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                    ABSTRACT 

The stability of Cu2O nanoparticles due to the fast recombination rate of electron/hole pairs 

remains a significant challenge in its photocatalytic applications for water treatment. In this 

study, Cu2O/graphene nanocomposite was prepared for photocatalytic degradation of 

methylene blue (MB) dye. Cu2O/graphene nanocomposites were synthesized from graphite 

powder and copper nitrate using the facile sol-gel method. In addition, initial process 

parameters such as contact time, catalyst dosage, and pH of the solution were examined for 

MB removal. The prepared hybrid nanocomposites were characterized using UV-Vis, FT-IR, 

XRD, and SEM instruments. The photocatalytic activities of Cu2O nanoparticles and 

Cu2O/graphene nanocomposite were compared for cationic methylene blue (MB) dye 

degradation. Cu2O/graphene nanocomposite exhibits higher photocatalytic activity on MB 

(with a removal efficiency of 94%) than bare Cu2O nanoparticles (67%). The kinetic study of 

the MB degradation process confirmed that the second-order kinetic model fits the 

experimental data. Thus, this work indicated new insights into Cu2O/graphene nanocomposite 

as high-performance in photocatalysis to degrade MB, playing a great role in environmental 

protection in relation to MB dye. 

Keywords: Methylene blue, Photocatalysis, Cuprous Oxide, Cuprous Oxide/Graphene 

Nanocomposite
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1. INTRODUCTION 

Pollution has become unavoidable in the recent lifestyle due to a fast industrial and 

technological development. The wastewaters discharged from textile industries includes 

residual dyes (which are poorly biodegradable) cause water pollution and serious threat to the 

environment [1]. Methylene blue (MB) dye is a basic aniline dye, C16H18N3SCl that forms a 

deep blue solution when dissolved in water. MB is a biologically active substance, and if not 

treated before discharged to a water body, it can lead to several health complications, 

including gastrointestinal disturbances and dysuria [2,3]. Therefore, the efficient treatment of 

wastewaters has become of immediate importance among the scientific community around 

the globe as there is a growing need to come out with the state of the art technologies that are 

capable to solve the problems [4]. 

Nowadays, various methods such as photocatalysis [5], microbial degradation [6], hydrolytic 

degradation [7], chemical decontamination [8], and adsorption [9] have been developed for 

the treatment of these dyes. Among these methods, photocatalytic technology is one of the 

most effective methods for wastewater treatment because of its simple process and green 

technology, low investment cost, mild reaction conditions, and degrade dyes into non-

hazardous products [10]. Although, photocatalytic applications which produce negligible 

secondary pollution have been intensively reported in many literatures [10,11,12]. Moreover, 

photocatalytic degradation methods have enticed immense attention owing to their capability 

to utilize UV–visible or solar light for the production of photo-generated electron-hole pairs. 

The produced electron-hole pairs form reactive oxygen species (ROS) which are highly 

reactive and capable of destroying organic and inorganic pollutants as well various 

microorganisms including bacteria, viruses, spores, and protozoa, etc [14]. 

Recently, semiconductor photocatalysis is one of the most promising processes for the 

treatment of contaminated water using MB [15]. Several semiconducting metal oxide 

materials including TiO2 [16], ZnO [17], Fe2O3 [18], WO3 [19], Cu2O [20] have been 

investigated for their good photocatalytic organic waste treatment activities. Among those 

catalysts, cuprous oxide (Cu2O) is a p-type semiconductor that is nontoxic, low cost, and has 

abundant source materials [21]. It has been demonstrated that Cu2O has good application 

prospects in photocatalysis, solar energy cell, hydrogen production, and anode material for 

lithium-ion batteries [21,22,23]. However, excited electron-hole pairs are not with the 
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effective bandgap separation and this leads to the fast recombination rate which tends to 

reduce the photocatalytic activity. To overcome these problems, graphene has been widely 

explored as a supporting material improving the photo-catalyst performances [25]. 

Graphene, with a unique two-dimensional sp
2
-hybridized single layer carbon structure, 

possesses many fundamentally interesting electronic properties such as zero bandgaps, zero 

effective mass, high charge carrier mobility, large surface area, and high optical transparency 

over a very large spectral range from IR to UV, which makes it an excellent candidate for 

enhancing the performance of photocatalysts and significantly improve the separation 

efficiency of photogenerated electron-hole (e
−
/h

+
) pairs in photocatalytic processes [25,26]. 

As a photocatalyst carrier, graphene forms an electrical conducting network so that the 

photogenerated electrons could easily be transferred and decrease the recombination of 

photogenerated e
−
/h

+
pairs. Moreover, graphene could prevent aggregating, leading to 

increasing the surface area of photocatalysts, thus improving the photocatalytic property of 

Cu2O nanostructures significantly [28]. Besides its remarkable electronic properties, 

recombination of electron-hole pairs can be prevented in Cu2O/graphene nanocomposite 

through the formation of heterojunction (Schottky barrier) at the interface of the conjugated 

π-orbitals of graphene and Cu2O conduction band. Graphene can act as an electron acceptor 

and trap the excited electrons which reduce the recombination rate by separating electron-

hole pairs [29]. Moreover, photocatalytic degradation attempts of MB via Cu2O /graphene 

nanocomposite are seldom reported. In view of this observation, Cu2O/graphene 

nanocomposite was synthesized, characterized, and its photocatalytic activity was evaluated 

by the photodegradation of MB dye under visible light. 
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1.2 Statement of the Problem 

Rapidly increasing concentrations of organic pollutants such as synthetic dyes in different 

kinds of water sources have widely increased concerns worldwide [30]. Discharging of 

wastewater effluents that are contaminated with MB to water resources without efficient 

degradation results in harmful effects, such as burns of the eye, nausea, vomiting, and 

diarrhea [31]. Therefore, finding an effective treatment method for wastewater containing dye 

(MB) should be developed. 

 Semiconductor photocatalysts may play a great role in the photocatalytic degradation of 

organic pollutants (dyes) in wastewater. Metal oxide semiconductors are the most often 

studied materials in photocatalysis owing to their high photocatalytic activity, non-toxicity, 

and chemical stability [32]. Cu2O nanoparticles are among the well-known metal oxide 

photocatalyst and most active photocatalysts for the degradation of a wide range of organic 

compounds. However, it has fast recombination of photogenerated electrons and holes, which 

limits its performance. To overcome these limitations, graphene may be a favorable additive 

for making nanocomposites with cuprous oxides, to inhibit the fast recombination of 

electron-holes pairs. Despite such exceedingly higher transformation induced by graphene, 

studies focused on photocatalytic activity of Cu2O/graphene nanocomposite upon several 

organic dye molecules such as MB are seldom reported. 

1.3 Objectives 

1.3.1 General Objective 

To synthesize, characterize, and evaluate photocatalytic activity of Cu2O/graphene 

nanocomposite 

1.3.2 Specific Objectives. 

 To synthesize the Cu2O/graphene nanocomposite using the facile sol-gel method 

 To characterize the synthesized Cu2O/graphene nanocomposite using UV-Vis, 

FTIR, XRD, and SEM spectroscopic techniques. 

 To study the influence of reaction conditions (temperature, graphene amount, and 

reaction time) on structural, and optical properties of Cu2O/graphen 

nanocomposite.   
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  To study photocatalysis influencing parameters on the photocatalytic degradation 

of MB  

 To investigate the photocatalytic degradation efficiency of MB using 

Cu2O/graphene nanocomposite 

1.4 Significance of the Study 

Nanotechnology innovation is the quickest developing division of technology with multiple 

consumer products. Its little size and extensive surface area per unit volume impart 

characteristics that can be useful in photocatalytic construction. Cuprous oxide nanoparticles 

(Cu2ONPs) application is a very promising, efficient, and cost-effective method for 

remediating this environmental health concern. Therefore, there is a need to synthesize 

Cu2O/graphene nanocomposite photocatalyst for the photodegradation of organic pollutants 

such as MB before being discharged to the environment. 

Moreover, the findings of this research may be used for: 

  Upgrading the knowledge about the Cu2O/graphene nanocomposite regarding its 

photocatalytic activity. 

