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In this work, activated carbon (AC) derived from biomass wastes was 
implemented as electrode materials in supercapacitor application. 
This study has adopted rubber seed shell (RSS) wastes to derive AC via 
pyrolysis process. Meanwhile, reduced graphene oxide (rGO) was used as 
an additive material in order to study the effect of the rGO in capacitive 
behavior. The synthesized rGO was successfully produced through the 
electrochemical exfoliation method then further chemically reduced the 
solution using hydrazine hydrate. Four different electrodes were fabricated 
using a spin coating method to investigate the effect of added rGO to 
the capacitive behavior. One sample of AC/polyvinyl alcohol (PVA) as 
reference was prepared with ratio 2:8. Meanwhile, the three samples 
were prepared with different volumes of rGO. A series of techniques to 
characterize the morphological and structural properties of the samples 
have been carried out using field emission scanning electron microscopy 
(FESEM), energy dispersive x-ray (EDX), atomic force microscopy (AFM), 
and Brunauer-Emmett-Teller (BET) surface analysis. Based on the cyclic 
measurements, AC/PVA/rGO2 showed the lowest resistivity which was 3.74 
and consequently enhanced at least 10 orders in capacitive performance as 
compared to bare AC/PVA. Therefore, the capability of small amount rGO 
in enhancing the capacitive behavior paves the way for versatile practical 
applications in the electronic field. 

INTRODUCTION
Recently, the supercapacitor market is rapidly 

growing, particularly in the automotive sector. 
There has been an increasingly wider use of 
supercapacitors technology, replacing batteries in 
some cases, and in others complementing their 
performance [1-3]. Activated carbon (AC) is the 
most widely used as electrode material in the 
fabrication of a supercapacitor due to its large 
surface area, microporous structure, and good 
electrical as well as chemical properties. Basically, 

AC is derived from coal. These coal-based AC 
has undergone a steam activation process, and 
create millions of small, low-volume pores on the 
surface of the carbon, thereby increasing its total 
surface area. However, coal-based AC is expensive, 
unsustainable and may negatively impact the 
environment. Thus, many researchers have found 
alternative materials that can be replace with 
coal-based AC, such as bamboo, coconut shell, 
oil palm shell, cotton, pine nut shell, as well 
as other nut shell waste [2-3]. In this study, AC 
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derived from rubber seed shell (RSS) is used as a 
conductive material to be utilized as an electrode 
in a supercapacitor.

Numerous researchers have found that there is 
a discrepancy in the relationship between specific 
capacitance and specific surface area (SSA) of AC. 
All the pores are not effective and suitable for the 
electrolyte during the formation of electric double 
layer, so small capacitance can be obtained despite 
having a high SSA. Suitable pore size distribution 
has greater influence on the capacitance than the 
SSA. Using a suitable structure of porous electrode 
material that matches with the size of the 
electrolyte ions can improve the electrochemical 
characteristics of the supercapacitors [4-6]. 
Although, excessive activation results in large pore 
volume, it has drawbacks such as low conductivity 
and material density, resulting in low energy 
density and loss of power capability [5]. Thus, a 
conductive material, reduced graphene oxide 
(rGO), was used as an additive to overcome these 
shortcomings. Moreover, rGO was used due to its 
outstanding characteristics in terms of improved 
electrical conductivity, high surface area, and low-
cost. This makes rGO a promising material to be 
implemented in electronic devices.

In this work, the synthesis of AC from rubber 
seed shell (RSS) was performed via pyrolysis 
process. The scope of this study was to understand 
the effect of various volumes of rGO (1 wt%, 2 wt% 
and 3 wt%) in the electrodes to the capacitance 
performance of the supercapacitors. Thus, the 
best configuration of electrode materials for 
supercapacitor application was investigated. 
Various available characterization techniques 
were carried out to investigate and analyze the 
properties of different electrode materials. Their 
structural properties were examined using field 
emission scanning electron microscopy (FESEM), 
Brunauer-Emmett-Teller (BET), atomic force 
microscope (AFM), and the elemental analysis 
was performed using energy dispersive X-ray 
analysis (EDX). The electrical properties of the 
nanocomposite samples were characterized 
using electrochemical impedance spectroscopy 
(EIS), whereas the capacitance performance was 
measured by cyclic voltammetry (CV). 

