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Abstract

In this study, MnCo,S, nanowires were synthesized on 3D-Ni foam by the hydrothermal process in two-step
and investigated as supercapacitor electrode material. Crystal structure and morphology analyzes of MnCo,S,
nanowires were performed. Electrochemical measurements were taken in 1 M of a potassium hydroxide
aqueous electrolyte solution. The specific capacitance value calculated from GCD measurement taken at a
current density of 0.5 A g ' from the sample was 450 F g . Furthermore, the sample have good cycling
stability by keeping 46% of the initial specific capacitance after 3000 cycles.
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Siiperkapasitor elektrot icin MnCo,S, nanotellerin iki asamal sentezi
Oz
Bu ¢alismada, MnCo,S, nanoteller 3D-nikel kopiik {izerinde hidrotermal yontemle iki agsama da sentezlendi ve
stiperkapasitor elektrot malzemesi olarak arastirildi. MnCo,S, nanotellerinin kristal yapist ve morfoloji
analizleri yapildi. Elektrokimyasal 6l¢iimler 1 M potasyum hidroksit sulu elektrolit ¢ozeltisi yapildi. 0.5 A g™
akim yogunlugunda alinan GCD &l¢iimiinden elde edilen spesifik kapasitans degeri 450 F g "dir. Ayrica,

numune 3000 sarj-desarj dongiisiinden sonra baslangictaki spesifik kapasitansin % 46'sin1 koruyarak iyi bir
dongii kararlilig1 gosterdi.

Anahtar Kelimeler: MnCo,S, nanoteller, Hidrotermal yontem, Siiperkapasitor.
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1. Introduction

In order to meet the increasing necessity for
energy in our daily lives, the need for energy
storage devices with high energy and power
density, long cycle life and short charging
time is increasing day by day (Rolison and
Nazar, 2011; Yang et al., 2011; Simon et al.,
2014; Yu et al., 2015). Supercapacitors are
able to meet these requirements thanks to
their high power density, long cycle life, fast
charging time and safe operating mode
(Burke, 2000). However,
problem that supercapacitors have a lower

it iIs a major

energy density than rechargeable lithium
batteries. In recent years, great improvements
were achieved in research on developing
supercapacitor the

performance through

fabrication of electrodes through

nanomaterials (Yu et al., 2015).

Many electrode materials (carbons, metal
oxides and hydroxides, conductive polymer,
and metal sulfides) have been extensively
studied for potential application areas of
supercapacitors. For example, carbon
materials (AC, CNTs and graphene) have
been investigated to be used as electrode
material in electrical double layer capacitors
(Zhang et al., 2014). However, the low
capacitance values of electrical double layer
capacitors limited the practical applications
of these capacitors. On the other hand,
transition metal oxides/hydroxides (TMO)

and conductive polymers were synthesized as

electrode material. The poor conductivity of
the transition metal oxides leads to limitation
of the power density and reduced cycle
performance (Ghosh and Das 2015). To
achieve a higher specific capacitance and
cyclic performance, it is essential to use
electrode materials with high electrical
conductivity. However, the low cyclic
stability of the conductive polymers also

limits their use in practical applications.

Transition metal sulfides have been of great
interest in the field of application of
supercapacitors. Transition metal sulfides
better energy storage with redox reactions on
the electrode surface due to their excellent
electrical conductivity and chemical activity.
In the composite structure of the binary
transition metal sulfides (NiS, CoS, CoS; and
MoS,), there is only one transition metal
element. On the other hand, there are two
different transition metal elements in the
composite structure of ternary transition
metal sulfides. However, the electrochemical
activity of the electrode is increased as more
redox reactions occur in ternary transition
metal sulfides due to the addition of multiple
cations. Further, ternary transition metal
sulfides have better electrical conductivity
than both ternary transition metal oxides and
binary transition metal sulfides. This has led
to more extensive investigation of ternary
transition metal sulfides in recent years (Peng

et al., 2014; Nguyen et al., 2015; Beka et al.,

1229



Two-step synthesis of MnCo,S, nanowires for supercapacitor electrode

2016; Moosavifard et al., 2016; Yu et al.,
2017).

2. Materials and Methods
2.1 Synthesis of MnCo0,S4 nanowires

The synthesis of MnCo,S; nanowires was
carried out in two steps (Figure 1). In the first
Mn(NOs3)2.4H,0, 2 mmol
Co(NOs3)2.6H,0, materials were dissolved in

step, 1 mmol
a magnetic stirrer in 35 mL of ionized water
for 30 minutes. Subsequently, 2 mmol of
NH.F and 5 mmol of CH4N,O were added to
The nickel
solution were placed in an autoclave and kept
at 100 °C for 12 hours in the oven. After this
step the electrode was cleaned with ethanol,

the solution. foam and the

deionized water, and dried at room
temperature. It was annealed in the tube
furnace for 3 hours at 300 °C to obtain
MnCo,0,4 nanowires. In the second step, 0.2
M (35 ml) Na;S.H,O solution was used for
MnCo0,04

MnCo,0, electrode was placed into this

sulphurization  of nanowires.
sulphur solution, and hold in the oven at 120
°C for 12 hours. After the process, the

electrode was dried in the oven.

