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Supercapacitors are a novel kind of energy storage device. Two kinds of nanostructured materials of
MnCo,0, can be made using a two-step method. It can be proven that the nanosheet that grows evenly
on the base of the nickel foam belongs to nanostructured MnCo,0,. Electrochemical experiments show
that this MnCo,0, composite has excellent electrochemical performance, which is similar to the novel
structure of the mesoporous nanosheet of MnCo,04. This MnCo,0./composite material of nickel foam
is a potential electrode material for supercapacitors. The structure and morphology of MnCo,0, has an
obvious influence on its electrochemical performance. The good structure and excellent performance
suggest its promising application in supercapacitors.
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1. INTRODUCTION

Supercapacitors can be called either electric double-layer capacitors or electrochemical
capacitors [1-3]. They are a kind of energy storage element between a traditional static condenser and a
storage battery [4-6]. They have many advantages, such as a shorter time for charging and discharging,
a longer cycle life, as well as a larger specific power. These devices may be used in military
applications, electric automobiles, wind power generation, solar power generation, and consumer
electronics [7-9]. Previous studies of electrode materials mainly focus on carbon-based materials,
metallic oxides, conducting polymers, etc.[10-12].

Among the electrode materials of supercapacitors that have been examined, metallic oxides
have more advantages [13, 14]. Compared with carbon-based materials, metallic oxides have a higher
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specific capacitance and energy density for its energy stores at the time of the redox reaction on the
bulk phase and surface of the active material [15-18]. Compared with conducting polymers, metallic
oxides have a relatively higher cycling stability and utilization ratio [19-21]. Furthermore, metallic
oxides have more advantages, such as shape control, abundant storage, and so on [22-25]. Some
ternary transition metal oxides, such as NiC0,04, CoFe,O4and CoMn,0O4, will have a good effect on
energy storage if they are used as the electrode material of a supercapacitor [26-31]. For example, the
double-shelled NiCo,04 hollow spheres exhibit ultrahigh specific capacitance and long cycle life when
used in supercapacitor electrodes. Nanocage MnCo,0, is synthesized by using a dual metal zeolitic
imidazolate framework (ZIF, Mn-Co-ZIF) as both the precursor and the template, which shows great
potential for a high-performance supercapacitor [32-35]. Cobalt-based metallic oxides with the ternary
spinel structure are cobalt acid zinc, cobalt acid manganese, cobalt acid nickel, cobalt acid copper,
cobalt acid magnesium, etc. [36-39].

A two-step method of hydrothermal synthesis and calcination is used in this article, making it
possible to get composite electrode materials of cobalt acid manganese/nickel foam. As a result of the
nanosheet superstructure, the material has a larger specific surface and abundant space, which is
beneficial to the soak of the electrolyte and the transmission of the electronics. During cyclic
voltammetry (CV) and galvanostatic charge-discharge testing, the composite electrode material of
cobalt acid manganese/nickel foam shows excellent electrochemical performance. This cobalt acid
manganese/nickel foam can be a potential supercapacitor electrode material.

2. EXPERIMENTAL

2.1. The method to make composite electrode materials of cobalt acid manganese /nickel foam

We used Co(NO3),-6H,0 (2 mmol), Mn(NO3),-4H,0 (1mmol), urea (6 mmol), and ammonium
fluoride (12 mmol); another group without ammonium fluoride was used for comparison. All the raw
materials were dissolved in 30 mL aqueous solution and stirred to mix well. The raw materials were
placed in an ultrasound environment for 10 minutes. Then, the materials were poured into a reaction
still. The nickel foam corroded by hydrogen chloride was rinsed with water and ethylalcohol and dried
well. The nickel foam was then immersed aslant into the solution, and the reaction was still placed in a
drying oven at 120 °C for 6 h. After the reaction, the nickel foam was rinsed with water and ethyl
alcohol. To make the precursor of Mn-Co translate into MnCo,0,, the precursor of Mn-Co was placed
in a drying oven at 70 °C and dried well. Then, it was placed into a muffle furnace to be calcined at
400 °C [25-28]. The rate of temperature rise was 5 °C/min. Then, it was held at 350 °C for
approximately 2 h in a furnace and naturally cooled. The nickel foam with nanostructured MnCo,0,
had electrochemical performance testing directly as the electrode material of a supercapacitor.