MATERIALS AND METHODS
Preparation of Active Materials

Basically, this experimental work is divided 
into three stages: (i) collecting biomass wastes 

and producing biochar by slow pyrolysis process, 
(ii) carbonization process to produce AC, and 
(iii) mixing with rGO solution for conductive 
electrode preparation. AC from biochar was 
prepared through the typical method [7]. Firstly, 
approximate 20 g of collected dried RSS was 
mixed with 200 of concentrated solution of KOH in 
ratio 1:1. After mixing using digital orbital shaker, 
the mixture was kept for 24h to evaporate the 
excess water and ensure complete absorption 
of reagents into the raw materials. Then, the 
mixture was filtered and washed with distilled 
water until pH of filtrate was in the range of 6.0 
to 7.0. Then, the washed RSS was dried in an oven 
at 105 for overnight. Next, the second stage of AC 
production, the carbonization process was carried 
out. In this process, the dried RSS was placed in a 
steel crucible and carbonized in a tubular electric 
furnace under 5 steady flow of N2 gas at 400 for 
3h. The AC derived from RSS (denoted as RSSAC) 
was cooled to room temperature and washed 
repeatedly with distilled water to remove the 
remaining KOH to maintain the pH in the range 
of 6.0 to 7.0. The RSSAC sample was then dried 
overnight in an oven at 105. Finally, the bulk RSSAC 
obtained was pulverized into powder.  

The third stage involved synthesis of rGO to be 
used as an additive in the electrode preparation 
for a supercapacitor. The detailed preparation 
procedures are previously described [8]. In this 
work, two graphite system was applied to obtain 
GO by applying 5V for 24h. Then, the GO sample 
was reduced using hydrazine hydrate (80 soluble in 
water) as a reducing agent with the use of a triple 
bottle neck. About 1:100 volume ratio of hydrazine 
hydrate to GO solution was mixed in a container, 
which was readily immersed in a hot water. The 
mixture was stirred for 24h using a magnetic 
stirrer at a temperature ~95. The dispersions were 
subjected to ultrasonic dissolution for 30 min.

Preparation of Electrodes
In this work, PVA polymer was used as a binder. 

Prior to the preparation of electrodes, the RSSAC 
solution was mixed with the PVA at a ratio of 2:8 
(denoted as RSSAC/PVA). The mixture was used 
to coat two nickel plates of dimension of 42.5by 
spin coating at 1000 for 60s. The samples of 
RSSAC/PVA were further investigated by adding 
volumes of rGO, which were denoted as RSSAC/
PVA/rGO. Throughout the experimental work, 
the ratios of the nanocomposites prepared were 
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20:79:1, 20:78:2 and 19:78:3, denoted as RSSAC/
PVA/rGO1, RSSAC/PVA/rGO2 and RSSAC/PVA/rGO3, 
respectively. 

Characterizations
The samples prepared were subjected 

to structural, electrical and capacitance 
investigations. The structural properties were 
characterized using FEI Nova NanoSEM 450, 
FESEM equipped with an EDX instrument to 
identify the elemental composition of the samples. 
Bruker AXS, Dimension Edge AFM System, was 
used to investigate the roughness of the prepared 
samples. All the measurements were carried 
out at Nano-Optoelectronics Research Centre in 
School of Physics and School of Chemistry, USM. 
In addition, the BET surface area measurement 
was conducted at Surface Morphology Laboratory, 
School of Chemical Sciences, USM in order to 
measure RSSAC biochar obtained. Meanwhile, 
the electrical conductivities of the nanocmposite 
samples were analyzed using EIS (Gamry Reference 
600 Potentiostat/Galvanostat/ZRA), and the 
capacitance performance was measured using 
cyclic voltammetry (C-V) (BAS Epsilon version 
1.40) instrument. 

