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Abstract: Ternary transition metal oxides are promising
advanced materials for use as electrode components in
electrochemical energy storage systems. However, low
electronic/ionic conductivity hinder practical applications.
In this study, ternary Mn� Ni� Co oxide nanoparticles
were encapsulated in carbon nanosheets, to improve the
electrical conductivity and surface area. When tested as

supercapacitor electrodes, the materials exhibited specific
capacity of 91.2 mAhg� 1 at a current density of 1 Ag� 1 in
2 M KOH. Moreover, after 3000 cycles the composite
achieved a specific capacity of 74.6 mAhg� 1 at a current
density of 6 Ag� 1 and high capacitance retention of
96.4%.
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1 Introduction

Currently, global demand for clean, renewable, and
sustainable energy sources has prompted the need for
efficient energy conversion and storage devices [1–4]. This
is mainly due to the need to keep pace with the growing
global economy, the rapid exhaustion of conventional fuel
sources, and address the continual environmental issues
from the use of fossil fuels [5, 6]. In this regard, electro-
chemical energy storage technologies are considered as
one of the most effective and easiest to apply in many
areas of energy conversion or storage, which includes
batteries, fuel cells, and supercapacitors [7]. In terms of
energy storage, supercapacitors are an area of rapid and
growing research interest globally.
Supercapacitors, are systems that utilize electrochem-

ical processes to store and discharge energy, and although
they are used in conjunction with rechargeable battery
systems, they may one day replace the currently dominant
rechargeable battery technology [3,7,8]. They have
several advantageous features when compared to bat-
teries, such as, longer lifecycle, environmentally friendly,
high power density, excellent shelf life, faster charge/
discharge processes, and highly efficient [8, 9]. Super-
capacitors are classified as electrochemical double layer
capacitors (EDLCs), pseudo-capacitors, or hybrid electro-
chemical capacitors based on the energy storage mecha-
nism [10]. EDLCs operate based on surface charge
storage mechanism at the electrode-electrolyte interface,
while in pseudocapacitors charge is stored via reversible
redox reactions at the surface of electrode materials, and
hybrid systems use electrode materials that display both
battery-type and capacitive-type behavior [11]. Battery-
type electrode materials with a hybrid energy storage

mechanism that can overcome the current limitations
have recently attracted growing research interest [12].
The electrochemical signature of the battery-type materi-
als includes obvious redox peaks with a separated
potential in the CV curve and a nonlinear GCD curve
with the presence of a distinct plateau, which differs from
that of EDLC-based or pseudocapacitive materials [13].
Recently, tremendous effort has been made in the

search for high-performance electrode materials that can
be used in supercapacitor systems. The main electrode
materials being investigated include carbon-based materi-
als [14], transition metal oxides or hydroxides [15] and
conducting polymers [16]. Among these, transition metal
oxides are widely explored due to their high-rate capa-
bility and exhibit electrochemical characteristics of bat-
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tery-like electrodes [17]. Transition-metal oxides, with
multi-metal components, are observed to display remark-
able electrochemical performance [18–20] by delivering
richer surface redox reactions and displaying enhanced
electrical conductivity compared to the simple transition
metal oxides [21,22]. In this regard, ternary spinel
Mn� Ni� Co oxides have been investigated as attractive
electrode materials with improved super-capacitive prop-
erties [23–27]. The improvement in the electrochemical
performance is attributed to the synergetic effects of the
multiple oxidation states and high electrical conductivity
of the mixed metal oxides, endowing them superior
performance than that of single and binary transition
metal oxides [18,21].
However, due to their poor electrical conductivity and

