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ABSTRACT

Heterojunction photocatalytic materials have received extensive attention by the

researchers. In this work, g-C3N4/Bi2O3/TiO2 (TCB) composites with g-C3N4 as

the main body were synthesized via microwave-assisted ball milling and the

heat treatment method. The photocatalytic activity was evaluated by the

degradation efficiency of rhodamine B (RhB) and methylene blue (MB) under

visible or UV light irradiation. TCB with a mass ratio of melamine/TiO2/

Bi(NO)3�5H2O of 30:1:0.25 has the best photocatalytic performance when fabri-

cated at 450 �C in open air, and the degradation efficiency of the as-prepared

material to RhB was 48.07% under visible light and 51.18% to MB under UV. The

results of morphological structure analysis revealed that there was a flocculent

structure on the edge of the g-C3N4 film and the phase of TiO2 and Bi2O3

changed. The presence of b-Bi2O3 enhanced photocatalytic efficiency of the as-

prepared materials. The optical properties analysis confirmed that the structure

of the hybrid samples can promote electron–hole pairs separately at multilayer

heterogeneous interfaces and the electron can react with O2 to yield the �O�
2

radical. In summary, the ability of novel spatial structure materials to absorb

visible light is enhanced, which are facilitated for photocatalytic activity and

have excellent stability. Therefore, the study of ternary heterojunction photo-

catalytic materials provides a reference for environmental remediation.
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1 Introduction

Heterojunction photocatalytic materials which can be

classified into Type-I [1], Type-II [2], and

Z-scheme type [3] according to the electron–hole

pairs transmission mechanism are used in the field of

environmental remediation. It not only can directly

adsorb sunlight to generate a large number of elec-

tron–hole pairs but also can yield active radicals for

the oxidation of refractory organic pollutants [4–6].

TiO2 has been used as a typical photocatalytic mate-

rial for a long time [7, 8]. In recent years, g-C3N4

formed by the melamine thermal polymerization

reaction has outstanding properties and has become a

research focus in the field of photocatalysis [9].

Conventional photocatalytic materials have certain

limitations and then launched the study of binary

heterojunction. Related research has proven that

TiO2-based heterojunction photocatalytic materials

prepared by the sol–gel method have a better

degradation effect on pollutants, such as methyl

green and methyl orange, under visible light [10, 11],

and others methods to synthesize TiO2/g-C3N4

composites for degradation organic pollutants have

been reported [12–14]. Despite the binary hetero-

junction photocatalytic materials based on TiO2 or

g-C3N4 have exhibited potential capabilities in envi-

ronmental remediation, the responses of TiO2/g-

C3N4 composites to sunlight were not as desirable,

because the experiments were usually tested under

visible light. [15–18].

To further improve the photocatalytic activity of

the materials, the modification methods of ternary or

multiple doped composite systems have attracted

wide attention. Tahir et al. through hydrothermal

method synthesized a novel ternary hybrid photo-

catalyst WO3/TiO2/g-C3N4 which have excellent

structure and extend surface area were beneficial to

the visible light absorption capacity and photocat-

alytic activity. The removal efficiency of acetylsali-

cylate and methyltheobromine could reach 98% and

97%, respectively [19]. 3D structure g-C3N4/TiO2/

kaolinite composite exhibited degradation ability for

the removal of ciprofloxacin (CIP) under visible light

irradiation [20], but the ternary heterojunction mate-

rial absorption range of light is not wide enough.

Zhang et al. prepared g-C3N4/Bi2O3/TiO2 nanotube

photocatalytic material electrodes by anodization

[21], and the degradation efficiency to MB reached

77.5% after 3 h of photoelectron catalysis,

demonstrating the ternary heterojunction materials

have development potential in photocatalyst. There

are few research reports on g-C3N4/Bi2O3/TiO2

heterojunction photocatalytic materials. Bismuth

oxide (Bi2O3) as bismuth-based catalysts is a new

type of nano-semiconductor material which has been

widely studied in the field of photocatalysis due to its

narrow band gap (2.8 eV), high surface area, and

exposed active crystal plane [22–26]. Simultaneously,

the responses of Bi2O3 to UV and visible light are

excellent [27].

