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Abstract. Graphene has good physical properties such as electronic, optical and mechanical 
properties. The unique properties of graphene are interesting to study, especially in the field of 
electronic devices. Graphene was synthesised with chemical reduction using the Tour method. 
The oxidation process of graphite into graphene oxide (GO) occurs in a solution with the acidic 
atmosphere of H2SO4/H3PO4. ZnO/graphene nanocomposite was prepared by modification of 
hydrothermal synthesis using microwave irradiation. Characterisation of material structures 
includes SEM-EDX and FTIR. SEM micrograph shows that the morphology of the 
ZnO/graphene synthesis of oxidising acids H2SO4/H3PO4 9:1 ratio has better performance. 

1.  Introduction 

Graphene is the allotrope of carbon that has a 2D layer with sp2 hybridisation forming a hexagonal lattice 
[1]. Graphene has a lightweight material with good thermal conductivity and a large active surface area 
of up to 2675 m2/gr supported by good mechanical and stability properties [2]. Other mechanical 
properties of graphene are Young's modulus of 0.1 TPa [3] and thickness of 0.335 with breaking strength 
of 40 N/m [4]. The good mechanical and thermal properties of graphene have the potential to be used 
as the materials for electrochemical resonators, chemical sensors and other electronic devices [5]. 

Numerous methods have been developed and conducted to produce graphene. Graphene can be 
synthesised by micromechanical exfoliation from graphite, such as exfoliation of graphite intercalation 
compounds, thermal chemical vapour deposition [6], and epitaxial growth [7]. The advantage of these 
methods is their high quality, while the disadvantage is impractical to use for commercial applications 
because of their low production and high cost. There is also an electrochemical method with the sulfuric 
acid solution as an electrolyte solution [8]. Another method used is chemical reactions such as the 
Brodie, Staudenmaier or Hummers method and its variations, namely Improved Hummers Method. An 
improved Hummers method was developed by Tour (Tour method) by eliminating NaNO3, increasing 
the amount of KMnO4 and performing the reaction in a 9:1 mixture of H2SO4/H3PO4 [9].  

The graphene material that is applied as a supercapacitor is combined with metal oxides as a 
semiconductor to increase its conductivity [10-14]. In this study, ZnO metal oxide was selected as the 
active material. ZnO has a large binding energy (60 meV) and a wide bandgap (3.37 eV) [15]. ZnO also 
has an energy density of up to 650 Ah/g for the supercapacitor [16]. ZnO/graphene can be synthesised 
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using the solvothermal method [15], the hydrothermal method [17], and the microwave method [18]. 
The hydrothermal method has a high level of crystallinity without calcination. The hydrothermal 
synthesis was carried out by inserting a ZnO aggregate into the space between the graphene sheets, 
which can increase the specific capacity at good scanning speed and cycle duration [19]. Another 
advantage of this hydrothermal method is that the form of the powder obtained directly from the 
solution, the particle size and shape can be controlled based on the initial material. In this study, 
hydrothermal modification was carried out using microwave irradiation, and the synthesis of 
ZnO/graphene nanocomposite was also accomplished. The purpose of these modification methods is to 
optimise the reduction of ZnO in graphene surfaces. 

2.  Methods 

The materials used were H2SO4, H3PO4, KMnO4, graphite, HCl, H2O2 aquademin, Zn(NO3)2, and 
hydrazine hydrate having a purity of 99% purchased from Merc Ltd. The solution was prepared under 
the volume ratio of H2SO4:H3PO4 = 7:3 (#ZnO/G7:3 label) and the volume ratio of 9:1 (#ZnO/G9:1 
label).  

The graphene oxide (GO) synthesis was performed by entering the two solutions of H2SO4:H3PO4 

into the Erlenmeyer and then stirred using a magnetic stirrer for 15 minutes. Next, 2 g of graphite and 5 
g of KMnO4 were slowly put into the solution and stirred for 2 hours. While stirring, 3 ml of H2O2 was 
then added into the solution for around 15 minutes. The 15 ml of HCl 5 % and aquademin were also 
added to the solution to stop the reaction. The synthesis result was centrifuged at 6000 rpm for 15 
minutes. This result has a GO solution. The GO solution was heated in the oven at 110oC for 2 hours to 
obtain the GO powder.  

