0,"), hole (h *), and
hydroxyl radical (eOH), respectively. The results are

shown in Fig. 11a. The degradation rate of AR18 after
adding TBA in the reaction system was 99.89%, indi-
cating that «OH was not the main active species. After
adding KI and PBQ, the degradation rate of AR18 was
significantly reduced 18.02% and 78.12%, respectively,
indicating that the main active species are h * and eO,".

To further verify the strength of the two free
radicals, ESR spectra were recorded using DMPO
and TEMOP as a spin trapping agent. The DMPO
¢, was not observed under dark conditions. The sig-
nal intensity of DMPO 0, increased when illumina-
tion was applied after 30 min of illumination, and the
DMPO 0, spin adduct has a characteristic quartet
of 1:1:1:1 intensity ratio (Fig. 11b) (Luo et al., 2022a,
2022b, 2022¢, 2022d; Zhao et al., 2020). In addition,
the weakening of the hole peak after illumination
(Fig. 11c). This was due to the holes generated and
reacted with TEMPO under light illumination, result-
ing in the weak of the peak intensity of TEMPO signal
(Luo et al., 2022a, 2022b, 2022¢, 2022d). Therefore,
ESR spectra further confirmed that €O, and h.* are
the dominant active oxidative species.

Based on these, the photodegradation mecha-
nism of AR18 degradation on TB10 was proposed.
As shown in Fig. 12, when p-type Bi,O; contacted
with TiO,, due to the potential difference, electrons
would transfer from n-type TiO, to p-type Bi,O;,
while holes would transfer from Bi,O; to TiO, until
the Fermi level balance of the system was completed
(Low et al., 2017; Rajendran et al., 2022; Tang et al.,
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Fig. 11 Scavenger experiments of TB10 (a). ESR spectra of DMPO-O,~ and TEMPO h.* in TB10 (b, ¢)

2021). Due to its small energy gap, Bi,O; was easily
excited and generated electrons and holes under vis-
ible light. Subsequently, the electrons on the Bi,O;
conduction band (CB) rapidly migrated to the TiO,
conduction band and then participated in the genera-
tion of active species. In addition, the holes left on the
valence band (VB) of Bi,O; directly oxidized AR18.
As a result of the formation of p-n heterojunction,
photogenerated electrons could transfer rapidly, thus
prolonging the carrier lifetime and decreasing the
recombination of e /h * pairs (Wen et al., 2019).

@ Springer

4 Conclusions

(1) XRD, SEM-EDS, and other characterization
methods proved that Bi,O; and TiO, were suc-
cessfully compounded by the sol-gel method,
and the effect of Bi,O; content on the photocat-
alytic performance of the material was studied.
UV-Vis DRS analysis showed that TB10 had a
great enhancement in the absorption of visible
light and ultraviolet light compared with TiO,,
and the absorption band had a bathochromic shift.
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Fig. 12 Mechanism of photocatalytic degradation of acid red 18 by TB10

The band gap was 2.98 eV, manifesting that TB10
had high photocatalytic activity. (2) The photo-
catalytic degradation of AR18 by p-n type hetero-
junctions Bi,03/TiO, accords with pseudo first
order kinetic equation. The optimal degradation
condition was that the initial concentration of the
solution was 50 mg/L, the catalyst dosage was
0.5 g/L, and the pH was 6.5. Under this condi-
tion, the decolorization rate of AR18 was 99.76%.
What calls for special attention is that TB10 can
show good catalytic performance under unad-
justed pH conditions. The main active species in
this photocatalytic process are h* and ¢0,”. (3)
The main reason for the improvement of photocat-
alytic activity is that the composite of Bi,O; and
TiO, expands the light response range of the com-
posite (including the visible light wavelength).
The p-n heterojunction formed between Bi,0; and
TiO, effectively promotes the separation of e ~/h
*. The addition of Bi,O; increased the specific
surface area of the composites and played a posi-
tive role in photocatalysis. This study provides a
new way to improve the ability of TiO, to treat
dye wastewater.
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