Previous studies have demonstrated that g-C3N4/

TiO2 (TCN) hybrid photocatalytic materials which

can be decided to Z-scheme electron–hole transfer

model showed improved photocatalytic efficiency in

degrading simulated pollutants under visible light

irradiation [28]. Based on previous study, we plan to

dope a certain around of Bi(NO)3�5H2O to prepare a

novel spatial structure heterojunction photocatalytic

material g-C3N4/Bi2O3/TiO2 (TCB) via microwave-

assisted ball milling and the heat treatment method.

In this work, the composite materials of doping Bi2O3

have potential to enhance the UV and visible light

absorption ability, improve separation, and transfer

efficiency of photogenerated charges, and yield more

active radicals to degrade organic pollutants. The

efficiency of TCB to degrade RhB and MB under

visible or UV light was studied. A series of charac-

terization methods were used to detect the structural

properties and optical properties of composites, and

combined with free radical capture experiment to the

photocatalytic mechanism was further explored.

2 Materials and methods

2.1 Reagent

Titanium dioxide (TiO2) was provided by Xuan-

Cheng JingRui New Material Co. Ltd. Other chemical

reagents melamine, bismuth nitrate pentahydrate

(Bi(NO)3�5H2O), Rhodamine B (RhB), Methylene blue

(MB), Benzoquinone (BQ), Isopropanol (IPA), and

Ammonium oxalate (AO) were obtained from Alad-

din Chemistry Co. Ltd. All of the reagents were of

analytical purity and used without further purifica-

tion. Deionized water was produced in an Ultra-pure

water system for laboratory use (WP-UP-1810).
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2.2 Experimental methods

2.2.1 Preparation of g-C3N4 and Bi2O3

An appropriate amount of melamine was placed in a

muffle furnace (SX2-2.5-10, Zhengzhou, China) under

atmospheric air and heated to 500 �C at a rate of 5 �C
min-1, then steadied at 500 �C for 2 h. The resulting

yellow solid was ground into powder in an agate

mortar after cooling down to room temperature. The

final product was g-C3N4. Bi2O3 was prepared at the

same process under 450 �C, which was collected for

further use.

2.2.2 Synthesis of g-C3N4/Bi2O3/TiO2

The synthesis of TCB involved four steps: (1) An

appropriate amount of Bi(NO)3�5H2O was mixed

with TNC (mass ratio of melamine/TiO2 30: 1), and

the outstanding photocatalytic material in previous

research was obtained [28]. The mixture was added

into an agate ball milling tank (PM2L, Nanjing,

China), with a ball:material ratio of 10:1, and deion-

ized water was used as the dispersant. A uniform

heterogeneous interface was obtained in the ball

milling tank after 2–3 h at a speed of 400 rpm. (2) The

suspension was heated in a microwave oven at 700 W

for 20–30 min after milling to prepare the crystal

structure and heterojunction material. (3) The faint

yellow material was further milled in an agate mor-

tar, and after the molecular structure reached thermal

equilibrium it was placed in room temperature for

2–3 h. (4) The sample was placed in a muffle furnace

under atmospheric air and heated up to 450 �C at a

rate of 5 �C min-1, then steadied for 2 h. The as-

synthesized material was obtained after regrinding in

an agate mortar. The different hybrid composites

with mass ratios of melamine/TiO2/Bi(NO)3�5H2O at

30:1:0.1, 30:1:0.25, 30:1:0.5, 30:1:1, 30:1:5, 30:1:10,

30:1:20, and 30:1:30 were labeled TCB-1, TCB-2, TCB-

3, TCB-4, TCB-5, TCB-6, TCB-7, and TCB-8,

respectively.

2.3 Characterizations

An X-ray diffractometer (XRD) (Empyrean, Shi-

madzu, Japan) with Cu-K radiation (k = 0.15405 nm,

60 kV, 60 mA) was used to determine the sample

crystal structure. X-ray photoelectron spectroscopy

(XPS) was performed using Escalab 250Xi system

(Thermo Fisher, America) analysis to determine the

element composition of the sample. The sample sur-

face morphology structure and element content were

detected by a JSM-7500F (JEOL, Japan) scanning

electron microscope (SEM) and energy dispersive

spectrometer (EDS), respectively. The internal

microstructure of the sample was observed by

transmission electron microscopy (TEM). The optical

performance was detected by UV–Vis diffuse reflec-

tance spectra (DRS) equipped with a UV-3600 (Shi-

madzu, Japan) spectrophotometer.