The ZnO/graphene nanocomposite was prepared by modification of hydrothermal synthesis using 
microwave irradiation. The GO powder was diluted into 100 ml aquademin, and the solution was 
sonicated for 1 hour. While ultrasonication was applied, 20 mg Zn(NO3)2 and 10 µl hydrazine hydrate 
were slowly put in the solution. Afterwards, the solution was put into Teflon autoclave at 160oC for 2 
hours. The ZnO/graphene suspension was centrifuged and dried in the oven at 110oC for 2 hours [19]. 
The ZnO/graphene powder was irradiated by microwave of 900 watt for 10 minutes to optimise the 
reduction of ZnO/graphene. In this study, ZnO nanoparticles were also synthesised by hydrothermal 
modification using microwave irradiation to be compared with ZnO/graphene nanocomposite. 

The microstructure, morphology and elements of samples were characterised using scanning electron 
microscope–energy dispersive X-ray (SEM-EDX). The Fourier transform infrared (FTIR) spectra were 
recorded in the wave number range of 400-4000 cm-1. 

3.  Results and Discussion 

The first step in this research was done by synthesising graphene. Graphene was synthesised with 
chemical reduction using the Tour method. The Tour method is more eco-friendly than 'Hummers' 
method for graphite oxidation since the 'Hummers' method produces nitrogen dioxide (NO2), which is 
hazardous for the environment. In the Tour method, only solvents H2SO4 and H3PO4 were mixed with 
KMnO4, with NaNO3 excluded from the process [20]. Graphite that reacts with the solvents first turns 
black, then green when KMnO4 was added as a strong oxidant. Below is the reaction when graphene 
oxide (GO) synthesis occurs: 
 

KMnO4 + 3H2SO4     K+ + MnO3
+ + H3O+ + 3HSO4

-   (1) 

MnO3
+ + MnO4

-    Mn2O7                                                  (2) 

Mn2O7 + 3H2SO4 + C(graphite)   �� − � − �� − ������ � +MnO5 + H2O + SO4
-2  (3) 
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The existence of KMnO4 contributed to the intercalation process of graphite. The active species 
which oxidises graphite was dimanganese heptaoxide (Mn2O7). When synthesis occurred, sulfuric acid 
and phosphoric acid increase the heat, creating exothermic conditions, resulting in graphite dissolution 
and forming GO [21]. We add H2O2 to prevent further oxidation and centrifugation aims to separate 
SO4

2- from GO suspension. The advantages of this method are that the synthesis process becomes 
simpler and faster; the materials used are easy to attain, producing more GO. However, disadvantages 
include higher safety requirements because highly concentrated solutions are used; and after synthesis, 
the final compound must be rinsed to minimise graphene oxidation, which still might occur. The 
ZnO/graphene nanocomposite is made using hydrazine hydrate as a reducing agent to convert GO to 
graphene by microwave irradiation. 

3.1.  Scanning Electron Microscope (SEM) 

SEM analysis was used to check on the surface morphologies and composite structure of samples. Figure 
1 shows the micrographs for ZnO nanoparticles and ZnO/graphene nanocomposite. Figure 1(a) shows 
micrograph of ZnO nanoparticles. ZnO synthesised by modification hydrothermal using microwave 
irradiation to produce ZnO nanoparticles has a nanorods-like structure. The micrograph of 
ZnO/graphene nanocomposite with oxidising acids H2SO4:H3PO4 of 7:3 (#ZnO/G7:3) is shown in 
Figure 1(b) and with oxidising acids H2SO4:H3PO4 of 9:1 (#ZnO/G9:1) is shown in Figure 1(c). The 
morphology of the #ZnO/G7:3 sample synthesis produces piles of flaked graphene, small random 
chunks of graphene, and the deposited of ZnO in the surfaces of graphene is too small. The SEM 
micrograph of #ZnO/G9:1 sample shows the graphene sheets’ wrinkled structure is decorated with ZnO 
nanoparticles along with a few nanorods. During the synthesis process, the oxidation of graphite 
exceeded desired concentrations, and it caused the concentration of C to be reduced. The quantities of 
components in the ZnO/graphene nanocomposite samples can be seen in Table 1. 
 

