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Abstract. Graphene composites not only have most advantages of graphene, but also have the 
characteristics of easy regulation, morphology and so on. Among many applications, graphene composite 
photocatalytic degradation of organic wastewater is one of the most likely graphene technologies. At 
present, the most studied graphene complexes include graphene monophyletic complex, graphene binary 
complex and graphene ternary complex. In this paper, the preparation of graphene binary complex and the 
research status of photocatalytic degradation of organic wastewater are summarized, and the existing 
problems are analyzed in order to provide a reference for the further research and application of graphene 
complex photocatalytic degradation of organic wastewater. 

1 Preparation and application of 
graphene and its complexes 

1.1. Properties and preparation of graphene and 
its complexes 

Graphene, also known as monolayer graphite, is a 
honeycomb-like two-dimensional planar material formed 
by the hybridization of carbon atoms through sp2 
electron orbitals and arranged in hexagons[1]. It is the 
thinnest two-dimensional nanomaterials known at 
present. The unique structure of graphene makes it have 
many excellent properties, such as good electrical 
conductivity(The velocity of electrons in graphene is 
about 1/300 of the speed of light, much higher than that 
of electrons in ordinary conductors), good thermal 
conductivity [2], high mechanical strength (Its strength is 
more than 100 times that of steel) [3], strong adsorption 
ability(Because of its large surface area) and 
photoelectric conversion performance[4]. 

In order to improve the properties of graphene, 
scientists and researchers have prepared a variety of 
graphene materials, including modified graphene 
materials and graphene composites. Although the 
modified graphene materials are more dispersed and 
active than single graphene, they can not give full play to 
the function of graphene. At present, the starting point 
and breakthrough point of the research and application of 
graphene materials is graphene composites[5]. The 
application of graphene is inseparable from the 
preparation of graphene and its composites. There are 
three main methods for preparing graphene complex, 
namely solution blending method, original 
polymerization method and melt blending method [6]. 

1.2. Research and application of graphene 
composites for sewage treatment 

The research of graphene complex for wastewater 
treatment mainly focuses on organic wastewater and 
heavy metal wastewater. According to the principle, the 
treatment of refractory organic wastewater by graphene 
complex can be divided into adsorption and catalytic 
degradation two types. Graphene complex shows super 
ability to adsorb organic pollutants with huge specific 
surface area, but there are still many shortcomings [7-8], 
such as the toxicity of graphene complexes to animals 
and plants, the difficulty of separation and recovery from 
aqueous solution after adsorption of pollutants, the 
existence of regeneration and bad utilization 
performance is not good enough, which may cause 
serious secondary pollution to the environment[9-10]. The 
preparation process of graphene complexes is 
complicated and the production cost is high. The study 
of adsorption of organic pollutants is still in the stage of 
model pollutants, which is not suitable for large-scale 
batch production and practical application[11-12]. 

Because graphene has excellent electron transport 
properties, it can be combined with photocatalytic 
materials to effectively exert the synergistic effect of the 
two and further enhance the photocatalytic properties of 
the composites [13]. Photocatalysis refers to the catalytic 
reaction of photocatalyst under the action of light, which 
can mineralize organic pollutants into simple inorganic 
substances such as CO2 and H2O[14]. Hence, the 
photocatalytic action of graphene complexes can realize 
the catalytic degradation of organic pollutants using non-
toxic solar energy resources, avoiding secondary 
pollution to the environment, and is an economical, 
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simple, efficient and promising wastewater treatment 
method [15]. In this paper, the preparation and application 
of graphene binary photocatalytic complex are 
summarized. In general, the role of graphene materials in 
photocatalytic properties is mainly reflected in three 
aspects, its large specific surface area and enhanced 
adsorption capacity of composites, its high electron 
transfer ability (which can be used as electron acceptor 
to delay the recombination of electron-hole pairs) and 
enhance the photocatalytic activity. 