Photoluminescence (PL) emission spectra were

detected on a Fluorescence Spectrometer (F-7000,

Hitachi, Japan), and the excitation wavelength was

230–900 nm. The photoreactor is shown in Fig. 1

2.4 Photocatalytic performance tests

The photocatalytic performance of the as-obtained

samples was determined by the degradation of RhB

and MB, with an initial concentration of 20.0 mg L-1,

under both UV and visible light irradiation. Reaction

systems consisted of 50 mg catalysts (TCB, TiO2,

Fig. 1 The photoreactor of this experiment
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g-C3N4, Bi2O3) and 50.0 mL of simulated dye

wastewater in 100 mL beakers. The mixtures were

dispersed by ultrasound for 5 min and stirred in a

magnetic stirrer for 30 min with darkroom condi-

tions. The first sample was taken when the adsorp-

tion–desorption reached dynamic equilibrium.

Afterwards, a 5 mL sample was centrifuged at

10,000 rpm for 20 min after reacting in UV or visible

light irradiation for 60 min each. The supernatant

solution was analyzed by Alpha-1506 UV–vis spec-

troscopy (Shanghai Lab-Spectrum Instruments Co.

Ltd., China) in which the visible light was 60 W

460 nm LED tube and UV was 60 W 254 nm tube at

wavelengths of 554 nm and 664 nm for RhB and MB,

respectively, and the average light intensity is 50

mW/cm2.

The degradation efficiency of simulated pollutants

can be calculated using Eq. (1):

g ¼ C0 � Ctð Þ
C0

� �
� 100% ð1Þ

In the equation, g is the removal rate of the simu-

lated pollutants; C0 is the initial simulated pollutant

concentration; and Ct is the concentration of simu-

lated pollutants after reacting t min.

In this experiment, the scavengers BQ, IPA, and

AO were employed to capture superoxide anion

radical (� O�
2 ), hydroxyl radicals (� OH), and photo-

generated hole (hþ) [29]. 50.0 mg TCB-2 and 50 mL

RhB were added into 4 100 mL dry and transparent

beakers and labeled 1–4, respectively. 2–4 sign bea-

kers were added 1 mL (0.1 mM) scavenger of BQ,

IPA, and AP, respectively [24, 30].

3 Results and discussion

3.1 XRD pattern

Figure 2 shows that Bi2O3 was the product of

Bi(NO)3�5H2O direct thermal decomposition through

comparing the XRD patterns of Bi2O3 with the

PDF#71-0465 standard pattern. It was further found

that the XRD peaks of g-C3N4 were in TCB-2 with no

obvious XRD diffraction peaks of anatase phase TiO2.

On the contrary, the rutile phase TiO2 can be

observed when referred to the PDF#21–1272 standard

pattern. It demonstrates that the anatase phase TiO2

is transformed into the rutile phase in the sample

TCB-2. In addition, Bi2O3 has four crystallographic

polymorphs with monoclinic-a, body-centered cubic-

c, tetragonal-b, and face-centered cubic-d [31]. The a-
Bi2O3, originally generated from Bi(NO)3�5H2O, is

converted into b-Bi2O3 because the peaks belonging

to b-Bi2O3 can be observed in TCB-2 [32]. The for-

mation temperature of b-Bi2O3 and the rutile phase

TiO2 are higher than a-Bi2O3 and the anatase phase

TiO2[33], implying that the change of the crystal

phase of TiO2 and Bi2O3 may be caused by exother-

mic reaction [34, 35]. On the other hand, the deami-

nation and dehydrogenation of melamine impacted

on the chemical bond of TiO2 and Bi2O3 and induced

the change of the crystal phase. From the above

comparative analysis, we can identify the sample of

TCB-2 as containing the rutile phase TiO2, g-C3N4,

and b-Bi2O3. In addition, the synthesis materials have

good crystallinity due to the sharp shaped peaks

observed.

3.2 XPS analysis

The XPS spectra were used to further probe the

chemical compositions and chemical bonds in TCB-2.

Figure 3 shows the XPS peak spectrum of five ele-

ments: carbon (C), nitrogen (N), titanium (Ti), bis-

muth (Bi), and oxygen (O) in TCB-2. Two peaks at

288.6 eV and 284.75 eV corresponding to sp2-bonded

carbon (N–C=N) and C1s [36] are observed in Fig. 3a,

respectively. As displayed in Fig. 3b, the peaks at

398.1 eV and 401.0 eV are ascribed to sp2-hybridized

nitrogen (C–N=C) and N hydrogen bond (N–H)

[37, 38], respectively. The XPS characteristic peaks of

C and N elements indicate the presence of g-C3N in

TCB-2. This is consistent with the XRD results.

