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ABSTRACT

Porous activated carbon (PAC) powder is prepared from solid bio-wastes such as jack fruit peel waste (AP) and
cow dung samples (CD). The activation process is carried out by phosphoric acid treatment followed by calci-
nation at different temperature condition. XRD pattern confirms the amorphous phase formation with graphitic
nature for different precursor utilization. BET Surface area measurement are showing higher surface area values
for both AP and CD precursor route derived carbon samples. FE-SEM analysis shows the uniform and hierarchical
porous network formation and aggregated particle with tiny nanotube and spherical carbon nanoparticle
morphology obtained in TEM analysis. X-ray analysis confirms the formation of graphitic carbon and porous
morphology for sample activated at increased calcination temperature. TEM images of JF carbon samples are
shows spherical nanoball and nanotube morphology. The elemental composition of as prepared carbon samples
is determined by SEM-EDX and confirms the formation major carbon content existence. The electrochemical
property is analyzed by various electrochemical tools and it shows stable activity for super capacitor application.
Nickel foil based modified electrode was fabricated using as prepared activated porous carbon material. The Cs
(specific capacitance) of the carbon sample activated at high temperature (900 °C) shows 324 and 347 F/g AP-9
and CD-9 samples. The comparative surface property characterization and detailed electrochemical property was
carried out between peel waste and cow dung derived porous activated carbon samples through cyclic vol-

tammetry, Galvano static charge-discharge and electrochemical impedance spectroscopy analysis.

1. Introduction

The solid waste management and renewable energy demands are
important field of research to adoption of low cost methodology for solid
waste utilization [1-4]. Preparation of porous activated carbon (PAC)
materials with micro and mesoporosity could be very useful in the field
of green chemistry catalysis and renewable energy applications [5-8].
The micro and mesoporous nature of carbon materials are strongly
depending on the usage of raw material and preparation methodology
including the mass ratio between bio char or pre carbonized carbon
(PCC) and activating agent followed by calcination temperature condi-
tion. The above points are also important for efficient electrode mate-
rials fabrication for EDLC (electrochemical double layer capacitance)
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[9-11]. Yuan et al. recently fabricated carbon powder from plastic waste
and it is also a global environmental pollution treatment problem [12,
13]. Waste polymer plastic bottles were carbonized and activated using
KOH or NaOH to develop porous carbons materials and they studied the
activity of prepared carbon materials for CO» storage applications [12].
The potential use of agricultural waste sources with additional treatment
for the removal of anionic pollutants such as chlorides, fluorides etc.,
from water was examined [14-16]. In another related study, ultrasonic
method is adopted to prepare the porous carbon materials derived from
agricultural waste and tested their activity for electro chemical super
capacitor application [17,18]. Treatment by ultrasonic irritation causes
deeply etch carbon material to develop more porous structure to the
resulted porous carbon network. The presence of additional pore
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Scheme 1. Two stage preparation strategy of phosphoric acid activated PCC from Cow dung and Jackfruit peel waste (AP).

structures is beneficial for the transfer of electrolytes, providing more
active sites and improving electrochemical performance. Compared
with the samples prepared without ultrasonic treatment ultrasonic
treatment enhances the activity [18-21]. The activated carbon by ul-
trasonic route prepared modified electrodes exhibits a high specific
surface area of 1281 mj/g, abundant porous structure and prominent
specific capacitance of 197 F/g. Bio char is widely recognized as a
multifunctional material, developing high-performance carbon mate-
rials from bio char for both energy and environmental applications re-
mains challenging [22-25]. Torreya grandis seeds inner-shell, a
widespread lignocellulose biomass waste was used to synthesize hier-
archically porous carbon materials via a different carbon-
ization/activation approach [26]. The prepared bio char exhibited
excellent energy storage performance in sodium sulphite (1 M NazSO4)
with a large capacitance, high-rate capability, and favorable stability
(97% capacitance retention after 5000 cycles). Recently great efforts
have been focused on converting bio-waste into high-valued carbon
material. However, it is still a great challenge to achieve high carbon
yield and controllable porous size distribution for researchers. Hence,
porous carbon synthesized from using multi-void structure of waste
coffee ground beans into hierarchical porous carbon was reported and
thy adopted the combination of catalytic carbonization and alkali acti-
vation methods [27]. Agricultural waste derived banana peel activated
carbon (BPAC)) as a sustainable and easily available biomass resource
and recently sulphur-doped banana peel-derived activated carbon based
modified electrode was successfully tested for super capacitor applica-
tion [28]. The results of modified electrode show that the formation of
improved high surface area of 2224.9 m?/g, a large pore volume of 0.77
cm®/g, and a suitable pore-size distribution of approximately 0.8 nm for
Sulphur doped bana peel derived carbon materials. It is easy to bring
Sulphur-doped banana peel produced carbon (S-BPAC) into contact with
an electrolyte and it shows the specific capacitance of 162.5 F/g [28].
Jackfruit is commonly used in South part of India and adopted in
most of the southeast Asian cuisines. Artocarpus heterophyllus
(A. heterophyllus) is a botanical name for Jackfruit. India is the origin of
specific type of oval shaped Jackfruit (A. heterophyllus-AP) and it is