2 Preparation and application of 
graphene binary photocatalytic 
complex 

Graphene binary complexes mainly include graphene 
binary complexes, graphene oxide binary complexes and 
reduced graphene oxide binary complexes. 

2.1. Graphene binary complex 

Lui et al synthesis of graphene-encapsulated 
nanocomposites by solvothermal reaction, whose 
photocatalytic degradation Methyl blue activity is 1.49 
times higher than commercial p25, When the graphene 
load is 5%, The photocatalytic performance is the 
highest[16]. This is due to the excellent conductivity of 
graphene, promoted Methyl blue degradation.  

Wang Xinzhi [14] synthesized graphene/TiO2 
nanotubes (GN-TNT) from commercial TiO2 
nanoparticles as titanium source. When dyes and As(Ⅲ) 
coexist, GN-TNT still have good visible light 
degradation efficiency for Methyl blue，Reactive Black 
5 dyes and As(Ⅲ) ions. However, compared with the 
single existence system, the degradation efficiency of 
pollutants in the coexistence system is reduced.  

Lv Huimin et al [17] prepared graphene / TiO2 
complex by sol-gel method with butyl titanate as 
titanium source. It has good photocatalytic effect. The 
decomposition rate is up to 95.24% under the condition 
of sunlight.  

Chen lidong et al .[18] reviewed the current 
preparation methods of ZnO composites with graphene 
and the current research status of photocatalytic 
degradation of pollutants such as rhodamine B, 
methylene blue and crystalline violet dyes, indicating 
that ZnO-graphene nanocomposites materials exhibit 
significant advantages in photocatalytic applications. 
However, most of the studied pollutants are dyes, and 
the removal and mechanism of other organic pollutants 
and new refractory pollutants are less studied.  

In addition to TiO2 and ZnO, graphene can also form 
composites with other metal oxides and compounds as 
photocatalytic materials. At present, researchers have 
prepared CdS，ZnS，WO3，CuO，Mn3O4，Mn2O3，
SnO2 and other graphene photocatalytic complexes [19-22]. 

 
 
 

2.2. Graphene oxide (GO) binary complex 

Wang Zhao et al[23] prepared TiO2/ graphene composites 
by hydrothermal method, The photocatalytic activity of 
Rhodamine B was significantly higher than that of TiO2 
prepared under the same conditions.  

Chen et al [24] prepared GO/TiO2 composites using 
TiCl(3) and graphene oxide (GO) as raw materials to 
study the degradation of methyl orange (MO) under 
visible light.  

Zhang et al. [25] found that the degradation efficiency 
of GO-TiO2 complex to methyl orange is still high after 
several consecutive cycles under ultraviolet light, but the 
conversion rate of methyl orange decreases after each 
cycle, which is due to the formation of TiO2 
agglomerated particles on both sides of the GO. This 
agglomeration results in a decrease in the contact area 
between MO molecules and TiO2 particles and a 
decrease in photodegradation efficiency. when the 
composite was exposed at room temperature for 4 weeks, 
it could restore its relatively stable photocatalytic 
degradation performance to MO, but after 8 weeks, its 
degradation activity. 

Li [26] synthesized high performance ZnO/GO 
nanocomposites by simple chemical deposition, Under 
visible light, The photocatalytic degradation efficiency 
of organic dyes is obviously improved compared with 
GO and ZnO particles, and annealing in N2 gas can 
further improve the photocatalytic efficiency.  

Duan Yuandong [27] et al. used Hummers improved 
method to obtain the complex CO3O4/GO, and 
investigated the effects of several inorganic salt ions on 
catalytic degradation polyvinyl alcohol in the presence 
of oxidant. The results show that the catalytic activity of 
CO3O4/GO is high, H2PO4

- can promote the degradation 
reaction of polyvinyl alcohol, and As the pH approaches 
neutral, the more favorable the reaction is. 