Meanwhile, the peaks attributed to Ti 2p3/2, Ti 2p1/2,

Bi4d3, Bi4f7/2, and Bi4f5/2, respectively, can be

determined from Fig. 3c and d [39, 40], respectively,

suggesting the presence of TiO2 and Bi2O3 in TCB-2.

Moreover, the peaks of Bi-O (528.3 eV), Ti–O

(529.9 eV), and O–H (531.9 eV) in Fig. 3e [41], further

confirm the existence of TiO2 and Bi2O3. In the whole

process, no evidence was found of chemical bonding

between TiO2, g-C3N4, and Bi2O3, indicating the

synthesis of TCB-2 was not by chemical means but by

van der Waals forces or electrostatic adsorption.

3.3 SEM and TEM analysis

The nanoparticles of TiO2 (Fig. 4a) and Bi2O3 (Fig. 4b)

were densely and uniformly attached to the film
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formed by g-C3N4, and there was a flocculent struc-

ture on the edge of the g-C3N4 film, the results may

have been caused by exothermic reaction releasing

heat that promoted polymerization between sub-

stances when adding Bi(NO)3�5H2O in preparing

hybrids during sintering of Bi2O3 which increased the

actual temperature. Thus, the film edge of g-C3N4

produced by melamine changed into flocculent form.

The as-prepared materials have formed the micro-

nano structure, the size distribution was 0.4–3.0 lm.

During the reaction, anatase phase TiO2 in the raw

material was gradually converted into the rutile

phase TiO2 which uniformly adhered to the g-C3N4

film together with the Bi2O3 formed by the decom-

position of Bi(NO)3�5H2O. Consequently, the TCB

composite heterojunction materials with g-C3N4 as

the main body were formed. The EDS chart (Fig. 4c)

revealed that the atomic ratio of C and N was close to

3: 4, demonstrating the g-C3N4 was existence in TCB-

2. The nanoparticles of TiO2 and Bi2O3 were uni-

formly attached to the film of g-C3N4, as can be

observed from the multilayer structure of TCB-2 in

Fig. 4d, 3e, 3f. Furthermore, comparing to the

PDF#27-0050 standard pattern, it can be seen in

Fig. 4e, 3f that two different lattice fringes of

0.248 nm and 0.346 nm correspond to the [101]

crystal plane of rutile TiO2[42] and [210] crystal plane

of Bi2O3, respectively. In summary, this was in

accordance with the analysis conclusions of XRD and

XPS, further accounting for the rutile TiO2 and Bi2O3

nanoparticles uniformly attached to the surface of

g-C3N4.

3.4 UV–vis diffuse reflection spectra

Figure 5 shows the UV–Vis diffuse reflectance spec-

tra of TiO2, g-C3N4, Bi2O3, and TCB-2 at 200 to

800 nm and their corresponding Tauc plots. The light

absorption range of TCB-2 was red-shifted relative to

TiO2, Bi2O3, and g-C3N4 (Fig. 5a) and exhibited a

certain absorption in the visible light range at 200 to

500 nm. Equation (2) can be used to calculate the

band gap energy of the photocatalysis [43]:

ahm ¼ A hm� Eg

� �n
2 ð2Þ

In this equation, a, h, v, A, and Eg are absorp-

tion coefficient, Planck constant, light frequency,

proportionality, and band gap energy, respec-

tively; n represents the properties of the transition

in a semiconductor (n = 1 for direct transition,

and n = 4 for indirect transition). The a-Bi2O3 was

an indirect transition, so the value of n was 4

[10]. From the tangents in Fig. 5b, Eg of Bi2O3

and TCB-2 were 2.80 eV and 2.83 eV, respectively.

The Eg of Bi2O3 was similar to that of Cui et al.

[41].

Fig. 2 XRD patterns of TiO2,

g-C3N4, and TCB-2
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3.5 Photocatalytic activity

The results of the adsorption experiments performed

in the dark are seen in Fig. 6. The adsorption capa-

bility of composites TCB to MB was better than RhB.

TCB-7 had the best adsorption efficiency to MB

reaching 8.82%, and the adsorption effect of samples

for RhB was less than 2.5%. The adsorption capability

of TCB was lower [28], demonstrating that the adding

Bi2O3 affects adsorption performance, and it is pos-

sible that TCB also has certain selective adsorption.

