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ABSTRACT: The activated carbon is a very good choice for using as supercapacitor electrode materials. Herein, the
flower of Shorea robusta, a bio-waste material was successfully used to synthesize the activated carbons for application
as supercapacitor electrode materials. The activated carbon was synthesized through chemical activation process
followed by thermal treatment at 700oC in presence of N2 atmosphere using KOH, ZnCl2 and H3PO4 as the activating
agents. The physicochemical analyses demonstrate that the obtained activated carbons are graphitic in nature and the
degree of disorder of the graphitic carbons is changed with the activating agents. The activated carbon obtained from
Shorea robusta flower (ACSF-K) electrode shows the specific capacitance of ~610 F g-1 at 2 A g-1 current density,
which is higher than ACSF-Z (560 F g-1) and ACSF-H (470 F g-1) electrode material under the identical current
density. The synthesized graphitic carbons also demonstrated good rate capability and high electrochemical stability as
supercapacitor electrode. 
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1. INTRODUCTION

The rapid depletion of fossil fuel and the increase in energy
demand have forced the researchers to develop solar and wind
energy as sustainable, clean and renewable energy sources [1].
In addition to the development of renewable energy sources,
the scientific community also recognizes that the development
of inexpensive and efficient energy storage devices such as
batteries, fuel cells and supercapacitors should also be promoted
[2]. In comparison to the various energy storage devices,
supercapacitor is considered as the emerging device for pulse
power applications due to its high power density, long life span
and wide operating temperature range. Various carbonaceous
materials such as, graphene, carbon nanotube, carbon aerogels
and activated carbon are used as supercapcitor electrode

material [3]. Among these, activated carbons are one of the
most widely used supercapacitor electrode material due to its
high active surface area, porous nature, high electrical con-
ductivity and high chemical stability [4]. Recently, synthesis of
activated carbon from bio-waste gets considerable attention as
supercapacitor electrode materials owing to its easy accessi-
bility, low cost and most importantly non toxicity [5]. The
flowers of Sal (Shorea rbusta) are generally wasted in every
year in forest fringe areas. The holistic flower of Sal has a
quarry of bioactive constituents with high amount of carbon
sources like alkaloids, carbohydrates, flavonoids, glycosides,
etc [6]. The weight of the Sal flower is also very light, indi-
cating a high specific surface area. Therefore, in the present
study, Sal flower has been chosen to synthesize the activated
carbon for supercapacitor application. The waste precursor
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materials are usually activated through physical process or
using chemical activating agents like H3PO4, KOH or ZnCl2
[7]. The chemical activator is able to tune the morphology
and also to functionalize the surface of the activated carbon,
which improves the electrochemical performance of the
supercapacitor. Although, lots of works have been performed
to use different chemical activators, such as KOH, ZnCl2,
NaOH, H3PO4, etc., to synthesize activated carbon from var-
ious waste materials, but the effect of various activators on
activated carbon from certain wastes is not reported [8].
Therefore, this study focuses on the activated carbon derived
from the Sal (Shorea robusta) flower using three different
chemical activating agents H3PO4, KOH or ZnCl2 and inves-
tigated its utility as supercapacitor electrode. The obtained
activated carbon delivered high specific capacitance and good
cyclic stability in aqueous electrolyte. It shows that the derived
activated carbon was graphitic in nature and the disorder of
the graphitic carbon changed with the chemical activating
agents.

2. MATERIALS AND EXPERIMENTAL

2.1 Materials 
The flowers of Sal (Shorearobusta) were collected from the

campus of CSIR-CMERI Durgapur, India. Potassium hydroxide
(KOH), phosphoric acid (H3PO4), zinch chloride (ZnCl2),
hydrochloric acid (HCl) and N,N-dimethyl formamide
(DMF) were purchased from the Merck specialties private
Limited (Mumbai, India). Absolute ethanol with ~99.9%
purity was procured from Hi-Media Laboratories Pvt. Ltd.,
Mumbai, India. Polyvinylidenefluoride (PVDF) was obtained
from Akzo Nobel Amides Co., Ltd. (Kyungpuk, South Korea).
Nickel foam (NF) was obtained from Shanghai Winfay New
Material Co., Ltd., China.