Er et al.[28] synthesized TiO2/graphene composites, 
Used for photocatalytic degradation of simulated 
antibiotic wastewater, and the optimum treatment 
process conditions were determined.  

Guo Sheng et al. proved that under visible light, And 
when the GO mass fraction is 5%, The degradation rate 
of GO-FePO4 composites to RB is 2.87 times that of 
pure FePO4 and can be reused[29]. Similarly, Ag3PO4-GO 
photodegradation rate of methyl orange was 1 times 
higher than that of pure Ag3PO4. The high photocatalytic 
activity and stability are mainly attributed to the rapid 
transfer of electrons from Ag3PO4 and GO[30]. 

2.3. Reduced graphene oxide (RGO) binary 
complex 

Zhang[31] prepared RGO–TiO(2)(P25) nanocomposites 
by simple one-step hydrothermal method. Compared to 
pure p25 and p25-CNTs with the same carbon content, 
During the MB treatment, the reaction rate of the 
photocatalyst was obviously improved.  

Yan[32] proposed a novel microwave-assisted in situ 
growth method to prepare RGO-BiVO4 composite 
photocatalyst, The photodegradation efficiency of 
ciprofloxacin is much higher than that of pure BiVO4. 
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especially when the mass content is 2% RGO-BiVO4 the 
ciprofloxacin degradation rate of composite 
photocatalyst is the highest (68.2% within 60 min). The 
improvement of photocatalytic activity is mainly due to 
the effective separation of electron hole pairs, rather than 
improving the light absorption.  

Chen et al [33] synthesized ZnO/RGO composites by 
simple solvothermal reaction with obvious 
photocatalytic activity. Zinc vacancies and oxygen 
vacancies produced on the ZnO surface, which play a 
crucial role in the photocatalytic performance of the ZnO. 
In the photodegradation process of methylene orange, 
both zinc and oxygen vacancies can cause effective 
charge separation, which can obviously inhibit charge 
recombination. 

Wu Zhimin [34] prepared visible light responsive 
BiOCl-RGO composites with stable performance and 
enhanced catalytic activity, and analyzed the kinetic 
model of photocatalytic degradation of Rhodamine B 
and the reasons for the enhancement of catalytic activity. 
on the one hand, BiOCl can prevent RGO agglomeration 
and improve the adsorption of dyes. on the other hand, 
the adsorbed dyes can be degraded by visible light 
photocatalysis, which makes BiOCl-RGO composites 
free from recycling and suitable for industrial 
applications. 

Lv et al[35]. synthesized RGO modified ultralong 
TiO2 nanotubes (LTNTs) by improved hydrothermal 
method and heating reflux method. Under visible light 
irradiation, the photocatalytic activity of the composites 
is higher than that of pure TNT, which also confirms that 
the RGO in the composites play an important role in 
making more effective use of sunlight and improving the 
separation efficiency of electron hole pairs. 

3 Existing problems and prospects 

• Because of the hydrophobicity and agglomeration 
tendency of graphene, graphene nanomaterials are easy 
to aggregate, which affects the photocatalytic 
performance of composites[36]. The defects of the carbon 
atomic structure of graphene materials reduced by 
graphite oxide often lead to the decline of the properties 
of graphene materials.Therefore, the relationship 
between the preparation, structure and properties of 
graphene materials needs further study[37] . 

• The ffects of graphene materials on the 
environment needs further study[37]. Development of 
graphene preparation technology with excellent 
performance, environment friendly and expandable 
production to provide guarantee for subsequent 
application research 

• The photocatalytic degradation mechanism and 
degradation process of graphene composites to organic 
pollutants need to be further studied. At present, the 
laboratory degradation simulation wastewater is the main 
research, which is different from the actual wastewater 
quality, and the effect is not ideal in the actual water 
treatment application [38]. 

• How to effectively treat and reuse graphene 
composites after degrading pollutants needs further study, 

which restricts the application of graphene composites 

[14]. 
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