Figure 7 shows the degradation of RhB and MB for

the 8 different ratios of TCB hybrid samples under

visible light and UV irradiation after 240 min. TCB-2

has a better visible light absorption capacity com-

pared with traditional photocatalytic material. In the

series of composites, TCB-2 has the best photocat-

alytic effect in degrading RhB whether in visible light

or UV irradiation. For visible light irradiation, the

degradation efficiency of TCB-2 to RhB was only

48.07%, and it is lower than the efficiency of g-C3N4

(99.36%). The degradation efficiency of TCB-2 to MB

(40.10%) was lower than that of TiO2 (63.31%) and

a b

c

e

d

Fig. 3 XPS spectra of C1s (a),

N1s (b), Ti2p (c), Bi4f (d),

and O1s (e) for TCB-2
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g-C3N4 (89.78%). Under UV light irradiation, the

degradation effect of TCB-7 on RhB was the best

(68.66%), which was higher than that of TiO2

(63.64%), and the degradation effect of TCB-2 on MB

(51.18%) was not as good as TiO2 (91.39%). The above

analysis clearly revealed that (1) the degradation

effect of TCB under UV light was better than that of

visible light; (2) the photocatalytic effect of TCB on

Fig. 4 a and b SEM of TCB-2, c EDS of TCB-2, d, e, and f TEM of TCB-2

a b
Fig. 5 a UV–vis diffuse

reflectance spectra of the

photocatalysis and b their

corresponding Tauc plots
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RhB was slightly better than that of MB; (3) consid-

ering the irradiation, adsorption, and degradation

three aspects, the comprehensive performance of

TCB-2 was the best. Although the degradation effect

of TCB-2 to 2 simulated pollutants were worse than

the homogenous materials of TiO2 and g-C3N4. On

the one hand, it may have been caused by the fact

that b-Bi2O3 has the poor stability of thermodynamics

in heterojunction interface [44], and the materials

structure and photocatalytic system of TCB have

been affected. On the other hand, it may also have

been due to the selectivity and poor adsorption of

TCB to pollutants resulting in a lower degradation

efficiency. The DRS and other characterization anal-

yses of TCB-2 showed that the hybrid material had a

good response to visible light due to b-Bi2O3 having

an excellent absorption to visible light, lower band

gap, and higher energy compared with a-Bi2O3

[45, 46]. Therefore, this was further studied.

In order to investigate the reuse efficiency of

hybrid materials, 50 mg TCB-2 samples were used to

degrade simulated dye wastewater RhB and MB at a

concentration of 20 mg L-1, and the number of times

the photocatalytic material was recycled was inves-

tigated under visible light irradiation (Fig. 8). After 5

times of reuse, the degradation of RhB and MB by

TCB-2 decreased from 51.91% and 40.63% to 45.46%

and 36.04%, respectively. In general, the samples had

a certain of photocatalytic stability.

3.6 Photocatalytic reaction mechanism

As we all know, the photoluminescence (PL) spectra

had related to further reflect the electron–hole pairs

separation and transfer efficiency of semiconductors

in the photocatalytic reactions [6, 47]. As Fig. 9

shows, the PL intensity of the pure TiO2 was in the

wavelength range between 360 and 540 nm, and has

a strong emission peak at 426 nm. Obviously, there

was a weaker PL peak than g-C3N4/TiO2 for TCB-2,

indicating that the electron–hole pairs recombination

is slower than g-C3N4/TiO2. It is not difficult to

understand that the ternary heterojunction TCB-2

exhibits an enhanced photocatalytic performance

which can efficiently separate the photogenerated

carries.

In order to prove the influence of active radicals in

the system of TCB-2 degrading RhB under visible

light irradiation, we added three scavengers BQ, AO,

and IPA to study the free radical capture experiment.

The removal efficiency at 240 min can reach 51.8%,

after adding 1 mL BQ, IPA, and AO, the RhB removal

efficiency promptly decreased to 5.3%, 14.3%, and

20.1%, respectively. As Fig. 10 shows, the material’s

photocatalytic efficiency was reduced and the degree

of influence was BQ[ IPA[AO, suggesting that �
O�

2 , � OH and hþ were generated in the system, and

that � O�
2 is the main active radical in RhB degrada-

tion process.

