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ABSTRACT

An important parameter influencing the energy storage capacity in materials is specific capacitance (C,). In this
study, a series of Ca,Ni;.xC0,0, (x = 0.0 — 0.10) nanoparticles were prepared using microwave-hydrothermal
(M-H) method. The obtained samples were sintered at 750°C. All thesamples were characterized by using X-ray
diffraction (XRD), Field Emission Scanning electron microscopy (FESEM), Fourier transform infrared (FTIR)
and X-ray photoelectron spectroscopy (XPS). From X-ray diffraction studies, it is found that all the samples are
cubic spinel with space group Fd-3m. The average lattice constant is varied in between 8.057(x = 0.0) to 8.090
(x =0.06).The linear decrease in lattice constant is due to the difference in the ionic radii. The average grain size
is in the range of 89 (x = 0.0) - 143 nm (x = 0.06) for all the samples. The grains are spherical in nature. The
tetrahedral and octahedral absorption bands were observed at 577 cm™ and 667 cm'respectively. The valence
states of Ni**/Ni**, Co*/Co® and Ca?* were confirmed from X-ray photoelectron spectroscopy. The
electrochemical studies using CV and GCD were performed on all the samples. The high values of specific
capacitance (Cyp), energy density (Eg) and power density(Pg) are found to be 355F g ! 10.9 Wh kg* and 235 W
kg™ respectively for the sample x = 0.06. Therefore, Cag sNio.ssC0,04 sintered at 750°C shows good impedance
and electrochemical properties which are useful for supercapacitor applications.
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developed to increase the energy density of super

I. INTRODUCTION capacitors [3]. According to the equation E=%CV2

Over the past few years, super capacitors
have been extensively used in potential applications
as energy storage devices, because of their high
power density, long cycle life, safe operation and
environment  friendliness.Super  capacitors are
commonly used in systems that require high output
power to be delivered in a short period of time, such
as portable electronics, hybrid electric vehicles and
number of micro devices [1]. Super capacitors have
been even considered as an alternative to the
batteries. However, because of their energy storage
mechanism, the energy density of super capacitor is
low compared to batteries [2]. Therefore to meet the
next generation energy storage applications, the
energy density of the super capacitors should be
enhanced without scarifying its power density and
long cycle life,various techniques have been
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[4], byincreasing the specific capacitance(C), and
cell voltage (V), the energy density of super
capacitor can be enhanced.According to reported
study, the development a super capacitor with a
battery-type faradic electrode and a capacitor-type
electrode [5] can increase the energy density and
voltage window of super capacitor. The principle
performances of super capacitor like specific
capacitance, cycling stability and rate capability
were determined by the electrode material of super
capacitor. Carbon-based materials, conductive
polymers, and transition metal oxides (TMO) such
as MnO,, NiO, and Ca,COs, etc, are commonly used
as super capacitor electrode materials [6].The
increased use of these nanoparticles in commercial
products deserves a comprehensive analysis of their
effect on the environment[7]. The carbon-based
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materials have low specific capacitance because of
the increase in electrical double layer capacitance
(EDLC) from electrostatically stored surface energy
at the interface of the electrode material [8, 9],
whereas the conductive polymers show higher
specific capacitance compared to carbon based
materials, but suffer from low cycling efficiency
[10]. When compared to carbon-made materials and
conducting polymers, transition metal oxides
(TMOs) exhibit higher specific capacitance because,
during the process of charge and discharge, redox
reactions take place on the surface of the material,
and like in a battery electrode, energy transfer takes
place between the electrolyte and electrode.