RESULTS AND DISCUSSION
Fig. 1 (a)-(h) shows the FESEM images of 

RSSAC/PVA, RSSAC/PVA/rGO1, RSSAC/PVA/rGO2, 
and RSSAC/PVA/rGO3 samples. Fig. 1 (a)-(b) shows 
RSSAC with high porosity. The sample revealed 
that the RSSAC surface is composed of tunnel-
shaped pores which were produced during the 
activation process as depicted in inset of Fig. 1 
(b). This might contribute to the greater number 
of accessible active sites that are beneficial for 
the ion accumulation and electrochemical double 
layer formation in charge storage mechanism 
[9,10]. Meanwhile, Fig. 1 (c)-(d) shows pure rGO 
exhibiting multilayers and wrinkled sheet-like 
morphology. The multi-layered rGO was believed 
to provide a better platform for ion kinetic 
transportation and improve the performance of 
the supercapacitor.

 Fig. 1 (e) shows the surface morphology of 
RSSAC/PVA. On addition of PVA in the RSSAC 
sample, a slightly different morphology was 
detected. The FESEM image shows that the 
RSSAC surfaces were covered with PVA polymer 
and several agglomerated bumpy particles were 
observed on the surface of PVA. This might be 

due to the strong interaction between the carbon 
particles in the RSSAC and PVA polymer, pulling 
out the carbon particles in RSSAC from the PVA 
matrix [11]. Moreover, the fabrication of RSSAC/
PVA nanocomposite can increase the degradability 
of charge storage mechanism due to the insulating 
properties of PVA polymer [12]. Excessive PVA 
loading may probably decrease the conductivity 
of the electrodes and it hinders the movement of 
electrons in the carbon materials. This may inhibit 
the charge store in the EDL at the RSSAC surface-
electrolyte interface, resulting in reduction of 
the specific capacitance of a supercapacitor [13]. 
However, the pores of RSSAC were seen to be only 
partially covered with PVA, thus giving advantages 
to the ion kinetic movement. Fig. 1 (f)-(h) shows 
the surface morphology of the various volumes 
of rGO added into RSSAC/PVA. The FESEM images 
depicted that rGO has slight effect on the surface 
morphology of RSSAC/PVA. In several regions, 
a high degree of agglomerated carbon particles 
on the smooth surface of PVA was detected. It 
was observed that excessive PVA generated with 
increase in volume of rGO.  Due to this, conductive 
carbon particles from rGO start accumulating and 
covering the RSSAC surface. In general, the EDX 
spectra of the overall samples reveal that the 
samples are mainly composed of carbon (C) and 
oxygen (O). These results have been supported by 
EDX analysis and are summarized in Table 1. 

The EDX analysis confirmed the significant 
existence peak of carbon (C) and oxygen (O) in 
the sample. Meanwhile, sodium (Na) and sulphur 
(S) elements also evolved due to the addition of 
surfactant during the synthesizing process. Among 
the electrode samples that used to fabricate the 
supercapacitor samples, RSSAC/PVA/rGO3 sample 
has the highest C content of 76.87 wt%, followed 
by RSSAC/PVA/rGO2 with C content of 74.62 wt%, 
RSSAC/PVA/rGO1 with C content of 73.07 wt % and 
RSSAC/PVA with the lowest C content of 71.39 wt 
%. The C content of the electrode has a positive 
influence on the capacitance performance of 
a supercapacitor because the conductive C 
can maintain the high electrical conductivity 
of the electrode, improving the capacitance 
performance of the supercapacitor [14]. However, 
the capacitance performance starts to decrease 
as the C content further increases. This is easily 
acceptable as the excessive conductive C will cover 
the surface and block the pores in RSSAC and thus 
affect the effective active sites available for energy 
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Fig. 1.    FESEM images of (a)–(b) pure RSSAC, (c)–(d) bare rGO (e) RSSAC/PVA, (f) RSSAC/PVA/rGO1, (g) 
RSSAC/PVA/rGO2 and (h) RSSAC/PVA/rGO3 samples.
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storage [15]. This C coating web is intrinsically a 
physical barrier that hinders the accumulation of 
opposite charged ions on the surface of electronic 
conducting electrode that leads to capacity loss 
[16].

