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ABSTRACT

A novel ternary heterojunction composite photocatalyst g-C3N4/TiO2/NiWO4

was fabricated using a simple hydrothermal method. The synthesized samples

were characterized using X-ray diffraction (XRD), scanning electronic micro-

scopy (SEM), energy-dispersive spectrum (EDS), Fourier transform infrared

spectroscopy (FT-IR), X-ray photoelectron spectroscopy (XPS), ultraviolet–visi-

ble (UV–Vis) absorption spectra, photoluminescence (PL) spectra, transient

photocurrent responses, and electrochemical impedance spectroscopies (EIS).

The results indicated that the composite of g-C3N4/TiO2/NiWO4 had been

successfully synthesized. By constructing a ternary heterojunction, the electron

migration rate and light absorption of the material are further improved; the

photogenerated electron–hole recombination is inhibited. The ternary composite

photocatalyst shows the highest photocatalytic activity for the degradation of

rhodamine B (RhB) than that of g-C3N4, TiO2, NiWO4, and g-C3N4/TiO2 pho-

tocatalyst. The degradation efficiency of RhB using g-C3N4/TiO2/NiWO4 can

reach 99% after visible-light irradiation for 40 min. Finally, the migration

mechanism of charge carriers in the ternary system has been schematically

illustrated by the active species capture experiment. Our research can pave the

way for the fabrication of ternary heterojunction composite photocatalyst with

high photocatalytic activity for the environmental contaminants treatment.
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1 Introduction

As a traditional photocatalyst, TiO2 has been widely

researched due to its high chemical and thermal sta-

bility, non-toxicity, higher activity, lower cost and

environmentally friendly advantages [1–3]. However,

the practical applications of TiO2 was limited due to its

some intrinsic disadvantages, such as lower quantum

efficiency, relatively wide bandgap only being excited

by ultraviolet light and rapid recombination of pho-

togenerated electron–hole pairs on the surface or in the

lattice of TiO2, etc., so many efforts have been made to

improve its photocatalytic performance and photo-

electric conversion efficiency [4, 5], including hydro-

genation modified TiO2, energy band modulation by

doping with some metal elements and non-metal ele-

ments [6], etc. Combining TiO2 with other semicon-

ductor which possesses narrow bandgap to fabricate

heterojunction composite photocatalyst is considered

to be a simple and effective method to improve the

photocatalytic activity [7].

In recent years, the development of visible light-

driven composite materials has become a hot spot in

solar photocatalysis research field. g-C3N4 is a kind of

non-metal polymerized semiconductor with a narrow

bandgap (2.7 eV) which can be excited by visible

light, and it has great application potential in the

fields of photocatalytic hydrogen production, carbon

dioxide conversion, and degradation of organic pol-

lutants retained in the environment [8, 9]. Unfortu-

nately, pure g-C3N4 exhibits poor photocatalytic

performance due to lower separation efficiency of

photogenerated electron–hole pairs. But fortunately,

g-C3N4 has a suitable band position which matches

well with that of TiO2.

Constructing heterojunction, doping and loading

catalyst are modification strategy for g-C3N4 and

TiO2 [10, 11]. To construct TiO2/g-C3N4 heterojunc-

tion not only can broaden the light response range of

TiO2-based photocatalyst but also can effectively

suppress recombination of photogenerated electron–

hole pairs [12]. Up to now, there are many researches

on the synthesis and modification of the composite

g-C3N4/TiO2. Zhang et al. loaded g-C3N4 onto a TiO2

nanotube array by a simple electrodeposition method

and exhibited excellent photocatalytic hydrogen

evolution activity [13]. Wang et al. prepared g-C3N4/

TiO2 nanomaterials by using high-voltage electro-

spinning and hydrothermal methods. They treated

the surface of pure nano-TiO2 by acidification before

it was combined with g-C3N4. The results showed

that the photocatalytic activity of the g-C3N4/TiO2

nanocomposite treated by acidification is much

higher than that of the untreated catalyst [14]. Tan

et al. prepared nanostructured g-C3N4/TiO2 through

a one-step method, which can improve hydrogen

production efficiency under visible light [15]. Zhang

et al. prepared ternary MoS2/g-C3N4/TiO2 nanosheet

composites by liquid stripping and solvothermal

methods [16]. Compared with binary photocatalyst,

the ternary composites have higher photogenerated

carrier separation rates and faster electron migration

rates [17]. Wu et al. synthetized heterojunction pho-

tocatalyst g-C3N4/TiO2/HNTs which can efficiently

catalyze the degradation of ciprofloxacin in water

[18]. However, the reports on ternary photocatalysts

with high stability, low cost, and excellent catalytic

performance are still scarce.

