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Abstract
Photocatalyst composites of g-C3N4/ZnO/GO (graphene oxide) were successfully 
prepared by sol–gel method combined with thermal polycondensation. The compos-
ites were characterized by SEM, XRD, TGA, FT-IR, UV–vis and physical adsorp-
tion. The electrical properties of g-C3N4/ZnO/GO composites were characterized 
by open circuit potential method and AC impedance method. The degradation of 
methyl orange by composites was studied. The results demonstrate that compos-
ites have better photocatalytic efficiency for the degradation of methyl orange than 
g-C3N4. The most efficient photocatalytic degradation of methyl orange stimulated 
wastewater adopt that 1 g/L of composites solution, 120 min and degradation time at 
35 °C with adding 120 mL/L of  H2O2.

Keywords Graphite-like carbon nitride · Ternary composites · Hydrothermal 
synthesis · Photocatalytic oxidative degradation · Methyl orange

Introduction

With the development of modern industrialization, contamination of water resources 
is getting worse and worse. But human requirement becomes higher and higher for 
the healthy environment. The increasing attention has been paid to the water treat-
ment especially for organic dyes. Nitrogen-containing dyes pose a serious threat to 

 * Chunling Lin 
 chunling405@xsyu.edu.cn

1 School of Chemistry and Chemical Engineering, Xi’an Shiyou University, Xi’an 710065, 
Shaanxi, China

2 School of Materials Science and Engineering, Jiangsu University of Science and Technology, 
Zhenjiang 212003, Jiangsu, China

3 School of Materials Science & Engineering, Shandong University, Jinan 250061, Shandong, 
China

http://orcid.org/0000-0003-0066-2197
http://crossmark.crossref.org/dialog/?doi=10.1007/s11144-022-02200-2&domain=pdf


1652 Reaction Kinetics, Mechanisms and Catalysis (2022) 135:1651–1664

1 3

human and other organisms in recent years. The adsorption technique among all of 
the removal methods is the most perhaps adopted method due to the low cost and 
convenience. Nanomaterials show higher adsorption efficient than the correspond-
ing bulk materials owing to the nano-sized effects [1, 2].

In recent years, degradation of pollutant effluents by green technologies becomes 
significantly attractive research topic. Since sunlight may be a renewable natural 
energy, more and more scholars are curious about the treatment processes utilizing 
the solar energy [3–5]. A photocatalyst means the materials are activated by absorb-
ing a photon and is capable of accelerating a reaction without being consumed [6]. 
Hence, semiconductor photocatalysis has become one of the most promising tech-
nologies due to its ability to utilize sustainable solar energy for the treatment of pol-
lutant effluents without causing any side effects to the environment.

So far, a large number of semiconductor materials such as  TiO2 [7–10], ZnO [11, 
12],  WO3 [13, 14], CdS [15], ZnS [16] have been explored as active photocatalysts 
for photodegradation of pollutants. Among these semiconductor materials,  TiO2 has 
emerged as the most common semiconductor since Fujishima and Honda reported 
photoelectrochemical water splitting in 1972 [17]. For decades,  TiO2 has emerged as 
the most common researched semiconductor several organic pollutant degradation 
resulting from its photocatalytic properties, hydrophilicity, high reactivity, non-tox-
icity, chemical stability, and low costs [18–20]. Due to its large band energy,  TiO2 
can only absorb solar energy in the UV regions which only constitutes 4% of the 
total solar energy irradiated [21].

Recently, graphitic carbon nitride (g-C3N4) without metal composite became 
the highlight due to its narrow band gap of 2.7 eV which permits it to absorb vis-
ible light directly without any modification [22]. Graphitic carbon nitride exhibits 
high thermal and chemical stability, owing to its tri-striazine ring structure and high 
condensation [23]. Although various graphitic carbon nitride semiconductors have 
been studied for photocatalytic degradation of pollutants, their photocatalytic perfor-
mance remains unsatisfactory suffering highly from charge (electron-holes) recom-
bination [24]. Hence, researchers have been devoted to expanding the range of light 
absorption and enhancing the separation effect of photogenic carriers [25, 26]. To 
overcome the electron–hole recombination in a single g-C3N4 semiconductor, differ-
ent measures have made toward developing novel photocatalytic systems with high 
photocatalytic activities, including metal [27–30] or non-metal doping [31, 32] and 
coupling with other semiconductor materials [33, 34]. Among these methods, het-
erostructure graphitic carbon nitride photocatalysts semiconductors has proven to be 
potential for use in enhancing the efficiency of photocatalytic pollutant degradation 
through the promotion of the separation of photogenerated electron–hole pairs and 
maximizing the redox potential of the photocatalytic system [35–42].