Therefore, different TMOs with different
compositions and structures were synthesized to
obtain high energy density and specific capacitance
[11-13]. Especially transition metal oxides in the
form of nanoparticles have been widely studied as
an electrode material for super capacitor
applications over the past two decades. Among
various TMOs, NiCo,0, has gained much
importance as a super capacitor electrode material
due to its low cost, high electronic conductivity, and
availability in nature. It has been reported that 1-
Dimensional Nickel Cobalt Oxide (NiCo0,04)
nanowire films grown on Ni foam, because of
itslarger specific capacitance, is considered to be
one of the most potential candidates for the
deposition of guest transition metal oxide materials
such as CoMn,0,4[14], rGO [15], C030,4[16], MnO,
[17], and NiCo,0, [18]. Various studies have been
done on NiCo,0, composite nanoparticles. For
example, a fabricated hybrid supercapacitor (SC)
composed of a NiC0,0,-ITO anode and a graphite-
ITO cathode delivered a specific capacitance of
around 235 F g in KOH solution [19]. The specific
capacitance of nanostructured nickel cobalt oxides
as supercapacitor electrodes in the aqueous medium
KOH was reported to be 249.8 F g™ at a current
density of 0.5 A g™ [20]. The specific capacitance of
112 F g was reported for hierarchical mesoporous
NiC0,04-MnO; core shell nanowire arrays on nickel
foam for an aqueous asymmetric supercapacitor
[21]. At a current density of 0.67 Ag™?, the
nanocomposite films of nickel cobalt oxide and
reduced graphene oxide exhibited a specific
capacitance of 127 F g™ [22]. We demonstrated the
design and synthesis of Ca doped NiCo,0, in
hydrothermal deposition method and studied
itsstructural,  electrical, and  electrochemical
properties using various characterization techniques
in this study.

I1. EXPERIMENTAL METHODS
Nickel nitrate (Ni (NO3),.6H,0), Cobalt
nitrate (Co (NOj),.6H,0) and Calcium nitrate
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(Ca(NO3),.6H,0) sodium hydroxide (NaOH) were
purchased from Sigma Aldrich chemicals Pvt. Ltd,
Bangalore, India. All the above chemicals were used
without any further purification.In this present
study, Ca  substituted NiCo,0, (NCO)
nanocrystalline  powder particles with  the
compositional formula Ca,Ni; ,C0,04 (x = 0.0, 0.02,
0.04, 0.06, 0.08, and 0.10) were prepared using the
microwave hydrothermal (MH) method. The MH
method has the characteristics of fast heating speed,
sensitive reaction, and a uniform heating system so
that it prepares nanoparticles with a narrow particle
size distribution with uniform morphology. All the
chemicals were weighed stoichiometrically in 30 ml
of doubly distilled water and mixed well to prepare
the molar solution. The prepared solution is stirred
for 30 minutes on a magnetic stirrer until a
homogeneous mixture is formed; during stirring,
NaOH pellets are added to maintain a proper pH.
Then the solution was transferred into autoclaves
and placed in the CEM MARSXPRESS 230/60
microwave digestion system for chemical reactions
at 160 °C for 40 minutes and allowed to cool for 2
hours; the precipitate that was formed in the process
was cleaned 5-6 times with deionized water and
ethanol to remove impurities from the solution. The
solution is then dried in an oven at 70 °C for 48
hours. An agate mortar and pestle were used to
grind the samples into fine powder particles The
obtained samples were calcinated at 750°C for 4
hours in a muffle furnace to remove the
contaminants. KBR's hydraulic pressure machine
was used to prepare the pellets of 10 mm diameter
and 2-3 mm thickness; these pellets were sintered at
750 °C for 4 hours.

For the analysis of structure, crystalline
size, particle size, and phase identification of the
sample, XRD technique was used by PANalytical,
Xpert powder diffractometer employing Cu -Ka
(A=1.5405 A) radiation at a scanning rate of 80° min"
! from 26 = 10° to 90°. For the analysis of organic
and inorganic compounds present in the sample, the
FTIR technique was used by the PerkinElmer
FTIR/DTGS instrument.FESEM with EDAX
technique was carried out with FEI ApreoS and
OXFORD X-Max instruments to study the
morphology of the surface and analyze the chemical
composition of the surface. To study the energy
states of elements and their binding energy, XPS
technique was used, for which we used the Thermo
Scientific K-Alpha instrument.For the analysis of
thermal behavior of samples, the DSC technique is
used by the PerkinEImer DSC 8000 instrument. To
study the electrical properties, conductivity
technique is used, which is carried out by PSM 1700
Frequency Response Analyzer.
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I1l. RESULTS AND DISCUSSION file (00-901-1603) of cubic Ni with space group
Fig. 1 shows the X-ray diffraction peaks at Fm-3m.