Recently, a series of low-cost metal tungstates such

as Bi2WO6, CuWO4, NiWO4, and CoWO4 have been

widely studied due to their excellent optical, electri-

cal, magnetic, and catalytic properties [19–22].

Among them, NiWO4, as a simple and common

tungstate material, possess the narrow bandgap and

can make full use of the solar radiation energy, has

been applied in many fields, including sensors, cat-

alysts and supercapacitors [23]. Many researchers

have used NiWO4 as photocatalyst for the degrada-

tion of organic pollutants in the environments [20].

In the present paper, we designed and synthesized

a novel ternary heterojunction composite photocata-

lyst g-C3N4/TiO2/NiWO4 by using a simple

hydrothermal method for the degradation of rho-

damine B (RhB) in aqueous solutions. The electron

migration rate and light absorption of the material

prepared are improved, and the photogenerated

electron–hole recombination is inhibited, compared

with that of the photocatalyst g-C3N4, TiO2, NiWO4,

and g-C3N4/TiO2. This work provides a new way for

the preparation of ternary heterojunction composite

photocatalyst with high photocatalytic activity and

for the treatment of contaminants in the environment.

2 Experimental section

2.1 Materials employed

Melamine, absolute ethanol, tetra-n-butyl titanate,

nickel nitrate (Ni(NO3)2�6H2O), sodium tungstate
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(Na2WO4�2H2O), and rhodamine B were all pur-

chased from Sinopharm Group Chemical Reagent

Co., Ltd. (Shanghai China). All the chemicals

employed were of analytical grade.

2.2 Synthesis of the photocatalysts

The g-C3N4 was prepared by the thermal polycon-

densation method. In a typical synthesis, 1 g of mel-

amine was heated at 500 �C for 120 min at the rate of

10 �C/min in a crucible with a cover, and then cooled

to room temperature. The sample was then ground

into the powder for further use.

The g-C3N4/TiO2 was synthesized by the

hydrothermal method. Firstly, 50 mg of the as-pre-

pared g-C3N4 were dispersed into 70 mL of absolute

ethanol; the mixture was then stirred by ultrasound

for 5 min. Then, under the condition of continuous

magnetic stirring, 1 mL of tetra-n-butyl titanate

reagent was slowly added dropwise to the g-C3N4/

absolute ethanol mixture, and then continued to stir

the mixture for 2 h. After that, the resulting mixture

was transferred into a Teflon-lined stainless steel

vessel with a capacity of 100 mL and heated at 200 �C
in an oven for 20 h. Then the product was cooled to

room temperature, the obtained solid samples were

collected by centrifugation with distilled water and

ethanol for several times. Finally, dried in a vacuum

oven at 80 �C for 24 h, the resultant pale-yellow solid

powder was g-C3N4/TiO2 labeled as CT.

For synthesis of the ternary composite g-C3N4/

TiO2/NiWO4, 0.13 g of Ni(NO3)2�6H2O and 0.15 g of

Na2WO4�2H2O were separately dispersed in 30 mL

deionized water, and remarked as solution A and

solution B, respectively. Then, a known quantity of

the prepared g-C3N4/TiO2 solid powder was dis-

persed in the solution A, and stirred for 1 h. After

that, solution B was slowly added dropwise to the

above mixture, then heated to 80 �C and stirred for

2 h. The resulting mixture was transferred into a

Teflon-lined stainless steel vessel with a capacity of

100 mL and heated at 200 �C for 20 h. The product

was then cooled to room temperature; the obtained

solid samples were collected by centrifugation with

distilled water and ethanol for several times. Finally,

dried in a vacuum oven at 60 �C for 24 h, the resul-

tant green solid powder was g-C3N4/TiO2/NiWO4.

2.3 Characterization of catalysts

2.3.1 XRD

At room temperature, small angle diffraction was

performed using an X’Pert-Pro MPD (Holland)

D/max-cA X-ray diffractometer with Cu Ka radia-

tion (k = 0.154178 nm), and the scanning rate was 1�/
min, with 2h range of 10–70�.

