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ABSTRACT

In the present work, we report the high-performance supercapacitive behavior of NFO/PPy core–shell composite. The composite electrode
was prepared by adopting simple and inexpensive in-situ chemical oxidation route in an aqueous medium containing sodium dodecyl sulfate
(SDS) as a surfactant and characterized for the spectral, structural, electrical, thermal and morphological studies. The electrochemical proper-
ties were recognized by cyclic voltammetry, charge–discharge and electrochemical impedance spectroscopy. The supercapacitive performance
of NFO/PPy electrode was studied in an aqueous 0.1N H2SO4 electrolyte solution. The effect of electrolyte concentration on specific capaci-
tance and the stability of electrode were studied. The highest specific capacitance (Cs) achieved with NFO/PPy electrode was 721.66 Fg

−1. The
specific energy (Es), specific power (Ps) and coulomb efficiency (η%) were observed to be 51.95 Whkg−1, 6.18 kWkg−1 and 99.08% respec-

tively. This electrode shows the outstanding electrochemical stability over 1000th continuous charging–discharging cycles and emerged as an
efficient electrode material for energy storage devices as a supercapacitor.

© 2019 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/1.5090310

I. INTRODUCTION

Supercapacitors act as transitional structures that link the
energy gap between high power output and high energy-storage.1

They have high energy density, stability and high efficiency toward
the charging and discharging cycles. Therefore, it is essential to fab-
ricate and improve the electrode material with high performance,
low cost, and ecofriendly power sources applications. Hence, super-
capacitor study has received more attention of researchers due to
the potential applications as energy-storage and exchange system.23

Nickel ferrite (NFO) has spinel structure based on a face centered
cubic lattice of the oxygen ions with the unit cell consisting of
eight formula units. The tetrahedral sites (A) and the octahedral
sites (B) are occupied by metallic cations in the unit cell.4 It is an
inverse spinel ferrite having structural formula (Fe3+)[Ni2+Fe3+]O4.
In inverse spinel structure, the Ni2+ ions together with half of
the Fe3+ ions occupy B-sites and remaining half of the Fe3+ ions

reside in tetrahedral A-sites. The electrical, structural and mag-
netic properties of NFO are dependent on magnetic interaction and
distribution of cations among tetrahedral (A) and octahedral (B)
sites.5 NFO reveals the variation of electrical, magnetic and electro-
chemical properties dependent on their crystal structure and cation
distribution.6

In general, transition metal oxides and highly porous acti-
vated carbon materials are used as the electrode materials for elec-
tric double-layer capacitors7 as well as supercapacitors.8 The acti-
vated carbon shows high specific capacitance, but poor conductivity
and micro porous nature which usually affects its performance.9,10

Therefore, since few decades, transition metal oxides11 and some
ferrites12 have been used as favorable electrode materials for super-
capacitor applications due their high specific capacitance. Bhojane
et al.13 reported that the template free synthesis of NFO nanostruc-
ture electrode for supercapacitor with highest specific capacitance of
541 Fg−1 at the scan rate of 2mVs-1. Venkatachalam et al.14 reported
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the maximum capacitance of 454 Fg-1 using nickel ferrite electrode
synthesized through combustion route. Hareesh et al.15 reported
PEDOT:PSS wrapped NiFe2O4/rGO tertiary nanocomposite and
GNP showed specific capacitance of 1090 Fg-1 at the scan rate of
0.5 Ag-1. Sahoo et al.16 reported a facile non-templated hydrothermal
synthesized of nickel ferrite/carbon nanotube composites. Ogun-
toye et al.17 obtained specific capacitance of 970 Fg-1 at 2 Ag-1 for
binder-Free Nickel cobaltite based supercapacitor electrode over
3000 charge-discharge cycles.