2.2. The technology and method of materials characterization

The microstructure and the selection of EDS of composite electrode materials were analysed by
scanning electron microscope (FE-SEM, JEOL, S-4800FE). The powder was scraped from the surface
of the nickel foam and removed by magnet. The phase of the surface of the nickel foam material was
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determined by a powder X-ray diffractometer (XRD utilizing a Cu Ka ray, wavelength of 0.154 nm,
voltage of 40 kV, andcurrent of 40 mA). The 2-Theta range was between 10° and 70°.

2.3. Electrochemical performance testing of composite electrode materials of cobalt acid
manganese /nickel foam

We used the three-electrode system CHI660D (ChenHua Instruments, Inc. ShangHai) to test
the electrochemical performance. Saturated calomel worked as the reference electrode, which was
compared to the foil electrode. CV (Cyclic Voltammogram) is a method by involving linear scanning
voltage at a constantly accelerating velocity on the electrode. The moment it reaches the predetermined
electric potential, it will scan reverse voltage and record the current electric potential curve. Finally, it
shows the Cyclic Voltammogram curve. Galvanostatic charge-discharge (CD) is under constant
current conditions, having both a charging and discharging operation for the electrode. We recorded
the electric potential as a function of time.

3. RESULTS AND ANALYSIS

3.1 The analysis of XRD and EDX
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Figure 1. XRD diffraction pattern of the MnCo,0, composite electrode materials

Fig. 1 is the XRD diffraction pattern of the MnCo,0, composite electrode materials. The
diffraction peak of the figure corresponds to the standard spectrogram of MnCo,0, (JCPDS card file
Number: 23-1237), indicating that the sample is phase pure. The sample with the less intense
diffraction peak shows that the scale of the nanostructure is small, which can increase the number of
effective electrochemical reaction points to improve the electrochemical performance.
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Figure 2. EDX energy spectrum diagram of MnCo,0, composite electrode materials

Fig. 2 is the EDX energy spectrum diagram of MnCo,0, composite electrode materials. The
results show that Mn, Co and O are included in the nanostructure of the composite electrode materials
of the cobalt acid manganese/nickel foam. Peak C in Fig. 2 is from the conductive adhesive of the
SEM sample stage.

3.2 Analysis of SEM

Figure3. SEM diagram of MnCo,0, composite electrode materials without ammonium fluoride
addition

Fig. 3 shows the SEM diagram of MnCo,0, composite electrode materials without the addition
of ammonium fluoride.). Fig. 3A and 3B show that the nanostructured MnCo,0,4 evenly covers the
surface of the nickel foam, and eventually forms the material of the electrode. Fig. 3C and 3Dare a
high magnification of the SEM images, which show that the nanostructured MnCo,04 which grows on
the nickel foam is of the claviform structure with micron level. The diameter of the claviform structure
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with micron level is 50 nm, and the length is between 200 nm and 500 nm. Fig. 3D shows that the
scale of nanoparticle is almost 20 nm, which is very beneficial to the electrochemical performance.

Figure 4. SEM diagram of MnCo,0, composite electrode materials

Fig. 4 is an SEM diagram of MnCo,0, composite electrode materials. Compared with Fig. 3,
Fig. 4 adds ammonium fluoride during the preparation process. Figs. 4A and 4B show that the
nanostructured MnCo,0,4 evenly covers the surface of the nickel foam and eventually forms the
material of the electrode. High magnification SEM images in Figs. 4C and 4D show that the
nanostructured MnCo,0,4, which grows on nickel foam, is of the laminated structure. The piece
structure with micron level is composed of nanoparticles and there are many nanometre-sized gaps
between pieces. Comparing Fig. 3 to Fig. 4 shows that the addition of ammonium fluoride during the
material preparation process plays an important role in the morphology of the MnCo,0,.

3.3 Analysis of Cyclic Voltammogram

Fig. 5 is a Cyclic Voltammogram curve of composite electrode materials under varying scan
rates. The rate ranges from 5 mV/s to 100 mV/s, and the voltage of the testing electrochemical window
is from 0 to 0.5 V (vs. SCE). With an increase of the scan rate, the shape of the CV curves does not
markedly change, showing that the active material utilization remains stable when electrochemical
polarization and concentration polarization increase.
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Figure 6. Cyclic Voltammogram curves of MnCo,04 composite electrode materials at varying scan

rates

Fig. 6 is a Cyclic Voltammogram curve of MnCo,0, composite electrode materials at varying
scan rates. The rate ranges from 5 mV/s to 100 mV/s, and the voltage of the testing electrochemical
window is from 0 to 0.5 V (vs.SCE). There is a pair of obvious redox peaks in these CV curves. This
finding indicates that the capacitance is mainly a pseudocapacitance behaviour of the materials, which
is primarily due to the redox reaction. With the increase of scan rate, the shape of the CV curves does
not markedly change, showing that it is more beneficial for the electrode materials to undergo a rapid
redox reaction due to its unique micro-nanostructure. The pairs of redox current peaks correspond to

the reversible reactions.
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3.4 Analysis of Galvanostatic charge-discharge
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Figure 7. Galvanostatic charge-discharge curves of MnCo,0O,4 composite electrode materials without
the addition of ammonium fluoride under varying ampere densities