 Setting the ground for further investigation of chemical and health aspects of 

Cu2O/graphene nanocomposite. 

 Providing further awareness for researchers about the kinetic degradation action of 

Cu2O/graphene nanocomposite.  
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2. REVIEWS OF RELATED LITERATURE 

2.1. Water Contamination and Demand for Solution 

Water contamination is one of the most serious environmental issues, as many hazardous 

micropollutants such as heavy metals, pharmaceuticals, dyes, fertilizers, and pesticides are 

increasingly being released into the watercourses [33]. In the global scenario, the textile 

industry is considered one of the largest water polluters by releasing a huge number of dyes 

into the water system. The biggest challenge in this issue is that these dyes are highly stable 

and remain unaffected even after chemically and biologically treated [1]. Therefore, several 

advanced techniques have been used to deal with this serious phenomenon, such as 

biological, wet catalytic oxidation, ozonation, electrochemical, son catalytic, photochemical 

techniques, etc.,[17,18] were used to remove organics from wastewaters, but still have the 

challenge to complete elimination of this refractory organics [36]. 

Photocatalysis utilizes renewable, clean, and inexhaustible radiations of the sun for the 

activation of chemical reactions by oxidation and reduction, hence it becomes a versatile, 

easy to use, and economical technology in the wastewater treatment processes [37]. 

Heterogeneous photocatalysis, a category of advanced oxidation processes (AOPs), works 

well with the help of inorganic photocatalyst (semiconductors) and light energy. Upon 

illumination by light, electron-hole pair is generated respectively in conduction and valence 

bands of the photocatalyst. These photo-generated charge carriers react with surface 

molecules (such as H2O, adsorbed O2) to undergo secondary reactions to produce the radical 

species (
.
OH, O

2-
) which further react with the organic compounds and reduce them to 

harmless products such as H2O and CO2 [30]. 

Cuprous oxide (Cu2O) is a p-type semiconductor with an arrow bandgap of 2.1eV which has 

been widely used in various fields based on their unique magnetic, electronic, and optical 

properties, such as CO oxidation, gas sensing, photodegradation, photocatalyst, and so on 

[38]. With its advantages of low cost, abundant, non-poisonous and easy synthesis, Cu2O has 

been widely researched as photocatalysis. However, the stability of Cu2O is a serious issue as 

the redox potentials for the reduction and oxidation of monovalent copper oxide lie within the 

bandgap and the fast recombination rate of the photogenerated electron-hole pairs also 

hinders the industrial application of this semiconductor [39].  
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To overcome them, graphene material is one of the potential supports due to the large specific 

surface area[40]and high mobility of charge carriers [41]. Graphene can accept electrons to 

prevent recombination and provide a favorable surface area for absorption of dye through π-π 

conjugation between dye and aromatic region of graphene. The trapped electrons on graphene 

react with the dissolved oxygen and water to form reactive oxygen and hydroxyl radicals 

which further oxidize the dye [42]. 

2.2. Nanomaterials, Nanoscience and Nanotechnology 

Nanoparticles (NPs) are materials with at least a dimension under 100 nm, a broad variety of 

matter materials included [43]. The unit of nanometre derives its prefix nano from a Greek 

word meaning “dwarf” or “extremely small.” One nanometre span 3–5 atoms lined up in a 

row. Nanoparticles are not essentially a molecular element in themselves, but are composed 

of three layers: the core, the shell layer, and the surface layer, the core the central part of the 

NP, and the shell layer the core part and the environment surface [44]. Due to the outstanding 

features of the NPs these products were a cause of concern for scientists in multidisciplinary 

areas. Nanoscale materials often present properties different from their bulk counterparts, as 

their high surface-to-volume ratio results in an exponential increase of the reactivity at the 

molecular level. Such properties include electronic, optical, and chemical properties, while 

the mechanical characteristics of the nanoparticles (NPs) may also differ extensively [45]. 

This enables them to be an object of intensive studies due to their academic interest and the 

prospective technological applications in various fields [46]. 

Nanostructure science and technology is accepted as a broad area of research and 

development activity that has been growing explosively worldwide in the past few years [47]. 

Nanotechnology is the science of the small; the very small. It is the use and manipulation of 

matter on a tiny scale. At this size, atoms and molecules work differently and provide a 

variety of surprising and interesting uses. It is an emerging interdisciplinary area that is 

expected to have wide-ranging implications in all fields of science and technology such as 

material science, mechanics, electronics, optics, medicine, plastics, energy, aerospace, etc 

[48]. 

Nanotechnology should not be viewed as a single technique that only affects specific areas. 

Although often referred to as the ‘tiny science’, nanotechnology does not simply mean very 

small structures and products. Nanoscale features are often incorporated into bulk materials 
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and large surfaces. Nanotechnology represents the design, production, and application of 

materials at atomic, molecular, and macromolecular scales, to produce new nanosized 

materials [49]. Such nanostructures may be synthesized by a wide number of methods, which 

involve mechanical, chemical, and other pathways. 

2.3. Chemistry of Graphene and its Derivatives 

Carbon-based materials are taking place in different fields ranging from composites to 

electronic devices. In recent years, the most preferred carbonic materials are graphene and 

carbon nanotubes (CNTs). These carbon allotropes show favorable results which can be seen 

as a very good alternative to other materials with their outstanding features such as easy 

functioning of the surfaces to provide various properties, high mechanical strength, and its 

unusual electronic properties, especially its possible technological applications [50]. 

2.3.1. Graphene 

In recent years graphene, a one-atom-thick planar sheet of sp
2
-bonded carbon atoms densely 

packed in a honeycomb crystal lattice, has grabbed appreciable attention to be used as a next-

generation electronic material, due to its exceptional properties including high current 

density, ballistic transport, chemical inertness, high thermal conductivity, optical 

transmittance and super hydrophobicity at nanometer scale [51]. As compared to other carbon 

materials, graphene contain higher mobility (200000cm
2
 v

-1
 s), young modulus (1TPa), and 

thermal conductivity (4.84x10
3
 to 5.30x10

3
 W/mK) which make it a potential material in 

sector transistor element and integrated circuit, storage energy, gas sensor and bio electronic 

sensor [52]. Its robust electrical properties along with high optical transparency and 

flexibility make graphene a potential candidate in the applications such as touch-screens, 

liquid crystal display (LCD), photovoltaic cells, or organic light-emitting diodes (OLED) 

[53]. Graphene has potential in nano-applications in many scientific and industrial fields 

including the study of nano-electronics, molecular separation, composite additives, catalysis, 

nano-sensors, and transport [54]. 

2.3.2. Graphene Oxide 

Graphene oxide (GO) has revealed some unique physicochemical properties such as small 

size, large surface area, exceptional strength in 2D structure, interesting optical and electronic 

properties, among others [55]. The structure of graphene oxide is similar to that of graphene, 

carrying a large number of active oxygen-containing functional groups, such as hydroxyl, 
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carboxyl, epoxy, etc., which enables GO to not only have the characteristics of graphene but 

also have other chemical and physical properties (for example, graphene oxide can be evenly 

and stably dispersed in water). At the same time, due to the introduction of oxygen-

containing functional groups, the large π conjugate structure of graphene is destroyed, so the 

ability to conduct electrons is lost, and the conductivity is obviously reduced [56]. 

2.3.3. Reduced Graphene Oxide 

Graphene oxide containing different oxygen groups could be reduced and result in a product 

called reduced-graphene oxide (rGO). This process could be performed using different 

approaches, including chemical reduction, microwave-assisted reduction, photo-reduction, 

thermal reduction, and solvothermal reduction [57]. Reduced-graphene oxide has few 

reduced sites as compared to the GO. Since rGO is prepared from the reduction of GO and 

there always remain some defects along with some oxygen functional groups within the 

structure or on the rGO surface. Both GO and rGO have excellent comparable properties, 

while rGO shows tuneable optical properties due to its functionality variability [58]. 