2.3.2 FT-IR

The infrared spectra of the samples were determined

by a Nicolet-360 Fourier transform infrared spec-

troscopy (FT-IR) by diffuse reflectance scanning

technique from 4000 to 500 cm-1.

2.3.3 SEM

The morphology and structure of the as-prepared

samples were examined by Scanning electron

microscopy (SEM, JSM-6360LV, JEOL Japan).

2.3.4 EDS

The energy-dispersive X-ray spectra (EDS) were car-

ried out by the JSM-6360LV microscope.

2.3.5 PL spectra

Photoluminescence (PL) spectra of the as-prepared

samples were recorded by a RF-5301PC luminescence

spectrometer excited with 320 nm wavelength.

2.3.6 XPS

X-ray photoelectron spectroscopy (XPS) were

acquired on an ARL Quant X-ray photoelectron

spectrometer using Al Ka X-ray (hv = 1486.6 eV).

2.3.7 UV–Vis

UV–Vis absorption spectra of the samples were

recorded on a Lambda 750 (Perking Elmer) spec-

trophotometer in the tested range of 200–800 nm.

2.3.8 Electrochemical test

The electrochemical test was use a typical three-

electrode system and carried out by a CHI 660b

workstation.
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2.3.9 Photocatalytic activity test

First, 50 mg of photocatalyst was placed into a 100

mL of RhB aqueous solutions (10 mg/L) and stirred

for 30 min in a dark environment to achieve

adsorption–desorption equilibrium. Then, a 300 W

xenon lamp with a 420 nm cut filter was chosen as a

visible-light source. At certain time intervals, 5 mL of

aliquots were extracted and centrifuged, and then,

analyzed by using UV–Vis spectrophotometer at a

maximum absorption wavelength of 553 nm. The

degradation efficiency (DE) of RhB was calculated

using the formula: DE (100%) = (1 - c/c0) 9100%,

where, c is the concentration of RhB at each irradia-

tion time interval and c0 is the initial concentration.

3 Result and discussion

3.1 Crystal structure and morphology

The XRD patterns of the as-prepared samples g-C3N4,

g-C3N4/TiO2 and g-C3N4/TiO2/NiWO4 are shown in

Fig. 1.

It can be seen from Fig. 1 that g-C3N4 show two

distinct characteristic peaks at 12.9� and 27.44�, cor-

responding to the (100) crystal plane of the hexazine

heterocyclic unit and the (002) graphite layer stacked

crystal plane, respectively, which is consistent with

previous literature report [24]. g-C3N4/TiO2 exhibit

the overlapped characteristic peaks of both g-C3N4

and TiO2, indicating the successful synthesis of the

binary composite [25]. As for g-C3N4/TiO2/NiWO4,

the characteristic peak of g-C3N4 at 27.44� disap-

peared, and meanwhile, three new diffraction peak

appeared at 35.4�, 40.7�, and 53.6� [26]; compared

with the standard XRD card of NiWO4, the three new

diffraction peaks correspond to the characteristic

peaks of NiWO4 at 36.5�, 41.8�, and 54.7� respectively,

which demonstrated that the characteristic peak of

g-C3N4 is covered after loading NiWO4. It also shows

that a new ternary composite g-C3N4/TiO2/NiWO4

was successfully fabricated via compounding NiWO4

and g-C3N4/TiO2. All of characteristic peaks of

NiWO4 are shifted about 1.1� to the small angle of 2h,

while the positions of other characteristic peaks

remain unchanged, indicating that the residual stress

exist in the material during the material compound-

ing process. Therefore, the crystal lattice of NiWO4 is

distorted, and the cell parameters and crystal surface

spacing become larger. So that the characteristic

peaks of NiWO4 are collectively shift to the negative

position.

The morphology of g-C3N4, g-C3N4/TiO2, and

g-C3N4/TiO2/NiWO4 was investigated by means of

SEM technique, respectively. g-C3N4 shown in Fig. 2a

presents an irregular stacked sheet-like structure

with a diameter range from 100 nm to several

micrometers. As can be seen from Fig. 2b and c,

g-C3N4/TiO2 shows the peanut-like structure. From

Fig. 2d, we can see that, a small layer of nanoparti-

cles, namely NiWO4 nanoparticles, is newly loaded

on the surface of composite g-C3N4/TiO2 to form a

ternary heterojunction composite g-C3N4/TiO2/

NiWO4. Meanwhile, EDS spectrum of the as-pre-

pared g-C3N4/TiO2/NiWO4 show the existence of C,

N, O, W, Ti, and Ni in the composite, indicating that

the uniform dispersion of these five elements (Fig. 3).

