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ABSTRACT

 The surface modification on electrode materials generally improves the electron mobility 
and surface interactions at carbon materials. Exfoliate graphite has been prepared by the ball 
milling technique with three different milling time. The graphene oxide, reduced graphene oxide 
were prepared modified Hummers method and carbon quantum dots was prepared using chemical 
synthesis-pyrolysis technique. The synthesized materials were characterized by X-ray diffraction 
(XRD), Transmission electron microscopy (TEM), and investigated the electrochemical performances 
of Cyclic Voltammetry (CV) analysis to understand their specific capacitance.
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INTRODUCTION

 In recent day’s sustainable energy storage 
and consumption are significant challenges in our 
world due to current lifestyle1,2. The key achievement 
is not only the creation of renewable and sustainable 
energy sources, but the main thing is the efficient 
storage and supply of energy as needed, in particular 
portable electronic devices, hybrid electric vehicles, 
mobile applications and transport systems3,4. The 
energy is stored by batteries and supercapacitors 
in three ways such as electrically, electrochemically 
and chemically. Carbon materials have high 
electrical conductivity, good thermal stability and it is 
lightest element used for energy storage, configured 
in different forms to deliver superior surface area and 

energy efficiency5-10. Carbon materials are broadly 
used for supercapacitor applications because of 
their low cost and versatility of 0D, 1D, 2D and 
3D forms, such as carbon quantum dots (CQD), 
carbon nanotube (CNT), graphene and graphite 
nanomaterials. During the last decade, CNTs have 
been playing a significant role in the production 
of energy storage devices due to their lightweight 
and also CNTs offer many other benefits. CNTs 
exhibit drawbacks, such as the presence of toxic 
residual metal impurities, which are more difficult 
to remove and more expensive to synthesize11. A 
Graphene nanomaterial has recently developed 
as an alternative energy storage material with 
excellent properties such as lightweight, thinnest 
and low-cost materials. Graphene is a single-
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layer two-dimensional sheet of sp2-bonded carbon 
atoms that has unique electrical conductivity, 
mechanical, electrochemical, thermal stability and 
optical properties12. The CQD get attention due to 
its electronic properties, good biocompatibility, and 
low cost. The effective application area of CQD is a 
supercapacitor, optoelectronics, polymer solar cell, 
photocatalysts, and sensors13. 

 In the present work, we prepare ball-milled 
exfoliate graphite (MG), graphene oxide (GO) and 
reduced graphene (RGO) from natural graphite 
powder. The MG was prepared by the dry ball 
milling process, GO and RGO were synthesized by 
chemical process and CQD was prepared by Pyrolysis 
technique. The electrochemical properties of prepared 
nanomaterials MG, GO, RGO and CQD had been 
investigated and the electrochemical performance and 
compared the specific capacitance values. 

EXPERIMENTAL

 Graphite powder, Hydrogen Peroxide, 
Sulfuric acid, Acetone, Methanol, and Hydrochloric 
acid were bought from Loba Chem. Sodium nitrate 
(NaNO3) was purchased from SDFCL. Potassium 
permanganate (KMnO4) was obtained from Merck, 
Chloroform, Poly (sodium 4-styrene sulfonate, 
99.8%, M.W.70,000) (PSS) and CTAB were 
purchased from Sigma Aldrich. The citric acid (CA) 
(99.7%) was purchased from Himedia Chemicals. 
Ethanol was procured from Changshu Longsheng 
Fine Chemical Co. Ltd., and Milli-Q water was used 
throughout the experiments.

 The synthesis process of GO, RGO and 
carbon quantum dots had been discussed in our 
previous publications14-16. In short, Modified Hummer's 
method was used to prepare graphene oxide and 
reduced graphene oxide. The Oxidizing agents 
H2SO4, KMnO4, and NaNO3 were used to exfoliate 
from graphite stacked form and hydrazine hydrate 
was used as a reduction agent. In CQD, citric acid 
and PSS are dissolved in Milli Q water. The mixture 
solution was stirred with temperature and continued 
up to get a gel form. Followed by evaporation then 
we get powder. Then the powder was pyrolyzed, and 
finally, we get brownish-black CQD powder.

 A planetary ball mill machine (Fritsch 
ulverisette-5) was used for high-energy ball milling 

of natural graphite with 250 mL stainless steel vials 
and a 4 g weight and10mm diameter stainless steel 
ball used. The milling process was carried out with 
a ball to graphite power ratio of 10:1. As per the ball 
to powder ratio, 2 g of natural graphite powders and 
20 g of stainless-steel balls were taken per vial17. 
The milling rotation speed was kept at 200rpm. 
The milled powders were collected in hours at 2 
h, 4 h and 8-h time durations. The resultant milled 
graphite (MG) was washed in a 6 mol of HCL 
solution at the temperature of 100oC to remove 
metallic impurities18. Followed by washing with Milli 
Q water and continuing this process until the pH 
level reaches a neutral value of 7. The solution was 
kept in vacuum filtration to separate EG. Finally, the 
resultant EG was dried for 2 h in a vacuum oven at 
100oC. The X-ray Diffraction spectrum was recorded 
using a PANalytical X-ray Diffractometer, in the range 
of 2o=10° to 80°.  Electrochemical characterizations 
were carried out using an M/S Biologic Science 
electrochemical workstation at ambient temperature.

