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Abstract 
Graphene Oxide (GO) metal nanocomposites make up an emerging class of advanced materials 

and enhance material functionality to obtain multifunctional properties and working towards superior 
performance of energy storage devices. GO was derived from Myanmar coal minerals using Modified 
Hummer method. The silver and nickel nanoparticles were used as metal ions or metal nanoparticles 
to form GO nanocomposites. Their characteristics were identified by XRD, SEM and Raman 
Spectroscopy. The energy gap of GO and GO composites was also investigated by the aid of UV-Vis 
spectroscopy. The dielectric constant is measures of the amount of electrical energy that can be stored 
in GO derived from coal mineral. The frequency-dependent dielectric properties and AC conductivity 
has been explored using GW INSTEK LCR-8110 meter. It was found that the dielectric constant is 
maximum at low frequencies region and decreases with increasing frequency. The electrochemical 
performance of this sample was examined by cyclic voltammetry (CV) measurement. The CV curves 
of GO have typical rectangular-like shape and no evident oxidation/reduction peak. The prototypes of 
flat-shaped capacitors were prepared and their capacitive values were also determined. The as-prepared 
GO on the copper foil can be directly used to fabricate solid-state super capacitor. 

1. Introduction 
 

Energy consumption is expanding globally on a daily basis, and 
existing energy supplies are insufficient to meet our energy demands. 
Therefore, energy depletion and environmental degradation have 
driven interest in discovering clean and renewable energy sources. 
As a result, there is an emphasis on creating an unique alternative 
energy source that can be stored for a longer duration [1]. Super-
capacitors have attracted a lot of attention as a new type of pollution-
free electrical energy storage technology with a high-power density 
and a long cycle life. In industries including as mobile devices and 
electric vehicles, they have partially replaced traditional rechargeable 
batteries. However, supercapacitors output less energy than batteries 
[2]. Many studies of material-oriented research, such as metal oxides, 
metal hydroxides, and two dimensional (2D) nanomaterials for energy-
related applications, have recently been published [3-5]. Among them, 
carbon nanomaterials, such as graphene and carbon nanotubes, have 
developed as supercapacitor electrode materials [6]. Graphene 
is a 2D single-atom carbon sheet that is only one atom thick [7]. 
Since, it has unique electrical properties, it has gained increasing 
attention in recent years [8] and offers significant promise for super-
capacitor electrodes [9].  

In the past decades, many researchers have investigated the use 
of numerous noble metals like ruthenium (Ru), palladium (Pd), 
rhodium (Rh), silver (Ag), gold (Au), platinum (Pt), nickel (Ni) and 
others as electrode materials [10-12]. Noble metals can improve 

supercapacitance by providing efficient electron transport routes 
during charging and discharging cycles, but their high cost and rarity 
limits their use as electrode materials on a massive scale. As a result, 
combining a noble metal with a less expensive metal can be recognized 
as an effective approach for synthesizing electrode materials [10]. 
Since Ag has the highest electrical conductivity as well as it is low 
cost compared with other noble metals and Ni exhibits interesting 
electrochemical redox reaction [12]. Therefore, in this research, we 
have chosen Ag and Ni noble metals and are reporting the dielectric 
and electrochemical properties of co-doped Ag/Ni-GO composite. 
Moreover, in this study, Myanmar coal is proposed to be an alternative 
source of graphite as raw material to prepare graphene oxide because 
of the second rich category (abundance) in Myanmar. 

To the best of our knowledge, there is no report about the co-doping 
of Ag and Ni into GO derived via Myanmar Coal. In this study, 
GO was synthesized using famous modified hummers method, the 
co-doped Ag/Ni nanoparticles GO composite were fabricated by 
solid state method.  

The structural and morphological properties of the composites 
were identified by X-ray diffractometry (XRD), Raman spectroscopy 
and Scanning electron microscopy (SEM) techniques. The conductivity 
and dielectric behaviours were also determined using an LCR meter 
and the electrochemical characteristics was carried out by cyclic 
voltammetry equipment. The prototype of double layer flat-shaped 
capacitor was prepared and their capacitance values were also 
investigated. 
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2. Materials and methods 
 

2.1  Materials 
 
Potassium Permanganate (KMnO4), Sulphuric acid (H2SO4), 

Hydrochloric acid (HCl), Hydrogen peroxide, Sodium Nitrate 
(NaNO3), and Deionised water (DI) were purchased from Sigma 
Aldrich, Singapore. The coal powder was naturally occurring and 
collected from the Kalaywa region, Upper Myanmar. Nickel (II) 
Nitrate hexahydrate (Ni(NO3)2-6H2O, Silver Nitrate (AgNO3), 
Polyvinyl-pyrrolidone (PVP) and Sodium hydroxide were purchased 
from Thermo Fisher Scientific, Singapore. 
 