NFO electrode is generally magnetic but electrically resis-
tive material and polypyrrole (PPy) is a conducting polymer. But
NFO/PPy core–shell composites are magnetic as well as electri-
cally conducting. Therefore NFO/PPy core–shell is considered as
a potential electrode material due to its excellent reversible redox
behavior. The present work is focused on novel cost-effective syn-
thesis of PPy with spinel ferromagnetic material such as nickel
ferrite to form NFO/PPy core–shell composite. The electrochem-
ical behavior of the core–shell composite was studied by cyclic
voltammetry; galvanostatic charge–discharge techniques confirmed
the electro activity as well as supercapacitive performance of the
composite electrode. To the best of author knowledge, there is no
report found on NFO/PPy core–shell electrode for supercapacitor
applications.

II. EXPERIMENTAL DETAILS

A. Materials and chemicals

Pyrrole (Aldrich) was purified by vacuum distillation before
use. The metal salts of ferric nitrate Fe(NO3)3 6H2O (99%), nickel
nitrate Ni(NO3)2 6H2O were used as metal precursors. Citric acid,
ethyl alcohol, sodium dodecyl sulfate (SDS), sodium hydroxide and
cetryl trimethyl ammonium bromide were obtained from commer-
cial suppliers and used as received. All chemicals were of analytical
reagent grade.

B. Preparation of sole–gel auto combustion assisted
simple NiFe2O4 spinel ferrite material

For the typical synthesis, the stoichiometric quantities of metal
nitrate, ferric nitrate hexahydrate (2M) and of citric acid (1M) were

dissolved in 100mL of deionized water separately. Themolar ratio of
nitrates to citric acid was maintained as 1:1. The separate solutions
were mixed together and the pH value of mixture was adjusted to 7
by adding CTAB buffer solution. Then the mixed solution was kept
stirred at 100○C for the dehydration reaction. After dehydration, vis-
cous gel was formed. Subsequently, the gel solution was undergoing
self-ignition at around 300○C.Once the combustion reaction started,
the fire starts from the surface and extends to the interior.18 After
complete combustion, the obtained foamy black powder was ground
well usingmortar and pestle. Finally, NFO powder was sintered at its
own phase formation temperature for 3h (Scheme 1). The obtained
product was confirmed by XRD.

C. Preparation of NiFe2O4/polypyrrole core–shell

The polymerization of pyrrole was carried out by a chemi-

cal oxidative reaction with NFO material at 0–5
○

C. The specified
amount of above prepared NFO was dispersed in a separate beaker
containing 100 ml of 0.01 M SDS as a surfactant (Table I). Sub-
sequently, double distilled but cooled liquid pyrrole (0.1M) was
added to each suspension containing beaker under rigorous stirring
(1800 rpm). An aqueous solution of FeCl3 which is act as oxidiz-
ing agent was gradually added in to each suspension. The rigor-
ous stirring was carried out for 8 h. The two separate layers were
observed. Light weight upper layer consist of only PPy was removed
by decantation. Bottom dens layer consist of PPy coated NFO par-
ticles was filtered, washed with 50:50 distilled water/ethanol solvent
and dried at 60

○

C for 24 h in the oven.

D. Supercapacitor fabrication and measurements

Pure PPy, NFO and NFO/PPy composite electrodes were pre-
pared by using a hydraulic pellet press machine. High pressure
(10 ton) was applied to the compositepowder to obtain a hard-round
pellet electrode (1.5cm diameter, 2mm breadth). Poly (ethylene
oxide) was used as electrolyte separator to form sandwich-type con-
struction (electrode/separator/electrode) between two pellets with
a silver paste current collector to form two-electrode capacitor
cells. The electrodes were pre wetted with electrolyte before use.
The performance of capacitor was observed by using galvanostatic
charge–discharge method at room temperature.

SCHEME 1. Schematic representation of
Synthesis of NFO and NFO/PPy core-
shell composite material.
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TABLE I. Composition and labeling of composite materials.