ZnO has been discovered very early and has been used in nanomaterial engineer-
ing [43], coatings [44], biological [45] and medical [46] The low energy valence 
band of ZnO is full of electrons, while the second high energy valence band has 
no electrons. Therefore, when ZnO is irradiated with light, photo-generated elec-
tron–hole pairs are generated [44], which paves the way for its outstanding perfor-
mance in the field of photocatalytic degradation. Graphene is a two-dimensional 
allotrope of crystalline carbon formed by hexagonally arranging sp2-bonded carbon 
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atoms, which presents excellent optical properties, transparency, mechanical flex-
ibility, and good thermal and chemical stability [47]. Graphene oxide (GO), an oxi-
dized derivative of graphene, is a promising carbon material that has attracted sig-
nificant interest over the last decade [46]. A large of functional groups on its basal 
planes such as hydroxyl and epoxy groups, in addition to carbonyl and carboxyl 
groups located at the sheet edges, are formed [47]. In order to take full advantage of 
the above three materials, in this study, g-C3N4/ZnO/GO composites were prepared 
to explore their photocatalytic efficiency for the degradation of methyl orange.

Materials and experiment

Materials

Methyl orange was purchased from Chengdu Kelong Chemical Reagent Factory and 
was used without further purification. Melamine  (C3H6N6, AR grade) as a precur-
sor of g-C3N4 was obtained from Shanghai Macklin Biochemical Co. Ltd. Zn(Ac)2 
(AR grade) was obtained from Tianjin Fuchen Chemical Reagent Factory. Oxide 
graphene was supplied from Shanghai McLean Biochemical Technology Co. Ltd. 
Sodium hydroxide (NaOH, AR grade), was purchased from Tianjin Tianli Chemical 
Reagent Co. Ltd,  H2O2 (30%) was obtain from Tianjin Kemiou Chemical Reagent 
Co. Ltd, Ethyl alcohol (95%, AR grade) was purchased from Tianjin Lianlongbohua 
Pharmaceutical Chemistry Co. Ltd.

Experimental method

Preparation of the g‑C3N4/ZnO/GO composites

Soft templated synthesis of g‑C3N4 The g-C3N4 was synthesized by heating mela-
mine powder. Five grams of melamine powder and ammonium fluoride at the mass 
ratio of (1:1) were put into a crucible, and then heated at 520 °C in a muffle furnace 
for 4 h. After cooling to room temperature, the yellow product was dried by oven, col-
lected and milled into a powder for further use. A certain amount of g-C3N4 powder 
was added into deionized water and ultrasonic dispersed for another 1 h.

Preparation of ZnO/g‑C3N4/GO 50 mL Zn(Ac)2 (5 wt%) was added to the solution 
with vigorous agitation at ambient temperature to obtain a light yellow suspensions. 
Sodium hydroxide solution 30 mL (1 M NaOH) was added to the suspensions drop by 
drop to avoid excessive local precipitation while stirring. The suspension was trans-
ferred into a 100 mL single flask, stirred for 1 h with water bath at 80 °C, 30 mL GO 
1 (g/L)suspension was ultrasonic dispersed for 0.5 h, and 0.1 mL (about two drops) 
ammonium oxide of nonylphenol polyether was added into the GO suspension. The 
suspension was added rapidly into the dispersion to stir for 2 h by water bath. Then, 
the mixture, which included 10 ml g-C3N4 (5 wt%) suspension dispersing by ultra-
sound for 0.5 h,was put into hydrothermal reactor was added at 180 °C for 5 h. At last, 
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the product was filtrated and washed several times with deionized water and dried at 
110 °C for 3 h to obtain composites of g-C3N4/ZnO/GO. Fig. 1 shows the preparation 
schematic diagram of composites.