sluggish ion diffusion, most mixed transition metal oxides
are observed to show lower electrochemical performance
than expected further hindering its practical applications.
One promising way to address these limitations is to
fabricate a hybrid structure composed of the mixed
transition metal oxides and carbon materials [28]. The
carbon materials serve as a substrate to support the metal
oxides and maintain structural integrity of the hybrid
materials [29–31]. Despite the numerous research reports
on the preparation of hybrid nanostructures, developing
simple methods to manufacture such nanostructures
remains a challenging area of research. Recently, Fu et al.
[32] have reported spinel MnCo2O4/C hybrid nanostruc-
tures consisting of MnCo2O4 nanoparticles dispersed
uniformly on a porous carbon nanosheets, prepared by
using glucose and NaCl as a carbon source and template,
respectively. Here the NaCl plays an important role in the
formation of 2D nanosheets. Similar method was reported
by Wen et al. [33], in which Co3O4 nanoparticles were
homogeneously encapsulated in an ultrathin porous
graphitic carbon. This synthetic method is incredibly
attractive due to its low cost, simplicity, and the possibility
of extending it to multicomponent transition metal oxides.
Herein, we report carbon coated ternary Mn� Ni� Co

oxide nanoparticle based hybrid nanostructure employing
the strategy reported by Fu et al. [32] and modifying the
citrate sol-gel method reported in our previous study [34].
Making use of NaCl as a template, Mn� Ni� Co� O/C
nanosheets were prepared using Ni(Ac)2, Mn(Ac)2 and
Co(Ac)2 as metal precursors, citric acid as complexing
agent and glucose as the carbon source. Binary Ni� Co/C
and Mn� O/C and single Co� O/C were also prepared for
comparisons. The electrochemical properties of these
materials were tested as electrode materials for super-
capacitors and the ternary Mn� Ni� Co� O/C presented
improved electrochemical performance.

2 Experimental

2.1 Materials Synthesis

The carbon coated ternary Mn� Ni� Co oxide was pre-
pared by adapting the strategy reported by Fu et al. [25]

and modifying the citrate sol-gel method reported in our
previous study [27]. Analytical grade cobaltous acetate,
manganese acetate, nickel acetate, citric acid, sodium
chloride and glucose were used for the synthesis. In a
typical synthetic procedure, a mixture of 0.245 g of
manganese(II) acetate tetrahydrate (Mn(Ac)2 ·4H2O),
0.249 g of nickel(II) acetate tetrahydrate (Ni(Ac)2 ·4H2O),
0.996 g of cobalt(II) acetate tetrahydrate (Co
(Ac)2 ·4H2O), and 1.89 g of citric acid monohydrate
(C6H8O7 ·H2O) were dissolved in 50 mL of deionized
water and the pH was adjusted to 7 by adding ammonia
solution (25%) dropwise. Then 16 g of NaCl and 3.6 g of
glucose (C6H12O6) were ground for 30 min with an agate
mortar-pestle set and were then added to the solution
mixture of Ni(Ac)2, Mn(Ac)2, Co(Ac)2, and citric acid by
stirring for 30 minutes. The mixture was dried at 60 °C for
10 h and then pyrolyzed at 750 °C for 6 h under N2
atmosphere. The obtained black powder was heated again
at 300 °C for 4 h in air to get the final crystalline phase
(Mn0.5N0.5Co2O4/C), a puffy product. It was then cooled
down to room temperature and washed with water and
absolute alcohol several times to remove the NaCl, and
then dried at 60 °C overnight in an oven.
The Co3O4/C, MnCo2O4/C and NiCo2O4/C samples

were also prepared by following the same procedure
except taking either the Mn or Ni acetate and Co acetate
salts or only Co acetate. For comparison purposes, pure
Mn0.5N0.5Co2O4 was prepared by further calcining the
Mn0.5N0.5Co2O4/C sample at 600 °C for 6 h in air.