2.4. Graphene/ Metal Oxide Photocatalyst 

Recently, a large number of studies have been published on the application of graphene/metal 

oxide nanocomposites as photocatalysts and for water, purification owing to its exceptional 

properties exhibited by the composites such as higher adsorptive, conductivity, tuneable 

optical behavior, stability, and longevity. Graphene and its  derivative has been combined 

with a variety of metal oxides such as TiO2, ZnO, and Cu2O found to be an excellent 

photocatalyst for the degradation of synthetic dyes [59] 

2.4.1 Graphene/Cu2O Composite as Photocatalyst 

Cuprous oxide (Cu2O), which is a p-type semiconductor with a direct bandgap of 2.17 eV, 

has been widely studied as an efficient photocatalyst because of its abundance, low cost, 

environmental-friendliness and good visible-light response [60]. However, the stability of 

Cu2O is a serious issue as the redox potentials for the reduction and oxidation of monovalent 

copper oxide lie within the bandgap [61] and the fast recombination rate of the 

photogenerated electron-hole pairs also hinders the industrial application of this 

semiconductor [62]. Due to this limitation, materials and methods for enhancing the 

photocatalytic efficiency of these semiconductors received great emphasis in photocatalysis 

research. Recent research revealed that conventional photocatalysts coupled with activated 
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carbon, fullerene, graphene, and other carbon-based material can largely improve the 

photocatalytic performance, among which the coupling with graphene showed noticeable and 

innovative results [63] 

Sun et al.[64] Evaluated the addition of GO in the semiconductor with low loading of GO (0–

0.5%) to enhance their photocatalytic activity under visible light irradiation. The 

photocatalytic activity of rGO/Cu2O was reported exceeding that of pure Cu2O. However, a 

further increase of graphene oxide content resulted in a gradual decrease in the photocatalytic 

activity due to the prevention of light from reaching the surface of the Cu2O by the excessive 

GO, which would also shield the Cu2O from absorbing visible light. Besides that, the loading 

of GO would inhibit the crystallization of Cu2O that resulted in low photocatalytic activity. 

A study by Benxia Li et al.[65] Showed that by combining reduced graphene oxide with 

Cu2O, the light absorption range can be significantly extended to the visible light range and 

the electron-hole recombination rate can be suppressed as well. In the methylene blue (MB) 

photodegradation experiment, the rGO-Cu2O photocatalyst showed much higher 

photocatalytic performance than bare Cu2O. Effective charge transfers from the surface of 

Cu2O to graphene that inhibited the recombination and therefore significant-high 

photocatalytic efficiency can be observed. 

2.5. Methods of Graphene and its Derivatives Synthesis 

The methods of producing high-quality graphene can be broadly categorized into two major 

classes, such as the “top-down” approach as well as “bottom-up” approach. The top-down 

approach is the most common method of producing large quantities of graphene at a low cost. 

It is synthesized by exfoliating natural or synthetic graphite using a strong oxidizing agent 

and followed by thermal exfoliation or chemical reduction [66]. The bottom-up approach 

consists of standard techniques such as epitaxial growth using metallic substrates using 

chemical vapour deposition (CVD) or organic synthesis which depend on the choice of 

precursor chemicals and thermal degradation and decomposition of the materials. Several 

other processes, such as arc discharge, chemical conversion CO reduction, CNT unzipping, 

and self-organization of surfactants have also been tried for the synthesis of graphene and its 

derivatives [67]. 
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Figure 1: Top-down and bottom-up synthesis of graphene structures [68]. 

2.5.1 Synthesis of Graphene-Cuprous Oxide Nanocomposites 

Cuprous oxide nanomaterial’s have been synthesized by different techniques such as 

electrochemical, sonochemical combustion method, hydrothermal method, thermal 

decomposition, and microwave irradiation depending on the desired structure [69]. Mohd 

Shah et al.[70] Prepared Cu2O/graphene nanocomposites in water using GO as a precursor for 

graphene and copper foil substrates as a single source precursor of Cu2O under sol-gel 

condition. The whole process is simple, scalable, and industrially compatible.  

2.6. Characterizations Graphene/Metal Oxide Nanoparticles 

The great advances made in nanosciences and nanotechnology would not have occurred 

without the ability to characterize the nanoscale structural, chemical, and physical properties 

of materials. Moreover, the direct observation of nanostructure allows meaningful 

relationships between processing and properties to be made [71]. 

2.6.1. Ultraviolet-Visible (UV–Vis) Spectroscopy 

UV-Vis spectroscopy (UV-Vis) is another relatively facile and low-cost characterization 

method that is often used for the study of nanoparticles in aqueous solution and solids by 
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analyzing the unique optical properties and optical bandgap which depends on the size and 

the shape of the nanoparticles between 200 nm to 800 nm. It measures the intensity of light 

reflected from a sample and compares it to the intensity of light reflected from a reference 

material [72]. 

2.6.2. Fourier Transformed Infrared (FTIR) Spectroscopy 

FTIR spectroscopy is used to identify the possible functional groups of the active components 

present in the extracts or on the surface of NPs that are responsible for reducing, capping, and 

stabilizing being synthesized nanoparticles. The possible functional groups are identified in 

the ranges of 4000-400 cm
-1

. The FTIR peaks attributed to stretching and bending vibrations 

are identified and assigned to determine the different functional groups present in the 

synthesized composite and the spectrum obtained is compared with a standard reference chart 

to identify functional groups present in the sample [42-46]. 

2.6.3. Energy Dispersive X-Ray Spectroscopy 

Electron dispersive X-ray spectroscopy (EDS) was used for the determination of elemental 

composition and purity of the sample by atom %. Characteristic X-rays are emitted when the 

electron beam removes an inner shell electron from the sample, causing it to fill the shell and 

release energy [73]. These characteristic X-rays are used to identify the composition and 

measure the abundance of elements in the sample, the technique may know as EDX 

spectroscopy[74]. 

2.6.4. Powder X-ray Diffraction (XRD) Analysis 

In a variety of X-ray spectroscopic modalities, XRD is a primary tool for completely 

resolving the tertiary structures of crystalline materials at the atomic scale. The diffraction of 

X-ray can be simply described as the reflection of a collimated beam of X-rays incident on 

the crystalline planes of an examined specimen according to Bragg's law [75]. XRD patterns 

were calculated using X per Rota flex diffraction meter using Cu K radiation and =1.5406 Å. 

Crystallite size is calculated using Scherrer equation:- 

                    D = 
    

       
 

Where D is the particle size, λ is the X-ray wavelength, B is the full width of the half maxima 

(in radians) of the X-ray peak, and θ is the Bragg angle. Although XRD is routinely carried 
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out with standard laboratory diffractometers, it may be necessary to use synchrotron X-rays 

to obtain better resolution and sensitivity for materials such as metal oxides [76]. 

2.6.5. Scanning Electron Microscopy (SEM) Techniques 

Scanning electron microscopy (SEM) was extremely useful for the determination of topology 

and observations of surfaces as they offer better resolution and depth of field than an optical 

microscope. SEM is a type of electron microscope that images the sample surface by 

scanning it with a high-energy beam of electrons in a raster scan pattern. The electrons 

interact with the atoms that make up the sample producing signals that contain information 

about the sample's surface topography, composition, and other properties such as electrical 

conductivity. The types of signals produced by an SEM include secondary electrons (SE), 

back-scattered electrons (BSE), characteristic X-rays, light (cathodoluminescence), specimen 

current, and transmitted electrons [77]. 

2.6.6. Transmission Electron Microscopy (TEM) Techniques 

A transmission electron microscope is a complex setup in which a high-energy electron beam 

passes through a very thin specimen to be subsequently analysed. The transmitted portion of 

the electron beam is focused and magnified using electromagnetic lenses to form either a 

diffraction pattern or an image. It’s capable of imaging at a significantly higher resolution 

than light microscopes, owing to the small de Broglie wavelength of electrons. This enables 

the instrument's user to examine fine detail even as small as a single column of atoms, which 

is tens of thousands times smaller than the smallest resolvable object in a light microscope 

[44-47]. 

