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A B S T R A C T

Porous activated nanostructure carbon is prepared by feasible two steps method utilizing naturally available bio-
wastes such as jack fruit peel waste (JFW) and studied the effect of pyrolysis condition for porosity formation. X-
ray analysis and BET pore size analysis confirmed the formation of graphitic nature carbon with micro and
mesoporous existence. HR-SEM and TEM images of Jack fruit (JF) derived porous carbon samples are shown
spherical nanoball and tiny nanotube morphology. High resolution SEM images further confirms that the, in-
crease in the activation temperature increase the uniform hexagon shape porous structure formation. The su-
perior electrochemical activity and recycling stability was achieved for our method prepared (phohphoric acid
activation method using graphite crucible mold) porous carbon materials. The Cs (specific capacitance) of the
JF-9 (porous carbon prepared Jack fruit at 900 °C) sample was shown 324 F/g at the scan rate of 5 mV/s using
Na2SO4 electrolyte. The JF carbon sample exhibits a higher capacitance retention of 93% for upto 5000 cycles.
We found that the JF derived porous carbon sample shows higher recycling capacity by Galvano static charge-
discharge analysis. The effect of current density and scan rate on specific capacitance property are analyzed in
detailed by cyclic-voltammetry , Galvano static charge-discharge method and electrochemical impedance
spectroscopy analysis.

1. Introduction

The global huge energy demands are increaseing day by day due to
the thrust on rapid development of domestic and industrial needs and a
dreadful increase in the environmental pollution [1–3]. Preparation of
porous activated nanocarbon (PAC) strongly depend on theprecursor
material and the preparation method employed in its preparation pro-
cess, such as activating agent mass ratio, concentration and tempera-
ture conditions [2–4]. The higher specific capacitance, long cycle life
and low cost preparation method are the main objectives for proposing
the most promising electrode materials for electrochemical double layer
capacitance (EDLC) [4]. However, the commercially available porous
carbon modified electrode materials for supercapacitor application are
micropores with pore size <2.0 nm [5,7]. The poor capacitance re-
tention especially at very high discharge rate, hindering their utiliza-
tion for high power and high energy density super capacitor develop-
ment. To overcome the above problem, hierarchical porous carbon
having micro and mesopores are recently attracting to a improved

supercapacitor electrode fabrication [8]. Among them, the mesopores
can act as feasible ion-transportation channels for enhanced ion diffu-
sion. The micropores serve as a high loading of accessible ion storage
sites to enhance the capacitance. A great variety of raw materials with
high carbon content and low amount of inorganic compounds are
mainly used in the large-scale manufacture of porous nanocarbon, such
as rice husk, fire wood and pistachio shells, bamboo, banana fibers,
waste coffee beans, corn grains, cassava peel waste, sugar cane bagasse,
and sunflower seed shells [6–8]. Nowadays, the production of porous
nanocarbon from industrial and agricultural waste products are used in
the active research, due to their controlled removal, minimization to
prepare lower-cost PC and for potential applications [9–11].

Electric double layer playing an interesting role in supercapacitor
device development and it has some specific properties to store energy
electrostatically, such as highly porous materials with huge surface area
and pore size distribution, thermal stability, and presence of electro-
active surface functional groups, electrolyte and so forth [12,13]. On
the other hand, the properties of the synthesiszed PC determine the

https://doi.org/10.1016/j.est.2020.101735
Received 1 May 2020; Received in revised form 19 July 2020; Accepted 3 August 2020

⁎ Corresponding authors.
E-mail addresses: jrajabathar@ksu.edu.sa (J.R. Rajabathar), jjvijaya78@gmail.com (J.V. J).

Journal of Energy Storage 32 (2020) 101735

2352-152X/ © 2020 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/2352152X
https://www.elsevier.com/locate/est
https://doi.org/10.1016/j.est.2020.101735
https://doi.org/10.1016/j.est.2020.101735
mailto:jrajabathar@ksu.edu.sa
mailto:jjvijaya78@gmail.com
https://doi.org/10.1016/j.est.2020.101735
http://crossmark.crossref.org/dialog/?doi=10.1016/j.est.2020.101735&domain=pdf


electrochemical performance presents in the porous carbon with dif-
ferent morphological form for modified electrode applications [14,15].