2.2 Characterizations

The crystal structure was investigated by using a Bruker
D2 diffractometer (Co Kα radiation, λ=1.78060 Å) at a
scanning rate of 0.02° s� 1 in a 2θ range from 10° to 90°.
TEM and SEM images and the composition of the
materials were obtained on FEI Nova Nano SEM 450
Scanning Electron Microscope with EDX attached to it
and JEOL 2100 Transmission Electron Microscopy.
Raman spectra were acquired on a Thermo Scientific
DXR2 Smart Raman equipped with a 532 nm laser source
at room temperature. The BET surface area was meas-
ured by N2 adsorption/desorption using an ASAP 2020
(Micrometrics instrument, USA) surface area analyzer
and the pore size distribution was evaluated by using the
Barrett-Joyner-Halenda (BJH) model.

2.3 Electrochemical Measurements

The electrochemical measurements were tested using a
three-electrode configuration in 2 M KOH on a Gamry
interface 1000 potentiostat/galvanostat. The Ag/AgCl
electrode was used as a reference electrode and platinum
wire was employed as a counter electrode. Cyclic
voltammetry (CV) tests were performed between 0 and
0.6 V at various scan rates ranging from 5 to 100 mVs� 1.
The galvanostatic GCD tests were conducted between 0
and 0.6 V at various current densities between 1 and
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10 Ag� 1. The electrochemical impedance spectroscopy
(EIS) measurements were performed by applying an
alternating current voltage with an amplitude of 5 mV in
the frequency range of 0.1 Hz–100 kHz in the open circuit
potential. The working electrode was prepared by using
Nickel foam as a substrate and mixing 80% active
material, 10% conductive carbon, and 10% PVDF binder
using a mortar and pestle and adding few drops of N-
methyl pyrrolidone (NMP) to make a homogenous paste.
The paste was then coated on to a 1 cm×1 cm Nickel
foam substrate, pressed and dried at 80 °C for 6 hours.

3 Results and Discussion

3.1 Structure and Morphology

As described in the experimental section, the
MnNiCo� O/C was synthesized by the simple calcination
of the mixture of metal acetates-citrate complex, glucose
and NaCl. In this study, NaCl particle surface was
employed as the template for the nanosheets as it has a
face-centered cubic crystal structure [35,36] and citric acid
was used as a chelating agent for the metal ions [37]. The
high temperature pyrolysis under N2 followed by calcina-
tion at low temperature in air results in the formation of
ternary MnNiCo� O/C hybrid nanostructure due to the
thermal carbonization of glucose and oxidation of metal
citrates. The NaCl plays an essential role in synthesis
process by assisting the formation of nanosheet structure,
which agrees with other recent reports [38,39].

The XRD pattern of the prepared Mn0.5Ni0.5Co2O4/C is
shown in Figure 1. It can be seen that the sample shows
(111), (220), (311), (400), (422), (511), and (440) reflec-
tions, characteristic of the cubic phase spinel structure
(space group Fd3 m (227), JCPDS No. 23-1237). A peak
appears at 2Θ=30.5° (d-spacing=0.338 nm), which corre-
sponds to the diffraction peak of (002) crystallographic
plane of graphite (JCPDS 65-6212). This indicates that
after the carbonization, the carbon remained unaffected
during annealing in air. These experimental data confirm
the successful formation of MnNiCo� O/C hybrid after
thermal treatment at 300 °C in air. Only the cubic phase
Mn0.5Ni0.5Co2O4 and graphite is shown in the XRD pattern
after calcinations in air. Likewise, similar XRD patterns
were obtained for the other samples (Figure S2) except
that NiO phase appeared in the NiCo2O4/C sample, which
is consistent with our previous report [34].
The morphology of the Mn0.5Ni0.5Co2O4/C is shown in

the SEM image in Figure 2(a). show the SEM images of
Mn0.5Ni0.5Co2O4/C with a porous sheet like structure,
which is more clearly shown in the TEM images. The
elemental mapping and EDS of Mn0.5Ni0.5Co2O4/C (Fig-
ure 2(b) and (c)) confirm the presence of the elements
Mn, Ni, Co, and O only and are homogenously distributed
in the carbon matrix. TEM, HRTEM, and the correspond-
ing SAED of Mn0.5Ni0.5Co2O4/C are shown in Figure 3. Fig
3(a) and (b) show the sheet like structure of carbon and
the metal oxide nanoparticles are seen to be well-
dispersed. In the highly magnified TEM image (Fig-
ure 3b), the carbon nanosheets seem transparent, suggest-
ing the formation a porous, thin layer of sheet and the