2.2  Preparation of GO fine powder 
 

In experimental procedure, graphene oxide (GO) was synthesized 
using famous modified hummers method from naturally occurred 
coal powder. The coal power was grounded by using PBL-LS-1 ball 
machine with 37 rpm to 370 rpm and 30 min. The power was used 
without any further purification. In this method, 1.2 g of coal powder 
and 2 g of sodium nitrate were taken in a beaker containing 50 mL 
of concentrated sulphuric acid (H2SO4). The reaction mixture was 
stirred for 2 h in ice-cold water to maintain its temperature 0°C to 
6°C, and then 6 g of KMnO4 was slowly added to the reaction mixture 
for continuous stirring of 2 h. The sample mixture was stirred at 
30°C until it turns into a brownish paste and continued stirring for 
another 2 h. The reaction was weakened with the addition of 100 mL 
of DI water and the solution mixture was finally treated with 8 mL 
of H2O2 to terminate the reaction [13,14]. Finally, the mixture was 
centrifuged and rinsed with 8% HCl followed by DI water for five 
times. The obtained precipitates were filtered, dried, and grounded 
in fine powder form for further purpose. 
 
2.3  Synthesis of Silver Nanoparticles (AgNPs) 
 

Firstly, the AgNPs were prepared by chemical reduction of an 
aqueous solution 1 M of AgNO3. 1 g of Polyvinylpyrrolidone (PVP) 
was dissolved in 60 mL of 0.45 M NaOH solution and heated 
2℃∙min-1 to  60℃ for continuous stirring of about 45 min. Secondly, 
20 mL of AgNPs solution was added to the PVP solution by drop 
method and stirred for about 10 min [15,16]. Finally, the mixture 
solution was centrifuged, filtered, washed in distilled water and dried 
at room temperature for 24 h [17]. 

 
2.4  Synthesis of nickel nanoparticles (NiNPs) 
 

Nickel (II) nitrate hexahydrate Ni(NO3)2·6H2O (0.02 mol) was 
dissolved in 10 cm3 distilled water and mixed together with 10 cm3 of 
benzildiethylenetriamine (0.004 mol). After being stirred and refluxed 
for 2 h at moderate temperature, the colour of the solution became 
pale blue to black. Finally, the mixture was centrifuged, filtered, 
washed with acetone and dried at room temperature for 24 h [18,19]. 

 
2.5  Synthesis of GO-Ag and GO-Ni Nanocomposites 
 

GO powder and AgNPs with the ratio of 2:1 was mixed and taken 
in 50 mL of methanol. The mixture was sonicated for 2 days followed 

by thermal annealing at 400℃. Then, keep subsequent cold freezing. 
The process of sonication, annealing and cold freezing were done 
twice. The dried and homogenized GO-Ag powder was obtained. 
Similarly GO-Ni nanocomposite was also prepared as the process 
of GO-Ag nanocomposite [20,21]. 

 
2.6  Measurements and Data Acquisition 
 

The phase and structure improvement were studied by Rigaku 
SmartLab, X-ray powder diffraction (XRD) with scanning rate 
of 50.00℃∙min-1 and generating 20 kV and 10 mA. The scan range 
of 5~80° and CuKβ window was used for these measurements. 
Scanning Electron Microscope (SEM) was used for studying of surface 
morphologies and roughness. In this work, we used JEOL-JSM 
5610 LV with 15 KV, sport size 20 and working distance 10 mm. 
Shimadzu UV-1800 Spectrophotometer was used for absorption 
studies in the range of 200-800 nm under the absorption mode. 
 