Photocatalytic degradation of methyl orange by catalyst

0.05  g composites of g-C3N4/ZnO/GO was added to 100  mL volumetric flask 
containing 50  mL 10  mg/L MO stimulated waste water, and ultrasonic disper-
sion was performed for 30  min in dark conditions. The suspension was then 
irradiated with stimulated sunlight. 5 mL of the suspension was sampled every 
hour, centrifuged, and the supernatant was taken for visible spectrophotometer 
test. Since the solution of methyl orange was unstable, the absorbance of methyl 
orange without catalyst was measured under the same conditions as the control, 

Fig. 1  SEM of g-C3N4 (a) and g-C3N4/ZnO/GO (e), mapping of g-C3N4 (b, c) and g-C3N4/ZnO/GO 
(f, g, h), EDS of g-C3N4 (d) and g-C3N4/ZnO/GO (i) composite materials (Putting the sample into the 
gold spraying instrument, and then take it into the scanning area of nitrogen atmosphere. The selected 
samples were scanned. Acceleration voltage: 0.2–30 kV; magnification: 5–30,000 times; probe current: 
0.5  Pa−5 μA)
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and the degradation ratio was calculated based on this. According to the absorb-
ance, MO degradation ratio was calculated by the following formula.

where R is the degradation ratio of MO.  A0 and  At are the absorbance strength of the 
solution at initial time and time of t.

The concentration of methyl orange solution degraded by photocatalytic 
material was determined by spectrophotometry, and the standard curve of solu-
tion was showed in Fig. 1S.

R =
At − A0

A0

× 100%,

Fig. 1  (continued)
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Characterization

The crystalline phase of composites was tested by X-ray diffractometer (XRD-
6000, Shimadzu, Japan) scanning from 10° to 90°. The morphology of g-C3N4 was 
observed by scanning electron microscopy (SEM, LEO1530, Leo Electron Micros-
copy Co. Ltd., Germany). Thermalgravimetric analyzer (TGA-DSC 1, METTLER 
TOLEDO, Germany) was conducted at a temperature range of 25–800  °C and a 
heating rate of 20  °C/min to test the samples’ heat stability in a nitrogen atmos-
phere. Nicolet 5700 Fourier Transform infrared spectrometer (FTIR-5700, Thermo 
Electron Corporation) was recorded with the wavenumber range at 400–4000  cm−1. 
The solid sample (1–2 mg) was pressed into a transparent sheet together with KBr. 
The photocatalytic properties were tested by ultraviolet spectrophotometer (UV–vis-
2600, Shimadzu Analytical Instruments Corporation, Japan) and the wavelength 
range is 185–800 nm. Raman spectrometer (RL, Renishaw 1000) was tested with an 
excitation wavelength of 0–1000 nm Slit100 micron, Hole400, exposure time 20 s, 
three cycles. The specific surface of sample, the distribution of pore area to pore 
volume and the total pore volume were performed by physical adsorption method 
(ASAP-2020, Mcmerritt Instrument Co., Ltd.). The electrical properties of compos-
ites were characterized by open circuit potential method and AC impedance method 
using electrochemical workstation (CS350a, Wuhan Cost Co. Ltd., China). The pho-
toluminescence (PL) spectra of the samples was measured by the Lumina fluores-
cent photometer (Lumina, Thermo Fisher Instrument Co. Ltd., USA) at the wave-
length range: EX 190–900 nm, EM: 190–900 nm.

Results and discussion

The morphology of the prepared material was investigated by SEM. As can be seen 
from Fig. 1, compared with Fig. 1a and e, Obviously, g-C3N4 has a layered struc-
ture (Fig. 1a). The g-C3N4/ZnO/GO has a significantly decrease in size than g-C3N4 
(Fig. 1e), and the ZnO and GO are successfully loaded on the g-C3N4, which will 
increase the surface area and heterojunction of the material and is more conducive 
to photoelectron transfer. The elemental mapping images which determined the ele-
mental composition of C, N in  C3N4 with different colors are shown in Fig. 1b and c. 
Further, C and N elements of g-C3N4 in Fig. 1d and f–i shows that C and N element 
is uniformly formed in the composites and zinc ions are uniformly distributed in the 
composites.