Fig. 1. XRD pattern of the Mn0.5Ni0.5Co2O4/C.
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metal oxide nanoparticles are dispersed over the carbon
nanosheet. This is more clearly shown in Figure 3(d)
where the thickness of the carbon layer is measured to be
around 6 nm and it is shown to encapsulate the metal
oxide nanoparticle well. The HRTEM and SAED in
Figure 3(c) suggest the polycrystalline nature of the
hybrid nanostructure. The HRTEM fringes of the
Mn0.5Ni0.5Co2O4 crystal can be clearly seen and have a
spacing of 0.246 nm, as denoted in Figure 3(c), corre-
sponding to the spacing of (311) plane of Mn0.5Ni0.5Co2O4.
The Raman spectrum in Figure 4(a) shows the typical

D and G bands of graphite for the Mn0.5Ni0.5Co2O4/C
nanosheet at about 1,343 and 1,581 cm� 1, respectively.

The ratio of peak intensity between the D and G bands
(ID/IG) gives a suggestion of the degree of graphitization
of carbon materials [40, 41]. The calculated ID/IG ratio for
the Mn0.5Ni0.5Co2O4/C is 1, suggesting that the carbon has
some amorphous characteristics. Moreover, the presence
of the characteristic peaks for the Mn� O, Ni� O and
Co� O bonds below 800 cm� 1 also confirms that high-
quality Mn0.5Ni0.5Co2O4 spinel has been successfully
synthesized [30]. The formation of the spinel oxides is
further confirmed by the FTIR spectra (Figure S3), where
the two characteristic absorption bands of metal-oxygen
vibrations are observed at 655 and 574 cm� 1 [42]. The
carbon content in the hybrid nanostructure is determined

Fig. 2. (a) SEM image (scale bar; 10 μm), (b) EDS and (c) elemental mapping of Mn0.5Ni0.5Co2O4/C (scale bar; 25 μm). The Y and X
axis labels are ‘cps/eV and keV’ respectively on (b)
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by TGA and is shown in Figure 4(b). The thermogravi-
metric curve of the Mn0.5Ni0.5Co2O4/C sample shows two
main stages of weight loss. The first starts at 209 °C with a
weight loss of about 21%, and the second step between
397 and 620 °C has a weight loss of about 28% and
becomes stable up to 700 °C.
So, the total weight loss of about 51% is related to the

complete combustion of carbon. The carbon content of
Mn0.5Ni0.5Co2O4/C composite is therefore 51% and the
remaining 49% is the ternary Mn0.5Ni0.5Co2O4 oxide.
Figure 4(c) & (d) show the nitrogen adsorption/

desorption isotherms and pore size distributions of the
Mn0.5Ni0.5Co2O4/C composite, respectively. The nitrogen
adsorption/desorption isotherms are observed to be a
typical type IV with a hysteresis loop in the relative
pressure range of 0.35–0.95, indicating a mesoporous
structure and a narrow mesopore size distribution. The
pore size distribution is shown in Figure 4(d) exhibits a
multi-modal pore size distribution, with peaks at 2.7 nm,
9 nm, and a broad peak at approximately 37.8 nm. The
average pore diameter is about 10.9 nm based on Barrett-
Joyner-Halenda (BJH) adsorption. The BET specific
surface area is measured to be 264.7 m2g� 1. These results
particularly characterize the porous structure of the
graphite carbon sheets. Such a pore structure could be
advantageous for supercapacitors because of the high
surface area, multi-modal pore size distribution, and a

large pore volume. This can make the diffusion of
electrolyte and charge transfer easier [43]. The larger
surface area of the Mn0.5Ni0.5Co2O4/C composite, com-
pared to the other materials (Table S1) is an interesting
result and needs further investigation. Although the
reason for the larger surface area is unknown at this time,
it may be due to the ternary metal nano-composite
forming more porous and variable sheet-like structures
when compared to the other materials.