3.  Results and discussion  
 
3.1  XRD Analysis 
 

In this analysis, XRD was used to study the crystal structure and 
verify the inter layer spacing of GO, GO-Ag and GO-Ni nano-
composites. Figure 1 shows the XRD pattern of synthesized GO, 
GO-Ag and GO-Ni nnanocomposites. The XRD pattern of GO exhibits 
a strong at the angle of 2θ = 10.19° value that corresponds to the plane 
(001)[22]. Additionally, a small peak at 2θ = 54.93° was observed, 
which reflects the (002) plane. It means some residual graphite was 
observed in the GO composites [23]. In GO, the interlayer spacing 
increased as compared to graphite due to addition of oxygen-containing 
functional groups during oxidation of graphite [24,25]. The GO-Ag 
and GO-Ni nanocomposites exhibited a peak related to GO, Ag nano-
particle and Ni nanoparticle respectively. In XRD pattern of GO-Ag, 
the intensity peaks show at 38.5°, 45.4°, 65.2° and 77.6°, corresponding 
to Ag phase (111), (200), (220) and (311) which are corresponding 
to Ag doped GO composites [21] and well match with the PDF 
03-065-1528. The GO-Ni nanocomposites show the major diffraction 
peaks at 45.2°, 52.4° and 76.5° which are corresponding to the Ni 
phase (111), (200) and (222) [26]. 
 
3.2  Raman spectroscopy measurement 
 

Raman spectroscopy was used to analyse structural features of 
graphene oxide. The Raman spectra of GO, GO-Ag and GO-Ni 
were shown in Figure 2. In this spectra, the G band corresponds to 
sp2 hybridised carbon-based material and D peak is related to defect 
or lattice disorder due to the binding of oxygen-functional group [27]. 
The intensity of the D band is associated with the size of the sp2 
in-plane domains. The ID/IG ratio (calculated from the intensity of 
D and G bands) can be used to characterise the disorder of the graphitic 
structure in carbon materials [28,29]. From Figure 2, it was found 
that GO exhibited D at 1362.42 cm-1 attributed to the structural defect 
(partially disordered) of the aromatic (conjugation) carbon-carbon 
bonds and G bands at 1563.79 cm-1 due to the sp2 carbon bond stretching 
reveals the lattice distortions. Another peak 2D band (defect activated 
peaks) was also appeared at 2878.07 cm-1. The ID/IG ratio of GO 
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was obtained 0.87. The D and G bands of the GO-Ag nanocomposite 
and GO-Ni nanocomposite appeared at 1353.12, 1355.32 and 
1592.64, 1600.29 cm-1, respectively [30]. It can be seen that there was 
no significant changes in the Raman shifts of the D-band and G-band, 
but there is a significant difference in the ID/IG value. The D band 
was assigned to the breathing mode of k-point phonons with A1g 
symmetry, and the G band was ascribed to E2g phonon of sp2 carbon 
atoms. After doping, the D and G band values increase due to 
intercalation of AgNPs, and NiNPs on the GO surface [31]. Based 
on the Raman spectra, the ID/IG ratios were calculated as 0.84 and 
0.85 for GO-Ag and GO-Ni, respectively. The intensity ratios of 
these bands help to estimate the defect in the sample, whereby GO 
presents more defects compared to GO-Ag and GO-Ni nanocomposites. 
The ID/IG ratio of these two samples is less than that of GO sample 
and it indicates that the degree of graphitization of these samples 
was enhanced [32]. 

 
3.3  SEM analysis 
 

The coal minerals from Kalaywa region, Myanmar is medium-
grade coal with carbon content of 85%. It has some impurities and 
is porous with a primary porosity of macropores. The surface morphology 
and layer structure of GO, GO-Ag and GO-Ni nanocomposites were 
examined by SEM spectroscopy. The Figure 2 shows the formation 
of graphene oxide with a closely packed lamellar structure and a well 
packed layered structure [33]. Although it has some impurities which 
does not show the proper multilayered structure and is instead in  

 

the form of flakes[34]. The porous stacking structures of graphene 
oxide were observed in GO sample and many pores that appear in 
the stacked structure in GO-Ag and GO-Ni nanocomposites. It was 
observed that many white spots include in GO-Ag sample which 
indicates that silver nanoparticles were uniformly spread around and 
not only on the surface of the composites. The significant aggregation 
of the Ni nanoparticles was interacted with GO and inhibit their 
aggregation after incorporation of them into composite materials. 
Since the charge is stored throughout the bulk of the materials, the 
porous structure and the functional groups together can be increased 
the capacitance effect at the electrode/electrolyte interface [35,36]. 
 