extended up to tropic regions [29,30]. For A. heterophyllus(AP), is not
seasonal fruit and it is harvested throughout the year [30].
A. heterophyllus have a seed, fruit and peel in outside portion. The
outside portion of the peel is thrown away as a waste material, and it
results in the high output of A. heterophyllus peel (AP). AP have no
commercial value and in fact it often creates a serious problem in solid
waste disposal. In the present study, Conversion of peels of AP and cow
dung (CD) waste into carbon powder would increase its economic value,
help to reduce the cost of waste disposal, and provide an inexpensive
raw material for fabrication of effective modified carbon based elec-
trodes. Instead of conventional way of activation by alkali, in the present
study phosphoric acid is utilized to activate the PCC (pre carbonized
carbon) into porous activated carbon such as AP-PAC (activated carbon
derived from peel waste) and CD-PAC (activated carbon from cow dung
waste). The highlight of the work is to adopted Clay molded Graphite
Crucible (CMGC) is low cost reactor to create vacuum for calcination
process carried out at different temperature condition. The as prepared
carbon sample have been characterized for structural, morphological,
porous nature and electrochemical performance. The comparative
electrochemical performance of as prepared porous carbon samples are
demonstrated using modified nickel foil electrode setup for super
capacitor applications.

2. Experimental
2.1. Preparation of AP and CD type porous activated carbon samples

Jackfruit peel waste and dry cow dung waste are used as the starting
material to prepare pre carbonized carbon (PCC). The raw materials are
collected from villages in Villupuram district, Tamil Nadu, India. First
step is to cut the peels into small parts like 5 cm square shapes and dried
cow dung sample was crushed in the powder form. After dried at room
temperature, the peels are washed with distilled water several time,
followed by dried for one day at 80 °C in the case of cow dung sample
washing is not required. The dried peel waste and cow dung samples was
transferred in a graphite crucible separately. The as prepared filled
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Fig. 1. X-ray diffraction patterns of (A) (a) AP-PCC, (b) AP 6, (c) AP 7, (d) AP 8 and (e) AP 9.

crucible is further sealed by a clay molding method. The molding is done
by simply heating the crucible with help sandy clay available in the
earth crust, after pasted with clay followed by tightly closed the mouth
of the crucible. The autogenic vacuum created inside the crucible and
minimal amount of oxygen present inside the closed crucible. The clay
molded graphite crucible was placed in a muffle furnace at 400 °C for 4 h
under autogenic vacuum conditions. Finally, the above prepared PCC
sample was collected from the graphite crucible by breaking the molded
clay using the hammer followed by grinding the sample in mortar and
pistol. The minimum amount of silica present in the clay exist with
activated carbon sample. The as prepared graphite mixed activated
carbon is obtained in the form fine carbon powder.