3.2 Electrochemical Properties

Cyclic voltammograms (CV) were measured to explore
the potential application of the synthesized samples as
electrode materials for supercapacitors. Figure 5(a) shows
the cyclic voltammogram curves of Co3O4/C, MnCo2O4/C,
NiCo2O4/C and Mn0.5Ni0.5Co2O4/C at a scan rate of
5 mVs� 1 in 2 M KOH in the potential window of 0–0.6 V.
The shapes of the curves clearly show well-defined

redox peaks within the potential range indicating the
battery-like behavior of the materials owing to the faradic
redox reactions. The faradic reactions taking place within
the electrode material corresponding to the reversible
redox reactions are related to M� O/M� O� OH (M=Co,
Ni, and Mn) [20,44,45]. The redox reactions involved in
the electrochemical process can be described as [27];

Fig. 3. (a and b) TEM image of Mn0.5Ni0.5Co2O4/C nanosheets at different magnifications; (c) HRTEM image of Mn0.5Ni0.5Co2O4/C
nanosheets and the inset is the SAED; and (d) High magnification TEM image showing the carbon coating layer.
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Mn; Nið ÞCo2O4þOH� þ H2O$ Mn; Nið ÞOOH

þ2CoOOHþ 2e�
(1)

MOOHþOH� $MO2þH2Oþe� (2)

where M represents Co or Ni and Mn. The area of the CV
curves for the Mn0.5Ni0.5Co2O4/C samples were larger than
Co3O4/C, NiCo2O4/C, and MnCo2O4/C, indicating the
highest capacity of the Mn0.5Ni0.5Co2O4/C materials. More-
over, the redox peaks of the electrode materials shift
moving from single to ternary metal oxides.
The specific capacity (Cs, mAhg

� 1) from CV is calcu-
lated using the equation [46]:

Cs ¼

H
IdV

3:6 mS
(3)

where
H
IdV is the voltammetric charge, which is an area

under the curve of the CV, I (A) is the discharging
current, m (g) is the active mass of the electrodes, and S
(V s� 1) is the scan rate. The specific capacity of Co3O4/C,
NiCo2O4/C, MnCo2O4/C, and Mn0.5Ni0.5Co2O4/C electro-
des are 41.6, 53.8, 67.8, and 96.5 mAhg� 1 at a scan rate of

5 mVs� 1, respectively. The ternary Mn0.5Ni0.5Co2O4/C
hybrid electrode exhibits enhanced specific capacity
compared to the mono and binary metal oxide-based
materials. The higher Cs value of the ternary
Mn0.5Ni0.5Co2O4/C hybrid electrode systems can be attrib-
uted to the synergistic effect of the rich redox reaction of
the multicomponent metals and the high surface area and
enhanced conductivity brought about by the carbon nano-
sheets. With the increase in the scan rate, the redox peaks
in CV curves keeps increasing suggesting the typical
electrochemical signature of transition metal oxide-based
battery-type materials (Figure 5(b)). Similar results were
reported earlier emphasizing the synergetic effect of
multicomponent systems in mixed metal oxides [27,47].
The carbon nanosheet in the hybrid nanostructure serves
as a conductive matrix supporting the metal oxide and
providing large surface area, fully utilizing the electro-
chemical performance of the ternary metal oxide.
The performance of supercapacitors for practical

applications is mainly determined by their charge-dis-
charge features. Galvanostatic charge-discharge experi-
ments of the samples were measured to further explore
their potential application. The specific capacity of the

Fig. 4. Raman spectrum (a) TGA profile (b) Nitrogen adsorption/desorption isotherms (c) and (d) pore size distributions of the
Mn0.5Ni0.5Co2O4/C.
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electrode calculated from the charge-discharge curves is
obtained from the three electrodes testing using the
following relation [46,48]:

Cs ¼
IDt

3:6 m
(4)

where I is the current (A), Δt represents the discharging
time (s) and m is the mass of the active material (g).
Figure 5(c) displays the galvanostatic charge-discharge
profiles of the electrode materials at a current density of
1 Ag� 1. The ternary Mn0.5Ni0.5Co2O4/C shows more dis-
tinct voltage plateaus compared to the other samples and
are consistent with the redox peaks observed in the CV
curves. From the discharge times, we can see that the
Mn0.5Ni0.5Co2O4/C samples exhibited higher capacitance
than Co3O4/C, NiCo2O4/C, and MnCo2O4/C. The calcu-
lated capacitance of 10.1, 34.3, 46.5, and 91.2 mAhg� 1 for
Co3O4/C, NiCo2O4/C, and MnCo2O4/C and

Mn0.5Ni0.5Co2O4/C, respectively, further implies the poten-
tial of Mn0.5Ni0.5Co2O4/C as electrode materials for super-
capacitors. The Mn0.5Ni0.5Co2O4/C electrode exhibits the
highest capacitance, consistent with the results from CV
and charge/discharge curves. The galvanostatic charge-
discharge curves of the Mn0.5Ni0.5Co2O4/C electrode
materials recorded at higher current densities ranging
from 2 Ag� 1 to 10 Ag� 1 to estimate the rate performance
were shown in Figure 5(d). Interestingly, 60% of the
capacity for Mn0.5Ni0.5Co2O4/C is retained from 1 Ag� 1 to
6 Ag� 1 (Figure 6(a)). The above electrochemical measure-
ments demonstrate the interesting battery-like behavior
of the Mn0.5Ni0.5Co2O4/C samples, in terms of their specific
capacity and rate capability. The galvanostatic charge-
discharge experiments for a bare Mn0.5Ni0.5Co2O4 without
the carbon nanosheet support and Mn0.5Ni0.5Co2O4/C were
done at 1 Ag� 1 for comparison (Figure S6). It has clearly
demonstrated the enhancement in capacity for
Mn0.5Ni0.5Co2O4/C with a higher discharge time than the

Fig. 5. (a) CV curves of Co3O4/C, MnCo2O4/C, NiCo2O4/C and Mn0.5Ni0.5Co2O4/C at a scan rate of 5 mVs� 1 (b) CV curves of
Mn0.5Ni0.5Co2O4/C at varying scan rates from 5–100 mVs

� 1 (c) GCD curves of Co3O4/C, MnCo2O4/C, NiCo2O4/C and Mn0.5Ni0.5Co2O4/C
at 1 Ag� 1 and (d) GCD curves of Mn0.5Ni0.5Co2O4/C at different current density at 1, 2, 4, 6, 8 and 10 Ag

� 1.
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bare ternary metal oxide due to the carbon support. The
Mn0.5Ni0.5Co2O4/C electrode exhibited comparable elec-
trochemical performance to some of the previously
reported mixed transition metal oxides and those sup-
ported on carbon materials and is shown in Table 1. The
following reasons can be attributed to the high capacity of
the ternary metal oxide-based electrodes. First, the high

surface area of the composite electrode is beneficial for
ion/electron transfer in the electrode. Secondly, the
synergistic effect of multicomponent metals facilitates fast
ion/electron transfer.
Electrochemical impedance spectroscopy (EIS) meas-

urements were performed to obtain more information on
the resistance of the electrodes. The Nyquist plots given

Fig. 6. (a) Specific capacity of Mn0.5Ni0.5Co2O4/C at different current densities (b) EIS measured at the open circuit potential in the
frequency range from 0.1 to 100 kHz for Co3O4/C, NiCo2O4/C, and MnCo2O4/C and Mn0.5Ni0.5Co2O4/C. Inset shows the modeled
equivalent circuit (c) Cycling performances during 3,000 cycles at a current density of 6 Ag� 1 for Co3O4/C, NiCo2O4/C, and MnCo2O4/C
and Mn0.5Ni0.5Co2O4/C.