 The electrochemical measurements of 
electrode materials for supercapacitors were tested 
by cyclic voltammetry (CV) and galvanostatic 
charge–discharge technique (GCD) were carried 
out in a typical three-electrode cell, electrochemical 
setup in ambient conditions. A stranded Ag/AgCl was 
used as the reference electrode, Pt wire acted as 
the counter electrode and the GCE was taken as the 
working electrode. 1 M aqueous solution of Na2So4 
was used as the electrolyte for all the measurements. 
The specific capacitance was calculated from CV 
curves using the following equation (1).

 (1)

 Where C is specific capacitance, idV is 
the integral part that represents the area below the 
cyclic voltammetry curve, m represents the mass of 
the active material, v is the scan rate and "ΔV" is the 
width of the potential window.

RESULTS AND DISCUSSION 

 The characterization of X-ray diffraction 
is the basic technique to identify the phase 
purity and crystalline nature of the synthesized 
materials.  XRD patterns in f igure 1 show 
the crystalline nature of ball-milled graphite 
nanoparticles with different milling times. The 
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ball-milled graphite particles show a sharp and 
tight peak around 2q = 26° 19-23 which corresponds 
to (002) the plane of the graphitic framework. The 
diffraction peaks present at 2 h milled sample 
2q = 26.59°, 4 h milled sample peak value 2q = 

26.56°, and 8 h milled sample peak present at 2q 
= 26.51° all the samples attributed to the (002) 
plane24,25. The 3D graphite particles are easily 
destroyed during the ball milling process26. Figure 
1 clearly shows that.                         

Fig. 1(a) & 1(b) XRD Patterns of the 

Ball-milled graphite with different time durations
 While increasing the milling time of MG 
the peak intensity value gradually decreases 
and the diffraction peak intensity was inversely 
proportional to the milling time. The quality of the 
MG nanoparticles is based on structural properties 
and grain size. From this mechanical exfoliation 
technique we were trying to reduce the grain size 
of the natural graphite particles, represents by XRD 
results. The structure and morphological studies of 
samples were carried out by TEM characterization. 
Fig. 2 (b & c) indicates few-layered graphene sheets 
present on GO and RGO. 

Fig. 2. TEM images of (a) MG, (b) GO, (c) RGO and (d) CQDs

 2 (a) But in MG several layers are 
stacked in bulk form and the edges area is shown 
thin because of the mechanical exfoliation 
effect. 2(d) CQD are highly monodisperse with 
size and shape.

Electrochemical Measurements
 Figure 3 exhibi ts the CV curve of 
different carbon electrode materials to examine 
the capacitive behavior with a potential window 
range between-1.0 to 0.0 V. From 3(a) to 3(d) 
CV has been done in the scan rate of 20mVs-1 
and 3 (e) shows CV curves of GO electrode 
was carried out different scan rates from 20 
to 100mVs-1. The curves are rectangular in 
shape even high scan rate and indicate good 
capacitive nature.   

 Galvanostatic charge/discharge curves 
are illustrated in Fig. 4(a) & 4(b). The voltage-time 
curve shows a good triangle symmetry shape in 
obtained graphene, milled graphite and CQD with 
a small deviation at lower potentials monitored from 
graphene oxide.  
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Fig. 3. Cyclic voltammograms of (a) MG, (b) GO, (c) RGO, (d) CQD at a scan rate of 20mV/s and (e) different scan rates of GO

Fig. 4(a). Galvanostatic charge-discharge curve of different carbon electrode materials at current density 0.125 A/g, and (b) 
different current density of GO from 0.125 to 1A/g
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 Figure 5 illustrates the specific capacitance of 
different carbon materials and these values calculated 
from equation (1) at the scan rate of 20mVs-1. From this 
graph, sample GO exhibits a high specific capacitance 
value compared to other samples.  

Fig. 5. specific capacitance carbon materials

 The following reasons are GO exhibits 
higher specific capacitance28,29 than RGO, MG and 
CQDs,   

a) The main things functional groups are present 
in graphene oxide due to strong oxidization 
agents. These functional groups bind on 
the surface of graphene sheets and their 
reflections reduce the electrical conductivity 
like an insulator. 

b) Oxygen-containing group’s carboxyl, carbonyl, 
epoxy and carbonaceous materials graphite 
are redox-active. It may contribute to charge 
storage through the pseudocapacitance 
process.

c) But reduced graphene oxide has high electrical 
conductivity due to the Sp2 hybridization of 
carbon atoms in the hexagonal lattice and 
there are no functional groups due to high 
reduction agents.        

d) The specific capacitance of CQDs showed 
the lowest value compared to other samples 
due to their structural properties and absence 
of oxygen-containing functional groups. 

CONCLUSION

 In this summary, the MG nanoparticles 
were synthesized using the ball milling technique  
(top-down approach). From XRD results, the 
milling time is inversely proportional to the peak 
intensity and it represents the crystalline size. The 
electrochemical performance of carbon materials 
ball-milled nanographite, graphene oxide, reduced 
graphene oxide and carbon quantum dots were 
compared as electrode materials for supercapacitors 
application. The specific capacitance of ball-milled 
nanographite, graphene oxide, reduced graphene 
oxide and carbon quantum dots were found as 3.84 
Fg-1, 38.75 Fg-1, 27.59 Fg-1 and 0.34 Fg-1 respectively. 
The results indicate that the GO electrode showed 
a high specific capacitance value of 38.75 Fg-1. 
Therefore GO nanoparticles shall be a promising 
electrode materials for supercapacitor applications.
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