 2.7. Dyes 

Dyes have long been used in dyeing, paper and pulp, textiles, plastics, leather, cosmetics, and 

food industries. Color stuff discharged from these industries possesses certain hazards and 

environmental problems. These colored compounds for example (methylene blue, methylene 

orange, Congo red, etc.) are not only aesthetically displeasing but also inhibiting sunlight 

penetration into the stream and affecting the aquatic ecosystem, hence they have complex 

aromatic molecular structures which make them more stable and difficult to biodegrade[78]. 

Methylene Blue is a heterocyclic aromatic compound with molecular formula C16H18ClN3S 

as shown below, with IUPAC name 3,7 bis(Dimethylamino)-phenothiazin-5-ium chloride. 

MB is a cationic thiazine dye that is deep blue in the oxidized state while it is colorless in its 
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reduced form leucomethylene blue [2]. Methylene blue is a biologically active substance, and 

if administered inappropriately, it can lead to several health complications, including 

gastrointestinal disturbances and dysuria[79]. Therefore, various physical, chemical, and 

biological methods such as filtration, precipitation, coagulation, oxidation, and adsorption 

have been used to remove dyes[80]. In this study, cuprous Oxide- graphene (Cu2O/graphene) 

nanocomposite have been used as a low-cost, efficient catalyst for the removal of MB dye 

from synthetic wastewater. 

 

2.8. Photocatalysts 

Photocatalysts are materials that, when absorbing photon energy, accelerate the rate of a 

reaction. It is, by the definition of a catalyst, neither consumed nor chemically changed in the 

reaction[81]. Over the past decades, photoactive nanomaterials as photocatalysts, especially 

semiconductor nanomaterials, have been of great interest due to their potential applications in 

environmental remediation and energy conversion [82]. Photocatalyst allows both 

spontaneous and non-spontaneous reactions, which relied on the photo-absorption ability of 

the material that can provide an energy source and turn it into chemical energy. As illustrated 

in Fig 2, the activity of photocatalyst (i.e., semiconductor) depends on the ability to create e
-
 

and h
+
 pairs to generate free radicals, which are needed to initiate the reaction. An electron 

from the valence band (VB) will be excited to the conductive band (CB) by absorption of the 

light energy equally or more than its bandgap, which is an energy difference between VB and 

CB in the semiconductor[83].  
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Figure 2. Simplification of photocatalysis mechanism 

The photogenerated electron-hole pairs separate from each other and vigorously migrate to 

catalytically active sites at semiconductor surfaces where they reduce the electron acceptors 

or oxidize the donor species [84].  

2.9. Mechanism of Photo-catalytic Degradation of Dyes  

Dyes are the natural or artificial substances used for imparting or altering the color of a 

substance. Textile, printing, paper, rubber, paint, plastic, cosmetics, pharmaceutical, leather, 

and food industries use various dyes, and a portion of these dyes is discharged in wastewater 

that results in contamination of streams and waterways. Dyes are thus one of the important 

pollutants in the environment [85]. In environment cleaning applications utilizing 

photocatalytic forms, different sorts of semiconductor heterojunctions with distinctive 

morphologies play a vital role in the degradation of dyes or decolorization. The degradation 

of dyes depends on the charge separation and electron-hole combination. It has been stated 

that radical species generated during photoexcitation of the semiconductor are responsible for 

the degradation of dyes. The essential steps involved can be visualized (in a general sense) in 

the following steps [86]. 
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Scheme 1: Various steps in photocatalytic degradation of dyes 
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3. MATERIALS AND METHODS 

3.1. Materials 

Graphite powder was commercially obtained from Bay Carbon Company (USA). All 

chemicals were used as received without further purification. Hydrochloric acid (HCl; 37%, 

Labserv Pronalys, Australia), Sulphuric acid (H2SO4; 98%, Aldrich), Hydrogen peroxide 

(30%, German), Potassium permanganate (AR, 98%), Copper nitrate trihydrate 

(Cu(NO3)2.3H2O; 99%, Alfa Aesar, India), Sodium hydroxide (NaOH; 99%, Sigma-Aldrich, 

India), Ascorbic acid (RG, Sigma-Aldrich) and Ethanol (99%, India), Methylene Blue 

(Sigma-Aldrich, >99%) were used in the experiments. 

3.2. Instruments and Equipments 

Ultraviolet-visible (UV-Vis) spectroscopy (Analytic Jena, Germany) was used to quantify 

MB. And, Fourier transform infrared (FT-IR) spectrometry (Nicolet IS10 (Thermo Scientific, 

Japan), X-ray diffraction (XRD) spectroscopy (XPERT-PRO, Netherlands), Scanning 

electron microscopy (SEM) (XL-300, USA) techniques were involved to characterize the 

synthesized photocatalyst. Equipments including Oven, Digital balance, Hot Plate, Magnetic 

bar, Centrifuge, Beakers, Test tubes, Droppers, Graduated cylinders, Glass rode, pH meter, 

Cuvettes, Refrigerator, Erlenmeyer flask., Furnace have been also used.  

3.3. Synthesis of Graphene Oxide (GO) 

The graphene oxide (GO) was synthesized from natural graphite powder according to the 

literature [87]. In brief, 2.0 g of graphite powder and 2.0 g of NaNO3 were added into 92 mL 

of ice-cooled concentrated H2SO4(98%). Next, KMNO4 (12 g) was added slowly to the 

solution while maintaining the reaction temperature below 20 °C. After that, the reaction was 

allowed to proceed in a 35 °C water bath for 2 h and 184 mL of distilled water was gradually 

added into it. Then, the temperature of the water bath was increased to 98 °C. The reaction 

was maintained at this temperature for 30 min, to increase the oxidation degree of the 

product. The suspension was further diluted to 1000 mL with doubly distilled water and 40 

mL of H2O2 was added while the color of the suspension changed from brown to yellow. The 

product was then washed with a 5% HCl aqueous solution until the sulfate ions are removed 

completely. The washing process was carried out repeatedly by centrifugation at 4000 rpm 

for 30 min, and the supernatant was decanted away. The pH of the collected material was 

checked using a universal indicator. The collected material (GO) was dried under vacuum at 

60 °C for 24 h.  
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The following equation is assumed by the reaction of KMnO4 and H2SO4  

 

2KMnO4 + 2H2SO4
Mn2O7 + H2O + 2KHSO4             (1)

 

The formation of more reactive Mn2O7 was certainly helped oxidize graphite powder as 

proposed in the reaction below [88].  

Mn2O7 + H2SO4 + C(graphite)
C-O-C
C-OH
COOH

+ MnO5 + H2O + SO42- (3)

 

3.3.1. Synthesis of Cu2O/graphene Nanocomposite 

In a typical procedure, 0.3991 g Cu(NO3)2.3H2O was dissolved in distilled water (30 mL) 

under constant stirring at room temperature, and 30 mL of GO aqueous dispersion 

(containing 0.05 g GO) was added into the above solution and stirred for 30 min. Then, 40 

mL of NaOH aqueous solution (0.2 M) and 20 mL of ascorbic acid aqueous solution (0.1 M) 

were successively added into the solution. The resultant solution was placed on a heater at 70 

°C for 2 h until solvent evaporation and obtaining gel state. The gel was placed in a vacuum 

oven for 4 h at 60 °C. Finally, the powder was calcined at 250 °C for 2 h. For comparison, 

Cu2O nanoparticles were prepared by the same procedure without the presence of GO 

[61,73]. 

3.4. Characterizations of the Synthesized Cu2O/graphene Nanocomposite 

The surface morphology of the prepared products was characterized by scanning electron 

microscopy (SEM) (XL-300, USA) operated at 15 kV. To identify the vibrational modes of 

the nanocomposites, Fourier transform infrared spectroscopy (FTIR) ( Nicolet IS10 (Thermo 

Scientific, Japan) was performed in attenuated total reflectance (ATR) mode, using a 

PerkinElmer Spectrum and considering 4 scans, with a resolution of 4cm
−1

. The optical 

absorption spectra of photocatalysts were estimated by Ultraviolet-visible (UV-

Vis) spectroscopy (Analytic Jena, Germany) in the liquid state, and the band gaps were 

calculated. The crystalline of the sample was investigated by X-ray diffraction (XRD) 

(Almelo, Netherlands) with Cu Ka ( 0.15406 nm) radiation over a scan rate of 0.02
° 
s

-1
 at a 2 

θ range of 10-70° under 40 kV/ 30 mA, at room temperature [61-66]. 
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3.5. Photocatalytic Degradation of Methylene Blue Dye 

The photocatalytic degradation of 15mg/L aqueous solutions of MB was tested using the 

prepared photocatalysts in visible light (200 W LED lamps) irradiation at room temperature. 