These results together with XRD analysis can

demonstrate that the ternary heterojunction photo-

catalyst was successfully prepared.

3.2 FT-IR spectra

FT-IR spectra of the samples g-C3N4, g-C3N4/TiO2

and g-C3N4/TiO2/NiWO4 are shown in Fig. 4.

From Fig. 4, we can see that, the peak at around

3430 cm-1 is related to hydroxyl groups, which can

be attributed to the tensile vibration of adsorbed

water molecules [27, 28]. The broad absorption peaks

between 2900 and 3300 cm-1 correspond to the –NH2

and =NH stretching vibrations [29]. It can also easily

be seen from Fig. 4, g-C3N4 contains a small amount
Fig. 1 XRD patterns of g-C3N4, g-C3N4/TiO2 and g-C3N4/TiO2/

NiWO4
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of amino groups, while amino groups cannot be seen

from the FT-IR spectra of composites g-C3N4/TiO2

and g-C3N4/TiO2/NiWO4. This is mainly related to

the low content of g-C3N4 in composite g-C3N4/TiO2

and g-C3N4/TiO2/NiWO4. The absorption peak in

the range of 1200 cm-1 to 1650 cm-1 is caused by the

stretching vibration of the C–N heterocycle [30]. After

being combined with TiO2, the characteristic peak of

C–N heterocycle in composite g-C3N4/TiO2 is still

obvious. After being combined with NiWO4, the

strength of C–N heterocycle in composite g-C3N4/

TiO2/NiWO4 is weakened, but still obvious, indicat-

ing that the C–N heterocycle in the composite is rel-

atively stable. The peak at 807 cm-1 can correspond

to the stretching vibration of the triazine ring [31]; it

is worth noting that the triazine ring characteristic

peaks cannot be observed in FT-IR spectra of the

composites g-C3N4/TiO2 and g-C3N4/TiO2/NiWO4,

indicating that the triazine ring structure in g-C3N4 is

destroyed during the combined process with TiO2.

3.3 XPS analysis

X-ray photoelectron spectroscopy (XPS) technique

was employed to investigate the surface chemical

compositions and valence state of g-C3N4/TiO2/

NiWO4. The C 1s spectra (Fig. 5a) showed 2 peaks.

Fig. 2 SEM images of g-C3N4

(a), g-C3N4/TiO2 (b, c) and

g-C3N4/TiO2/NiWO4 (d)

Fig. 3 EDS image of composite g-C3N4/TiO2/NiWO4

Fig. 4 FT-IR spectra of g-C3N4, g-C3N4/TiO2 and g-C3N4/TiO2/

NiWO4

J Mater Sci: Mater Electron (2022) 33:14581–14592 14585



The peak at 284.8 eV can be assigned to C=C bond or

indefinite-form carbon, which originate from instru-

ment itself. The peaks at 288.4 eV can be ascribed to

the N–C=N bond [32].

From Fig. 5b, we can see that, the N 1s region can

be divided into two different peaks at 399.6 and

400.8 eV, which correspond to N–(C)3 and C–N–H

groups, respectively [33].

In the Ti 2p spectra shown in Fig. 5c, the two peaks

of 2p3/2 and 2p1/2 at binding energies of 458.4 and

464.3 eV, respectively, can be attributed to Ti4? in the

composite [34].

As shown in Fig. 5d, the dominant peak of O

1s locates at binding energy of 529.6 eV, which sug-

gests the lattice oxygen O2-. The other peak at

531.6 eV is assigned hydroxyl groups absorbed in the

surface.

There are six peaks at binding energies of 880.5,

873.5, 869.7, 861.8, 855.6, and 853.0 eV for Ni 2p ele-

ment (Fig. 5e), respectively. The two peaks located at

855.6 and 873.5 eV, respectively, indicate that there

exist Ni ions in bivalent status.

From Fig. 5f we can see that, the W 4f spectra were

fitted by two peaks centered around 34.9 eV and

37.1 eV, which can be ascribed to W 4f7/2 and W 4f5/2,

respectively, representing the presence of W6?, that

formed NiWO4 together with Ni2? and O2- [35].

Based on the above-mentioned XPS results, it is

reasonable to assert that the sample is indeed a

Fig. 5 XPS spectra of C, N,

Ti, O, Ni, and W elements in

g-C3N4/TiO2/NiWO4 sample
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ternary heterojunction composite photocatalyst

g-C3N4/TiO2/NiWO4.