To the best of our knowledge, there is no much publication related
with the usage of jackfruit peel waste (JFW) as a precursor material for
porous carbon production and only few reportes related with Jackfruite
waste by Inbaraj and Sulochana [16]. They used sulphuric acid as an
activating agent for fabricate the porous carbon electrode. The as pre-
pared porous carbon act as good adsorption behaviour for Cd (II) re-
moval. Jackfruit (JF) was originated from India and spread out into
tropic regions. JF peels has no commerical value and often create a
disposal problem for local environment. Recently, many research report
related with multi porous carbon based modified electrode develop-
ment from various low cost precursor materials for supercapcitor and
lithium battery applications [17–20]. In the present study, JFW was
activated by chemical activation method using phosphoric acid as an
activating agent. Chemical activations also has better development to-
wards a porous structure [20]. It has been found that both the surface
area and porosity are greatly influenced by the preaparation condition,
such as the activation time, activation temperature and impregnation
ratio [21–22]. Nevertheless, it has been found that the ordinary (acti-
vating agent mixture-sample) chemical activation process was the best
compared to physical and acid wash activation method [21]. Hence, we
employed two-stage preparation of porous carbon formation by
adopting low cost clay molded graphite crucible (CMGC) technique.
Further, we activated at four different temperatures and it is char-
acterized for structural, morphological, porous nature and electro-
chemical performance.

2. Experimental

2.1. Preparation of porous nanocarbons

Jackfruit peel waste (JFW) is the raw material used to prepare
porous nanocarbons and it is collected from Villupuram district.
Tamilnadu,India. The porous activated carbon is prepared by two stage
processes. First step is the preparation of pre-carbonized carbon. The
jackfruit peel waste raw material was cut in smaller pieces and washed
for several times to remove the impurities like sand and other unwanted
matters followed by dried for 24 h at 80°C. The dried raw material was
transferred in a graphite crucible and sealed. The clay molded graphite
crucible was placed in a muffle furnace (400°C for 4h), to create the
vacuum conditions. Clay molded graphite crucible (GMGC) is sealed by
heating for few minutes to generate maximum vacuum instead of
heating under inert gas condition, which is not cost effective. Finally,
the PCC sample was collected from the graphite crucible by crushing
the molded clay using hammer and the sample was labelled as JF-PCC.

Second step is the preparation of PC by chemical activation method,
20 g of PCC was mixed with the activating agent, H3PO4 in the ratio of
1:4 and stirred for 3 h at 80°C. The abvoe prepared solution filltered
followed by dried at 80°C for 24 h. The clay molded graphite crucible
was further calcined at 600, 700, 800 and 900°C for 4 h under vacuum.
After maintaining the temperature and fixed time, the clay molded
graphite crucible was taken out of a muffle furnace and cooled at room
temperature. Then the molded clay was broken in a graphite crucible
and the sample was collected. All samples were washed for 3 to 4 times
using distilled water to maintain a neutral pH=7 and dried at 80°C for
24 h. Finally, the sample was collected and labelled as JF-6, JF-7, JF-8
and JF-9. Scheme 1 demonstrates the schematic diagram of the pre-
paration of JFW porous nanocarbon (PC) or activated carbon (AC)

2.2. Characterization

The crystalline structure of porous activated carbon were analyzed
by the X-ray diffraction (XRD) method (Bruker D8) and Cu Kα radiation
source (λ = 1.5406 Å) was utilized in the scanning angle range of 10 to
90° at 10° min−1. The Ft-IR analysis was carried out using Shimadzu

(FTIR-8400S) spectrophotometer. The spectral data of the porous
carbon recorded in the wave number range from 400 cm−1 to 4000
cm−1. The morphology and microstructure of the porous nanocarbon
was studied using scanning electron microscope (JSM 6490-LV). High-
resolution transmission electron microscopy was recorded using (FEI
Tecnai G20) instrument. The surface area and pore size was analyzed by
the nitrogen adsorption desorption isotherms using Micromeritics ASAP
2020 instrument at 77 K.