3.4  UV-Vis analysis 
 

The absorption spectra of the GO, GO-Ag and GO-Ni exhibited 
strong, broad peaks at 226, 236, 414, 238 and 434 nm, respectively 
are shown in Figure 3(a). The UV-vis absorption spectrum of the 
GO sample shows a characteristic band at 226 nm, which corresponds 
to the electronic π–π* transitions of C–C aromatic bonds, and a shoulder 
at 300 nm, which can be assigned to the n–π* transitions of C=O bonds. 
GO-Ag nanocomposites exhibited absorption band at 236 nm and 
414 nm, indicating the presence of Ag in the GO dispersion and 
GO-Ni nanocomposites also exhibited absorbance bands at 238 nm 
and 434 nm. The presence of a band at 414 nm in the GO-Ag dispersion 
is attributed to the surface resonance of silver nanoparticles in the 
composite and a band 434 nm in the GO-Ni is attributed to the surface 
resonance of nickel nanoparticles in this composite [35,37]. 

 

Figure 1. Spectra of nanocomposites (a)XRD spectra of GO, GO-Ag and GO-Ni (b) Raman spectra of GO, GO-Ag and GO-Ni nanocomposites.
 

 

Figure 2. The SEM images (a) GO, (b) GO-Ag and (c) GO-Ni nanocomposites.
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3.5  Dielectric properties of GO, GO-Ag and GO-Ni 
nanocomposites 
 

Dielectric properties of synthesized graphene oxide (GO), GO-
Ag and GO-Ni nanocomposites have been studied in the frequency 
range of 1-106 Hz. The dielectric constant decreases with increasing 
frequency was shown in Figure 3(b-c). It was due to orientation of 
charges and rotation of dipoles moment of functional group present 
on the graphene oxide [38]. It was also observed that the dielectric 
constant increases with temperature due to highly conductive nature 
of graphene oxide and GO nanocomposite samples. Electrical 
conductivity of graphene oxide increases exponentially with increasing 
frequency was shown in Figure 3(d). Electrical conductivity and 
dielectric permittivity increases with temperature due to thermal 
activation of charge carriers and positive temperature coefficient 
effect of conductance [39]. 
 
3.6  Cyclic voltammetry measurement 
 

The obtained GO, GO-Ag and GO-Ni nanocomposites were used 
as an electrode material for supercapacitor application. In a typical 
electrochemical measurement, aqueous solution of 0.1 M NaCl was 
used as electrolyte. The specific capacitance was calculated by using 

the equation: 𝐶𝐶𝑠𝑠 = ∫ 𝐼𝐼 𝑑𝑑𝑑𝑑
𝑚𝑚 𝑣𝑣 ∆𝑑𝑑

 = where 𝐶𝐶𝑠𝑠 = Specific capacitance (F∙g-1), 

∫ 𝐼𝐼 𝑑𝑑𝑑𝑑 = are under CV curve, m = mass of active material (g), v = 
potential scan rate (mV/s), ∆𝑑𝑑 = potential window (V). 

CV graphs of GO show a cathodic peak potential at 0.04 V and  

an anodic peak potential at -0.6 V because of the presence of favourable 
oxygenated species on the GO surface, which create edge plane 
defects during the electrochemical reaction. It has been noted that 
oxygenated species can alter the observed electrochemistry of this 
redox probe [40]. The CV curves of GO have typical rectangular-like 
shape and no evident oxidation/reduction peak because it contains 
the more functional group. GO has excellent behaviors of electro-
chemical double-layer capacitance, and also reflects a highly reversible 
and reliable electrosorption charge-discharge process. The CV 
hysteresis area is related to the current response of GO electrode, 
which at the higher scan rates the GO electrode can give the higher 
current response [41]. 

For all potential windows, the specific capacitance of GO is higher 
at lower scan rate which is attributed to the more ion diffusion into 
the micro and mesopore surface of GO (enough time for ion diffusion 
at low scan rate). Due to the internal resistance of the electrode, the 
shape is slightly distorted from rectangular and close to parallelogram, 
indicating that the main contribution to the capacitance is the charge 
and discharge of the double layer. The presence of various functional 
groups in the materials contributes in the form of pseudo capacitance, 
as can be seen from the anodic and corresponding cathodic peaks, 
from the redox reaction of surface functional groups. The increase 
in the current density with increase in level of oxidation can also be 
visualized from the CV profiles [42]. The capacitance decreases at 
higher scan rates for all the samples and also there exists lot of 
distortion in the CV spectrum. The distortion in the CV and the 
decreased capacitance at higher scan rates are mainly due to the 
increase in the inaccessible sites within the electrode [36]. 