3.4 UV–Vis spectra analysis

The optical absorption properties of g-C3N4, TiO2,

NiWO4, g-C3N4/TiO2, and g-C3N4/TiO2/NiWO4

was studied by UV–Vis spectra and displayed in

Fig. 6a. The absorption band edges of g-C3N4, TiO2,

and NiWO4 are located at around 445 nm, 378 nm,

and 430 nm, respectively. However, g-C3N4/TiO2/

NiWO4 exhibits a red shift toward longer wavelength

compared with g-C3N4 and TiO2, indicating that the

introduction of NiWO4 can promote the light

absorption of the photocatalyst under visible light.

The Tauc’s bandgap plots of the samples g-C3N4,

TiO2, and NiWO4 is converted from the UV–Vis dif-

fuse reflectance absorption spectra (DRS) according

to the Kubelka–Munk function. As shown in Fig. 6b–

d, the bandgap energy of g-C3N4, TiO2, and NiWO4 is

estimated to be 2.78 eV, 3.29 eV, and 2.89 eV

respectively.

3.5 Photocatalytic degradation of RhB
and reusability of as-prepared catalyst

RhB in aqueous solutions were selected as the target

pollutant to evaluate the photocatalytic performance

of the as-prepared catalysts under visible-light

irradiation.

From Fig. 7a we can see that, after visible-light

irradiation for 60 min, 12%, 72%, and 41% of RhB are

degraded by using pure NiWO4, g-C3N4, and P25

TiO2 as photocatalyst, respectively. Both binary and

ternary photocatalysts exhibit enhanced photocat-

alytic activity, and the degradation efficiencies of RhB

can all reach 99% after visible-light irradiation for

40 min. But, obviously, the degradation rate of tern-

ary photocatalyst g-C3N4/TiO2/NiWO4 is faster than

that of binary photocatalyst g-C3N4/TiO2.

The stability of the ternary composite photocatalyst

was a significant factor for its practical application. In

order to assess the photocatalytic stability of g-C3N4/

TiO2/NiWO4, a cycling experiment for photocatalytic

degradation of RhB was carried out.

As shown in Fig. 7b, after five cycles, the composite

photocatalyst g-C3N4/TiO2/NiWO4 shows a little or

even no deactivation, indicating that the composite

photocatalyst g-C3N4/TiO2/NiWO4 is stable during

Fig. 6 UV–Vis spectra (a) of

the samples and the bandgaps

of g-C3N4 (b), TiO2 (c) and

NiWO4 (d) estimated using

the Tauc plot
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the photocatalytic reaction. Therefore, the as-pre-

pared ternary heterojunction composite g-C3N4/

TiO2/NiWO4 could be employed as an efficient

photocatalyst for application in organic pollutant

removal.

3.6 Photoluminescence spectra analysis

In order to further investigate the reasons for the

improvement of photocatalytic performance of the

as-prepared g-C3N4/TiO2/NiWO4, the fluorescence

spectra of g-C3N4, g-C3N4/TiO2 and g-C3N4/TiO2/

NiWO4 were analyzed.

As seen in Fig. 8, for pure g-C3N4, fluorescence

intensity was relatively higher, indicating a lower

separation rate of photogenerated carriers. The com-

posite g-C3N4/TiO2 exhibited lower PL intensity;

g-C3N4/TiO2/NiWO4 displayed the lowest fluores-

cence signal, suggesting that the construction of the

ternary heterojunction photocatalyst can effectively

suppress the recombination of the photogenerated

electron–hole pairs and improve the photocatalytic

activity of the catalyst [36].

3.7 Photocurrent and electrochemical
impedance measurements

The surface charge separation and transfer efficien-

cies of the as-prepared materials were further inves-

tigated by transient photocurrent responses and

electrochemical impedance spectroscopy. As shown

in Fig. 9a, g-C3N4/TiO2/NiWO4 possesses the high-

est photocurrent intensity. The semicircular radius in

the impedance spectra of g-C3N4/TiO2/NiWO4 was

obviously smaller than that of binary photocatalyst,

suggesting an efficient interfacial charge transport

resistance (Fig. 9b) [37–39].

The above-mentioned results demonstrate that the

construction of the ternary heterojunction photocat-

alyst can accelerate the interfacial transfer and sepa-

ration of charge carriers in hybrid photocatalyst.