Fig. 7 shows Galvanostatic charge-discharge curves of the composite electrode materials
without the addition of ammonium fluoride under varying ampere densities. The density ranges from 5
Alg to 60 A/g, and the voltage of the testing electrochemical window ranges from 0 to 0.4 V (vs. SCE).
The voltage doesn’t reduce obviously on the discharge curve (compared with Fig. 8), showing that the
inner resistance of the material is relatively small. The curve is nearly a triangle with symmetrical
distribution, showing that the materials have good charging and discharging reversibility. There is an
obvious linear relationship between voltage and time, showing that when it applies to a supercapacitor,
there is slight pseudocapacitance behaviour (compared with Fig. 8). Using the equation C=Ildt/mdV
(where C is the specific capacitance (F/g), | is the current (A), m is the mass of active material (g), dt is
the discharging time (s) and dV is the scanning voltage), the specific capacitance of the materials is
300 F/g when the ampere density is 5 A/g. The results suggest that these particles have a relatively
higher capacitance than previously reported [18-20].
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Figure 8. Galvanostatic charge-discharge curves of MnCo,0, composite electrode materials under
varying ampere densities

Fig. 8 shows Galvanostatic charge-discharge curves of MnCo,0,4 composite electrode materials
under varying ampere densities. The density ranges from 5 A/g to 60 A/g, and the voltage of the



Int. J. Electrochem. Sci., Vol. 13, 2018 10214

testing electrochemical window ranges from 0 to 0.4 V (vs. SCE). The specific capacitance of the
materials is 475 F/g when the ampere density is 5 A/g, which is higher than the materials of Fig. 7,
showing that the micro-nanostructure of the materials has a big influence on its electrochemical
performance. Compared with a previous report [16], it has a higher ampere density. This structure can
not only provide more active reaction sites but also shorten the distance between the migrations of
charge [18]. These results suggest that these particles have a relatively higher capacitance than
previously reported [21-23].
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Figure 9. The charging/discharging cycle-life of cobalt acid manganese/nickel foam without the
addition of ammonium fluoride (a) and cobalt acid manganese/nickel foam (b) at a current
density of 5 Aeg™ for 500 cycles

Under the current density of 5A-g*, the charging/discharging cycle-life of cobalt acid
manganese/nickel foam with and without the addition of ammonium fluoride was tested500 times, and
the specific capacity as a function of the cycle number is shown in Fig. 9. The initial capacity of the
cobalt acid manganese/nickel foam without the addition of ammonium fluoride was 300 F-g™.The
specific capacity was 290 F-g™ after 500cycles, yielding a capacity retention rate of 96.7%. The initial
capacity of the cobalt acid manganese/nickel foam with ammonium fluoride addition was 475 F-g™*
and the specific capacity was 450 F-g™* after 500 cycles, yielding a capacity retention rate of 94.7%.
These results are better than the results reported in a previous study [20].

4. CONCLUSIONS AND DISCUSSION

Nanostructured MnCo,0,4 materials can grow directly on the base of nickel foam by a two-step
method, and electrochemical performance testing shows that these materials can be used as electrode
materials of a supercapacitor. During preparation, ammonium fluoride plays an important role on the
morphology. It was shown that the nanosheet that grows evenly on the base of the nickel foam belongs
to nanostructured MnCo,04. The electrochemical property testing shows that this composite electrode
has excellent electrochemical performance which is closely connected to the novel structure of the
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mesoporous nanosheet of MnCo,0,. This impressive performance of the MnCo,04/composite material
of nickel foam was found to be better than that of many literature reports on the compound materials.
Specific capacitance was observed to be as high as 475 F/g when the ampere density is 5 A/g.
MnCo,0./composite material is a potential electrode material for supercapacitors. The structure and
morphology of nanostructured MnCo,O4 have a substantial influence on its electrochemical
performance. The good structure and excellent performance of these materials indicate their promising
application in supercapacitors.
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