2.3. Modifed electrode fabrication and electrochemical measurements

The modified electrode (JF derived activated carbon based) was
prepared by using 16 mg of as-prepared porous carbon with 2 mg of
poly (vinylidene difluoride) binder was added to 2 mg of acetylene
black to enhance the capacitive nature by avoiding the resistance of
binder. N-methyl pyrrolidinone (1 to 2 mL) as an organic solvent is
added to made a paste. The paste was coated in a square type nickel foil
(1 × 1 cm) and it serves as a current collector. The electrochemical
measurements of as-prepared porous nanocarbon modfied electrode
was anayzed by the cyclicvoltammetry , Galvano static charge-dis-
charge , electrochemical impedance spectroscopy. The effect of current
density, scan rate and also tests the cyclic stability (5000 cycles) in 1M

Fig. 1. X-ray diffraction patterns of (a) JF-PCC, (b) JF-6, (c) JF-7, (d) JF-8 and
(e) JF-9 Porous carbon samples.

Fig. 2. FT-IR spectra of (a) JF-6, (b) JF-7, (c) JF-8, (d) JF-9 Porous carbon
samples.
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Na2SO4 electrolyte (Ametek PARSTAT 4000).

3. Results and discussions

3.1. X-ray diffraction studies

The XRD patterns of JFW derived porous carbon are shown in Fig. 1.
Two peaks were identified at 2θ around 23° (100) and around 43° (101)
[16]. The sharp peak at 26° (002 ) due to the presence of graphitic
carbon. The reported graphitic carbon prepared by other activation
process has matches very well with our results (JCPDS card number 75-
2078) [23]. Generally, the prepared activated carbon was almost
amorphous. The porous carbon prepared at low carbonizing tempera-
ture ( 400°C) had no broadening at 2θ around 23°. But the sharp peaks

Fig. 3. HR-SEM micrographs of (a) JF-PCC, (b) JF-6, (c) JF-7, (d) JF-8 and (e) JF-9 Porous carbon samples.

Table 1.
Sample code, surface area, pore volume and average pore diameter of JF de-
rived activated carbons.

Sample
(JPW-AC)

SBETa

(m2/g)
Smicro

b

(m2/g)
Smeso

c

(m2/g)
Vmicro

d

(cm3/g)
Vmeso

e

(cm3/g)
VTotal

f

(cm3/g)

JF-6 689 492 197 0.301 0.194 0.495
JF-7 984 637 347 0.435 0.229 0.664
JF-8 1260 823 437 0.571 0.298 0.869
JF-9 1585 993 592 0.635 0.330 0.965

a BET surface area. bMicropore surface area. cMesopore surface area. d

Micropore volume. eMesopore volume. f Total pore volume.
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were obtained for the JF-9 samples at 26° and 43°, which showed that
the JF-9 sample is more graphitic in nature than the other samples JF-8,
JF-7 and JF-6. JF 6 is prepared at low activation temperature and it
denotes the small broadening at 2θ around 23° because initial stages of
porousityformation in the activation process. Further, at higher tem-
perature the broadness and intensity of the peaks are increased at
2θaround 23° and 43°. Hence, we conclude that the activation tem-
perature is playing important role in conversion of amorphous nature
into graphitic carbon formation.

3.2. FT-IR studies

Fourier transform-infrared analysis is shown in Fig. 2 illustrates that
the jackfruite derived porous nanocarbon JF-6, JF-7, JF-8 and JF-9. All
samples are shows similar Ft-IR spectra and it indicates that all the
samples are activated by H3PO4. The shoulder at 1090 cm−1 due to
ionizedlinkage (P+-O− ) in acid phosphate esters and symmetrical vi-
bration from the chain of polyphosphate like P–O–P , similar kind of
peak are observed for phosphoric acid activation method prepared
porous carbon [21–24]. The absorption band at 1381 cm−1 due to C-O
stretch and the functional groups Exists such as alcohol, carboxylic acid,
esters and ethers. The peak at 3435 cm−1and 750 cm−1 indicates the O-
H, carboxylic group and Si-H bonds [25]. The peak at 1566 cm−1 be-
longs to the aromatic Carbon=Carbonstretching. The peak at 1455
cm−1 due to C-H of alkanes existence. The similar Ft-IR peaks obtained
for most of the phosphoric acid activation method prepared nanoporous
carbon [26]. The peak at 2330 cm−1 due to presence of -CH2 functional
group, which is confirmed by cited reference of phosphoric acid acti-
vated saw dust carbon [26].

3.3. Morphological studies

HR-SEM micrographs of the pre carbonized carbon (PCC) and syn-
thesized porous carbon from JF waste are shown in Fig. 3 (a-e). The as-
prepared JFW (PCC) porous carbon exhibited flatten-rough surface and
no porosity on the surface is observed in Fig. 3a.