Here, the reaction setup was kept in a sealed Pyrex glass vessel with an unwrapped head and 

the light source was 10 cm apart from the reaction setup. In the process, 70 mg photocatalyst 

was dispersed in a 100 mL aqueous solution of MB dye (15 mg/L) in a Pyrex beaker. The 

solution was stirred for 40 minutes without light. This was to make sure that adsorption-

desorption equilibrium was attained between the catalysts and dye solution. Then, the 

solution was exposed to visible light irradiation under magnetic stirring. During 

photocatalytic degradation, 3 mL of solution was taken at different time intervals of 

irradiation (30 min, 60 min, 90 min, 120 min, 150 min, and 180 min) and centrifuged to 

remove the precipitate. Finally, the clear liquid was measured by a UV-Vis 

spectrophotometer at 665 nm to measure the photodegradation efficiency [13,19]. 

Photodegradation was performed in the presence of 15 ppm MB solution using Cu2O, and 

Cu2O/graphene. For reference, the MB was irradiated in the absence of catalyst and their 

absorptions were noted. 

The degradation efficiency of MB was determined by using the equation shown below [90]: 

Photodegradation efficiency (%) = [(
     

  
) × 100] = [(

     

  
) × 100]                 (3) 

Where C0 is the initial concentration of MB, Ct is the concentration of MB at a time, t and A0 

is the initial absorbance of MB, At is the absorbance after time t light irradiation. 

3.6. Parameter Optimization in Photocatalytic Degradation of MB Dye 

The effect of different parameters such as contact time, catalyst dosage, and effect pH on the 

degradation of MB were optimized according to these literature [84,85,86]. 

3.6.1 Effect of contact time 

The influence of irradiation time on photodegradation of MB was investigated from 30-210 

min by keeping other parameters constant. 

3.6.2 Effect of photocatalysts dose 

The effect of catalyst amount on the degradation of MB was studied from 0.03-0.09 g of 

Cu2O/graphene nanocomposite at MB solution (15 mg/L), and a reaction time of 180 min to 

acquire an optimized amount of photocatalyst. 
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3.6.3 Effect of pH 

The effect of pH on the degradation of MB was investigated over a pH range of (6-11) under 

the optimized conditions (catalyst dose of 0.07 g of Cu2O/graphene nanocomposite, MB 

solution (15 mg/L), and reaction time of 180 min. The solution was adjusted with 0.1 M HCl 

and 0.1 M NaOH solution to a required pH value. 

3.7. Recyclability Experiments 

Consecutive degradation reactions were conducted to investigate the stability and reusability 

of the Cu2O/graphene nanocomposite. For these experiments, the same dose of composite 

sample was utilized in three consecutive cycles of photodegradation experiments. The 

experimental conditions were set as follows: catalyst dosage (0.7 g/L); solution volume (100 

mL); initial MB concentration (15.0 mg/L); pH (10.0); and reaction time (180 min.). The 

composite was recovered by centrifugation after each reaction, purified with distilled water, 

and dried under vacuum (60 °C, overnight). Then, it was reused in another reaction.   
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4.  RESULTS AND DISCUSSION 

4.1 Graphene Oxide Formation 

Graphene oxide was prepared from graphite through one-pot synthesis based on newly 

modified Hummer’s method [87]. The oxidation of graphite by concentrated H2SO4/NaNO3 

and KMnO4 results in a greenish dark paste (Fig. 3a). The dark green color could indicate 

Mn2O7 formation. The mixture was stirred for 2 h at 35 C and its color changed to a brown 

paste which could indicate an oxidation process has occurred (Fig. 3b). After adding distilled 

water into the mixture, no purple color was shown which indicated KMnO4 is fully reacted 

[94]. The addition of H2O2 into the mixture also released heat and effervesces (evolution of 

steam and oxygen gas) (Fig.3c), and a bright yellow color was observed (Fig. 3d). The 

purpose of H2O2 was to consume the residue of  KMnO4 [95]. The color change possibly is 

due to the high-level oxidation of graphite powder, as reported in the literature [96]. The 

dispersion of the product in H2O upon the mechanical stirring is due to the introduction of 

functional groups which are responsible for the hydrophilic nature of graphite oxide. The 

filtration of the mixture resulted in a brown paste, which confirms the formation of graphite 

oxide. The washing process of graphite oxide paste with 5% HCl aqueous solution was done 

using centrifuge until SO4
2-

 was removed.  

Generally, the preparation of GO and graphene had three stages; (1) Low-temperature stage, 

in this stage the mixture of graphite, NaNO3, KMnO4, and H2SO4 was deep green (Fig. 3a). 

(2) Medium-temperature stage, in this stage the deep green color changed to brown (Fig. 3b). 

(3) High-temperature stage, the brawn colure changed to a yellow solution when after H2O2 

was added (Fig. 3d). 

The reduction of GO was also monitored by visual observation. As shown in Fig. 3(e), the 

GO dispersion resulted in brownish yellow color while the reduction of GO with ascorbic 

acid resulted in a black dispersion (Fig. 3f). This was probably a result of an increase in the 

hydrophobicity of the material caused by a decrease in oxygen-containing functional groups 

(O-H, C-OH, COOH, and C-O ) on the surface of the sheets [97]. The color change or the 

black color of graphene can also be assigned to the partial restoration of the  -network 

between the sheets due to removal of oxygen containing functional groups resulted in 

electronic conjugation with in reduced sheets [91,92]. 
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Figure 3. Schematic illustrations of color observations during the oxidation of graphite. 

4.1.1 Cu2O/graphene Nanocomposite Preparation 

A facile sol-gel process is introduced to prepare the Cu2O/graphene nanocomposite in which 

both the formation of Cu2O nanoparticles and the reduction of GO are achieved in a one-pot 

reaction. It is reported that the exteriors of the chemically exfoliated GO sheets are wrapped 

up by a large number of hydroxyls, carboxyl and epoxy groups which are brought in on GO 

sheets during oxidation [100]. These functional groups are responsible for the tie-up of Cu 

(OH)2 crystals onto GO sheets which enables the subsequent in situ formation of 

nanoparticles and the simultaneous reduction to Graphene using ascorbic acid in the reaction 

medium. After the mixing of the GO suspension and Cu(NO3)2 solution, Cu
+2

 ions are 

adsorbed onto the GO surfaces due to the bonding with the oxygen atoms of the negatively 

charged oxygen-containing functional groups via electrostatic forces[101]. The addition of 

NaOH not only increases the pH of the reaction medium but also helps to generate Cu (OH)2 

crystals which act as precursors for Cu2O nanoparticles. This Cu (OH)2 crystals tie up with 

the functional groups of GO via intermolecular hydrogen bonding or coordination bonds as 

shown by equation(5) [102]. Finally, ascorbic acid reduces the Cu (OH)2 to produce Cu2O 

nanoparticles. Meanwhile, Graphene sheets are formed through the reduction of GO as shown 

by equation (6). Thus, the Cu2O/graphene nanocomposite was obtained from both of the 

reduction reactions carried out in one step under heating at 70 C. 

Cu(NO3)2.3H2O + NaOH + GO                         Cu (OH)2/GO + NaNO3 + H2O                            (5)

Cu (OH)2/GO  +  ascorbic acid                          Cu2O/graphene                                                     (6)
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4.2 Characterization of Cu2O/graphene Nanocomposite 

4.2.1 Parameters Optimization for the Synthesis of Cu2O/graphene Nanocomposites 

4.2.1.1 Effect of GO Amount 

To investigate the influence of GO amount in the synthesis of Cu2O/graphene 

nanocomposite, amount of GO was varied from (0.01-0.08wt %) and its light-absorbance 

property was probed with UV-visible (UV-Vis) spectroscopy. As depicted in (appendix 1), 

the absorption edge of Cu2O/0.01wt% GO as well as Cu2O/0.05wt% GO kindly shifts to the 

visible light range. Additionally, it is noteworthy that Cu2O/0.08wt% GO shows a weaker 

absorbance than that of Cu2O/0.01wt% GO and Cu2O/0.05wt% GO in the visible light region. 