According to four conditions: (a) the analysis of

DRS, (b) Eq. (3): EVB ¼ v� Ec þ 0:5Eg, (c) Eq. (4):

ECB ¼ EVB � Eg, and (d) the v values for g-C3N4, TiO2,

and Bi2O3 were 4.73 eV, 5.81 eV, and 6.23 eV

[6, 43, 47, 48]. We can calculate the conduction band

and valence band of g-C3N4, TiO2, and Bi2O3,

respectively, as shown in Table 1.

Based on the above results, we explored the com-

posites g-C3N4/Bi2O3/TiO2 photocatalytic degrada-

tion reaction mechanism for RhB and MB in visible

light or UV irradiation. For visible light irradiation

(Fig. 11a), in the hybrid mainly composed of g-C3N4,

the electrons in the VB of g-C3N4 and Bi2O3 trans-

ferred to the corresponding CB, respectively. On

account of the CB of g-C3N4 has being more negative

than that of Bi2O3 and TiO2. The electrons in the CB of

g-C3N4 can cross the multilayer heterointerface and

transfer to the CB of Bi2O3 and TiO2, then reacting

with O2 to yield � O�
2 radical (- 0.33 eV) degrade RhB

due to the ECB of g-C3N4 was estimated to be

- 1.12 eV. � O�
2 radicals can further react with elec-

trons to yield H2O2 and � OH. The VB of Bi2O3 (3.13)

was more positive than that of g-C3N4 (1.58), so the

holes can migrate to Bi2O3 owing to the different VB

Fig. 6 The adsorption efficiency of TCB samples for RhB and

MB
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edge potentials, and participate in photocatalytic

reactions to directly or indirectly degrade RhB or MB.

TiO2 played an important role in electrons transfer in

this system, though it cannot be induced by visible

light. The entire photocatalytic reaction system

realized the effective separation of the electron–hole

pair to promote the photocatalytic ability. With UV

irradiation (Fig. 11b), similarly, g-C3N4, Bi2O3 and

TiO2 can be excited, respectively. Consequently,

according to different band gap energy shown in

a b

a b

Fig. 7 The degradation efficiency of TCB samples for RhB and MB after 240 min under a visible light and b UV light irradiation
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Table 1, the separation of electron–hole pairs trans-

ferred better, but g-C3N4 as the major part of hybrid

had a weak response to UV and only a certain

improvement for photocatalytic efficiency was

obtained.

Fig. 8 The degradation efficiency of RhB and MB by reused

sample TCB-2 under visible light irradiation

Fig. 9 PL spectra of TiO2, g-C3N4/TiO2 and TCB-2

Fig. 10 Trapping test of photogenerated holes and radicals in the

photocatalytic system under visible light irradiation

Table 1 The ECB, EVB, and Eg for TiO2, g-C3N4, and Bi2O3 at the

point of zero charge

Material ECB (eV) EVB (eV) Eg (eV)

TiO2 - 0.28 2.90 3.18

g-C3N4 - 1.12 1.58 2.70

Bi2O3 0.33 3.13 2.80

Fig. 11 Mechanism of photocatalytic reaction of g-C3N4/Bi2O3/

TiO2 under a visible light and b UV light irradiation
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4 Conclusions

The multilayered heterojunction photocatalytic mate-

rial g-C3N4/Bi2O3/TiO2 was fabricated via micro-

wave-assisted ball milling and the heat treatment

method. This novel spatial structure facilitated elec-

tron transfer in the photocatalytic materials and the

absorption ability in wide visible light range, and the

entire photocatalytic system has achieved effectively

separation of electron–hole pairs. It should be noted

that in this study whether under visible or UV light to

degrade RhB orMB, the photocatalytic effect of TCB is

not satisfactory. This is probably a consequence of the

photocatalytic selectivity of TCB and the change of the

material crystal phase. The adsorption performance of

composites to pollutants also affects the photocatalytic

degradation ability. Notwithstanding its limitation,

this study does suggest (1) The as-prepared material

TCB boosts the separation and transfer of photogen-

erated charges at multilayer heterogeneous interfaces;

(2) Scavenging experiments demonstrate that � O�
2

radicals played a major role in photocatalytic degra-

dation process; (3) The composites still have out-

standing stability after using 5 times to degrade

organic pollutants; (4) The red shift of the light

absorption range of TCB indicates that the ability of

hybrid materials to absorb visible light is enhanced

facilitating the degradation of RhB or MB. This paper

focuses on TCB photocatalytic performance for

organic pollutants under visible light or UV irradia-

tion, and provides relevant information for preparing

novel ternary heterojunction photocatalytic materials.
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