2.2 Preparation of composite materials
The activated carbon was synthesized from the flower of

Shorea robusta in a two-step process. At first, the flowers were
repeatedly washed with tap water and then with de-ionised
(DI) water to remove the dust impurities, dried in open air
under the Sun followed by oven drying at 120oC for 12 h to
reduce the moisture content. The resulting samples were
grinded into powder and pre-carbonized by heating at 200oC
for ~3 h under vacuum condition and cooled to room
temperature. For chemical activation, ~2 g of pre-carbonized
sample was added into the 20 ml of 3 M (M = Molarity)
aqueous KOH solution followed by continuous stirring for
12 h at 400 rpm. Samples were collected by filtration and
washing for several times with DI water-ethanol (1:1) mixture
and dried inside a vacuum oven for 12 h at 80oC. The oven
dried samples were carbonised inside a tube furnace at 700oC
for 2 h under the continious flow of N2 gas. The obtained

product was collected after cooling the furnace and washed
repeatedly with HCl and water-ethanol mixture (1:1) followed
by drying inside a vacuum oven at 60oC for 12 h. The final
product was designated as ACSF-K. The products ACSF-Z
and ACSF-H were obtained by using 20 ml 3 M aqueous solu-
tion of ZnCl2 and 20 ml 85% H3PO4 aqueous solution (3 M),
respectively as the activating agents while keeping the other
experimental conditions identical. On the basis of chemical
activating agents such as KOH, ZnCl2 and H3PO4 the obtained
final products were designated as ACSF-K, ACSF-Z and
ACSF-H, respectively. In order to compare the effect of the
concentration of activated agents, another two activated
carbon samples were prepared using 1 M (ACSF-K1) and 5 M
KOH (ACSF-K2) solutions. 

2.3 Characterization
The chemical composition and crystal structure of the

synthesized electrode materials were carried out with powder
x-ray diffractometer (PXRD), Rigaku X-ray powder diffrac-
tometer via Cu Kα radiation. To observe the morphologies of
the samples, Field-emission scanning electron microscopy
(FE-SEM) was recorded using the instrument igma HD, Carl
Zeiss, Germany. Fourier transforms infrared (FT-IR) spec-
trometer (Perkin Elmer RXI) was used to detect the presence
of functional groups using KBr pellets in the range of 400-
4000 cm-1. Witec alpha 300 R with a laser wavelength of
532 nm was used to record the Raman spectra of the devel-
oped electrode materials. 

2.4 Electrochemical characterization
The electrochemical properties of the synthesized electrodes

materials were evaluated in three-electrode setup with
PARSTAT 3000 workstation (Princeton Applied Research,
USA). In three-electrode setup, active slurry mixture depos-
ited on nickel foam (NF), Ag/AgCl with saturated KCl, Pt wire
and 6 M KOH were used as working electrode, reference elec-
trode, counter electrode and electrolyte, respectively. The
active slurry was prepared by mixing the active materials,
PVDF as binder (90:10) in 10 ml DMF solvent and mixed
slurry drop cast on NF current collector. Before using as cur-
rent collector, NF was treated with 5% HCl and DI water
under ultrasonication followed by washing several times to
remove the surface impurities and dried inside the vacuum
oven.

The specific capacitance (SC) of the electrodes was measure
by using following equation:

SC = i × Δt/m × ΔV (1)

Here, ‘i’ refer to the applied current, ‘Δt’ is the total discharge
time of GCD, ‘m’ is the weight of active electrode materials and
‘ΔV’ represent the working potential window.
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3. RESULTS AND DISCUSSIONS

3.1 Physicochemical characterizations analysis
Fig. 1a demonstrate a sharp peak at 2θ ≈ 25o region in

ACSF-K and ACSF-Z samples corresponds to 002 plane of
graphitic carbon. However, for ACSF-H, this peak shifted to
2θ ≈ 26.6o and the reduced peak intensity indicated its
amorphous nature compared to the others two. Another small
intense peak at 2θ ≈ 43.5o is generated in all the materials due
to the 101 plane of graphitic carbon, which signified the
amorphous nature of the samples. A small peak at 2θ ≈ 28o

corresponding to the 111 plane of graphitic carbon was
observed in ACSF-K and ACSF-Z electrodes suggesting the
polycrystalline nature of the derived carbon. This peak also
indicates that the structure of graphitic carbon is more
disordered due to the presence of Zn and K used during the
activation process. However, the absence of peak at 2θ ≈ 28o in
ACSF-H sample indicated low disordered structure of
synthesizes graphitic carbon [9]. Therefore, the PXRD
analysis clearly shows the formation of amorphous graphitic
carbon in all the samples and the graphitic character is
reduced from the ACSF-K to ACSF-Z and ACSF-H electrode
materials [9,10]. 