Fig. 3 shows AFM images of the samples, 
and the results are summarized in Table 2. There 
was decrease in roughness after addition a small 
portion of rGO is added into RSSAC/PVA sample. 
However, when the volume of rGO increased, the 
roughness also increased until it reached another 
high value on RSSAC/PVA/rGO3 sample. The 
results obtained were supported by FESEM image 
(Fig. 1). The roughness of RSSAC/PVA sample was 
contributed by its SSA due to the agglomeration of 
C element on the PVA surface and the pores that 
the pores that were not covered by PVA. Since a 
small volume of rGO was injected into the samples, 
the roughness was decreased with the SSA 
because some pores in RSSAC were filled by rGO. 
The more the rGO added, the more the excessive 
PVA and more C particles of rGO accumulated on 
the RSSAC surface, then increasing its roughness. 

Basically, the roughness was closely related 
to the SSA and the pore volume of the RSSAC. 
Therefore, in order to further confirm the 
relationship between the SSA of the RSSAC 

sample with the roughness of nanocomposites 
produced, the nitrogen adsorption isotherm was 
carried out as shown in Fig. 3 (e). From these 
nitrogen adsorption isotherm spectra, the SSA 
and the pore volume were measured to be 1.78 
and 2.7, respectively. A significant increase in 
nitrogen uptake at low pressure was detected 
and further increase was noted with respect to 
pressure. Moreover, a small and narrow hysteresis 
loop observed at two regions of range 0.0-0.5 
and 0.5-1.0 further confirmed the existence of 
micropore and mesopore volume, respectively, 
within the carbon structures [17, 18]. Various 
kinds of pore distributions were beneficial for 
the ion penetration and adsorption during charge 
discharge as they provide a better platform for 
increasing the interaction between RSSAC and rGO 
sheets.

Numerous studies attempted to determine 
the relationship between surface roughness and 
capacitance performance, and some researchers 
found that the performance of a supercapacitor 
increases with the surface roughness [19,20]. 
However, because the roughness of the samples 
is mainly contributed by the accumulation and 
agglomeration of PVA and rGO on RSSAC, so 
the properties and effect of PVA and rGO to 

 

Sample Element Atomic % Weight % 

RSSAC 
C 91.31 88.73 

O 8.69 11.27 

rGO 
C 96.98 96.02 

O 3.02 3.98 

RSSAC/PVA 
C 76.87 71.39 

O 23.13 28.61 

RSSAC/PVA/rGO1 

C 78.33 73.07 

O 21.67 26.93 

RSSAC/PVA/rGO2 

C 79.66 74.62 

O 20.34 25.38 

RSSAC/PVA/rGO3 
C 81.57 76.87 

O 18.43 23.13 

 

  

Table 1. EDX analyses of (a) pure RSSAC, (b) bare rGO, (c) RSSAC/PVA, (d) RSSAC/PVA/rGO1, (e) RSSAC/
PVA/rGO2 and (f) RSSAC/PVA/rGO3 samples.
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the capacitance performance should be taken 
into consideration primarily in this study. It was 
observed that the mixing of RSSAC with PVA 
significantly degrade the high potential of charge 
storage in the sample. The PVA polymer has 
blocked the pore size of RSSAC and subsequently 
decreased the SSA of RSSAC, which then limited 
the propagation of the ion diffusion. Hence, the 
introduction of rGO in the RSSAC/PVA sample was 
believed to improve the capacitance performance 
by providing a platform for ion diffusion between 
the interlayer spacing sheets. The existence of the 
oxygen functional group in rGO surfaces such as 
epoxy, carboxyl, carbonyl and hydroxyl functional 
group can improve the wettability in aqueous 

systems by altering surface effects [10]. Due to 
good wettability performed by rGO sheets, it 
contributed to better accessibility for ions in the 
electrolyte to form EDL at the interface with the 
RSSAC surface, thus achieving higher capacitance 
[10,21].