different 20 angles and their respective miller

indices of Ca doped Nickel Cobalt Oxide with + Ca . JCPDS : 73-1702

compositional formula CayNi;.,C0,0,4(x=0.0, 0.02, + Ni =

0.04, 0.06, 0.08, and 0.10). Sharp peaks observed at
diffraction angles 19.0°, 31.21°, 36.86°, 38.56",
43.10°, 44.72°, 55.54°, 59.32°, 62.63°, 65.14°
75.10%nd  77.11%onfirm the formation of
crystalline structure of the sample. All the observed Ca0.08 o
peaks were well matched with standard JCPDS card

no (01-073-1702) of NiCo,0,spinel cubic Fd-3m Ca 0.06 4 1 l I, A

phase. As the electron density of doped Ca*

ions(4.63x10®m™) is higher than that of Ni** ions Ca 0.04, 8 l, I. A p
(1.8x10® m™®), it was observed that, the peak B L

intensity of diffracted peak increases with doping (('f:%;f‘-——‘—J_ AL AN
concentrationwhich was clearly observed for

x=0.06. The lattice constant of prepared samples

was calculated using Bragg’s equation, ] ]
2dsin (@)= e (1) Fig. 1: XRD plot of pure and Ca doped NiC0,0,4

NPs for x = 0.0, 0.02, 0.04, 0.06, 0.08, and 0.10.
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where, ddenotes Inter planar spacing between lattice

lanes,Arepresentsthe  wave length of X-rays .
?1_5405 A)P g 4 The calculated lattice parameters of all the

(UdD)= (h¥fa?) + (KYb?) + (12/C?)  —mememee @) samples C_a dc_>ped NiC_0204 with different doping
concentration is shown in the Table 1.
The lattice constant of the samples was calculated
by using the formula,
A iy s & W— (3)
The average crystalline size of the samples

where, d represents inter planar spacing, (h, k, I)
denotes miller indices and a, b, c are the lattice
constants.

For cubic crystal a=b=c, and in this present
study, the lattice parameter was observed as

8.090A°. The peak observed at diffracted angles was measured by using Debye Scherer’s formula.
65.14° and 77.11°, with which miller indices (222) <D>=khk/BeosO - (4)
and (400)were matched with COD CIF file (00- where <D> denotes average crystalline size in nm, A

denotes wavelength of X-rays (1.5405A), k

900-6726) of cubic CaO with space group Fm-3m,
represents the shape factor (k = 0.9), B represents the

indicates the existence of doped Ca in the sample. > P 5 ;
The diffracted peak observed at 44.82°with the FWHM in radians; 0 is the Bragg’s angle of
miller indices (111) were matched with COD CIF diffraction.

Tablel: Values of Lattice parameter (a), Average crystalline size (D), and X-ray density (p)
of Ca,Ni; 4Co,0, for x = 0.0, 0.02, 0.04, 0.06, 0.08, and 0.10 samples.

Ca Latticiz/ p%rarpetzer Crystal size X-ray Density
SI.No. doping, a = dV(h*+k*+P%) < p=8M/Na’
D>=0.9 A/ cosB(nm i
X ) postnm) (gem”)
1 0.00 8.057 15.561 6.108
2 0.02 8.058 15.804 6.096
3 0.04 8.079 16.558 6.020
4 0.06 8.090 16.684 5.987
5 0.08 8.076 16.384 6.037
6 0.10 8.083 15.716 6.031
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Fig.2:Plot drawn between variation of Lattice
parameter and X-ray density of CaNiy.
«C0,04forx=0.0, 0.02, 0.04, 0.06, 0.08, and 0.10.

The X- ray density is given by,
p=ZM/Na® = - (5)
where, M - molecular weight of the sample, N -
Avogadro number.

Fig. 2 shows the variation of lattice
parameter and variation of X-ray density as a
function of Ca composition(x).It was observed that,
with the increase in doping concentration, the lattice
constant (a) increased, it was reported that the
variation of lattice parameter depends on the ionic
radius of doping ion [23]. In this study the ionic
radius of doped Ca*?is greater than the ionic radius
of host Ni*?ions. The ionic radius of Ni*? and Ca*
in octahedral configuration is 0.69 A° and 0.99A°.
From XRD analysis, the crystalline size was
observed increased, because the diffracted peaks in
XRD pattern were shifted to higher diffracted
angleswith increase in Ca doping, this is due to the
effect of difference between the ionic radius of the
doped and host ions, which results in lattice
distortion and also effects the width of the diffracted
peaks,this increases the crystalline sizewith doping
and is consistent with the Debye-Scherer
equation.From equation (5), the X-ray density
depends on the molecular weight of the sample, in
case of calcium its molecular weight is less than the
molecular weight of the nickel, therefore the x-ray
density values weere observed decreased.