 
Figure 3. UV-Vis absorption and electrical properties of GO,GO-Ag and GO-Ni composities (a) Absorption graph (b) Dielectric constant (k) vs frequency 
(c) Dielectric constant (k) and temperature(˚K) (d) AC conductor (a) vs frequency. 
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Figure 4. The CV plot of graphene oxide with different potential windows (a) Current vs potential graph for (-0.8 to 0.8V) (b) Current vs potential graph 
for (-0.8 to 0.0V) (c) Current vs potential graph for (0.0-0.8V), and (d) The calculated specific capacitance 
 

 

Figure 5. The photographs of the prototype flat-shaped capacitors with the area of 1 cm2 using a) GO, b) GO-Ag and c) GO-Ni. 
 
3.7  Double layer flat-shaped capacitor 
 

Three size of prototypes flat-shaped capacitors (1 cm2, 4 cm2 

and 6 cm2) were prepared with GO, GO-Ag and GO-Ni nanocomposite 
electrodes. Polyvinyl alcohol (PVA) was used as agent solution in 
preparation of these prototypes capacitor. 1 g of polyvinyl alcohol 
(PVA) was stirred to dissolve in 100 mL distilled water at 100℃ 
for 30 min. Then, the solution was cooled down in room temperature. 
1 g of GO powder was added in this solution to make the suitable 
adhesive form. The obtained sample was incrusted uniformly on the 
thin copper foil. It was slowly dried in the room temperature. The 
separator between two electrodes was used tissue paper to control 
ion exchange among their electrodes [43]. The prototype flat-shaped 
capacitors were shown in Figure 5.  

The measured value of capacitance was shown in Table 1 and 
the equivalent series resistance (ESR) was calculated by the equation 
ESR = D/2πfC. It was found that the higher capacitance value of 
capacitor, it was the smaller of ESR value. The calculated value of 
ESR of each capacitor was shown in Table 2. The capacitance-
voltage (CV) characteristics of each capacitor electrode with different 
surface areas were also determined [44,45].  

The high conductive noble metal Ag and Ni create space between 
the graphene nanosheets resisting the restacking graphene layers, 
which enhance the conductivity of the material and the diffusivity 
of electrolyte and increase the effective exposer area of the graphene 
layers. Thus, these GO nanocomposites achieved a high energy density 
and showed excellent long cyclic stability.  
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Table 1. The capacitance of each sample with different area. 
 
Samples Capacitance (µF) 
 1 cm2 size 4 cm2 size 6 cm2 size 
GO 31.93  132.24  295.42  
GO-Ag 45.61  170.49  305.04  
GO-Ni 64.77  206.24 407.63  
 
Table 2. The calculated value of ESR of each capacitor. 
 
Samples Equivalent Series Resistance (ESR) (Ω) 
 1 cm2 size 4 cm2 size 6 cm2 size 
GO 1.711  0.318  0.015  
GO-Ag 0.191 0.143  0.014  
GO-Ni 0.134  0.017  0.011  

4.  Conclusion 
 

Myanmar coal is used to be an alternative source of graphite as 
raw material to prepare graphene oxide. Inherently, coal has the 
disordered configuration and small crystalline domains. This is the 
advantages of coal to extract the graphene oxide because of easy 
dispersion, exfoliation, functionalization and chemical cutting [46]. 
Graphene oxide was synthesized by Modified Hummers method and 
GO-Ag and GO-Ni nanocomposites were synthesized by chemical 
reduction method respectively. The characteristics peaks (001) at 
10.19° for GO can be detected from XRD result. The microstructural 
information about conjugated and carbon-carbon bonds of synthesized 
samples was determined and their ID/IG ratio was also calculated. 
It was indicated that GO sample presents more defects compared to 
GO-Ag and GO-Ni nanocomposites and the degree of graphitization 
of these two nanocomposite samples was enhanced [47]. SEM image 
depicted that aggregated and crumpled structures were found in all 
samples and the macro porous structure of these samples can be 
increased their capacitance effect.  UV-Vis spectrum of GO exhibits 
maximum absorption peak at 226 nm corresponding to a π-π* 
transition of the aromatic C=O bonds from oxidized of graphite 
oxide solution. Dielectric constant decreases with frequency due to 
orientation of charges and rotation of dipoles, and increases with 
temperature due to highly conductive nature of graphene oxide 
nanoparticles. The CV measurements for all potential windows, the 
Cs is as high as 54 mF∙g-1 at low scan rate of 10 mV∙s-1 which is 
attributed to the more ion diffusion into the micro and mesopore 
surface of GO (enough time for ion diffusion at low scan rate) [48]. 
Comparative studies of GO and GO-Ag nanocomposite will provide 
insight into the doping of metal nanoparticles in the graphene oxide 
moiety to enhance its practicability in electrode materials.  
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