Fig. 4 shows the Nyquist plots for all composite 
samples. From the results, the semi-circles seen 
indicate the process of transferring charges of 
the electrolyte ions onto the RSSAC surface. From 
the Nyquist plots, the diameter of the semicircle 
represents the interfacial charge transfer of 
resistance which can be calculated by the 
difference between two end points of a semicircle 
on the -axis. A decrease in diameter of semicircle 

 

  

  

  

RSSAC/PVA 

Pure RSSAC Bare rGO 

RSSAC/PVA/rGO1 

RSSAC/PVA/rGO2 RSSAC/PVA/rGO3 

Fig. 2. EDX analyses of (a) pure RSSAC, (b) bare rGO, (c) RSSAC/PVA, (d) RSSAC/PVA/rGO1, (e) RS-
SAC/PVA/rGO2 and (f) RSSAC/PVA/rGO3 samples.
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Fig.  3.	 AFM images of (a) RSSAC/PVA, (b) RSSAC/PVA/rGO1, (c) RSSAC/PVA/rGO2 and (d) RSSAC/PVA/
rGO3 samples and (e) Nitrogen adsorption-desorption isotherm of BET analysis.

 

Sample 

Roughness Parameters 

Root mean square roughness, Rq 

(μm) 

Average roughness,  

Ra (μm) 

RSSAC/PVA 0.459 0.381 

RSSAC/PVA/rGO1 0.398 0.342 

RSSAC/PVA/rGO2 0.483 0.361 

RSSAC/PVA/rGO3 0.484 0.364 

 

  

Table 2. The roughness parameters (Ra and Rq) of RSSAC/PVA, RSSAC/PVA/rGO1, RSSAC/PVA/rGO2, RSSAC/
PVA/rGO3 samples.
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means a decrease of resistance or  an increase of 
conductivity that renders the increase of specific 
capacitance values [22]. A supercapacitor that 
is made up of active materials of high SSA and 
electrodes of low resistance has overcome the 
ability to form electric charges [23]. The numerical 
data is presented in Table 3.

The resistance values for each sample can be 
obtained directly from the EIS system. The results 
showed that the RSSAC/PVA/rGO2 sample has the 
highest conductivity of 0.2675 S/cm, followed by 
the RSSAC/PVA/rGO3 sample with a conductivity 
of 0.0626 S/cm, and the RSSAC/PVA/rGO1 sample 

with a conductivity of 0.0177 S/cm. The RSSAC/
PVA sample has the lowest conductivity with a 
value of 0.0140 S/cm. The increasing pattern of 
conductivity in the RSSAC/PVA/rGO2 samples 
is due to the presence of sufficient amount of C 
in rGO surfaces. These conductive C improved 
the electrical conductivity of the electrode. In 
addition, the oxygen functional groups that existed 
in the rGO surfaces also increase the conductivity 
by improving the wettability in aqueous systems, 
hence increasing the capacitance performance. 
However, the excessive amount of 3 wt% rGO in 
the sample was believed to create a C coating 

 
 

 
  Fig. 4.	 Nyquist impedance plots for RSSAC/PVA, RSSAC/PVA/rGO1, RSSAC/PVA/rGO2 and RSSAC/PVA/

rGO3 samples.

 

Sample Resistance, R (mΩ) Resistivity, ρ (Ω.cm) Conductivity, σ (S/cm) 

RSSAC/PVA 278.3 71.36 0.0140 

RSSAC/PVA/rGO1 220.2 56.46 0.0177 

RSSAC/PVA/rGO2 14.58 3.738 0.2675 

RSSAC/PVA/rGO3 62.32 15.98 0.0626 

 

  

Table 3. The resistance, resistivity and conductivity of RSSAC/PVA, RSSAC/PVA/rGO1, RSSAC/PVA/rGO2, RSSAC/
PVA/rGO3 samples.
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web, which acts as a physical barrier that 
covers the conductive surface and inhibits the 
accumulation of the electrolyte ions onto the 
pores of the opposite charged electrode. This led 
to the decrease in conductivity of the RSSAC/PVA/
rGO3 sample. This trend can also be explained by 
the presence of insulated PVA and conductive C 
in rGO. The excessive PVA content has reduced 
the conductivity of the supercapacitor electrode, 
thereby reducing the capacitance performance 
of the supercapacitors [22,23]. However, the 
insufficient PVA content also led to an adhesion 
issue [21]. Therefore, the rGO and PVA content 
play a role in obtaining the best synergetic effect 
and configuration of electrode materials for 
supercapacitor application.