In addition, the influences of different mass ratio of GO on MB photodegradation was 

performed. The result showed that, along with the increase of GO content, the photocatalytic 

activity of the Cu2O/graphene composites is at first increased and then decreased. When the 

GO content in the composite reaches 0.05 wt%, the amount of MB degraded was enhanced. 

The enhancement of the photocatalytic activity for MB degradation could be attributed to the 

excellent electronic conductivity and large specific surface area of Graphene [103], resulting 

in that the photogenerated electrons transport to the surface of the composites more easily, 

thus inhibiting the recombination between photoinduced electrons and holes. 

4.2.1.2 Effect of Temperature 

Temperature is one of the key influence factors in chemical reactions. To investigate the 

influence of heating in the synthesis of Cu2O/graphene nanocomposite, the solution 

temperature was heated at 60, 70, and 80 °C, while other parameters were kept constant.  In 

(appendix 2), the UV-Vis spectra of Cu2O/graphene generated at different reaction 

temperatures, all in aqueous suspension are presented. It can be observed that as the reaction 

temperature increases the Cu2O/graphene peak absorption is also shifted (λ60= 466 nm; 

λ70=511 nm; λ80=477 nm). For 60 and 80 °C, the absorption spectra show broad and 

unsymmetrical band peaks, which indicate that NPs size distribution is broad and that 

probably they are aggregated [104,105]. For 70 °C, the absorption band peak, in this case, is 

narrow and very symmetrical that indicates the formation of more intense phases of Cu2O 

nanoparticles. Hence particle size is homogeneous and particles are very well dispersed [98]. 
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4.2.1.3 Effect of Reaction Time 

The quality and type of nanocomposite synthesized were greatly influenced by the length of 

time for which the reaction medium is incubated. Contact time is one of the parameters that 

control the size of Cu2O/graphene nanocomposite because of the blue shift of the absorption 

peaks as shown in (appendix 3). It can be seen that at 1 h, the band is broadened because of 

the slow conversion of copper ion (Cu
2+

) to zerovalent copper (Cu
0
) nanoparticles. Increasing 

the contact time enhances excellent band formation because a large amount of Cu
2+

 has been 

converted to Cu
0 

[106]. However, further increase in contact time leads to a noticeable 

decrease in absorption intensity and wavelength which is an indication of some aggregation 

of Cu2O/graphene nanocomposite due to long time reaction; particles may shrink or grow 

during the long reaction; they may have a shelf life, and so forth, that affects their potential 

[107]. 

4.2.2 UV-Vis spectroscopy Analysis 

To demonstrate the effect of the presence of graphene on the photo-response of the prepared 

Cu2O/graphene nanocomposite, UV–Vis absorption spectroscopy was performed on the 

samples. As depicted in Fig.4 the UV–Vis spectrum of GO exhibits a maximum absorption 

peak at about 234 nm, corresponding to the π-π* transition of aromatic C=C bonds [96,97] 

and the shoulder peak at 300 nm corresponding to the n-π* transitions of C=O bond from 

oxidized carbon of GO [94,98]. The overall feature of this spectrum is comparable to that of 

the GO synthesized using different methods and its adsorption peaks are also similar to those 

of the GO samples reported in the literature [111].  
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Figure 4. UV visible spectroscopy absorption spectra of GO 

A broad absorption band located at 484 nm attributes the formation of cubic crystals of Cu2O 

to the chemical reaction between the Cu(NO3)2.3H2O and ascorbic acid solution. However, 

Cu2O/graphene nanocomposites showed enhanced absorption in the long-wavelength region 

ranging about 500 nm as indicated in Fig. 5(c). The increase of absorption in the visible light 

region is due to the reintroduction of graphene, which can be ascribed to the increase of 

surface electric charge of Cu2O in the composites and restrain the recombination of 

electronic–hole pairs [112].  
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Figure 5. UV visible spectroscopy absorption spectra of Cu2O, and Cu2O/graphene 

nanocomposite synthesized at (70 
o
C, and 2h). 

The optical band gaps of the synthesized materials were calculated by using Tauc’s equation 

(6) [113]: 

                        αhv = A(hv – Eg)
n/2

        (6)  

Where α is the absorption coefficient, Eg is the band gap, A is a constant, and n is an index 

that characterizes the optical absorption process (for direct band gap semiconductor material 

n =  ⁄  and for indirect transition n=2). By extrapolating the linear region of the plot (αhv)
2
 

vs. hv, the band gap could be estimated. The bandgap values for Cu2O and Cu2O/graphene 

are given in Fig. 6. As depicted in Fig. 6(a, and b) the band gap of Cu2O/graphene 

nanocomposite (1.96 eV) is smaller than that of synthesized Cu2O (2.03 eV) nanoparticles. 

This indicates, graphene played an essential role in the band gap energy reduction of Cu2O 

nanoparticles. 
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Figure 6. Energy band gap of (a) Cu2O, and (b) Cu2O/graphene nanocomposite 

 

4.3 XRD Analysis 

The crystalline and amorphous nature of Cu2O and Cu2O/graphene nanocomposites were 

examined using XRD patterns as shown in Fig.7. The peaks at 29.74°, 36.58°, 42.49°, 55.10°, 

61.62, and 65.91°, which were attributed to the (110), (111), (200), (211), (220), and (221) 

planes for pure Cu2O nanoparticles. The intensities and positions of the diffraction peaks 

closely resemble the reference patterns for the cubic phase of Cu2O (Joint Committee for 

Powder Diffraction Studies (JCPDS) card no. 05-0667) [102]. The d-spacing was calculated 

as 0.24 nm with respect to plane (111) in Cu2O nanoparticles. But, the peaks at 32.28° do not 

fit well with Cu2O particles and confirm the existence of other Cu-O phases like CuO [114]. 

The peaks that appeared in Cu2O/graphene nanocomposite also exhibit comparable 

diffraction peaks and confirm the presence of Cu2O in the composite. The (111) peak of 

nanocomposites is relatively narrower than that of pure Cu2O nanoparticles which is due to 

the distortion in the lattice structure of Cu2O by the interaction with graphene sheets. The 

sharp intensity of diffraction peaks of pure Cu2O nanoparticles and Cu2O/graphene 

nanocomposites indicate that the synthesized samples have high crystallinity.  
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The crystallite size of Cu2O nanoparticles and Cu2O/graphene nanocomposite was calculated 

using the most intense peaks and found to be about 28.6 and 23.3 nm respectively using the 

Debye Scherer equation given below[115].  

                D = 
     

       
 

 

Where D is particle size, λ is the wavelength of the X-rays = 0.154 nm, β is the full width at 

half maximum of two most intense XRD peaks, in this case, K is Scherer constant (K =0.9), 

and θ is the Bragg diffraction angle. 
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Figure 7. XRD patterns of (a) Cu2O, and (b) Cu2O/graphene nanocomposite synthesized at 

(70 
o
C, and 2h) 
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4.4 SEM Analysis 

The morphologies of the synthesized Cu2O nanoparticles and Cu2O/graphene composite were 

characterized by using scanning electron microscopy (SEM). The SEM image (Fig. 8a) 

shows that the shapes of the Cu2O nanoparticles appeared spherical and its surface is not 

smooth. In addition, the particles are agglomerated. The SEM image of Cu2O/graphene 

nanocomposite (Fig. 8b) shows that the Cu2O is covering on the basal plane of the graphene 

within high homogeneity and low aggregation[116]. 