In Fig. 3(b), JF 6 depicts more smaller pores than JF 9 and it clearly
indicates that JF 6 is exhibit as micro-porous comparatively JF 9
(Fig. 3e), which has enlargement in pores and it has both micro and
mesoporosity. Similarly, JF 7 (Fig. 3c) has exhibited a smoother surface
and less degree of porosity, than JF 9. The other samples (JF 7 and JF 8)
are shows less hierarchical and irregular pores in the Fig. 3(c, d). The
differences between the all JF porous carbon samples may be due to the
usage of H3PO4 at higher activation temperature, and it reacts both the

Fig. 4. HR-TEM micrographs of (a) JF-9 at 100 nm (b) JF-9 at 200 nm (c) JF-8 at 100 nm.

Fig. 5. Nitrogen adsorption-desorption isotherms of Synthesized Porous Carbon
samples derived from Jackfruit waste.

Fig. 6. Pore size distribution and analysis of Synthesized Porous Carbon sam-
ples derived from Jackfruit waste.
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interior-exterior surface and creates more pores in the JF 9 sample.
Cylindrical-like pores are exhibited as shown in Fig. 3(e), when it is

activated at 900°C. More pores creation enhances the improvement in
the surface area values and it is evident from Nitrogen adsorption-
desorption isotherm analysis (Table 1). The JF-9 sample exhibits the
pore channels that are interconnected with each other as shown in
Fig. 3(e). The above results are justifying one for double layer capaci-
tors, because the interconnected channels are main reason for charge
transfer in EDCL [27,28].

Fig. 4 shows the HR-TEM analysis for morphological and structural
studies of the JF-9 sample. Fig. 4a showed the spongy (square marked
in red color in Fig. 4a) and glassy layered nanotube with spherical
carbon nanoparticle formation for the as synthesized porous carbon
samples (Fig. 4b-4c). The graphitic nature of JF-9 derived porous
carbon samples was further largely magnified and it depicted the ag-
glomeration of particle into spherical Nanoball shape and tiny nanotube
like morphology formation occured as shown in Fig. 4c. The above type
of interconnected spherical nanoball porous activated carbon could
provide a identical open porous system [27]. The improved surface area
with unique porous structure provide short diffusion path for incoming
electrolyte ions [29].

3.4. Nitrogen adsorption–desorption isotherms

The pore structure and BET (Brunauer-Emmett-Teller) surface area
parameters were evaluated from N2 adsorption-desorption isotherms.
Fig. 5 shows the Nitrogen adsorption-desorption isotherms at 77 K for

JF-6, JF-7, JF-8 and JF-9 showing the BET surface area values such as
689, 984, 1260 and 1585 m2/g (Table 1), respectively. JF-6 showed
type I nitrogen isotherms, with respect to IUPAC classification, thus
characterizing microporous property. JF-7, JF-8 and JF-9 showed a H-
3type hysteresis loop, which is belong to typeIV isotherm based on
IUPAC and it indicating the large amount of mixed micro and meso-
poresity [30]. The isotherms presented a sharp increase of N2 uptake at
a very low relative pressure and forms the horizontal plateau for JF-6,
which causes lower BET surface area vaues than JF-7, JF-8 and JF-9.
The porous carbon (JF-9) shows larger and fine shape adsorption-des-
orption hysteresis loop than the all other samples in Fig. 5, which in-
dicates that JF-9 has high micro and mesoporesity such as 0.635 and
0.330 cm3/g. Table 1 shows the respective pore size for JF-6 (0.301 and
0.194 cm3/g), JF 7 (0.435 and 0.229 cm3/g) and JF 8 (0.571 and 0.298
cm3/g). JF-9 shows the higher N2 adsorption among other porous
carbon, due to the higher surfacearea values and larger total por-
evolume values like 0.965 cm3/g. In chemical activation using H3PO4

as the activating agent, at a higher temperature (900°C), the reaction
between H3PO4 and carbon occurs [30,31]. Then, phosphorous will
intercalate into complex carbon matrix, thus resulting in the brodening
of the layers and increases the total pore volume [32]. At higher tem-
perature condition, a maximum brodening of micro pores to mesopores
occurs in activated porous carbon.