Fig. 2S shows the XRD patterns of photocatalytic samples. For Fig. 2Sa, a weak 
diffractive peak of g-C3N4 (100) lattice plane is at 13.1°, which induced by stacking 
in planar elements. While the second diffraction peak pair of g-C3N4 corresponds to 
the (200) lattice plane of g-C3N4 at 27.5°, which comes from inter-lamellar stacking 
of the conjugated aromatic system, that confirms the graphite-like lamellar structure 
of g-C3N4. For the g-C3N4/ZnO/GO composites, the plot shows strong and sharp 
diffraction peaks at 30–80°. The diffraction angle of ZnO is 2θ = 31.77°, 36.25°, 
47.53°, 56.60°, 62.86°, 66.38°, 72.56°, 76.95° corresponding to (100), (101), (102), 
(110), (103), (200), (004), (202) lattice planes of hexagonal phase ZnO. However, 
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no significant characteristic diffraction peaks of g-C3N4 were observed in photocata-
lysts composites because the diffraction peaks of zinc oxide were too strong to over-
ride the g-C3N4.

The thermal stabilities of photocatalysts composites are showed in Fig.  2Sb 
according to the TGA curves. In the first stage of g-C3N4, a weight loss of about 5% 
is observed at temperatures of 100–250 °C, which is related to the evaporation of 
water/solvent which was absorbed into the pores of the structure. The g-C3N4 shows 
a sharp weight loss from 400 to 726 °C, which is attributed to the thermal decom-
position of 3-s-triazine unit deamination polycondensation. For the g-C3N4/ZnO/GO 
composites, a weight loss of about 5% is observed at temperatures of 100–260 °C, 
which is also related to the evaporation of water/solvent that was absorbed into the 
pores of the structure. The weight loss between 260 and 400  °C result from the 
aerobic decomposition of oxygen-containing groups in GO releases CO,  CO2 and 
 H2O. The total weight loss of g-C3N4/ZnO/GO composites is only 25% of the orig-
inal weight that is obviously higher than g-C3N4. Therefore, the thermal stability 
of g-C3N4/ZnO/GO composites is greatly improved compared to g-C3N4 due to the 
incorporated ZnO and GO.

Fig.  2Sc shows the FTIR of g-C3N4/ZnO/GO composites and g-C3N4. The 
g-C3N4 spectrum has strong absorption peaks at 1254, 1342, 1389, and 1612  cm−1 
corresponding to the C–N and C=N stretching vibrations on the carbon–nitrogen 
ring. The absorption peak at 839  cm−1 corresponds to the backbone of the triazine 
ring vibrates. The broad absorption peaks at 3100 to 3400   cm−1 corresponding to 
the -OH peaks. It is also likely to be caused by –NH and –NH2 residues [25] at the 
defect position of the aromatic ring. g-C3N4/ZnO/GO composites and g-C3N4 basi-
cally have the similar peaks, but the carbon and nitrogen characteristic peaks at 1254 
and 1612   cm−1 are slightly weakened, which indicates that g-C3N4, ZnO, and GO 
are not simple physical mixing, but forming a heterojunction structure.

Fig. 2Sd shows the UV–visible absorption spectra of g-C3N4/ZnO/GO compos-
ites and g-C3N4. It can be seen from Fig. 2Sd that the maximum absorption intensity 
of g-C3N4 is at 280 nm, while the g-C3N4/ZnO composites is at 372 nm, it indicates 
that the maximum absorption wavelength of the composite materials have obvious 
red shift, because of the formation of a heterostructure between g-C3N4, ZnO and 
GO, which is more conducive to the absorption of visible light, and the photocata-
lytic effect will better than the g-C3N4.