The degree of disorder and chemical structure of the
synthesized electrode materials were examine by Raman
spectroscopy as shown in Fig. 1b. Raman spectroscopy is
considered as the sensitive technique used to find out the

disorder in sp2 carbon material. The Raman spectrum
demonstrated two sharp peaks at ~1345 and 1580 cm-1 region
related to the D and G bands [3,4]. The D band is originated
due to the disorder in the graphite carbon corresponding to
the A1g symmetry. This peak indicated the presence of amor-
phous regions in the graphitic carbon. G-Peak corresponds to
the E2g vibration of phonon at the Brillouin zone centre is
attributed to the in-plane stretching motion of sp2 carbon
atom [13]. The observed sharp D and G bands were another
conformation for the formation of graphitic carbon. Raman
spectroscopy showed the increase of D band intensity in the
order of ACSF-Z<ACSF-H<ACSF-K compared to the G band.
The quality of the samples was determined by calculating the
ratio of D and G bands. The Raman spectrum demonstrates
the ID/IG ratio of ACSF-K (1.2) is higher compared to the
ACSF-Z (0.62) and ACSF-H (0.74), indicating that the pres-
ence of disordered carbon in ACSF-K was higher than the oth-
ers. The disordered structure enhanced the reactive sites of
carbon, which is beneficial for ion storage capability of the
samples. Another peak generated at ~2700 cm-1 region in all
the samples, referred to the 2D band, which indicated the
formation of layered graphitic carbon [4,13]. The number of
layers in the graphitic carbons can be possibly determined
from the intensity of the 2D band. The sharp 2D bands of
ACSF-H compared to ACSF-K and ACSF-Z suggested
the lower number of graphitic carbon in ACSF-Z electrode
[11,12].

Fig. 1. (a) PXRD pattern of all the synthesized materials (b) Raman spectra and (c) FT-IR spectra of synthesized electrode materials,
respectively
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The surface properties and the presence of heteroatom on
the synthesized graphitic carbons were analyzed with FT-IR
spectroscopy. The FT-IR spectra of ACSF-K, ACSF-Z and
ACSF-H are shown in Fig. 1c. A broad transmittance band
observed at ~3425 cm-1 due to the stretching mode of
hydroxyl groups (O-H) and absorbed water molecules [13].
Two weak transmittance peaks also observed in all the three
samples at ~2950 and 2875 cm-1 associated with the asym-
metric and symmetric stretching vibration of -CH2- groups,
respectively [13,14]. A sharp intense peak at 1632 cm-1 is

attributed to the -C=O stretching oscillations of carboxylic and
ketone functional groups. Another peak observed at 1403,
1103 and 1048 cm-1 represents the bending vibration of C-H
bond, symmetric C-C and C-O stretching mode, respectively.
FT-IR spectra also illustrated that the peak intensities at 1632
and 1403 cm-1 for ACSF-K were higher compared to the other
two electrode materials, suggesting that the carbon was more
oxygenated and well graphitized in ACSF-K electrode [13,14].

The surface morphology of the ACSF-K samples was
analyzed from the FE-SEM images. Fig. 2a confirms the
formation of graphitic layered structure. Fig. 2b illustrates the
large number of small holes and cracks on the surface of the
graphitic carbon during annealing which increased the
effective active sites for diffusion of electrolyte and delivered
higher specific capacitance of the electrode materials. The FE-
SEM images of ACSF-Z (Fig. 2c) and ACSF-H (Fig. 2d)
electrodes also showed the formation of graphitic type layered
structure [15,16].