NFO/PPy (%/%) PPy (%)
Designation NFO (%) Dense layer Floating layer

PPy 00 00 100
NFO/PPy1 10 10/20 80
NFO/PPy2 20 20/40 60
NFO/PPy3 30 30/60 40
NFO/PPy4 40 40/80 20
NFO/PPy5 50 50/100 00
NFO/PPy6 60 (50/100) +10%NFO 00
NFO/PPy7 70 (50/100) +20%NFO 00

III. RESULTS AND DISCUSSION

A. FT–IR analysis

The FT–IR spectra of PPy, NFO and polypyrrole coated NFO
core–shell material measured using their powder are shown in
Figure 1. The characteristic absorption bands of polypyrrole are
observed at 785, 923, 1043, 1170, 1393, 1552, 1640, 3439, 3749 and
3853 cm-1.19 The absorption peaks at 788, 1051, 1393, 1552, 1640,
3439, 3749 and 3853cm-1 were existing in NFO/PPy core–shell, due
to the interaction of ferrite and polypyrrole backbone. The C–H
wagging vibration at 788 cm-1, =C–H out-of-plane vibrations at
923 cm-1, C–H in plane deformation at 1043 cm-1 and C–N stretch-
ing vibration at 1170 cm-1 were observed in PPy as well as NFO/PPy.
The IR peak obtained at 1043 and 923 cm-1 are due to the =C–H
out of plane vibration indicating the polymerization of pyrrole. The
characteristic peaks at 1552 cm-1 and 1464 cm-1 correspond to the
C=C stretching, whereas peaks at 1314 cm-1 represent to C–N bonds.
The N–H and C–H stretching vibration of polypyrrole appeared at
3439 and 2929 cm-1 respectively.20 The major peaks observed in the
ferrite materials as well as polypyrrole match well with its core–shell
confirming the formation of NFO/PPy material. The shifting as well
as disappearance of some absorption peaks is due to formation of
core–shell. Finally, all fundamental bands of NFO as well as PPy
are observed in its NFO/PPy core–shell structure are confirming the
formation of NFO/PPy composite material.

FIG. 1. FT–IR spectrum of NFO, PPy and NFO/PPy composites.

B. SEM and EDS analysis

In present work, the morphology of ferrite and PPy coated fer-
rite core–shell materials are shown in Figure 2. Images (a, b, c) are
the micrographs of the NFO, PPy, NFO/PPy. Image (d) is FE-TEM
of the NFO/PPy core-shell and image (e, f) represents EDS spectrum
and elemental composition of NFO/PPy composite. NFO prepared
from sol gel auto combustion root was confirmed by SEM image (a).
It has non uniform trigonal pyramidal structure and close to each
other. The diameter of the trigonal pyramidal particles is varying
from 100 nm to 300 nm. Pure PPy and NFO/PPy nanoparticles are
porous but agglomerated to each other (b, c). The porous agglomer-
ated particles have the tendency to form a number of nano globules
and each globule consist of a number of compacted nanoparticles.
These globules are around 100 to 200 nm in range. An elemen-
tal composition of NFO/PPy composite was determined by EDS.
The major elements in the NFO/PPy composite were carbon and
oxygen, iron and nickel. Carbon, nitrogen and oxygen are primar-
ily associated with PPy while other are related to ferrite (f). The
SEM-EDS analysis revealed the formation of NFO/PPy composite
material.

