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Abstract: This report presented an effective way to synthesize MnO2/graphene nanocomposites 

using the plasma electrolysis method for photocatalytic degradation of methyl orange dye in water. 

The morphology, structure, and chemical composition of MnO2/graphene nanocomposites materials 

were investigated through scanning electron microscopy (SEM), Raman spectra, and Fourier-

transform infrared (FTIR) spectroscopy, respectively. SEM results showed that MnO2 nanoparticles 

with particle sizes of 30-50 nm were attached uniformly on the surface of graphene nanosheets. The 

photodegradation activity was performed under UV-visible irradiation to evaluate the potential 

application of MnO2/graphene nanocomposites. 
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1. Introduction 

Methyl orange dye (MOD) is widely used as the colorant and disinfector in rubbers, varnishes, 

pesticides, dyestuffs, etc. [1, 2]. Subsequently, they are found in colored wastewater from the industries. 
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Therefore, the removal of pollutants especially organic dye before discharging mainstream water is 

necessary. To protect environment, a variety of methods have been conducted, such as ion exchange, 

adsorption, biological treatment, and photocatalytic degradation [3-5]. Among these approaches, the 

photocatalytic degradation has drawn much attention due to its effective, low-cost, flexible and less 

toxic by-product [6-8]. MnO2 is a kind of transition metal oxide owning to unique properties like eco-

friendly material, abundant, low-cost and proper optical behavior. MnO2 is also known as a 

semiconducting material with a bandgap energy of 2.3 eV, which can effortlessly be excited under 

visible light. However, the performance of MnO2 is still challenging because of its agglomeration and 

low specific surface area that led to poor photocatalytic performance. To overcome this issue, 

researchers have combined MnO2 with two-dimensional materials, especially 2D graphene nanosheets. 

Several methods have been employed in preparing graphene-MnO2 nanocomposites, such as soft 

chemical route, microwave-assisted wet chemical approach, hydrothermal synthesis that requires toxic, 

high temperature or long processing time [9]. Thus, finding a facile and efficient way for synthesizing 

MnO2/graphene nanocomposites is necessary. 

Previously, we reported on ultrasonic-assisted plasma electrochemical discharge in the synthesis of 

graphene nanosheet [10]. This technique is believed to be simple, facile and inexpensive compared to 

other methods. Adopted with some modifications, one can synthesize MnO2/graphene nanocomposites. 

Therefore, in this work, we present a simple one-step route to synthesize MnO2/graphene 

nanocomposites by plasma electrolysis process and its application in photodegradation of the methyl 

orange dye in water.  

2. Materials and Methods 

 

Figure1. Scheme for the synthesis of GMO; inset is the working system image. 

MnO2/graphene nanocomposites were synthesized by ultrasonic-assisted plasma electrochemical 

discharge method that was reported elsewhere [10]. In detail, the electrolyte was prepared from 200 mL 

KOH 0.5M under vigorous stirring to gain a homogeneous solution. The 100 mL MnCl2 0.5M was 
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prepared and dropwise added with a rate of 2 mL min-1. The DC bias was used to generate an electric 

field between two electrodes in which tip-formed graphite rod and Pt plate rod are the cathode and 

anode, respectively. Additionally, the beaker was placed in the ultrasonic bath with a frequency of 40 

kHz and a power of 150 W. After 60 minutes, as-prepared samples were achieved by vacuum-assisted 

filtration through a polyvinylidene fluoride (PVDF) membrane with a pore size of 0.2 m after being 

washed with a copious amount of DI water and ethanol. The sample (named as GMO) was further dried 

at 80 oC for 24 h and placed in a desiccator before use. Similarly, the MnO2 nanoparticles and graphene 

nanosheets were also conducted in the same process except for using Pt foil as cathode and KOH as an 

electrolyte, respectively. The schematic diagram of the synthesis of GMO is shown in Figure 1. 

The surface morphology was observed by field-emission scanning electron microscopy (FESEM, 

Hitachi SU8000). Raman spectra were obtained using LabRam HR Evolution spectrometer. Fourier-

transform infrared (FTIR) spectra were recorded on a Jasco FT/IR-6700 spectrometer. Methyl orange 

dye photodegradation was performed under UV-visible irradiation using a 400 W Xenon lamp where 

the concentration of MOD was 15 ppm. The samples were maintained in the dark for 60 min to complete 

adsorption at equilibrium, then the suspension was irradiated. After centrifugation, the supernatant was 

analyzed using an Jasco V-670 absorption spectrometer at  = 486 nm and the MOD concentrations 

were estimated using a standard calibration curve. 