3.2 Electrochemical properties
The electrochemical properties of the synthesized ACSF-K,

ACSF-Z and ACSF-H electrode materials were investigated in
three-electrode configuration using 6 M KOH as electrolyte.
Cyclic voltammetry (CV), galvanostatic charge-discharge
(GCD) and electrochemical impedance spectroscopy (EIS)
were carried out to analyze the electrochemical properties of
the developed electrode materials. Fig. 3a shows the compa-
rable CV curves of all three electrode materials at a scan rate of
30 mV s-1 in the range of 0 to 0.4 V working potential. All the

Fig. 2. (a,b) FE-SEM images of ACSF-K electrode material, (c,d)
FE-SEM images of ACSF-Z and ACSF-H electrode material,
respectively 

Fig. 3. (a) Comparable CV curves (b-d) CV curves at variable scan rats of 10-100 mV s-1 of ACSF-K, ACSF-Z and ACSF-H electrodes,
respectively.
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electrode demonstrated a pair of broad redox peaks, indicating
the electron transfer faradic reaction is happening during the
charge storage process [1,2,4]. It is found that the ACSF-K
electrode covered larger CV curve area compared to ACSF-Z
and ACSF-H electrode implying the higher energy storage
capability of ACSF-K electrode. Further CV curves of the
ACSF-K (Fig. 3b), ACSF-Z (Fig. 3c) and ACSF-H (Fig. 3d)
electrodes were analyzed at variable scan rates from 10 to
100 mV s-1. It was found that with increasing the scan rates,
redox peak current increases and peak position was slightly
shifted towards positive and negative potential areas, suggest-
ing the good rate capability and faster charge transfer prop-
erties of the electrodes [1,2,8]. 

The specific capacitances of all the synthesized electrodes
were calculated from the discharging time of the respective
GCD curves using equation (1). Fig. 4a demonstrate the GCD
curves of the synthesized three electrode materials at 2 A g-1

constant current density and showed that the specific capac-
itance of ACSF-K (610 F g-1) was higher compared to the
ACSF-Z (560 F g-1) and ACSF-H (470 F g-1) electrodes. The
GCD curves of all the electrodes showed a clear voltage pla-
teau in both of charge and discharge process, signifying the
faradic charge storage process. The higher capacitance of
ACSF-K electrodes mainly attributed to the presence of highly
disorder graphitic carbons, facilitated large number of elec-
trochemical reactive sites [2,3]. Rate capability is an important
characteristic of any supercapacitor electrode materials. To
measure the specific capacitance of the ACSF-K (Fig. 4b),
ACSF-Z (Fig. 4c) and ACSF-H (Fig. 4d) electrodes, the GCD
was performed at 2-10 A g-1 variable current density. In order
to investigate the effect of concentration of activating agent
(KOH) on the electrochemical performance of the ACSF-K
electrodes, the CV (Fig. 4e) and GCD (Fig. 4f) was carried out.

The CV and GCD curves showed that the ACSF-K1 and
ACSF-K2 electrodes had lower curves area and discharge time
compared to the ACSF-K electrode. This observation sug-
gested that all the pre-carbonized materials were not activated
equally at lower concentration (1M) and higher concentration
(5M) possibly decreased the electrochemical active sites by
deteriorating the ion diffusion/adsorption processes [17].
Therefore, concentration of the activating agent is a crucial
factor in controlling the supercapacitor performance of the
derived activated carbon.

Fig. 5a shows the higher rate capability of ACSF-K (~88%)
compared to ACSF-Z (~76%) and ACSF-H (~72%), when
current density increased from 2-10 A g-1. The higher rate
capability of the ACSF-K and ACSF-Z electrodes is attributed
to the highly disordered graphitic carbons [2-4], which served
as the electrolyte reservoirs and enabled a rapid and short ion
diffusion path [14,15].