Fig. 3 shows FTIR images of Ca doped
NiCo,0,samples of different doping concentrations.
It is used for the analysis of organic and inorganic
compounds present in the sample.The IR absorption
spectrum is drawn from 400 cm™ to 4000 cm™. The
bond absorbed at 667 cm™ corresponds to bending
modes of vibration of cobalt oxide(Co-O) [24]. And
bond absorbed at 577 cm™ corresponds to bending
modes of vibration of Nickel oxide (Ni-O). The
peak observed at 512 cm™ confirms the presence of
Ca-O [25], the bond absorbed at 1063 cm®
corresponds to stretching vibrations C-H and C=N,
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which were appeared due to metal nitrates. The
bond observed at 1513 cm™ corresponds to N-O
stretching bond.
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Fig. 3: Fourier Infrared Spectra of Ca doped
NiCo,0, NPs for x=0.0, 0.02, 0.04, 0.06, 0.08, and
0.10.

—
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The bond observed at 1712 cm™
corresponds to C=0 stretching vibration mode, the
bond appeared at 2880 cm™ is ascribed to the C-H
asymmetric stretching mode and other bond
positioned at wave number 3740 cm™ is corresponds
to O-OH stretching mode, representing the existence
of water as moisture [26].
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Fig. 4(a-f): FESEM images of Ca doped NiCo0,0,
NPs for x = 0, 0.02, 0.04, 0.06, 0.08, and 0.10.

The FESEM was used to study the surface
morphology of the sample. Fig. 4, shows FESEM
imagesof Ca doped NiCo,0, samples at
magnification 500 nm, with various Ca doping
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concentrations for x=0.0, 0.02, 0.04, 0.06, 0.08, and
0.10.

From Fig. 4(a-f), it was observed that the
sample surface is formed with hexagonal nanoflake
like shape. The sphericalnanoparticles of average
grain size in the range of 89 nm(x = 0.0) - 143 nm (x
= 0.10) was observed. From Fig. 4(d) it was noticed
that with increase in doping concentration, the grain
size was decreased and there is direct relation
between grain size and activation energy.As the
grain size decreases, the activation energy also
decreases [27], therefore the small grain size has
low activation energy of the charge transfer and
diffusion by which it is easy to take redox reactions
and diffusion in electrode material which enhances
the electrochemical performance of the material.
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Fig. b5(a-f): EDAX images and elemental
compositions of Ca doped NiCo0,04 NPs for x = 0.0,
0.02, 0.04, 0.06, 0.08, and 0.10.

An EDAX study was used to analyze the
chemical composition of the sample. The EDAX
spectrum is shown in Fig. 5(a-f), from the spectrum
it was observed that as per the designed concept, all
the elements i.e. Ca, Ni, Co, and O are present in the
formation of Ca doped NiCo0,0,4 nano particles. The
doping elements with their weight and atomic
percentage are shown in Fig. 5(a-f).

The XPS study was used to study the
energy states of the elements present in the sample.
Fig. 6 shows XPS spectra of Ni 2p, Co 2p, Ca 1s
and O 1s of the Ca doped NiCo,0, samples byusing
Gaussian fitting method.
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The Fig. 6(a-d) shows the XPS broad
spectrum of Ca doped nickel cobalt oxide, in which
elements Ca, Ni, Co and O were observed around at
binding energies 349.2 eV, 871 eV, 794 eV and 529
eV respectively.
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Fig. 6(a-d): X-ray Photoelectron Spectroscopy
(XPS) of Ca doped NiCo,0, NPs showing the
binding energy vs intensity of Ca, Ni, Co and O for
x =0.0,0.02, 0.04, 0.06, 0.08, and 0.10

The cobalt 2p spectrum shown in Fig. 6c,
which showstwo spin orbit doublets characteristics
[28] of Co®and Co®* with one satellite peak
wasobserved.Fig. 6b, shows the Ni 2p spectrum
which consists two spin orbit double characteristics
of Ni* and Ni*" this shows that Ca doped
NiCo,0,nanostructured composition had Co?*, Co**,
Ni?* and Ni** ions.