Second step is the preparation of activated carbon by phosphoric acid
activation method, 20 g of fine carbon prepared from peels waste and
cow dung prepared by above method (PCC) was mixed with the acti-
vating agent (H3PO4) in the ratio of 1:4 (1 wt percentage of PCC and 4 wt
% of equivalent phosphoric acid) and fine carbon powder and phos-
phoric acid stirred for 3 h at 80 °C. After stirring, the sample was filtered
and dried at 80 °C for 24 h. Finally, the as prepared phosphoric acid
activated PCC is further calcined at different high temperate (600, 700,
800 and 900 °C) for 4 h under vacuum conditions and the respective
sample designated as AP-600, AP-700, AP-800 and AP-900. Again, the
clay molded graphite crucible was utilized to avoid oxygen atmosphere
in the heat treatment process. The above calcined carbon samples are
washed 3 to 4 time using distilled water to maintain a neutral pH fol-
lowed by dried at 80 °C for one day. Scheme 1 demonstrates the sche-
matic diagram of the preparation stages of porous activated carbon. The
as prepared samples are designated as AP-6, AP-7, AP-8, AP-9 for peel
waste derived carbon sample and cow dung derived carbon samples
designated as CD-6, CD-7, CD-8 and CD-9.

2.2. Characterization

All chemicals are used in the present study purchased from Sigma
Aldrich and utilized without further purification. The crystalline phase
characterization of as prepared porous carbon samples were character-
ized by X-ray diffraction spectra (XRD). Bruker D8 advance X-ray
diffractometer with Cu Ka source was adopted to analyze the samples.
Fourier transform infra-red (Ft-IR) analysis was performed to identify
the presence of surface functional group present in the as prepared

carbon samples (Shimadzu FTIR-8400S spectrophotometer). Brunauer-
Emmett-Teller (BET) surface area and pore size measurement was
analyzed by Micromeritics ASAP 2020. The morphology and micro-
structures of the porous carbon was studied by a scanning electron mi-
croscope (JSM 6490-LV from JEOL), and a high-resolution transmission
electron microscopy (FEI Tecnai G20). Particle size and zeta potential
measurement were recorded using Nano plus particle analyzer.

2.3. Electrode fabrication and electrochemical measurements

The activated carbon based modified 50 mm thickness nickel foil
electrode was prepared by using 16 mg of as-prepared porous carbon
(AP or CD) with 2 mg of poly (vinylidene difluoride) binder followed by
mixing acetylene black (2 mg). To the above mixture few drops of n-
methyl pyrrolidinone is added as an organic solvent to made a paste.
Then the paste was coated in a nickel foil (1 x 1 cm) and it serves as a
working electrode. The cyclic voltammetry (CV), Galvano static charge-
discharge (GCD), electrochemical impedance spectroscopy (EIS) studies
are carried out to explore the Supercapacitors applications using Ametek
PARSTAT 4000 instrument. Silver chloride electrode and platinum wire
is used as reference and counter electrode, respectively. The following
equation are utilized to calculate the super capacitance values of the
respective carbon modified electrode in various electrochemical anal-
ysis (egs. (1) and (2)). Cs is specific capacitance and I is the current
density (A/g), At - charge-discharge time (seconds), m is the mass (g)
and AV is the working potential window of the electrode (V/s).

Al
C, = /7 dVieAl=1, - L @
2 Vm(Vz — Vl)

Cs=1 x At/m x AV )
3. Results and discussions
3.1. Crystalline structure and function group characterization

X-ray diffraction study reveals the crystalline or amorphous prop-
erties of the as prepared porous carbon derived from AP and CD. The
XRD patterns of AP-PAC samples are shown in Fig. 1a. The porous car-
bon prepared from different raw materials (peel waste and cow dung)
are showing amorphous nature for all calcined samples (Fig. 1a and b).
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Fig. 2. Ft-IR spectra of (A) (a) AP-PCC, (b) AP 6, (c) AP 7, (d) AP 8 (e)AP-9; (B) (a) PCC (b) CD-1 (c) CD-2 (d) CD-3 (e) CD-4.

Fig. 3. Scanning electron micrographs of (a) AP-6 (b) AP-8 (c)AP-9; Transmission electron micrographs of (d—e) AP-9.

The two 26 peaks for both precursor route prepared sample are identi-
fied at 23° (100 plane) and around 43° (101 plane), are similar to other
alkali method prepared activated carbon samples [JCPDS number
75-2078]. The JCPDS data of activated carbon matches very well with

our XRD results [31,32]. The peak at 26° (002 plane) due to presence of
the graphitic carbon, which is from the calcination process of carbon
sample carried out in graphite crucible causes the sharp graphitic peak.