The interfacial electrochemical charge transfer kinetics of
the electrodes was investigated from the EIS. The EIS was
measured with 10 mV open circuit potential in the 0.1 to
10000 Hz frequency range. A straight line at low frequency
and a semi circle at high frequency regions were observed in
the Nyquist plot as shown in Fig. 5b. The straight line related
to the diffusion of the electrolyte from the electrode surface is
known as Warburg resistance (Wo). The semi circle at higher
frequency region correlated to the transfer of charge in the
electrode material is known as charge transfer (Rct) resistance.
To acquire the EIS data, using Z-View software obtained
Nyquist plots were fitted with the help of Randles circuit
model (inset of Fig. 5b) and the acquired data (Fig. 5c-e) are
summarized in Table 1. The fitted curves of the Nyquist plots
demonstrated four parts of uncompensated resistance (Rs),
constant phase element (CPE), Charge transfer resistance (Rct)

Fig. 4. (a) Comparable GCD curves (b-d) GCD curves of ACSF-K, ACSF-Z and ACSF-H electrodes, respectively at different current density
of 2-10 A g-1 (e,f ) Comparable CV and GCD curves of the electrodes at different concentration of KOH
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and Warburg (Wo) resistance. Rs stand for the contact resis-
tance of the electrode materials with the electrolyte and cur-
rent collector. The CPE values represented the deviation of
ideal capacitive behavior of the electrode and it was divided in
capacitance range (CPE-T) and phase angle parameters (CPE-
P) [2,3]. The lower Rct value of ACSF-K (8 Ω) compared to
ACSF-Z (35 Ω) and ACSF-H (46 Ω) electrodes implied the
good charge transfer kinetics and higher electrical conduc-
tivity of the ACSF-K electrode [10-12]. It is due to the for-
mation of highly disorder graphitic carbons of ACSF-K
electrode, which were in agreement with the better capacitance
performance of the electrode. The lower Warburg resistance
value (100 Ω) of ACSF-K also suggested the shorter ion dif-
fusion path and faster rate of ion diffusion compared to ACSF-
Z (150 Ω) and ACSF-H (450 Ω) [2-4].

The cycling performance is another important property of
supercapacitor. The cyclic performance of the synthesized
electrodes was investigated by continuous GCD cycles at
10 A g-1 constant current density and shown in Fig. 5f. Cyclic
performance exhibited that after continuous 2000 GCD cycles
the ACSF-K retained ~94% of its initial capacitance, which is
better compared to ACSF-Z (91.7%) and ACSF-H (~88%)
electrodes, respectively. Fig. 4f also showed after few cycles to
~500 cycles the capacitance increased much more for all the

electrodes, which may due to the perfectly witting and acti-
vation of the materials [1-3].

4. CONCLUSIONS

The flower of Shorea robusta, a bio-waste was successfully
used as the raw materials for the synthesis of activated carbons
for application as supercapacitor electrode material. The acti-
vated carbons synthesize through chemical activation process
using KOH, ZnCl2 and H3PO4 activating agents. The physi-
cochemical analyses demonstrated that the obtained activated
carbons were graphitic in nature and the degree of disorder of
the graphitic carbons was dependent on the activating agents.
The formation of disorder graphitic carbons and presence of
functional groups on the carbons opens up larger electroactive
sites and well electrode to electrolyte interaction. The ACSF-K
electrode showed a capacitance value of 610 F g-1 at a current
density of 2 A g-1, which is higher than ACSF-Z (560 F g-1) and
ACSF-H (470 F g-1) Electrode material under the identical
current density. The synthesized graphitic carbons also
demonstrated good rate capability and higher stability as
supercapacitor electrodes. All the physicochemical and elec-
trochechemical characterizations illustrated that the flower of
Shorea robusta derived activated carbon is a good choice for

Fig. 5. (a) variation of specific capacitance with current density of ACSF-K, ACSF-Z and ACSF-H electrodes (b) EIS spectra of the elec-
trodes (inset figure; Randle circuit model) (c-e) Z-view fitted EIS spectra of ACSF-K, ACSF-Z and ACSF-H electrode, respectively (f )
measurement of cyclic stability of the three electrodes up to 2000 GCD cycles 

Table 1. Z-view fitted values of electrodes corresponded to Fig. 5(c-e)

Electrodes Rs (Ω) CPE-T CPE-P Rct (Ω) W-R W-T W-P
ACSF-K 1.1 0.011 0.75 8 100 0.58 0.5
ACSF-Z 1 0.0025 0.73 35 150 0.65 0.32
ACSF-H 0.8 0.0022 0.77 46 450 0.85 0.15
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supercapacitor electrode material.
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