 

 

 

 
 
Figure 1. SEM micrograph of (a) ZnO nanoparticle, (b) #ZnO/G7:3, and (c) #ZnO/G9:1 sample 
 
 

Table 1. The quantities of components in the ZnO/graphene nanocomposite samples 

Atomic Number Element 
% Mass Concentration 

#ZnO/G73 sample #ZnO/G91 sample 

6 C 47.84 39.24 
8 O 17.08 3.75 
7 N 30.70 42.59 

30 Zn 4.38 14.42 
 
Based on the data in the Table 1, it can be proven that the synthesis with a ratio of 9:1 (#ZnO/G9:1) 

has better results than the synthesis with a ratio of 7:3 (#ZnO/G7:3) which can be seen from the reduced 
concentration of oxygen. It is shows that the reduction of graphite oxide to graphene has a better 
performance. The ZnO quantity in graphene can be proven in the element quantity data from SEM-EDX 

   

(a) (b) (c) 
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analysis. Based on Table 1, it can be seen the quantity of Zn element contained in the synthesis of 
#ZnO/G7;3 4.38%, so it can be seen the quantity of Zn element is smaller than #ZnO/G9:1 sample. 

3.2.  Fourier Transform Infrared (FTIR) 

The subsequent analysis is FTIR which function is to see the functional groups in a composite. The 
results of the #ZnO/G7:3 and #ZnO/G9:1 sample can be seen in Figure 2. Based on IR spectra, the peak 
of 3105.30 cm-1 stretching shows the OH functional group. Then at 1625.33 cm-1 there is a C = C wave 
vibration, and at 1047.12 cm-1 there is strong vibration of C-O.  Based on these data, it can be said that 
the synthesis results have formed GO. The IR spectra of #ZnO/G9:1 sample observed that the peaks 
reveal the oxygen functional groups of GO at 3396.31, 1621.80 and 1056.65 cm-1 corresponding to C=O 
stretching, C-O stretching and C-O bending respectively. These oxygen functional groups are generated 
during the oxidation process of the graphite. In the case of ZnO/graphene composite, it could be 
observed that the oxygen functional groups were almost reduced, which is indicating the reduction of 
GO during hydrothermal process. The absorbance peak at 1621 and 415 cm-1 of graphene sheets and 
stretching vibration of Zn-O. These results indicate the formation of ZnO on the graphene matrix. These 
results are consistent with previous research conducted by Rahayu et al. [22] regarding the synthesis of 
graphene using the microwave irradiation method, showing the results that using 900 watts of 
microwave power for 10 minutes can synthesise a more uniform graphene layer. 

 

 
 

Figure 2. The FTIR spectra of ZnO/graphene with a ratio of H2SO4/ H3PO4 = 7:3 (#ZnO/Ga7:3) and 
9:1 (#ZnO/G9:1). 

4.  Conclusions 

The ZnO/graphene nanocomposite can be synthesis by the modification of hydrothermal using 
microwave irradiation. Based on this study’s result, SEM micrograph shows that the morphology of the 
ZnO/graphene synthesis of oxidising acids H2SO4/H3PO4 9:1 ratio has better performance than the 7:3 
ratio. It can be seen from the SEM image that the ZnO nanoparticle has more decorated in the graphene 
surface. The FTIR spectra, the synthesis results have formed GO with the peak of stretching the OH 
functional group, C = C wave vibration, and strong vibration of C-O. 
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