Ft-IR spectra is useful to understand the nature of functional group or
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Fig. 4. Scanning electron micrographs of (a) CD-PCC, (b) CD 6, (c) CD 7, (d) CD 8 and (e) CD 9 PAC samples.

surface bound species present in the AP and CD derived porous carbon
samples such as AP 6, AP 7, AP 8 and AP 9 and the same was shown in
Fig. 2a. In Fig. 2a, from PCC to AP-9 shows the similar functional group
frequency and it further confirms that the phosphoric acid activated
carbon formation. The shoulder peak at 1090 cm ™~ was due to presence
of phosphorous oxygen linkage exist in the surface of carbon network
and ionized phosphate esters. The absorption at 1381 cm™! due to
presence of carbon-oxygen bonds of alcohol, esters, and carboxylic acid
groups. The peak at 3435 cm ™! and 750 cm ™! indicates the presence of
Oxygen-Hydroxyl hydrogen, carboxylic acidic group and Silicon-
hydroxyl bonds present on the as prepared carbon samples are origi-
nated from the clay molded crucible sources. An aromatic Carbon-
=Carbon stretching was observed at 1566 cm ™! and the presence of
hydrocarbon chains shown the absorption peak at 1455 cm™!. Similar
trend and functional group frequency are observed in the case of cow
dung sample (Fig. 2b), only peak intensity difference occurred for CD-6,
CD-7, CD-8, CD-9 samples. The should peak and peak associated with

phosphorus group are not existed in the alkali method prepared acti-
vated carbon samples, which is confirmed from the reported Ft-Ir studies
[33,34]. Existence of phosphate and phosphine and silicon bonds could
improve the surface activity of the porous carbon samples for catalytic
and electro catalytic reactions.

3.2. Morphological studies

High resolution SEM micrographs of AP-porous carbon samples are
shown in Fig. 3a-c. Fig. 3a exhibited the morphology of the as-prepared
pre carbonized carbon (PCC) it shows rough and not uniform porous
morphology. Fig. 3b and ¢ shows the SEM images of AP-7 and AP-9. The
number of pores on the surface of the AP derived carbon sample (AP-9)
is much more than AP-7 as shown in Fig. 3. The creation of new pores is
caused by the activating agent (H3POy4) at increased temperature con-
dition above 800 °C and it burns the carbon to form more uniform pores.
Similarly, AP-7 has exhibited a smoother surface and less degree of
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Fig. 5. SEM-EDX spectra of peel waste derived activated porous carbon calcined at 700 °C (AP-7).
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Fig. 6. SEM-EDX spectra of peel waste derived activated porous carbon calcined at 900 °C (AP-9).

porosity, when compared to AP 9. The uniform porous morphology
improvements between the AP samples (AP 6, AP 7, AP 8 to AP 9). The
H3PO4 usage for activation process and calcination of clay molding at
high temperature condition caused multi architecture with interior-
exterior porous surface for the prepared carbon samples.

Furthermore, the morphological and structural studies of the AP-9
sample was done by the high resolution TEM (HR-TEM) which
showed the spongy glassy like morphology with metallic rich carbon

&um Electron Image 1

particles formation with graphitic layers as shown in Fig. 3d and e. The
graphitic nature of carbon samples was further deeply magnified below
100 nm scale and it depicted that the agglomerated spherical nanoball
(red circled in Fig. 3d) and tiny carbon nanotube (yellow square marked
in Fig. 3e) formation occurred as shown in Fig. 3d. This type of inter-
connected spherical nanoball shaped porous activated carbon particles
(Fig. 3e) would provide a unique open pore system with high active
surface area and a short diffusion path for electrolyte ions.

Wl Scale 2260 cts Cursor: 0.000

Fig. 7. SEM-EDX spectra of cow dung derived activated porous carbon calcined at 900 °C (CD-9).
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Fig. 9a. (a) Particle size analysis peel waste derived AP-9 and cow dung derived CD-9.