MnCo,0, solution preparation

_____________

+ 1 mmol Mn(NO).4H,0)} ks
= 2 mmol Co(NO;).6H,0! L
= 5 mmol CH,N,O ! De-ionized
= 2 mmol NH.F ‘j' water

1 hour magnetic

i
Substrate Cleaning stirring
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— =
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Synthesis of MnCo,0, hanowires
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e
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Synthesis of MnCo,S, nanowires

Hydrothermal
synthesis at 100 “°C 12 h
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Hydrothermal
synthesis at 120 °C 12 h

Figure 1. Schematically illustration of the
synthesis of MnCo,S, nanowires.

2.2. Electrochemical analyses of MnCo,S,4
nanowires

Electrochemical analyses were taken in a
three-electrode test cell. Pt foil and Hg /
HgCl were used as the counter electrode and
reference electrode respectively.
Measurements were taken by immersing 1x1
cm® of the electrode in 1 M potassium
hydroxide. =~ The  gravimetric  specific
capacitance C is calculated by following

equation (Xu et al., 2019);

C_ Ixt
mxV
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where | discharge current, t discharge time,
V voltage window and m mass of active
material. The mass of the active material on
the 3D-Ni foam surface was determined by
weighed before and after the experiment. CV
and GCD measurements were determined by
Gamry Reference 1010E Potentiostat. CV
measurements of the sample were taken at
different scan rates and GCD measurements

were taken at different current densities.

3. Results and Discussion

FESEM images and EDS analyses of the
sample are shown in Figure 2. In can be seen
clear Ni foam uniformly. As seen in Figure 2,
the lengths of MnCo,S, nanowires are in the
range of ~5-6 microns. EDS analysis
confirmed the presence of Mn, Co, S, Ni and
O elements in the structure. The atomic
concentration of Mn, Co, S, Ni and O
elements in the structure is 4.44%, 26.54%,

35.06%, 8.75% and 25.12%, respectively.

XRD analysis were performed to determine
the crystal structure of the electrode material
(PANalytical Empyrean, Cu-Ka, A=1.54060
A). The diffraction pattern in the range of
20°-80° (20) is given in Figure 3. As seen in
this figure, (220), (311), (222), (400), (422),
(511) and (440) are crystal planes of Co3S,4
nanowires according to JCPDS Card No: 73-
1703. An ion-exchange reaction between the
sulpfur source and the precursors Mn, Co has

been observed to transform the structure. The

peaks of diffraction are similar to those of
cubic CozS,4 (JCPDS Card no. 73-1703). This
also demonstrates that Co and Mn ions only

change the lattice parameters while retaining

the crystal structure where they are (Liu et
al., 2017).

S Ka
Element Weight Atomic
% %

225K

OK 1043 2512
SK 29.17 35.06
Mn K 6.33 444 g
CoK 40.74  26.64
NiK 13.33 8.76
OKal
Sla
Cola

Intensity (a.u.)
1.25K

Nila
| SKBL Mn Ka Ni Ka
MnLa

0 13 26 5.2 6.5 7.8

39
Energy (keV)
Figure 2. FESEM

nanowires and EDS analysis.

images of MnCo,S,
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Figure 3. XRD analysis of MnCo,Ss

nanowires.

The raman spectrum of MnCo,S; nanowires
is given in figure 5. There are two sharp
raman peaks at 517 cm™ and 636 cm™ of
MnCo,S; nanowires. The peaks in 636 cm™
and 517 cm™ are due to the lattice vibration
between  Mn-S,

and streching mode

respectively (Sahoo and Rout 2016).

636

517

Intensity (a.u.)

200 300 400 500 600 700 800 900
Raman shift (cm'1)
Figure 4. Raman spectrum of MnCo,S,s

nanowires.

The CV and GCD measurements are shown
in Figure 5 and Figure 6, respectively. In CV

measurement taken in the range of 0.25-0.3

mV, the current increased as the scanning

rate increased.
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Figure 5. CV curve of different scanning

rates.

In addition, the curves in Figure 6 where
GCD results are obtained at current densities
of 0.5,1,2,5and 10 A g™ also showed non-

linear charge-discharge profile.

300
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o
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, Potential (mV)
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Figure 6. GCD measurement at different

current densities.

The specific capacitance values calculated in
discharge current densities of 0.5, 1, 2, 5 and
10 A g™ were found to be 450, 363, 273, 130
and 58 F g, respectively (Figure 7). Because
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of voltage drop and insufficient active

material involved in redox reaction at a
higher current  density, the specific
capacitance slowly decreased at higher

current density.

500

Specific Capacitance (F g)
S
b

0 2 4 6 10 12

8
Current Density (A g7)
Figure 7. Specific capacitance as a function

of discharge current.

The long-term cyclic stability of electrode
material determined by the GCD method at a
current density of 5 A g™ is also shown in
Figure 8. The MnCo,S, nanowire electrode
material retains 46% of its original specific
capacitance after 3000 charge—discharge

cycles at a current density of 5Ag™.
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Figure 8. Cycling performance of MnCo,S,

nanowire electrode.

4. Conclusion

As a MnCo0,S4
successfully fabricated on 3D-Ni foam in
method. The

result, nanowires were
two-step by hydro-thermal
specific capacitance value was found to be
450 F g* at a current density of 05 A g ..
Furthermore, the sample showed excellent
cycle stability after 3000 charge-discharge
cycles, maintaining 46% of the initial
specific capacitance. These results indicated
that 3D-Ni foam@MnCo,S, could be used as

a supercapacitor electrode material.
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