Raman spectroscopy was used to study the ordered/ disordered crystal structures 
of carbonaceous materials. Thus, we utilized it to examine the changes that occurred 
in the structure of the graphene nanomeshes as compared to the as-prepared GO 
sheets, as shown in Fig.  2Se. The well-known characteristics of carbon materials 
in Raman spectra are the G band (1580   cm−1), which is generally assigned to the 
 E2g phonon of  sp2 bonds of carbon atoms, and the D band (1350  cm−1) as a breath-
ing mode of point phonons of  A1g symmetry, which is attributed to local defects 
and disorders, particularly the defects located at the edges of graphene and graphite 
platelets [42]. Hence, the smaller ID/IG peak intensity ratio of a Raman spectrum 
can indicate lower defects and disorders of the graphitized structures containing the 
disorders caused at the edges of the carbon platelets. The Raman spectra shown in 
Fig. 2Se display the D and G bands at about 1182 and 1442.5  cm−1, respectively. It 
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was also found that the ID/IG ratio increased from 1.00 for the GO sheets to 0.9404 
for the graphene nanomeshes. This decrease was assigned to unformation of the 
pores in the graphene sheets. By increasing the graphene nanomeshes by hydra-
zine, the ID/IG ratio decreased to 1.18, which can be assigned to more graphitiza-
tion of the nanomeshes due the reduction process in composites of g-C3N4/ZnO/GO. 
Raman spectroscopy is also utilized to investigate the single-, bi-, and multilayer 
characteristics of graphene and GO layers. For instance, it was shown that the G 
band of the single-layer graphene, located at 1585  cm−1, shifts about 143  cm−1 into 
lower wavenumbers after stacking 2–6 graphene layers. Moreover, the shape and 
position of the 2D band are known as key parameters to judge both formation and 
the layer numbers of the grapheme sheets [46].

As shown in Table 1, the BET specific surface area, BJH adsorption specific sur-
face area, and BJH desorption specific surface area of g-C3N4/ZnO/GO composites 
are 46.4541  m2/g, which are twice that of g-C3N4. BJH adsorption specific surface 
area, and BJH desorption specific surface area of g-C3N4/ZnO/GO composites are 
271.4238 and 36.4541  m2/g, which are nearly three times that of g-C3N4. As shown 
in Fig.  4Sc, the pore volume of g-C3N4/ZnO/GO composites is also much larger 
than that of g-C3N4. After ternary recombination, the pore volume further increases. 
The increase of specific surface area and pore volume is not only helpful to increase 
the adsorption amount of pollutants, but also to improve the transfer and diffusion 
of photoelectrons in the composite material to promote the photocatalytic oxidation 
efficiency. Compared with g-C3N4, the average BET pore size, average BJH pore 
size, and average BJH desorption pore size of g-C3N4/ZnO/GO composites has 
tripled. This shows that loading of ZnO and GO is beneficial to increase the pore 
volume. GO has a two-dimensional single-layer honeycomb structure, and it is not 
easy to block the original holes of g-C3N4. Or it can be form a larger hole in space, 
which lead to increasing hole capacity. Fig. 3Sa and 3Sb are the  N2 adsorption and 
desorption isotherms of g-C3N4 and g-C3N4/ZnO/GO composites, respectively. 

Table 1  Physical adsorption properties of g-C3N4 and g-C3N4/ZnO/GO composite materials

Weight 0.2 g sample, set degassing temperature at 300 °C, heating rate at 10 °C/min, degassing for 6 h, 
analysis for 5 h. The specific surface area, pore area versus pore size distribution and total pore volume 
were determined. Temperature range: 40–450 °C; specific surface area: 0.0005  m2/g; pore size analysis 
range: 3.5 Å–5000 Å, micropore section resolution: 0.2 Å

Physical index g-C3N4 g-C3N4/ZnO/GO

BET specific surface  (m2/g) 11.7634 33.0396
BET average adsorption pore size (nm) 242.5208 271.4238
BJH adsorption specific surface area  (m2/g) 12.612 34.109
BJH desorption specific surface area  (m2/g) 15.3042 36.4541
BJH adsorption pore volume  (cm3/g) 0.0709 0.2212
BJH desorption pore volume  (cm3/g) 0.0708 0.2216
BJH average adsorption pore size (nm) 225.095 259.439
BJH mean desorption pore size (nm) 185.261 243.172
Total pore volume  (cm3/g) 0.0713 0.2242
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The desorption isotherms of g-C3N4, g-C3N4/ZnO/GO composites are all above the 
adsorption isotherm with  H3 hysteresis loop which is hysteresis loops at 0.44–1.0 
of P/P0 which is helpful to adsorb pollutants and improve the transfer and diffusion 
of photoelectrons in the composite material to promote the photocatalytic oxidation 
efficiency.