Fig. 4a-e shows the as-prepared CD-PCC had rough surface and the
absence of porosity. The number of pores on the surface of the CD porous
activated carbon sample CD 6 to CD 9 is much more than for CD 6 and is
shown in Fig. 4a-c. The number of pores seem to be increased with
increasing the activation temperature in the activation processes. The
creation of new pores is caused by the activating agent (H3PO4) and it
burns the carbon to form the pores. Similarly, CD 6 has exhibited a
smoother surface and less degree of porosity, when compared to CD 9,
which shows the presence of hierarchical pore structure and irregular
pores (Fig. 4e). Also, the CD 9 sample exhibits the arrangement of pore
channels that are interconnected with each pore channels and it is a
promising one for EDLC.

The elemental composition of peel waste and dried cow dung derived
porous activated carbon was analyzed by SEM-EDX techniques. Figs. 5-7
shows the presence of carbon, oxygen and silicon content as prepared
AP-7 and AP-9 and CD-9 samples. The carbon sample heat treated at
high temperature has also showing silicon content and silicon element
arising from the clay molding preparation in graphite crucible [35].
Porous activated carbon and contains 74.5 at% of carbon and 24.5 at%
of oxygen and less than 1 at% of silicon (AP-9) and in the case of AP-9
shows the little higher percentage for silicon (1.73 at %), carbon
(76.6 at%), oxygen (22%). In the case of cow dung sample (CD-9), in
addition to silicon content Sulphur content also exist in final form of
porous activated carbon. Fig. 7 shows the EDX spectra of cow dung
derived carbon sample exist with major carbon content of 84 at%,

oxygen content exist as 11.79 at%, Si (0.97 at%) and Sulphur (1.94).
Other impure element present in the activated carbon due to nature of
starting materials and clay molding graphite crucible utilization in the
preparation process of porous activated carbon [36,37]. Fig. 9(a and b)
shows the Particle size and Zeta potential measurement of selected peel
waste and cow dung derived carbon sample was carried out by Nano
plus analyzer using laser light scattering method. Fig. 9a shows the
Number distribution of carbon particle size obtained in aqueous me-
dium. The different particle size distribution was occurred in the as
prepared AP-9 and CD-9 sample. AP-9 carbon sample was shown
average particle size formation close to 100 nm and in the case of CD-9
carbon sample shows the higher than 100 nm particle size and it extends
up to 1000 nm. It is clear that the formation of smaller carbon particle
depends on starting material usage. Fig. 9b shows the negative zeta
potential values for both AP-7 and AP-9 sample and less zeta negative
potential means increase in their conductivity property. The conduc-
tivity of as prepared carbon sample increase by increasing activation
temperature. AP-9 has higher conducting capacity than all other AP-PAC
samples.

3.3. Surface area, textural and adsorption—desorption characterization

Pore structure and BET surface area of as prepared carbon samples
from peel waste are evaluated by N» adsorption-desorption isotherms.
Fig. 8 shows adsorption-desorption isotherms at 77 K for four AP-PAC
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Fig. 9b. (b) (i) Zeta potential measurement of activated porous carbon calcined at 700 °C (AP-7) (ii) Zeta potential measurement of activated porous carbon calcined

at 900 °C (AP-9).

Table 1
Sample code, surface area, pore volume and average pore diameter of AP
derived PAC samples.

derived from cow dung) showing highest surface area value of 2450 m?/
g, respectively [38]. Based on IUPAC classification of Hysteresis loop H4
type adsorption desorption occurred due to some pore blocking and
ink-bottles porous nature for the present method prepared carbon

Samples  Smer  Smico  Smeso  Vrow Vinicro Vineso Dy samples. Pore size distribution analysis shows (Fig. 8) that the existence
(m?/ (m~/g) (m~/g) (cm®/ (cm®/g) (cm®/ nm . . .
ot ® 2 of micro (less than 2 nm) and mesoporous existence (pore size peak
exists between 2 nm and 20 nm) for the prepared carbon samples. The
AP 6 689 492 197 0.495 0.301 0.194 2 L . o
AP7 984 637 347 0.664 0.435 0.229 B porous carbon heated (calcination) at high temperature indicates that
AP 8 1260 823 437 0.869 0.571 0.298 8 the, AP 9 has high micro and mesoporous (0.635 and 0.330 cm®/g) than
AP 9 1585 993 592 0.965 0.635 0.330 10 all other carbon sample (AP-6, AP-7 and AP 8). With an increase in

2BET surface area,b Micropore surface area,  Mesopore surface area,Cl Total pore
volume, © Micropore volume, f Mesopore volume, & Average pore diameter.

samples (AP-6, AP- 7, AP- 8 and AP- 9) with respective surface area
values such as AP-6 = 689 m?/g, AP- 7 = 984 m?/g, AP- 8 = 1260 m%/g
and AP-9 = 1585 mz/g (Table 1) and surface area value of CD-9 (carbon

activation temperature, the micropores are widened to the maximum
and it is converted to mesoporous [39].