Fig. 6 shows the pore size distributions for the as prepared Jack-
fruite derived (JF-6, JF-7, JF-8 and JF-9) porous activated carbon
samples. Most of the pores from JF-6 were < 2 nm. While the pore
width range continued to increase, when the temperature increases.

Fig. 7. (a-b) Elemental composition confirmation by SEM- EDX analysis of JF-9 porous carbon;(c) Absorption spectra of synthesized porous carbon (JF-7&9) from
jackfruit sample; (d) Electrical conductivity of Porous Activated Carbon samples derived from Jackfruit waste.
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The above result further confirms that the H3PO4 activation process
brings higher specific and improved surface area and total porevolume
for JF-9 sample On the basis of the above results, it can be concluded
that the JF-9 sample had a hierarchical porous structure with the in-
terconnected micropores and mesopores. Such a porous structure is
expected to improve the ion diffusion, and efficient to accumulate
charge [33]. The enhanced surface area and higher porevolume of JF-9
sample would contribute to develop high charge storage, ion transport
and it advantageous in capacitance performance when used in super-
capacitor applications [34].

Fig. 7(a-b) shows elemental composition confirmation of jackfruit
derived porous carbon prepared at high temperature (JF-9) by HR-SEM
analysis, only two major peak are obtained for carbon content of (90.8
wt) and Oxygen content of (9.2 wt%) based on inset table in Fig. 7b.

The EDX analysis is clearly confirms that the no other element forma-
tion, in other words high purity porous nanostructure carbon formation
by graphite mold crucible heat treatment method (Scheme 1 at stage 2).
Fig. 7(C) shows the Absorption spectra of as synthesized porous carbon
particle dispersed in ethanol medium, the typical absorption region due
to electronic transition between 300-400 nm is obtained. The absorp-
tion peak at 325 nm obtained for JF-9 and slight shift in peak observed
for JF-7, the absorption peaks due to contributed from the π-π* elec-
tronic transition of C=C. Normal absorption region is between 180 nm-
250 nm, longer shift in absorption associate with ethanol molecules
absorbed to the surface of carbon particles and it generate the π-π in-
teraction between the imidazolium rings of the ionic solvent. [35].
Absorption spectra is further confirms that the increase in calcination
temperature playing the crucial role in the formation of orderly

Fig. 8. Cyclic-voltammograms of (a) JF-6, (b) JF-7, (c) JF-8 and (d) JF-9 Porous carbon samples.

Table 2.
Experimentally calculated specific capacitance values of CV and GCD for JF-6, JF-7, JF-8 and JF-9 samples at different scan rate.

Samples Specific capacitance from CV (F/g) Specific capacitance from GCD (F/g)
5 mV/s 10 mV/s 20 mV/s 25 mV/s 50 mV/s 75 mV/s 100 mV/s 1 A/g 3 A/g 5 A/g

JF-6 168 155 142 126 111 102 88 165 142 120
JF-7 205 195 174 155 137 113 97 203 175 144
JF-8 268 242 223 206 181 162 136 294 256 213
JF-9 324 305 283 275 252 238 214 320 297 274
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arrangement of hierarchical pores in activated carbon. The excellent
super capacitance performance is more connected to the higher con-
ductivity, improved surfacearea and reasonable poresize distribution of
the prepared porous carbon calcined at higher temperature(JF-9).
Fig. 7d shows the conductivity measurement of the above mentioned JF
carbon samples and the data indicates that the JF 9 samples have high
electrical conductivity, because the JF 9 has higher BET surface area
with hierarchical pores than other PAC samples. The hierarchical pores
enhance the mobility of ions into the pores even faster to achieve the
larger electrical conductivity.

4. Electrochemical characterizations

4.1. Cyclic voltammetry studies

Figure 8 shows the Cyclic-Voltammogram (CV) curves with poten-
tial window ranging from 0 to 0.68 V forJF-6, JF-7, JF-8 and JF-9
(Fig. 8 a-d)) at different scan rates of 5 mV/s to 100 mV/s. Generally,
the ideal electrochemical active electrode material shows rectangular
CV shape. The sample JF-6 and JF-7 shows a less and quasi rectangular

shapes (Fig. 8a and b). Thus indicating their lesser super capacitive
behavior. Higher porosity creates the improved performance at double
layer formation electrostatically and that is the reason for displayed
rectangular shapeCV curves of JF-8 and JF-9 (Fig. 8c and 8d). Sur-
prisingly, nearly symmetrical box-like shape of CV curves obtained for
JF-9 from Fig. 8d and it is demonstrating the ideal super capacitive
performance. After the CV testing, specific capacitance calculated from
the Eq. (1)