3. Results and Discussion 

The morphologies of MnO2 nanoparticles and MnO2/graphene nanocomposites were observed by 

FE-SEM, the FE-SEM images are shown in Figure 2. The MnO2 sample shows nanoparticles-like 

morphology with slight agglomeration (Figure 2a). The agglomeration of MnO2 can be suppressed on 

graphene surface as seen in Figure 2b. The size of MnO2 nanoparticles on graphene surface was found 

to be in a range of 30-50 nm. 

 

 

Figure 2. FE-SEM image of (a) MnO2 and (b) GMO. 

As shown in Figure 3, MnO2/graphene nanocomposites exhibit two main regions. The typical peaks 

of the graphene material are displayed at 1334, 1584, and 2680 cm-1, which are assigned to the D, G and 

2D band, respectively. The dominant peaks are centered at 361 and 648 cm-1 corresponding to the Mn-
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O symmetric stretching vibration and Mn-O stretching vibration in the MnO6 group and basal plane of 

MnO6, respectively. This is similar to those reported in [11]. Here, the Raman spectra of MnO2 

nanoparticles reveal only their characteristic peaks. As compared with pristine graphene, the peak 

intensity ratio decreased with the presence of MnO2 nanoparticles, suggesting graphene nanosheet being 

depleted. It is remarked that the intensity ratio of D to G band (ID/IG) is, in turn, calculated to be of 0.25 

and 0.81 for the graphene nanosheet and the MnO2/graphene nanocomposites. The higher ID/IG might be 

attributed to cracks/defects on the graphene surface and the possibility of formation bonding between 

MnO2 and graphene through oxygen bridge. 

 

Figure 3. Raman spectra of graphene, MnO2 and GMO. 

FTIR analysis of MnO2 nanoparticles, graphene nanosheets and MnO2/graphene nanocomposites 

are displayed in Figure 4. In the spectrum of graphene nanosheets, the absorption peak at 1580 cm-1 

corresponds to the stretching vibrations of the aromatic C = C and the absorbed water molecules [12]. 

In contrast to graphene nanosheets, the new and sharp peaks at 417 and 528 cm-1 have occurred in 

MnO2/graphene nanocomposite, which can be assigned to the Mn-O bonds of MnO2 [13]. The spectra 

of MnO2 nanoparticles almost show the adsorption peak that is overlapped with whose MnO2/graphene 

nanocomposite appeared. Additionally, the peak at 634 cm-1 is related to O-Mn-O stretching vibrations 

[14]. A board adsorption peak at 3398 cm-1 indexes to the O-H stretching vibration [15], indicating that 

the MnO2 was attached to the graphene surface through chemical bonding. Based on the above 

characterizations, the one-pot synthesis of MnO2/graphene was successfully prepared via the plasma 

electrolysis technique. 

The potentially photocatalytic performance of the as-obtained materials was demonstrated by 

degrading MOD under a Xenon lamp. At a certain reaction interval, the UV–vis spectra of the dye in 

the solution was measured after irradiating by MnO2/graphene nanocomposite. The results are shown in 

Fig. 5. It can be seen that the absorbance intensity is gradually decreased as increasing time in 150 min 

(Fig. 5a). This implies that the decoloration of methyl orange dye is effective after 120 min. For 

comparison, the MOD decolorization using MnO2 is also investigated under a Xenon lamp. The better 

performance of the MnO2/graphene nanocomposite is believed to the well-dispersed MnO2 

nanoparticles on graphene surface, the prevention of MnO2 agglomeration/cluster and enhanced 

electrical conductivity as well as surface area (Fig. 5b). 
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Figure 4. FTIR spectra of graphene, MnO2 and GMO. 

 

Figure 5. (a) The adsorption spectrum of the orange dye with 10 mg GMO catalyst, pH = 5, (b) photodegradation 

of MOD by MnO2 and GMO nanocomposites under Xenon lamp irradiation. 
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4. Conclusions 

A simple one-step route to synthesize MnO2/graphene nanocomposites by the plasma electrolysis 

process was successfully developed. The formation of the MnO2/graphene nanocomposites was 

confirmed by FT-IR, SEM, and Raman analysis. The degrading methyl orange dye study was performed 

with a Xenon lamp. It was found that MnO2/graphene nanocomposites could effectively remove methyl 

orange dye from water. 
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