Role of phosphoric acid is playing crucial role in improves the porous
structure with micro and mesoporous by intercalation of phosphate
species in to the internal network of carbon chains at high temperature
calcination process [40,41]. Due to calcination process at increased
temperature causes gradual increase in surface area values and pore size
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Fig. 10. Cyclic voltammograms of (a) AP 6, (b) AP 7 (c) AP 8 and (d) AP 9 samples.

Table 2
Specific capacitance from cyclic voltammetry (CV), galvanostatic charge-
discharge (GCD) and electrochemical impedance spectroscopy (EIS) of AP-PAC
sample.

AP-PAC Specific Specific capacitance  Double layer

Samples capacitance of CV of GCD (F/g) capacitance of EIS (F/
(E/8) 2)

AP 6 168 165 162

AP 7 205 203 204

AP 8 268 284 272

AP 9 324 320 320

distribution from AP-6 to AP-9 samples.

4. Electrochemical characterization of peel waste and cow dung
derived carbon based nickel foil electrodes

4.1. Cyclic voltammetry studies

Cyclic voltammetry analysis is shown in Fig. 10. The CV profiles of
AP 6 and AP 7 show a low and imperfect rectangular image (Fig. 10 (a,
b)), thus indicating that the less super-capacitive property. Ideal elec-
trochemical active electrode material are generally shows large rect-
angular cyclic voltammetry curves [42]. Ny adsorption-desorption
analysis of AP 8 and AP 9 sample depicts improved surface area with
hierarchical porosity. High pore size distribution and surface area are

playing important role in the creation of the strong double layer for-
mation at electrode surface. Fig. 10(c and d) shows CV curves for AP8
and AP-9. The exact symmetrical box-like shape for CV curves obtained
for AP-9 and CD-9 (not shown) carbon sample due to good porosity and
improved surface area.

The calculated specific capacitance is given in Table 2 and its dis-
played at different san rates (5 mV/s to 100 mV/s), when the scan rate
increases, Cg values are decreases for all the prepared carbon samples. At
low scan rate of 5 mV/s, theAP-9 sample implies a good charge propa-
gation, quick ion diffusion within the pores and fast re-organizing of the
electrical double layer at different potentials. The results indicated that
the increase in temperature increased the porosity rapidly from AP 6
sample to AP 9.

4.2. Galvanostatic charge—-discharge studies

Galvanotactic charge-discharge (GCD) studies is another route to
study the electrochemical properties of the AP-PAC samples at various
current density [43]. Fig. 11a-d show GCD waves of AP carbon sample
prepared at different temperature treatment (AP 6, AP 7, AP 8 and AP 9).
The studies carried out at various fixed current densities of 1A/g, 3 A/g
and 5 A/g values and altering the potential (V) with respect to time (sec)
plot showing the triangular shaped curve. In the case of AP 6 exhibits
slanting portion in the triangle shape at low current density, slight IR
drop occurred and also shows the low internal resistance. The other
carbon samples like AP 7 and AP 8 sample has very slight slanting
portion and it indicates the small internal resistance. In the case of AP 9
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Fig. 11. Galvanostatic charge-discharge profiles of (a) AP 6, (b) AP 7, (c) AP 8 and (d) AP 9 PAC samples.

Table 3

Specific capacitance from cyclic voltammetry (CV), galvanostatic charge-
discharge (GCD) and electrochemical impedance spectroscopy (EIS) of CD-
PAC samples.

CD-PAC Specific Specific capacitance  Double layer

Samples capacitance of CV of GCD (F/g) capacitance of EIS (F/
(F/g) 8)

CD 6 148 146 142

CD7 215 213 207

CD8 294 291 286

CD9 347 347 338

sample shows the perfect linear lines with obvious sharp triangular
shapes at low and high current densities. This reveals that the AP 9
electrode sample has very good capacitive behavior, when compared
with other AP carbon samples. From equation (2), specific capacitance
values are calculated using GCD results [32,44,45].