 

Figure 8. SEM images of (a) Cu2O and (b) Cu2O/graphene nanocomposites synthesized at (70 
o
C, and 2h) 

4.5 Fourier Transform Infrared Spectroscopy (FTIR) 

FTIR was used to identify functional groups of the prepared nanomaterials. Fig. 9 shows 

FTIR of GO, Cu2O, and Cu2O/graphene nanocomposite. GO displayed abundant oxygen-

containing groups, the strong band at around 3405 cm
-1

 is due to the stretching vibration of 

O-H, the band at 1734 cm
-1

 indicates the C=O vibration of -COOH located at the edge of GO 

sheets [97]. The peaks at 2924 cm
-1

 occurred due to C-H stretch vibrations. The deformation 

peak of O-H of C–OH group) and Alkenyl C=C stretching peak can be seen at 1452 and 1616 

cm
-1

 respectively [117]. The peak at 1372 cm
-1

 is attributed to the tertiary C-OH groups 

stretching vibration, the band at 1164 cm
-1

 is referred to as aromatic C-H bond [21], and the 

band at 1040  cm
-1

 is due to C-O  stretching vibration of C-O-C. All of the characteristic 

vibration bands are indicative of the containing of hydroxyl, carboxyl, epoxide groups in GO.  
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On the other hand, the Cu2O displays an intense peak at 626 cm
-1

, which is attributed to Cu-O 

vibration, the other two peaks located at 3404 and 1610 cm
-1

 are caused by the stretching and 

bending vibrations of hydroxyl groups of the inevitably adsorbed water [118]. In the FTIR 

spectra of Cu2O/graphene nanocomposite, the intensities of the oxygen-containing groups 

significantly decreased due to the reduction of GO by ascorbic acid while the peak at 2951 

and 2360 cm
-1

 which corresponds to C-H stretch vibrations and the adsorbed CO2 [118,119] 

respectively. In addition, the Cu-O vibration of Cu2O shifts slightly to 536 cm
-1

, indicating 

the interaction between Cu2O and graphene perturbing the Cu-O bonds [22].  

     

 

Figure 9. FT-IR spectra of GO, Cu2O, and Cu2O/graphene nanocomposite synthesized at (70 
o
C, and 2h). 
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4.6 Application of the Synthesized Nanocomposite  

4.6.1 Optimization of Photocatalytic Degradation of MB dye 

4.6.1.1 Effect of Contact Time 

The effect of contact time on the photodegradation of MB has been studied in presence of 

Cu2O/graphene nanocomposite under visible light (Fig. 10). The result showed that the 

degradation efficiency (82%) was increased as time increased. This is because the interaction 

of dye molecules increased with the surface of the photocatalyst. The maximum degradation 

efficiency was observed at 180 min because above it there is negligible degradation 

efficiency change was observed. Hence, 180 min. was considered in the follow up 

experiments. 
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Figure 10. Effect of irradiation time on photocatalytic degradation of MB with 

Cu2O/graphene nanocomposite under varying contact time 
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4.6.1.2 Effect of Catalyst Dose 

Photocatalytic degradation is affected by the amount of catalyst. Hence the amount of catalyst 

is a key parameter during the suspended photodegradation reactions. The effect of 

Cu2O/graphene dosage on MB photodegradation was investigated by various amounts of the 

composite photocatalysts (0.3, 0.5, 0.7, and 0.9 g/L) under the condition of 100 mL MB 

solution of 15 mg/L, and irradiation time 180 min. As shown in Fig. 11, when the 

photocatalyst amount increases from 0.3 to 0.7 g/L, MB degradation increases from11.1% to 

84% after 180 min of irradiation. This improvement of the removal rate is caused by the 

number of active sites on the catalyst surface being increased as the photocatalyst dosage 

increases, resulting in the increment of the amount of superoxide and hydroxyl radicals [121] 

and the collision frequency between the catalyst and dye increases [122]. However, the MB 

degradation decreases to 78% with a further increase in photocatalyst amount to 0.9 g/L. This 

is due to an agglomeration and sedimentation of the catalyst particles which caused an 

increase in the particle size that lead to a decrease in the number of surface active sites on 

photocatalyst surface [123]. Also, at a high amount of catalyst, the opacity, turbidity of the 

suspension, and light scattering of catalyst particles are increased. This tends to decrease the 

passage of irradiation through the sample [116,117]. Therefore, the optimal photocatalyst 

amount of 0.7 g/L is employed for the optimization of the other photodegradation parameters. 
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Figure 11.  Effect of catalyst on the degradation of MB at 15 mg/L of MB, and irradiation 

time 180 min 

4.6.1.3 Effect of pH 

The solution pH is an important parameter that influences the rate of photocatalytic 

degradation of some organic compounds. The effect of pH on the photodegradation 

the efficiency of MB was investigated from 6-11 in the presence of a fixed amount of catalyst 

(0.7 g/L), 100 mL of 15 mg/L dye solution, and irradiation time 180 min. Fig. 12 

demonstrates the results of photodegradation efficiency of MB with different pH values. 

Also, the point of zero charges of Cu2O/graphene nanocomposite is 7.6 as depicted in 

appendix 5. The results revealed that the photodegradation efficiency increases with the 

increase in pH. At pH 6.0 less significant degradation was observed. It is well known that in 

the acidic (pH < pHpzc= 7.6) region, the efficiency of degradation is less; this is because both 

the surface of the catalyst and MB are positively charged. The occurrence of desorption could 

be explained by electrostatic repulsion [126] between MB and Cu2O/graphene because the 

surface of Cu2O/graphene is positively charged at pH 6.0. As a result, poor adsorption of MB 

on the surface of Cu2O/graphene occurred. In contrast, above the zero-point charge of 

Cu2O/graphene (pH > pHpzc=7.6), the Cu2O/graphene surface is negatively charged and in an 
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aqueous solution, MB has a positive charge. Due to electrostatic interaction[127] between the 

negatively charged Cu2O/graphene surface and positively charged MB dye, higher 

photodegradation efficiency is obtained in alkaline solution. However, with further increasing 

pH of the solution, repulsion of hydroxide ions by the negatively charged photocatalyst 

surface can lead to a reduction in OH radical formation, and hence, a decrease in 

photodegradation efficiency can be occurred [124,
 
125]. Therefore, Optimum degradation of 

Methylene blue dye is obtained at pH-10 which degrades the dye up to 94% under the 

irradiation time of 180 min. 
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 Figure 12. Effect of pH on the degradation of MB at Catalyst dose of Cu2O/graphene 0.7 

g/L, and irradiation time 180 min 
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4.7 Degradation of MB using Cu2O and Cu2O/graphene at Optimum Conditions 

From the optimized parameters, the most efficient photocatalytic degradation of MB was at 

0.7 g/L catalyst dosage, pH 10, and irradiation time 180 min. The results for MB degradation 

are shown in Fig. 13. A continuous decrease in the intensity of the characteristic absorbance 

band of MB dye centered at ∼664 nm with increasing irradiation time reflects the 

photodegradation of MB dye. Cu2O /graphene and Cu2O nanoparticles show 94% and 67% 

degradation of MB solution in 180 min., respectively, showing excellent photocatalytic 

performance of Cu2O/graphene in comparison with pure Cu2O. This is due to the larger 

surface of graphene sheets that can offer more active adsorption sites, resulting in enhanced 

adsorptivity of MB molecules. Moreover, the photo-generated electrons can easily transfer to 

graphene, leading to enhanced charge separation, which is crucial in enhancing photocatalytic 

reactivity[126,127]. 