The binding energy of Ca 1s;,, observed at
349.2 eV can be assigned to Ca-O bond, thebinding
energy of Ni 2ps,0bserved at 853 eV can be
assigned to Ni-O bond and the binding of Co
2psp0bserved at 779 eV can be assigned to Co-O
bond respectively.

From Fig. 7(a-d), for the sample x = 0.06, it
was observed that, the Ni 2p spectrum was divided
into Ni 2ps, and Ni2p,, at which the binding
energies were observed as 854 eV and 871 eV
respectively. Co 2p spectrum was divided into Co
2ps, and Co 2py, at which the binding energies
were observed at 779 eV and 794 eV respectively.
The O 1s spectrum showed in Fig. 7(d), confirms
the metal oxygen bonding from the peak at 529 eV
[29].
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Fig. 7(a-d): X-ray Photoelectron Spectroscopy
(XPS) of Ca doped NiCo,04,NPs showing the
binding energy vs intensity of Ca, Ni, Co and O for
x = 0.06.
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Fig. 8: X-ray Photoelectron Spectroscopy (XPS) of
Ca doped NiCo,0,4 NPs showing the binding energy
vs intensity of Ca, Ni, Co and O for x = 0.0, 0.02,
0.04, 0.06, 0.08 and 0.10.

Table 2: Showing the binding energies Co, Ni, Ca, and O of Ca doped NiCo,0, NPs for x = 0.0, 0.02,

0.04, 0.06, 0.08, and 0.10.

From the Fig. 8, it was observed that the binding
energy of element Ca is varied in between348.9
eV(x = 0.02) to 347.2 eV (x = 0.10). The binding
energy of element Ni is varied in between 871.18
eV (x = 0.0) to 871.8 eV (x = 0.10). The binding
energy of element Co is varied in between 794.6
eV (x = 0.0) to 794 eV (x = 0.06). The binding
energy of the element O is varied in between 529.1
eV (x = 0.0) to 530.05eV (x = 0.10).

The obtained dielectric data from LCR
analyzer explored the dielectric behavior of Ca
substituted Nickel cobalt oxide with compositional
formula Ca,Ni; 4Co,0,for x=0.0, 0.02, 0.04, 0.06,
0.08, and 0.10. Fig. 9 shows variation of dielectric
constant (k) as a function of frequency (log f) at
room temperature. Dielectric constant consists of
real and imaginary part, which is given by
K = k + ik’, where k’ is real part of dielectric
constant and k” is the imaginary part of dielectric
constant. The dielectric constant is calculated by
following formula,
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SI.No Mg doping, Co Ni Ca (0]
' X B.E (eV) B.E (eV) BE(eV) | B.E(eV)
2p3p 2Py 2p3p 2Py sy 1syp
1 0.00 779.4 794.6 853.7 871.18 --- 529.1
2 0.02 779.4 794.6 853.7 871.8 348.9 530.04
3 0.04 779.6 794.6 853.7 871.5 350.0 530.02
4 0.06 779 794 853 871 349.2 529
5 0.08 781.8 799.6 853.8 872.1 346.6 530.03
6 0.10 779.3 794.6 853.9 871.8 347.2 530.05
K=CIC, woomm ®)

where, Cis the Capacitance of capacitor with
dielectric medium and C, is the Capacitance of
capacitor without dielectric medium and is given

by,

Co=eAld - (7)
where ¢, _denotes thepermittivity of free space, A
- denotes the area of pellet, andd - denotes
thickness of pellet.

The dielectric constant of the material
depends on the number of polarizable groups in the
material and the density of the material [30].The
dielectric constant of the material is mainly due to
different types of polarizations present in the
sample. Large number of defects present at the
interface of nano crystalline material can cause a
change in positive and negative charge distribution,
when external field is applied these space charges
aligns in the direction of field and causes the
formation of dipole moment which is called space
charge polarization.
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Fig. 9: Dielectric constant (K) vs log f graph of Ca
doped NiCo0,04 NPs for x=0.0, 0.02, 0.04, 0.06,
0.08, and 0.10.