Table 2 show respective specific capacitance values derived by GCD
analysis and it also compared with Cs values obtained from Cyclic
Voltammetry studies. Due to stronger interaction at double layer inter-
face between the electrode and electrolytes cause the higher capacitance
value for AP- 9 and it results attains the higher charge-discharge time
intervals at low current density values. In the case of electrochemical
performance of cow dung derived carbon samples are also showing
equivalent and much higher Cs values for sample CD-9. Table 3 shows
the capacitance values calculated from Cyclic voltammetry (CV), GCD
and impedance studies were used to explore the efficiency of the as
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prepared cow dung route prepared PAC samples (CD 6, CD 7, CD 8 and
CD 9) are shown in Fig. 12. Cyclic voltammograms of cow dung derived
carbon are also shows similar leaf like shape for CD 6 sample and CD 7
sample. CD 8 and CD 9 sample reveals more or less perfect rectangular
shape. Sample CD 9 has obtained the ideal behavior properties of elec-
tric double layer capacitors. The specific capacitance (Cg) was calculated
from the below formula. Hence, from the result of electrochemical
analysis, CD 9 sample shows high specific capacitance with high BET
surface area than CD 6, CD 7 and CD 8 samples due to role of activation
temperature in the calcination process. At higher temperature condi-
tions causes the development of new pores and channel arrangement
(see Table 1).

4.3. Electrochemical impedance spectroscopy

The Nyquist plot and electrochemical impedance analysis of peel
waste and cow dung derived carbon modified electrode was carried out
at the frequency range of 0.1-100 kHz at OCP (open circuit potential)
maintained at 5 mV. Fig. 12, shows the comparative electrochemical
impedance measurement and the inset figure shows the fitted equivalent
circuit of the respective samples.

All the impedance measurements were carried out in three electrode
system using 1 M NaSOj4 as the electrolyte, the usage of neutral elec-
trolyte to prevent and avoid corrosion in the Nickel foil electrode and
also it acts as toxic free electrolyte. From Fig. 12, AP-6 to AP-9 samples
shows slight broader in Nyqusit plot compared to more narrow curves
obtained in the case of cow dung derived carbon samples. Impedance
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Fig. 12. Nyquist plot for porous activated carbon AP and CD samples (peel waste and cow dung derived) using a sinusoidal signal of 5 mV over the frequency range

of 100 kHz to 1 mHz. Z, is real impedance and Zi,, is imaginary impedance.

Table 4
Parameters for AP-PAC samples obtained from electrochemical impedance
spectroscopy measurements.

Sample Rs (Q) Re (Q) ESR (Q) W (Q)
AP 6 0.72 5.48 5.20 0.845
AP7 0.53 2.79 2.21 0.423
AP 8 0.34 1.56 1.40 0.140
AP 9 0.18 0.84 0.86 0.016
CD-8 0.57 3.17 2.19 0.305
CD-9 0.35 1.13 1.37 0.033

analysis is showing clear evidence for the difference of activated carbon
modified electrode fabricated from two difference bio-waste source.
The fitted equivalent circuit consists of following parameters such as
Rs, Rt and W. Ry represents the solution resistance or intrinsic resis-
tance, Rt = charge transfer resistance, W is the Warburg resistance [46].
The equivalent circuit denotes the both capacitance system and re-
sistivity in the system. In the case of porous materials deposited elec-
trodes, Nyqusit plot can be separated into three parts: high frequency
region, medium frequency region, low frequency region. In the
high-frequency region, the Nyquist plot is semicircle and the real axis
intercept is the equivalent series resistance and it is equal to the dif-
ference between the solution resistance (Rg) and charge-transfer resis-
tance (R¢y) of the Nyquist plot. Table 4 shows the calculated parameters
derived from electrochemical impedance analysis. Rs is keep on de-
creases from AP-6 to AP-9 and it represent the increased conductivity