 

                                                        

Figure 13. MB dye degradation during light irradiation in the presence of (a) Cu2O/graphene 

and (b) Cu2O at 0.7 g/L catalyst, pH-10, and irradiation time 180 min. 
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4.8 Kinetics Studies of the Degradation Process 

Degradation kinetics was explored to further understand the degradation process. Here, the 

degradation efficiency of MB in the presence of a different concentration of Cu2O/graphene 

composites and at various pH under visible light was evaluated by the second-order kinetic 

model. The photocatalytic degradation rate equation was expressed as follows [132]: 

               
 

  
      

 

  
                     

The equation (7) is the linearized form of the second-order kinetics, where C0 and Ct are the 

concentration of the organic pollutant solutions at the initial time (t=0) and reaction time 

(t≠0), k (min
-1

) is the second-order rate constant, and t (min) is the reaction time. The value of 

the k (rate constant) can be calculated from the slope of the linear plot of 1/Ct as a function of 

t (, Fig. 14). The degradation process with different catalyst amounts and pH can be fitted 

well with a second-order kinetic model, as shown in (Fig. 14 a, and b). The calculated k 

values, as well as the determination coefficient (R
2
) values for the degradation of MB at 

different experimental conditions, are given in Table 1. From Table 1, it can be seen that the 

coefficient of determination (R
2
) for the second-order kinetic model is greater than 0.95 

which is higher than the R
2
 values of the first-order kinetic model (appendix 4). Therefore, R

2
 

values confirm that photocatalytic degradation is a second-order kinetic process. In addition, 

the calculated second-order rate constants of Cu2O/graphene and pure Cu2O are 

0.0539 and 0.0085 M
-1

.min
-1

 respectively (Fig. 14 c). The results further 

demonstrated that Cu2O/graphene photocatalyst exhibits good photo-reactivity 

which corroborates the corresponding degradation efficiency. 
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Figure 14. Second-order kinetic model for degradation of MB by (a) at different catalyst 

dosage (b) at various PH (c) Cu2O/graphene and Cu2O in reaction conditions: MB = 15 

(mg/L), 

0 30 60 90 120 150 180
0

2

4

6

8

10

12     c

 Cu2O

 G-Cu2O

1
/C

t

Time (min)

y= 0.00856t + 1.619, R2= 0.9502

y= 0.0539t + 4.317, R2= 0.915



38 
 

Table 1. Second-order rate constants and regression coefficients were obtained at different 

initial Cu2O/graphene catalyst concentrations, Cu2O, and pH. 

parameters Amount K(M
-1

.min
-1

) R
2
 

Catalyst Dosage 0.03 g 0.0008  0.946 

0.05 g 0.0066 0.979 

0.07 g 0.0159 0.981 

0.09 g 0.023 0.945 

pH 6 0.0018 0.979 

8  0.004 0.986 

9 0.0077 0.976 

10 0.028 0.982 

11 0.012 0.956 

Cu2O/graphene 0.07 g  0.0539 0.914 

Cu2O 0.07 g 0.00856 0.945 

 

4.9 Reusability of the Cu2O/graphene Nanocomposite 

The reusability of the Cu2O/graphene nanocomposite as catalysts in the degradation of MB 

was investigated in consecutive cycles. The degradation capability of regenerated 

Cu2O/graphene was tested under similar conditions (pH=10 and 100 mL of 15 mg/L MB) and 

compared to the performance of the first cycle. There is a slight decrease in the photocatalytic 

activity of MB during the first cycling runs (Fig.15), showing promising reusability even over 

third cycles. It can be the limitation of our work that, since the loss of some amount of the 

photocatalyst during the filtration in the repeated experiments, we were unable to repeat the 

experiment for several cycles. In fact, the experiment need to be repeated for several runs 

until the trend significantly decreased. This decrement  may be explained by the deposition of 

organic species on active sites of catalyst, inhibiting its catalytic activity [110,111]. This 

indicates that the prepared photocatalysts exhibit good photocatalytic stability and reusability 

under visible light irradiation.  
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Figure 15. Reusability of Cu2O/graphene nanocomposite (initial MB concentration: 15 mg/L, 

photocatalyst dosage: 0.7 g/L, pH: 10 and irradiation time 180 min). 
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4.10 Proposed Mechanism of Photodegradation 

The photocatalytic degradation of MB occurs through several steps and the schematic of this 

is illustrated in Fig. 16. When an aqueous solution containing photocatalyst and contaminant 

molecules (here MB) is irradiated by visible light, electron-hole pairs are generated 

(Equation. (8). In the first step, when the semiconductor is illuminated by the light energy, 

the electron in the valence band absorbs energy and moves to the conduction band. The 

generated holes in the valence band react with H2O molecules, resulting in the formation of 

hydroxyl radical (
•
OH) as given by Equation (10) and demonstrated in Fig. 16. The excited 

electrons in the conduction band react with O2 molecules to form superoxide radical ions 

(•O2
-
) (Equation (11). Finally, the hydroxyl radicals, which can oxidize and mineralize the 

organic molecules, react with MB molecules, which results in the production of different 

species, such as carbon dioxide, and water (equation (14) [123].  

Moreover, the photosensitization of adsorbed MB dye will also generate the excited electrons 

and increase the number of active radicals O2
•
. The O2

•
 radical further undergoes a series of 

reactions and produces H2O2 as the intermediate which further gives hydroxyl (OH
•
) radicals. 

These OH
•
 radicals are therefore successfully hit the C─S

+
=C functional group of the dye 

attached to the photocatalysts and degrade the dye molecules into small fragments [135]. The 

visible light-driven photodegradation process of MB dye using synthesized photocatalysts 

can be understood by the following reaction steps. 
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Figure 16. Schematic diagram of the charge transfer mechanism in the synthesized 

photocatalysts. 
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5. CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

In this study, highly crystalline Cu2O/graphene nanocomposites were synthesized via sol-gel 

method. XRD confirms the formation of the pure Cu2O phase and analysis indicates that 

cuprous oxide nanoparticles on graphene have an average size of ∼24.3nm with a cubic 

structure. The SEM images indicated the graphene sheets were decorated by spherical Cu2O 

particles which were distributed randomly on the surface and edges of the graphene sheets. 

Optical band gap of Cu2O/graphene nanocomposite is found to be 1.96 eV, with direct 

bandgap transition. Moreover, the photocatalytic efficiency of the synthesized Cu2O 

nanoparticle towards MB dye is found to be improved when coupled with Graphene. 

Cu2O/graphene nanocomposite and Cu2O nanoparticles showed 94 % and 67% degradation 

of MB solution in 180 min., respectively, showing excellent photocatalytic performance of 

Cu2O/graphene in comparison with bare Cu2O degradation efficiency. The degradation 

follows second-order kinetics with a rate constant of 0.0085 and 0.053 M
-1

.min
-1

 for Cu2O 

and Cu2O/graphene nanocomposite, showing a better photodegradation rate of MB dye under 

Cu2O/graphene nanocomposite. Therefore, Cu2O/graphene nanocomposite was found to be 

promising in its photodegradation and reusability for MB removal. 

5.2 Recommendation 

The initial optimized parameters for synthesis and photodegradation of Cu2O/graphene 

photocatalyst exhibit different efficiency under different conditions. This shows the promise 

of these materials in photocatalytic applications. The future work should focus on: 

 Further synthesizing the Cu2O/graphene nanocomposite using different methods such 

as hydrothermal and compare catalyst efficiency and differences under similar 

conditions. 

 Further material characterization like TEM, EDX and Spectroscopy characterization 

techniques like Raman spectroscopy should be performed to fully understand its 

property which could not be performed due to equipment and financial limitations. 

 Further investigation is needed to study the mechanism of removing methylene blue 

using this photocatalyst. 
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7. APPEDIX 
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Appendix 1. Effect of GO content (a) 0.01 (b) 0.05 (c) 0.08 

 

(a) 

 

                                                         (b) 
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                                                        (c) 

Appendix 2. Effect of temperature (a) at 60 (b) 80 and (c) 70 
0
c 
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                                                                            (a) 

 

(b) 
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Appendix 3. Effect of reaction time for (a) 1 h (b) 2 h and (c) 3h 

parameters Amount K(min
-1

) R
2
 

Catalyst Dosage 0.03 g 0.0052  0.9539 

0.05 g 0.0083 0.7329 

0.07 g 0.0131 0.5851 

0.09 g 0.0204 0.8521 

PH 6 0.0062 0.9717 

8  0.0081 0.9734 

9 0.0101 0.906 

10 0.0171 0.989 

11 0.0115 0.806 

Cu2O/graphene 0.07 g  0.0339 0.903 

    

Cu2O 0.07 g 0.00456 0.925 
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Appendix 4. First-order rate constants and regression coefficients were obtained at different 

initial Cu2O/graphene catalyst concentrations, and pH. 
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Appendix 5. Point of zero charge at ctalayst dosage 0.7 g/L, and 0.1 M of NaCl 

 

 

 

 

 

 

 

 

 

 