Table 1. Comparison of the electrochemical properties of the Mn0.5Ni0.5Co2O4/C nanosheets with some previously reported mixed transition metal
oxides-based electrode materials.

Active Materials Specific Capacitance Cycling stability Ref.

Porous NiCoMn ternary metal oxide/graphene nanocomposites 115mAhg� 1 at 1 Ag� 1 96% (2000 cycles) [30]
Bundle-like CuCo2O4 microstructures 303 C g� 1 at 1 Ag� 1 69.77% (5000 cycles) [51]
Ternary Mn0.5Ni0.5Co2O4/C 91.2 mAhg� 1 (325 Cg� 1) at 1 Ag� 1 96.4% (3000 cycles) This work

Full Paper

www.electroanalysis.wiley-vch.de © 2020 Wiley-VCH GmbH Electroanalysis 2020, 32, 2926–2935 2933

www.electroanalysis.wiley-vch.de


in Figure 6(b) show the evident straight lines in the low
frequency range for all the electrodes. The corresponding
fitted equivalent circuit is also presented in the inset. The
intercept of the semicircle with the real axis at high
frequencies represents the equivalent series resistance
(ESR) [49]. In general, supercapacitors reveal resistive
behavior at high frequencies and capacitive behavior at
low frequencies [50]. The ternary metal oxide shows
smaller resistance, indicating high conductivity. The
equivalent series resistance is 1.0, 0.94, 0.71, and 0.57
Ohm for Co3O4/C, NiCo2O4/C, MnCo2O4/C and
Mn0.5Ni0.5Co2O4/C, respectively demonstrating the benefit
of the ternary mixed metal oxides.
Long term cycling stability is an important criterion

for evaluating the performance metal oxide-based super-
capacitor electrodes for practical applications. The cycling
stability of Co3O4/C, NiCo2O4/C, MnCo2O4/C and
Mn0.5Ni0.5Co2O4/C samples were executed at 6 A/g using
charge/discharge test over 3000 cycles. Figure 6(c) shows
the specific capacity of the electrodes as a function of
cycle number during galvanostatic charge/discharge test
over 3000 cycles at a current density of 6 Ag� 1.
Mn0.5Ni0.5Co2O4/C sample shows the best cyclic stability
with specific capacity of 74.6 mAhg� 1 after 3000 cycles
and 96.4% capacity retention compared to the binary and
single transition metal oxides indicating the superior
performance of ternary systems.

4 Conclusions

In summary, carbon encapsulated Co3O4/C, MnCo2O4/C,
NiCo2O4/C and Mn0.5Ni0.5Co2O4/C nanosheets were suc-
cessfully prepared by a facile and scalable method by
modifying the citric acid assisted sol-gel method and
employing a NaCl template-directed pyrolysis and glucose
as a carbon source. The prepared ternary Mn0.5Ni0.5Co2O4/
C nanosheets exhibit higher electrochemical performance
as electrode materials for supercapacitors compared to
the binary MnCo2O4/C and NiCo2O4/C and single metal
Co3O4/C electrodes. The porous structure and large sur-
face area of the Mn0.5Ni0.5Co2O4/C electrode provided by
the carbon sheets and the synergistic effect of the multi-
metal components results in an enhanced electrochemical
performance. The Mn0.5Ni0.5Co2O4/C electrode exhibit a
specific capacity of 91.2 mAhg� 1 at a current density of
1 Ag� 1. It also delivers a specific capacity of 74.6 mAhg� 1

after 3000 cycles at a current density of 6 Ag� 1 with
relatively high capacity retention of 96.4%. Therefore,
the good electrochemical properties combined with the
facile preparation method will make it an attractive
electrode material for promising application in high
performance supercapacitors.
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