3.8 Active species trapping experiments
and photocatalytic mechanism
for the as-prepared composite

At present research, radical species trapping experi-

ments were carried out to study the photocatalytic

mechanism of the composite g-C3N4/TiO2/NiWO4

for the degradation of RhB solution. In the trapping

experiments, isopropyl alcohol (IPA), ethylenedi-

aminetetraacetic acid disodium (EDTA-2Na), and

ascorbic acid (VC) were separately used as scavenger

of �OH, h?, and �O2
-, respectively.

As shown in Fig. 10a, 99% of RhB in solutions can

be removed by the g-C3N4/TiO2/NiWO4 without

scavengers during 30 min. When IPA is added into

the RhB solutions, there was no dramatic decrease in

Fig. 7 a Photocatalytic

performances toward the

photodegradation of RhB with

different catalyst under visual

light irradiation and b the

cycling experiment for RhB

degradation using g-C3N4/

TiO2/NiWO4 as a

photocatalyst

Fig. 8 Photoluminescence spectra of g-C3N4, g-C3N4/TiO2 and

g-C3N4/TiO2/NiWO4
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the photocatalytic activity, the degradation efficiency

of RhB decreased from 99 to 90% during 30 min,

implying that �OH contributes just a little during

photocatalysis. While the introduction of EDTA-2Na

and VC to RhB solutions made the degradation effi-

ciencies dropped from 99 to 41% and 22%, respec-

tively, indicating that the h? and �O2
- play an

important role in RhB degradation process.

Based on the above analysis, a possible mechanism

for the degradation of RhB is proposed as illustrated

in Fig. 10b. Under visible-light irradiation, both

g-C3N4 and NiWO4 in the composite photocatalyst

g-C3N4/TiO2/NiWO4 absorb photons of energy

greater than the corresponding bandgap energy,

which excite the electrons in the VB to the CB and

then leave holes in the VB. The bandgap of TiO2 is too

wide to be excited by visible light to produce pho-

togenerated electron–hole pairs. The conduction

band position of TiO2 (- 0.51 eV) is more positive

than that of g-C3N4 (- 1.15 eV) and NiWO4

(- 1.05 eV), so the photoexcited electrons (e-) will

transfer from the CB of g-C3N4 and NiWO4 to the CB

of TiO2. Thereby, the recombination of photogener-

ated electron–hole pairs in g-C3N4 and NiWO4 can be

effectively suppressed. The dissolved oxygen (O2) in

RhB solutions can be trapped by electrons (e-)

accumulated in the CB of TiO2 and generated �O2
- to

degrade RhB, while the holes (h?) remaining on the

VB of g-C3N4 and NiWO4 can directly oxidize RhB.

The degradation process of RhB is as follows:

O2 þ e� ! �O�
2 ð1Þ

�O�
2 þ RhB ! Products ð2Þ

hþ þ RhB ! products ð3Þ

4 Conclusions

In conclusion, a novel photocatalyst g-C3N4/TiO2/

NiWO4 could be successfully fabricated by using a

simple hydrothermal method. By constructing the

Fig. 9 a Transient

photocurrent responses and

b EIS changes of g-C3N4,

TiO2, NiWO4, g-C3N4/TiO2,

and g-C3N4/TiO2/NiWO4

samples

Fig. 10 a Trapping experiment of active species during the

photocatalytic degradation of RhB with g-C3N4/TiO2/NiWO4.

b Photocatalytic mechanism for g-C3N4/TiO2/NiWO4 composite

photocatalyst
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ternary heterojunction composite photocatalyst, the

electron migration rate and light absorption of the

composite material are further improved; the photo-

generated electron–hole recombination is inhibited.

The resulting g-C3N4/TiO2/NiWO4 exhibit enhanced

photocatalytic activity for the degradation of RhB

under visible light compared with the photocatalyst

g-C3N4, TiO2, NiWO4, and g-C3N4/TiO2. Moreover,

the as-prepared composite shows a very strong sta-

bility and reusability. In addition, we concluded that

the h? and �O2
- radicals are the main active species

of the composite g-C3N4/TiO2/NiWO4 in aqueous

solution under visible-light irradiation by trapping

experiments for radicals and holes. Our work pro-

vides a new perception on designing ternary

heterojunction composite photocatalyst with superior

photocatalytic performance to deal with the envi-

ronmental pollution issues.
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