∫=
−

= −dVC ΔI
2 Vm(v v )

i. e. ΔI I Is
2 1

a c
(1)

The calculated specific capacitance is given in Table 2. From the
Table 2, Cs values are displayed at different san rates (5mV/s to 100
mV/s), when the scan rate increases, specfic capacitance values are
decreases for all the Jackfruit derived porous carbon samples. At low
scan rate of 5 mV/s, the JF-9 proves as a good charge propagation, fast
ion diffusion within the pores and lesser contact-resistance and quick
reorganizing of the electrical-double(ED) layer at the different poten-
tials [36]. The above results indicated that the increase in calcination
temperature increases the porosity rapidly from JF-6 sample to JF 9

Fig. 9. Galvanostatic charge-discharge profiles of (a) JF-6, (b) JF-7, (c) JF-8 and (d) JF-9 Porous carbon samples.
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sample. Hence, JF-9 shows higher BET surface area value (1585 m2/g)
with large electrochemical storage.

4.2. Galvanostatic charge–discharge studies

In order to cross cheak the super-capacitance values and its elec-
trochemical activity of the Jackfruite derived porous carbon was de-
termined. Galvanotactic charge-discharge (GCD) analysis at different
current densities such as 1 A/g , 3 A/gand 5 A/g is carried out and it
shown in Fig. 9. All the JFW porous carbons provide the triangular
shaped curve. In the case of JF-6 exhibits small slanting portion in the
triangle at low current density (1 A/g) with a slight IR drop with low
internal resistance [37]. Similarly, JF-7 and JF-8 sample has very little
slanting portion and it shows small internal resistance. But, JF-9 sample
exhibits the approximate linear lines with sharp triangular shapes at
low and at high current densities. The above resultreveals that the JF-9
sample has very good capacitive behavior than all other JF samples
[38]. The CS values was calculated from GCD by the given Eq. (2)

= × ×Cs I Δt/m ΔV (2)

Where CS = specific capacitance (F/g), m is the mass of the active
material (g), I = current density (A/g), Δt =charge-discharge time
(sec), ΔV = working potential window of the electrode (V/s). The
specific capacitance values of GCD is in good agreement with specific
capacitance values of CV and it is displayed in Table 2.

P. The above results are proved that the JF-9 electrode material has
good charge-discharge rate performance in EDLC.

4.3. Electrochemical impedance spectroscopy

Electrochemical Impedance Spectra (EIS) and the Nyquist plots of
the as-prepared porous carbon samples in 1 M Na2SO4 electrolytes are
shown in Fig. 10. The impedances over a frequency range of 0.1-100
kHz and at open circuit potential of 5 mV. The equivalent circuit dia-
gram of Fig. 10 (depicted inside) includes the resistivity system such as
Rs, Rct and W. Rs consists of solution resistance or intrinsic resistance or
electrolyte ions resistance or the contact resistance between the active
electrode material and current collector. Rct (charge transfer resistance)
and W (Warburg resistance). The equivalent circuit, not only exhibits

the resistivity system and also displays the capacitance for the system,
(i.e.) Cdl and it represents the double layer capacitor. In the high-fre-
quency region, the Nyquist plot is semicircle and the real axis intercept
is the equivalent series resistance (ESR) [39]. ESR is equal to the dif-
ference between the solution resistance (Rs) and charge-transfer re-
sistance (Rct) of the Nyquist plot. The width of the semi-circle im-
pedance loop directly related with charge transfer resistance in the
electrode materials. As shown in Fig. 10, all the four curves have nearly
the same first point of intersection with the horizontal axis, because all
the measurements were carried out using 1M Na2SO4 as electrolyte and
the same assembly was used for all JFW derived porous carbon samples.
It concludes, the resistance caused by the electrolyte and the contact
resistance of these electrodes were similar. The second intersection
points of the semicircles and the horizontal axis show the inner re-
sistances (ESR). In the low frequency region, the Nyquist plot is a
straight line for EDLC. The more vertical line shows the more ideal
capacitive behavior [40]. The inset graph of Fig. 10 shows that there is
an apparent semi-circle in the high-frequency range in the EIS spec-
trogram of JF-9 porous nanocarbon electrodes. The above improvment
caused by the electric double-layer capacitance with respect to the
charge transfer resistance. The Rs and Rct resistance value of JF-9
electrode were 4.72 Ω and 0.76 Ω, indicting a low system resistance and
good charge-transfer rate. The indirect line of the low-frequency region
represents the ion diffusion resistance process and the degree of ideal
supercapacitor is 90°. It can be seen that there is an almost vertical line
of JF-9 electrode in the low frequency region, demonstrating that JF 9
electrode had ideal supercapacitive behaviors than all other samples
[41,42].