Fig.  4Sa shows the open-circuit potential of composites. It can be seen from 
Fig. 4Sa that the conductivity of g-C3N4/ZnO/GO composites is better than that of 
g-C3N4 that means the composites have better transfer electron properties. Fig. 4Sb 
shows g-C3N4/ZnO/GO composites and g-C3N4 of AC impedance map (EIS). Gen-
erally, the small radius of the semicircle indicates the rapid separation and trans-
fer of photogenerated carriers. The greater the diameter of the semicircle, the more 
difficult of the electron transfer. The composite material has the smallest resistance 
(Fig.  4Sb), which indicate it is easier to transfer electron and high photocatalytic 
rate.

Photoluminescence measurement was regarded as a useful tool to detect the pos-
sibility of recombination process for photo-generated charge carriers. The elec-
tron–hole recombination rate depends on the emission intensity. A high PL emis-
sion intensity indicates the severe electron–hole recombination rate. As shown in 
Fig. 4Sc, the g-C3N4/ZnO/GO composites exhibited a strong emission peak due to its 
high electron–hole recombination rate, which is mainly due to the effective electron 
transfer between two components. the PL emission intensity of g-C3N4 is greatly 
decreased. Apparently, the formation of heterojunction between g-C3N4, ZnO and 
GO  takes positive effects on the separation and transfer of photogenerated charge 
carriers, facilitating photocatalytic activity for  O2 generation and MO degradation.

The g-C3N4/ZnO/GO composites as the sorbents was used to treat the MO stim-
ulated waste water. the concentration of g-C3N4/ZnO/GO composites, temperature 
and time of adsorption on the removal ratio were discussed. The concentration of 
g-C3N4/ZnO/GO composites is considered as variate from 0.1 to 1.00  g/L with 
the constant of 25 °C, 40 min and 10 mg/L of MO for the adsorption process (see 
Fig.  5Sa). With the concentration increasing of g-C3N4/ZnO/GO composites, the 
removal ratios also are evidently improved because the more g-C3N4/ZnO/GO com-
posites bring the larger adsorption surface area to promote the faster electron trans-
fer and obtain greater adsorption capacity. But removal ratio holds around the 91.4% 
when the concentrations continually increase after 1.00 g/L which imply the adsorp-
tion and desorption performance of MO stimulated waste water reach to the acti-
vated balance for the g-C3N4/ZnO/GO composites adsorbent. So, the g-C3N4/ZnO/
GO composites 1.00 g/L is taken as the best content for the 10 mg/L of the MO in 
water considering the cost and removal efficiency.

About the treating time from Fig. 5Sb, the removal ratio of the MO stimulated 
waste water gradually increases with the prolonging treating time. However, when 
the adsorption time reaches 120 min, the removal ratio MO of stimulated pollutant 
effluents reaches up to 91.2% and become stable after 120 min adsorption time.

Finally, the temperature is considered as variate from 25 to 45 °C with the con-
stant of 1  g/L of g-C3N4/ZnO/GO composites, 120  min, and 10  mg/L of the MO 
solution for the adsorption process to determine the removal ratio for MO in water 
(see Fig.  5Sc). With the increasing temperature (up to 35  °C), the removal ratios 
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of g-C3N4/ZnO/GO composites, also are gradually increasing to around 91.2% from 
25 to 35  °C. The reason is that the adsorption rate of methyl orange waste water 
become fast resulting in the fast degradation rate of the composite with the increas-
ing of temperature. However, when the adsorption reaches equilibrium, the adsorp-
tion rate will not increase when the temperature is increased. the degradation of 
methyl orange by composites of g-C3N4/ZnO/GO was under simulated sunlight and 
the shadows respectively, the results was as shown in Fig. 5Sd, the rate of degrada-
tion of methyl orange in the shadows was no more than 52%, But the degradation 
rate of methyl orange in simulated sunlight is more than 92%, including the same 
concentration of the composite material, the same degradation time and the same 
degradation temperature, It was evidence that the degradation of MO by composites 
of g-C3N4/ZnO/GO was photocatalytic degradation.