C. XRD analysis

X-ray diffraction pattern for NFO and NFO/PPy core–shell
structures are shown in Figure 3. The broad peak of amorphous
polypyrrole is due to the scattering from materials at interplanar
spacing. The sharp diffraction peaks of NFO particles are observed at
30.24○, 35.79○, 37.37○, 43.40○, 54.01○, 57.49○, 63.04○, 71.60○, 74.61○,
75.72○, and 79.04○ can be indexed as the (220), (311), (222), (400),
(422), (511), (440), (620), (533), (622) and (444) planes of crys-
talline structure. It can be clearly indexed to face centered cubic
(fcc)21 structure of NFO [JCPDS Card No. 10-0325]. However, all
peaks of NFO/PPy core–shell are broad at base but exact similar
with respect to their NFO material. The PPy should display char-
acteristic broad peak at 24○–27○ 2θ value.22 Sometime, the char-
acteristic peak of PPy was covered with that of NFO/PPy core–
shell. Therefore, we cannot observe this characteristic peak of PPy
in core–shell composite. Thus, XRD pattern provides an additional
evidence of the interaction between polymer and the NFO parti-
cles. In case of NFO particles, the intensity of diffracted peaks is
high due to the less absorption and more diffraction occurs in X-
ray beam by crystalline ferrite particles. Above all nanocomposites,
the intensity of peaks is decreased due to the polypyrrole shell.
Hence more absorption and less diffraction of X-ray beam is taking
place which demonstrates that the formation of NFO/PPy core–shell
structures.

D. Electrical property

The temperature dependent electrical conductivity of NFO/PPy
composites and electrical conductivity as a function of different
Wt% loadings of NFO is represent in Figure 4(a, b). The electri-
cal conductivities of PPy and NFO/PPy composites in the form of
pressed electrodes were determined using four-point probe set–up
system and Keithley digital multimeter. Electrical conductivity of
pristine PPy was found to be 9.9Scm–1 at 28○C. However, NFO/PPy
composite shows a higher value of conductivity. The electrical con-
ductivity of the core–shell composites increases relatively with the
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FIG. 2. SEM image of NFO (a), PPy (b),
NFO/PPy (c); TEM of NFO/PPy (d) and
EDS of NFO/PPy (e, f).

increasing weight % of ferrite loading. The maximum value of elec-
trical conductivity was observed at 50 weight % of NFO materi-
als loading (b). It was observed that the conductivity of NFO/PPy
material increases with the rising temperature which resembles to
the semiconductor conductivity. Above 200○C, NFO/PPy mate-
rial found to decompose easily with the rapid fall in conductivity.
Therefore, conductivity measurements for these composites can be
carried out up to 200○C. The change in conductivity is found in
the order of NFO/PPy>PPy which is presented in (a). The large
enhancement in electrical conductivity is observed which is in

proportionate to the core and shell interface. The increased inter-
face facilitates to form the large conductive network in the compos-
ite. The strong ferrite–PPy interactions promote the charge transfer
across the interface in composites leading to the enhanced electrical
conductivity. The observedmaximum conductivity for the 50 weight
% NFO loading is found to be 132 Scm-1 relative to the conductivity
of PPy.

In synthesis of these composites, we had tried to prepare the
composite with the loading of 60% and 70% NFO. We observed that
in 60% and 70% loading of NFO, the entire PPy was coated on some
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FIG. 3. XRD pattern of NFO and NFO/PPy composite.

part of NFO particles, but the rest particles remained uncoated at the
bottom and the product contained core shell composite and addi-
tional uncoated NFO particles. These hybrid composite shows less
conductivity as compared to core shell which we had tested already.
Therefore, composites above 50% NFO loading did not displayed
the expected increasing trend of conductivity. Due to this reason,
we used 50% NFO loading core shell composite for application. If
we increase molar concentration of pyrrole and oxidant, then excess
of pyrrole will be utilized in the formation of coating on remaining
NFO. Hence for 1M concentration, only 50% NFO loading is suit-
able for utilization of 100% PPy which give composite of possible
high conductivity. Therefore, we used 50 weight % of NFO loading
PPy for further characterization and applied as electrode material.