CV was carried out to characterize the 
capacitive behavior of a supercapacitor as shown 
in Fig. 5. From the results, the RSSAC/PVA/rGO2 
sample showed the highest specific capacitance of 
up to 1542.7 mF/g, followed by the RSSAC/PVA/
rGO3 with a specific capacitance of 1388.7 mF/g, 
and the RSSAC/PVA/rGO1 sample with a specific 
capacitance of 223.0 mF/g. The RSSAC/PVA sample 

has the lowest value of specific capacitance of 
104.0 mF/g. The results were consistent with 
the EIS results. RSSAC/PVA sample showed the 
lowest conductivity (0.0140 S/cm) and the lowest 
specific capacitance (104 mF/g). This was due to 
the characteristics of a high PVA content in its 
electrodes. The surface and the pores of RSSAC 
have been covered by PVA, and this restricted 
the movement of ions within the electrodes. In 
addition, the insulating properties of PVA also 
degraded the conductivity of the sample and 
limited the diffusion of ions into the pores of 
RSSAC. Moreover, RSSAC/PVA sample has the 
lowest C content among the other samples, which 
contributed to the lowest conductive network. 

As compared to the composite samples with 
presence of rGO sheets, the conductivity and the 
specific capacitance was suddenly increased. This 
was due to the presence of rGO that increases 
the conductive network in the samples, thus 
improving its conductivity and specific capacitance. 
Moreover, the oxygen functional groups in rGO 
have improved the wettability of the sample, 
which offers a better pathway of ions to access in 

 

 

   

 
 

C = ~100 mF/g 
RSSAC/PVA RSSAC/PVA/rGO1 

C = ~223 mF/g 

RSSAC/PVA/rGO2 C = ~1542 mF/g 
RSSAC/PVA/rGO3 

C = ~1389 mF/g 

Fig. 5. Cyclic voltammetry of (a) RSSAC/PVA, (b) RSSAC/PVA/rGO1, (c) RSSAC/PVA/rGO2 and (d) RSSAC/PVA/rGO3 
samples.
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the small pores of RSSAC. It can clearly be seen that 
the increase in specific capacitance is reflected by 
increasing the amount of rGO in the composite 
sample. The presence of higher amount of rGO 
increases the sample roughness because of excess 
PVA and rGO that had accumulated on the surface 
of RSSAC. It also increases the conductive C content 
to steeply improve the electrical conductivity from 
0.0177 S/cm in RSSAC/PVA/rGO1 sample to 0.2675 
S/cm in RSSAC/PVA/rGO2 sample, and the specific 
capacitance from 223 mF/g to 1542.7 mF/g. The 
sample with 2 wt% of rGO has the best capacitance 
performance as compared to the other samples 
with 0 wt%, 1 wt%, and 3 wt% of rGO present in 
the composite RSSAC/PVA.

However, the specific capacitance was reduced 
to 1388.7 mF/g for the RSSAC/PVA/rGO3 sample 
because the excessive PVA and conductive C 
have blocked the pores in RSSAC, thus reducing 
the effectiveness of active sites for kinetic ion 
movement to transfer the charges between the 
electrodes. The excessive C coating web was 
believed to be an intrinsically physical barrier that 
hinders the diffusion and accumulation of ions 
on the RSSAC surface, resulting in capacity loss. 
This dramatically cause the decrease in electrical 
conductivity of the sample from 0.2675 S/cm to 
0.0626 S/cm. Details on capacitive behavior have 
been summarized in Table 4.

CONCLUSION
The results show that the sufficient volume of 

rGO contributed to the capacitance performance 
since the C content and roughness increased 
with rGO. Among other samples, the RSSAC/
PVA/rGO2 supercapacitor sample showed the 
best electrochemical behaviour. The highest 
electrical conductivity (0.2675 S/cm) and 

specific capacitance value (1542.7 mF/g) were 
obtained from the sample. This was due to the 
presence of an appropriate amount of rGO that 
enhanced the electrochemical performance of 
the supercapacitor. The conductive C inside the 
rGO increased the conductivity of the electrode. 
Moreover, the oxygen functional groups 
improved the wettability in aqueous system 
and hence increased the specific capacitance of 
the supercapacitor. Therefore, the spread of a 
small amount of rGO in enhancing the capacitive 
behavior has potentially showed its ability to be 
implemented as a conductive electrode material 
in supercapacitor applications.  
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