Thus, high value of dielectric constant at
low frequency is due to this space charge
polarization [25]. Fig. 9 shows variation of
dielectric constant as a function of logf at room
temperature. From the plot it was observed that the
dielectric constant had high values in the low
frequency region and decreases gradually and
become constant at high frequency region. From
the plot it was clear that there is a decreasing trend
in dielectric constant for all the samples when
moved from low frequency region to high
frequency region. Koop’s theory along with
Maxwell’s andWagers model [31] explains the
decreasing behavior of dielectric constant with
increase in frequency. According to this theory at
lower frequency, the resistive grain boundaries are
more than the conductive grains. Therefore,
dielectric constant possesses high values at low
frequency region.

The cyclic voltammetry (CV) and
Galvanostatic charge and discharge (GCD) test in a
conventional three electrode arrangement was
performed to analysis the electrochemical behavior
of the pure and Ca doped NiCo,0, electrode
materials with doping concentration x= 0.0, 0.02,
0.04, 0.06, 0.08, and 0.10. Using CV, the specific
capacitance (Cy,) for different scan rates was
calculated and by using GCD test, the Cg,, energy
density (Eg) and power density (Pg) of all electrode
materials were calculated.

Fig. 10 (a-e) shows CV curves of Ca doped
NiCo,0, electrode material for x = 0.0, 0.02, 0.04,
0.06, 0.08, and 0.10 at different scan rates 5 mV/s,
10 mV/s, 15 mV/s, 20 mV/s and 25 mV/s
respectively. Fig. 10(f) shows the specific
capacitance of all Ca doped NiCo,0, electrode
materials as a function of scan rate. It was observed
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Fig. 10(a-f): Cyclic voltammetry curves of pure
and Ca doped NiCo,0, electrode materials for x =
0.0, 0.02, 0.04, 0.06, 0.08, and 0.10 at scan rates a).
5 mV/s, b). 10 mV/s, c). 15 mV/s, d). 20 mV/s, and
e). 25 mV/s respectively and f). Specific
capacitance (Cgp) VS scan rate.

that among all samples, the electrode material for x
= 0.06 showed dominant loop area which reveals
largest charge storage capacity and higher specific
capacitance (Cp).

The specific capacitance is calculated from the CV
curves using the formula [32],

_ Jlav B
Cop= 2 mVsAV Fg'--(@8)

where, m —denotes mass of active material coated
on the electrode (mg), AV - the applied potential
window and V- the scan rate (mVs™).

Using GCD test, the specific capacitance (Csp),
energy density (Ey) and power density (Pq) were
calculated by adopting the following expressions
[33]:

Co= v Fg' ()
Ea=3Cop (AVY5¢) Wh kg --- (10)
and  Pg=(2) (3600) W kg™ - (11)

where Cg— denotes the specific capacitance of
active materials, | - the current applied, At - the
discharge time duration, m - the mass of active
material loaded on Ni foam and AV - the applied
potential window.
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Table 3 shows the specific capacitance of Ca doped
NiCo,0, electrode materials with doping
concentration x = 0.0, 0.02, 0.04, 0.06, 0.08, and
0.10 at different scan rate. From the table it was
observed that the specific capacitance decreases
with increase in scan rate, because at higher scan
rate, faster redox reactions takes place which
reduces electrolyte ions diffusion into active
material and consequently lowers the capacitance
[34].

A grain boundary is the interface between
the grains or crystallites in a material, which causes
grain resistance and tends to decrease the electrical
conductivity of the material. Complex impedance
measurement was done for the analysis of grain
resistance of Grain boundary regions. Fig. 11,
shows Cole-Cole plot drawn between Z’ along X-
axis and Z” along Y-axis. These graphs provide the
information about differentelectro-activeregions.
Generally, electro active regions involve the
conducting grains, insulating grains and interface
boundaries between the samples and electrodes
[30]. In this present study one open circle was

Ca 0.10
Ca 0.08 ‘

Ca 0.06

2.0

1.0

Potential (V)

1T 2T

Ca 0.04

Ca 0.02 \1

100 150 200 250
Time (s)

Fig.12: GCD curve of Ca doped NiCo,0, electrode

material with doping concentration x = 0.0, 0.02,

0.04, 0.06, 0.08 and 0.10.