E. Thermal gravimetric property

The thermal behaviors of PPy and NFO/PPy core shell were
studied using thermogravimetric analysis. The thermograms (Fig-
ure 5) show an unambiguous comparison between the thermal sta-
bility of selected conducting polymers and their nanocomposites in
N2 atmosphere. In case of pristine PPy, PPy was found to be stable
in the range of 30–80○C. Due to the traces of water or other impu-
rities present in PPy, the initial decomposition take place around
80–260○C; 75% of the mass of PPy was preserved at 260○C. After
260○C, continuous, linear weight loss was observed up to 510○C and
100% mass loss was observed. It is proved that pure PPy has not
much good thermal stability.

In case of NFO/PPy nanocomposite, NFO/PPy composite was
found to be stable in the range of 30–250○C. The initial decompo-
sition take place around 250○C due to the traces of water or other
impurities present in the composites. Up to 1% of the mass loss

FIG. 5. Thermal gravimetric analysis of PPy and NFO/PPy composite.

of composites was observed at 250○C. After 250○C, the nanocom-
posites slowly undergo thermal degradation therefore, it shows the
thermal stability decreased constantly from 250○C and continuous,
linear weight loss observed up to 800○C. A composite shows 39%
weight loss up to 800○C and all polypyrrole shell was found to be
vanished at that temperature. The stability of NFO/PPy nanocom-
posite was found to be observed in the order of PPy < NFO/PPy
respectively up to 800○C due to the presence of strong interaction
between PPy chain and NFO.

F. Supercapacitive studies

The chemically synthesized pure PPy and NFO/PPy compos-
ite electrodes were used in electrochemical capacitors. Supercapac-
itive performance was tested by means of cyclic voltammetry and
galvanostatic charge–discharge techniques.

G. Cyclic voltammetric analysis

Cyclic voltammetry was carried out using a three–electrode sys-
tem. Pure PPy or NFO or NFO/PPy composite electrode, standard
calomel electrode (SCE) and Pt electrode were used as working elec-
trodes, reference electrode and counter electrode respectively. 1M
H2SO4 solution was used as aqueous electrolyte. The potential win-
dow was kept constant and scan rate was varied as; 10, 20, 30, 50
and 100mVs–1. The measurements were calibrated using ferrocene
as the standard at a scan rate of 10mVs–1. Figure 6(a, b) shows the
cyclic voltammograms of pure polypyrrole and NFO/PPy for vari-
able scan rates. The oxidation reduction peaks are observed in both

FIG. 4. Temperature dependent conduc-
tivity of PPy and NFO/PPy (a), electrical
conductivity as a function of different wt
% loading of NFO (b).

AIP Advances 9, 055218 (2019); doi: 10.1063/1.5090310 9, 055218-5

© Author(s) 2019

https://scitation.org/journal/adv


AIP Advances ARTICLE scitation.org/journal/adv

FIG. 6. The CV curves of (a) PPy
and NFO/PPy (b). The CV curves of
NFO/PPy at 1st and 1000th cycles
(c). Repeated charge discharge pat-
tern of PPy and NFO/PPy (d). The
charge discharge curves of NFO (e) and
NFO/PPy (f).

pure PPy as well as NFO/PPy nanocomposite. Ni2+/3+ and/or Fe3+/2+

transition metal ions undergo facile redox reactions to form oxida-
tion reduction peaks which were observed in the CV. These redox
peaks are responsible for pseudocapacitive behavior of NFO elec-
trode. As scan rate increases from 10-100 mVs-1, the shape of the
CV curve does not change like rectangular shape. This is due to the
strong interaction between the electrolyte and the electrode surface.
At low scan rates, ions have sufficient time to diffuse into the elec-
trode material and utilize all of the available active sites of electrode.
But at the high scan rates, only surface species of electrode can par-
ticipate in the electrochemical process. NFO/PPy electrode shows
large integrated area, which indicates the admirable electrochemical
concert and large active surface area for charge storage as compared
to pure PPy electrode.