Then, the used sample is filtered and dried, and then the photocatalysis experi-
ment is carried out again to evaluate the reproducibility of g-C3N4 and g-C3N4/ZnO/
GO composites with the sample solution of 1 g/L at 35 °C (see Fig. 6S). The five 
curves were found to be close and almost identical, and the maximum removal rate 
is unchanged. The removal rate can still reach 90.1% even after five times of re-use, 
indicating the high reproducibility of the photocatalyst.

At last, in order to explore the main active species of g-C3N4/ZnO/GO composi-
tesin photo catalytical reactions, the benzoquinone, isopropanol oxalate, EDTA dis-
odium salt as trapping agents were used to capture  OH·,  O2−· and  (h+). As shown in 
Fig. 7S, the removal rate of MO stimulated waste water by adding benzoquinone is 
almost 0, which means that benzoquinone captured  O2−·. However, the addition of 
EDTA disodium salts and isopropanol has little effect on the photocatalytic activity 
of g-C3N4/ZnO/GO composites, which indicates that  O2−· is the main active species 
in the photocatalytic removal of MO by  C3N4/ZnO/GO composites.

Based on the above experiment results, the mechanism of the photocatalytic reac-
tion in the system g-C3N4/ZnO/GO composites is proposed as illustrated. Due to 
the rapid recombination of electron-hole pairs, the catalytic efficiency of g-C3N4 is 
very low. After the ZnO and GO composite is loaded onto the surface of g-C3N4 
to provide more hydrogen evolution active sites and accelerates electron transform, 
thereby enhancing the activity of the g-C3N4/ZnO/GO composites catalyst. In detail, 
heterogeneous under stimulated visible light irradiation absorb the energy of the 
photon and are excited to generate photo-generated electron-hole pairs. The large 
specific surface area heterogeneous g-C3N4/ZnO/GO composites have a stronger 
absorption rate of visible light, thereby generating more photo-generated carriers.

g-C3N4/ZnO/GO composites photocatalytic degradation mechanism was 
discussed as follows. Under visible light irradiation, g-C3N4 is excited to form 
photo-generated electron-holes; since the CB (conduction band) of g-C3N4 is 
−  1.27  eV [48], the CB of ZnO is −  0.505  eV. Therefore, the photogenerated 
 e− is transferred from the conduction band of g-C3N4 to ZnO; and the excellent 
conductivity of GO can accelerate the electron transfer. These  e− are further 
adsorbed with  O2 on the surface of the catalyst to form an active center ·O2

− at 
the same time, the holes formed on the valence band of g-C3N4 are combined 
with  H2O to form ·OH. These highly reactive free radicals can eventually degrade 
MO into small molecules such as  H2O and  CO2. Because g-C3N4, ZnO and GO 
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form a heterojunction, it prevents photo-generated electron–hole recombination 
and improves photocatalytic activity. The above process can be described by the 
following formula:

Hydrogen peroxide  (H2O2) provides enough oxygen to form more free radicals 
and increases the concentration of free radicals in the case of ultrasound. When 
the  H2O2 were added into methyl orange simulated waste water, it can be seen 
from Fig. 8S, the removal of methyl orange simulated wastewater increases firstly 
and then tends to be stable with the increase of the amount of  H2O2. But exces-
sive  H2O2 will inhibit the generation of hydroxyl radical in the case of excessive 
 H2O2. The contact volume of  H2O2 is 120 mL/L.

Conclusion

In this paper, g-C3N4/ZnO/GO composite materials were synthesized. The synthe-
sized g-C3N4/ZnO/GO composite shows good efficiency in the removal of MO stim-
ulated waste water. The removal mechanism of MO with g-C3N4/ZnO/GO composite 
materials is controlled by electrostatic interactions, hydrogen bonding, ternary het-
erojunction construction, The photocatalytic degradation of methyl orange reaches 
the best effects with 120 min of illumination at is 35 °C by 1 g/L of g-C3N4/ZnO/
GO added 120 mL/L of  H2O2. The multi-electron structure of fluorine in ammonium 
fluoride in soft template method may be beneficial to photoelectron transfer.

The formation of g-C3N4/ZnO/GO heterojunction reduces the recombination 
rate of photo-generated electrons and holes, and can form more highly active free 
radicals, thereby improving the catalytic efficiency.
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