obtained for AP-9. The width of the semicircle impedance loop related
with charge transfer resistance in the electrode materials. As shown in
Fig. 12, the width is of semicircle is higher in the case of AP carbon
samples compared CD samples. Rs and Rct values of CD samples area
much lower than AP carbon sample. The second intersection points of
the semicircles and the horizontal axis show the inner resistances (ESR)
and it also shows the same trend for AP and CD sample. The ESR value of
AP-9 sample (0.86) compared CD-9 sample (1.37). Inner resistance is
higher in the case of CD derived carbon sample [47]. The more vertical
line shows the more ideal capacitive behavior. The inset graph of Fig. 9
shows that there is an apparent semicircle in the high-frequency range in
the EIS spectrogram of AP 9 and CD 9 modified electrodes. The electric
double-layer capacitance respective to the charge transfer resistance.
Table 5 shows the comparative physico chemical property and capaci-
tance efficiency of reported and our method prepared porous activated
carbon derived from AP and CD sample [48]. Cow dung derived porous
carbon shows highest surface area value with micro and mesoporous
nature due to nature of amorphous raw materials and preparation
strategy adopted in the present method. The similar potential window is
adopted for comparative super capacitance efficiency calculation in
Table 5. Porous activated carbon derived from tire waste is activated by
phosphoric acid method and it shows two-time lesser activity compared
to present method. Hence, the clay molded calcination method is
providing efficient surface area value, pore size distribution and active
electrochemical property for super capacitor application.

In commercialization of modified electrode in Supercapacitors is to
explore the long-term cycle duration and long-term cyclic stability for

Table 5

Comparative surface area and electrochemical activity of various precursor route prepared porous carbon materials.
Biomass precursors Activating agent SpET (mz/g) Csp (F/8) Current density (A/g) Electrolyte Reference
Sugarcane bagasse ZnCl, 1788 300 0.25 1 M H,SO4 [39]
Rice husk ZnCl, 1442 243 0.05 6 M KOH [41]
Human hair KOH 1104 264 0.25 6 M KOH [32]
Scrap waste tires H3PO4 563 106 1 6 M KOH [44]
Paulownia flower KOH 1471 297 1 1 M H,SO4 [45]
Corn cob HNO;3 543 221 0.5 0.5 M HySO4 [48]
A. heterophyllus peel (AP) H3PO4 1585 324 1 1 M NaySO4 Present work
Cow dung (CD) H3PO4 2450 347 1 1 M Na,ySO4 Present work
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Fig. 13. (a) Specific capacitance Vs scan rate capacitance measurement for AP-6 to AP-9 (d) Cycle stability analysis for AP-6 to AP-9 samples.

the as-prepared porous activated carbon samples. Fig. 13 (a and b)
shows the effect of scan rate for specific capacitance measurement for all
peel waste derived carbon sample. At low scan rate the higher specific
capacitance are obtained for AP-6 to AP-9 samples and the same trend
was obtained in the case of CD-6 to CD-9. The cyclic stability of AP-6,
AP- 7, AP-8 and AP- 9 samples tested at a current density of 1 A/g for
5000 cycles within a potential window from 0 to 0.68 V in 1 M NaySO4
electrolyte using three electrode systems. From Fig. 13b shows the AP-9
sample indicates that there is no specific capacitance loss occurs after
5000 cycles and samples AP- 6, J AP-7 and AP- 8 show small loss in
specific capacitance at the time of reaching 3500 cycles. The capacitance
retention of AP-9 is 93%, which strongly demonstrates the excellent
electrochemical stability of AP- 9 electrode material. The excellent
electrochemical results of CD-9 and AP-9 was due to calcination treat-
ment, high surface area and effective pore size distribution of the
respective carbon samples.

5. Conclusion

Model solid bio-waste such as Jackfruit peel (AP) and Cow dung (CD)
are successfully processed and developed as active carbon based modi-
fied electrodes. The phosphoric acid activation and clay molded calci-
nation method was effective to produce high surface area carbon
materials with multi porous architecture. The improved surface area
values are useful for catalysis application and higher specific capaci-
tance values are obtained for both AP-9 and CD-9 samples. The high
specific capacitance with excellent long-term cyclic stability up to 5000
cycles has been achieved for both source derived carbon modified Nickle
foil electrode. In future, as prepared carbon nanomaterial could be
adopted to Nickel foil based flexible electrode device fabrication for
renewable energy application.
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