4.4. Effect of current density and cyclic stability

Fig. 11a shows the different current density with the specific ca-
pacitance values of Jackfruit derived porous carbon samples. The CS

value increases at the rate of current density decreases as show in
Table 2.Hence, the supercapacitor retains a high specific capacitance at
a high current density values. Evidently, Table 2 depicts JF-9 sample
has 294 F/g at the high current density of 5 A/g and at low current
densitiy values (320 F/g at 1 A/g). Thespecific capacitance values of JF-
9 results indicated that, at lower current density attains the higher
charge discharge time intervals due to stronger interaction at double
layer interface between the electrode and electrolytes [43].

Fig. 11b shows the cyclic stability of Jackfruit derived carbon (JF 6,
JF 7, JF 8 and JF 9) samples tested at a current density of 1 A/g for
5000 cycles and potential window maintained from 0 to 0.68 V in 1 M
Na2SO4 electrolyte. From Fig. 11b, JF-9 sample indicates that there is
no specific capacitance loss occurs after 5000 cycles and all other
sample shows small loss in specific capacitance after 3500 cycles. The
capacitance retention obtained for JF-9 is 93%, which strongly de-
monstrates the excellent electrochemical stability of the electrode ma-
terial.

The result indicates that the specific capacitance increases when the
scanrate decreases and Table 2 evidently matches with the Fig. 11a. It
clearly explains that the JF-9 sample has higher specific capacitance at
lower scan rate and the specific capacitance is gradually dropped after
75 mV/s. JF-9 has high multi micro and mesoporous structure is the
cause for interface reaction between the electrode and electrolyte ions.
The ion diffusion between the electrode and electrolyte interface much
faster in JF-9 sample than all other porous nanocarbon (JF-8, JF-7 and
JF-6) samples. Table 3 shows the comparative supercapcaitor and sur-
face area values of different route prepared activated carbon samples.
For comparison study, the specific-capacitance values of modified
carbon based electrode materials prepared by other activation methods
from various naturally waste organic precursors are listed in Table 3.
For the comparison purpose, the similar potential window (0-0.68V) of
reported specific capacitance of various precursor route prepared
porous carbon are tabulated in Table 3. Comparatively, our preparation

Fig. 10. Nyquist plot for Porous Carbon samples (sinusoidal signal of 5 mV)
over the frequency range of 100 kHz to 1 mHz. Zre is real impedance and Zimp is
imaginary impedance.
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methods are higher yield for fabrication of activated carbon prepared
by than inert atmospheric tubular furnaces and microwave methods.
Adopting clay molded graphite crucible (CMGC) method is economic
way of creating vacuum condition to prepared high yield for carbon
formation.

5. Conclusion

Low-cost naturally available Jackfruit peel waste were used as a
carbon source to prepare the new porous nanocarbon material by
modified pyrolysis method using clay molded graphite crucibles. The
porous nanocarbon material was synthesized by a simple and facile
chemical activation process using H3PO4 followed by heating process
by low cost clay mold technique. The specific capacitance of JF-9 was
324 F/g at 5 mV/s in a three electrode electrochemical setup using 1 M
Na2SO4. The improved higher specific capacitance with excellent long-
term cyclic stability (5000 cycles) has occurred, due to improved spe-
cific surface area values (1585 m2/g). In future, Thin Nickel foil based

JF derived porous carbon based modified electrode could be used as
flexible electrode device for supercapcitor application. In comparison
with other reported literature, our method prepared Jackfruit derived
carbon exists with micro and mesoporous property obtained below 20
nm pore size distribution with good surface area values.
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