There is a direct relation between diameter
of semi-circle and the resistance of the sample. For
X = 0.02, the diameter of semicircle is large,
therefore the sample had highly insulating behavior
and with increase in doping concentration the
diameterof semicircle was decreased and found
minimum for x = 0.06, and then increased, which

0.5

0.0

Table 3: Scan rate and Specific Ca pacitance values (C,) at different Ca doped NiCo,0, NPs for x =

0.0, 0.02, 0.04, 0.06, 0.08, and 0.10.

sl Ca Doping C,p values (F g™) at different scan rates

No. X 5 mV/s 10 mV/s 15 mV/s 20 mV/s 25 mV/s
1 0.02 318.8 231.2 200 180.5 150
2 0.04 344.8 289.8 253.3 210 170.2
3 0.06 402.7 329.6 290.7 250 210.6
4 0.08 319.7 288.7 240.5 190 170.7
5 0.10 342.1 297.2 260.1 220 190

concludes that for the sample x = 0.06, the
resistivity is low therefore it possesses high
electronic conductivity. From Cole - Cole graph,
discussed earlier, it was noticed that the sample
with doping concentration x = 0.06, possess low
electrical resistance which increases the electrical
conductivity of the sample.

observed for each sample. From the Fig. 11, it was
observed that the diameter of open-circles was
decreased and transition was seen from open circle
to semi-circle, with the increase in doping
concentration.

—a—(Ca 0.00
0.12 ::Ef: 383 The GCD test was performed on pure and
——C20.06 Ca doped electrode materials in a potential range
0.09 '_,;:-‘—-m\\ —>—Ca 0.08 from-0.1V to 0.4V in 2M aqueous KOH electrolyte
E ’_.:‘:;E_’\b‘\ i e solution at current density 1 Ag™ (i.e., I/m = 1A g™,
2 0.06 /,/r—»—-\\\\\\\\\\ where 1 is the current and m is the mass of the
- electrode material). Fig. 12 shows the GCD curves
0.03 of all electrode materials as a function of potential
and time. From the figure, the specific capacitance
0.00 of all the samples were calculated and it was
0.01 002 003 004 005 0.06 noticed that it increases with increase in doping
Z (ohm) concentration and is maximum for the sample with

Fig. 11: Cole-Cole (Z’& Z’) graph of Ca doped doping concentration x = 0.06. However further
NiCo,0, NPs for x=0.0, 0.02, 0.04, 0.06, 0.08, and increase in Ca content results decrease in specific

0.10. capacitance. The improvement in specific
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capacitance for the sample x = 0.06 could be
attributed to the enhanced electrical conductivity
which was illustrated in conductivity part and from
the Cole-Cole graph.

The lesser diameter of the semi-circle
reveals low resistance therefore the electrode has
an easy access to ions for intercalation and de-
intercalation. Therefore the highest specific
capacitance for the sample x = 0.06 is attributed to

the minimum EIS and high electrical conductivity
[35].

Table 4 shows the calculated values of
specific capacitance (Cyy), energy density (Eq) and
power density (Py) of all the electrode materials.
From the table it was found that the sample with
doping concentration x = 0.06 exhibited a highest
specific values of capacitance of 355 F g, energy
density 10.9 Wh kg™ and power density 235 W kg™
at a current density of 1 Ag™.

Table 4: Tabulated the energy density (Eg), power density (Pg) and specific capacitance (Cy,) values of Ca
doped NiCo,0, for x = 0.0, 0.02, 0.04, 0.06, 0.08 and 0.10.

Mg Dischar | Potential _IAt _1 2,10 _ JEd
,\Sl . Doping, | ging window P mar Ea= ECS"(A\? Gs) Pe= ) (3_?00)
0. X time, At AV (Fg”) (Wh kg™) (Wkg™)
1 0.0 80 0.33 242 3.66 165
2 0.02 87 0.33 263 3.98 165
3 0.04 114 0.38 300 6.01 190
4 0.06 167 0.47 355 10.9 235
5 0.08 93 0.32 290 4.13 160
6 0.10 85 118 310 6.22 160
[3]. Longyan Yuan,Xu Xiao, Tianpeng Ding,
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