Figure 6(a) shows redox peaks of pure PPy thin electrode
within the potential window from –0.4 to +0.8 V versus SCE with
variable scan rates of 10–100mVs–1. The CV shows the oxidation
peaks at +0.38, +0.41, +0.44, +0.48 and +0.53V for 10–100mVs–1

versus SCE, which are attributed to the oxidation of polypyrrole
back bone. In the reverse scan the reduction peaks are observed
at +0.17, +0.14, +0.13, +0.10 and +0.07V versus SCE, which are
attributed to the reduction of polypyrrole backbone. As compared

to the reverse scan, the current densities were increased during
oxidation process of polypyrrole which may be due to the inser-
tion of SO4

2− ions into polymer chain. Figure 6(b) shows redox
peaks of NFO/PPy electrode within the potential window from –
1.2 to +0.5 V versus SCE with variable scan rates of 10–100mVs–1.
The slightly shifting of the oxidation and reduction potentials was
observed for NFO/PPy electrode. The oxidation peaks are observed
at –0.34, –0.31, –0.29, –0.27 and –0.24V for 10–100mVs–1 versus
SCE, which are attributed to the oxidation of NFO/PPy compos-
ite. In the reverse scan the reduction peaks are observed at –0.49,
–0.49, –0.49, –0.49 and –0.53V versus SCE, which are attributed to
the reduction of NFO/PPy composite. As compared to the reverse
scan, the current densities were increased during oxidation process
of NFO/PPy electrode which may be due to the insertion of SO4

2−

ions into NFO/PPy composite. The interfacial and specific capac-
itance decreases with increase in scan rate. The inner active sites
cannot sustain the redox transitions completely due to the diffu-
sion effect of protons within the electrode. From Figure 6(a, b),
it is observed that all redox peaks which implies the current–
potential behavior as a function of voltage. The redox reactions
of PPy chain with electrolyte are responsible for supercapacitive
performance.
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H. Stability of NFO/PPy electrode

The electrochemical stability of core–shell electrode in 1M
H2SO4 was tested by cyclic voltammetry method. Figure 6(c) shows

the typical C–V curves for 1st and 1000th cycles and Figure 6(d)
shows the repeatability of PPy and NFO/PPy electrodes. The current
under curve is decreased by 2.76% up to 1000 cycles. The long-
lasting stability and the repeatability of electrode material are con-
sidered for the selection of its supercapacitor applications. There
is no significant decrease in specific capacitance observed during

1st cycle to 1000th cycle which indicates the excellent electrochem-
ical stability of NFO/PPy composite electrode over a large number
of cycle operations in energy storage application. The specific and
interfacial capacitances are found to decrease in small amount up to

1000th cycle because of the small loss of active material.

I. Galvanostatic charge–discharge (GCD) study

Galvanostatic charge–discharge study of pure PPy, NFO and
NFO/PPy electrode are carried out at different current density. The
characteristic charge–discharge curves of electrodes in 1M H2SO4

electrolyte at –0.4 to +0.8 V/SCE is shown in Figure 6(e, f). It is
observed that, almost all discharging curves of PPy and NFO elec-
trode exhibit ideal linear curve, which point out the pseudocapaci-
tive behavior. But in case of NFO/PPy electrode, discharging curves
are not perfect straight lines. Therefore, the process of a Faradaic
reaction occurs. Hence, it shows supercapacitive property. Inter-
nal resistance is most important and it is responsible for the ini-
tial potential drop. The internal resistance which depends on the
surface morphology of electrode is due to the presence of inter-
facial contact resistance between electrodes and 1M H2SO4 elec-
trolyte. Due to the NFO loading, the interaction between ferrites and
PPy in the polymer matrix are responsible for significant changes
in the morphology of composite electrodes. However, the resis-
tance of supercapacitor is decreased because of the generation of
a large electrode/electrolyte contact surface area due to the vari-
ous morphologies of electrode. The discharging time of electrodes
increases in the order of PPy < NFO < NFO/PPy. This feature
may be attributed to the increased conductivity of NFO/PPy elec-
trodes, which facilitates the fast charge transport in the composite
electrode.

The supercapacitive parameters such as values of specific capac-
itance (Cs), specific energy (Es), specific power (Ps) and coulom-
bic efficiency (η%) for PPy, NFO and NFO/PPy electrodes were
estimated from the discharge process according to the following
equation:23

Specific capacitance Cs =
Id × Td

∆V ×W
(1)

Specific energy Es =
Cs × ∆V

2

2
(2)

Specific power Ps =
E2
s

Td

(3)

coulombic efficiency η% =
Td

Tc
∗ 100 (4)

TABLE II. Specific capacitance, specific energy, specific power and columbic effi-
ciency for electrodes at constant current density of 1Ag-1.

Specific Specific Specific Columbic
capacitance energy power efficiency

Electrodes (Fg-1) (Wh Kg-1) (kW Kg-1) (η%)

PPy 624.17 44.94 13.4 98.13

NFO 507.21 36.51 4.98 42.45

NFO/PPy 721.66 51.95 6.18 99.08

Where Id is the discharge current, Td is the discharge time; ∆V
is the potential change during discharge process (potential win-
dow) and W is the mass of active material. The variation of spe-
cific capacitance (Fg–1), specific energy (Wh kg–1), specific power
(kW kg–1) and coulombic efficiency (η %) obtained for electrodes
at 1Ag–1 are shown in Table II. The specific capacitance obtained
from CV and GCD techniques are comparable. Further, specific
capacitance, specific energy, specific power and coulombic effi-
ciency of NFO/PPy electrodes are greater as compared to other
one. Therefore, it is confirmed that the NFO/PPy electrode shows
improved supercapacitive performance than pure PPy and NFO
electrode.

J. Electrochemical impedance spectroscopy

The capacitive behavior of NFO/PPy electrode for super-
capacitor is also determined with the help of electrochemical
impedance spectroscopy. Figure 7 represents the nyquist plot of
NFO/PPy material over 40Hz-20MHz frequency range. The nyquist
plot shows semicircle curve in the high frequency region. The
point at which the curve creates an intercept on the real axis
which gives the solution resistance or equivalent series resis-
tance (Rs = 9.4 Ω) of the electroactive material. The vertical
line was not found to be observed in the low frequency region
and highest peak of semicircle is present in high frequency
region. This indicates the supercapacitive behavior of NFO/PPy
electrode.

FIG. 7. Electrochemical impedance spectrum (Nyquist plot) of NFO/PPy.
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IV. CONCLUSIONS

The simple cubic spinel ferrite based polypyrrole core–shell
materials are successfully synthesized by in situ polymerization of
pyrrole in the presence of ready NFO particles. The interaction
between NFO materials and PPy in their nanocomposites was con-
firmed by FT–IR studies. SEM studies revealed that the prepared
NFO/PPy composite shows uniformly porous and agglomerated
globular morphology. The X–ray diffraction pattern of NFO/PPy
composite showed the highly intense but broad base peaks indi-
cating the nano crystallinity of the composites. This is due to the
presence of strong interaction of ferrite materials with pristine PPy
chain. Thermal analysis showed that, the incorporated NFO mate-
rial boosts the thermal stability of core shell composite as compared
to pure PPy. This is evidenced to the strong interaction between
ferrite and pristine PPy chain. The conductivity of NFO/PPy com-
posite increases as a function of temperature which is attributed to
the semiconductor behavior. The weight % loading of NFO into the
PPymatrix during the synthesis leads to boost the electrical network.
Therefore, higher electrical conductivity of composites is observed at
50 weight % loading of NFO ferrite as compared to pure PPy. The
specific capacitance, specific energy, specific power and columbic
efficiency of NFO/PPy electrode are found to be enhanced as com-
pared to the pure PPy. Hence, it is confirmed that the core–shell
material electrode shows the improved supercapacitive performance
than the pure PPy as well as NFO electrodes.
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