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ABSTRACT: Copper sulphide an important compound is prepared by hydrothermal method to study its
super capacitive behavior. CuS was prepared by using simple source of copper as copper foil and sulphur
powder as sulphur. 0.49g copper foil is used with 0.19g of sulphur and was put into the autoclave and
maintained at 140 °C throughout. At this temperature reaction time is varied as 6hrs, 12hrs and 13hrs
respectively to get CuS. The XRD confirms the phase formation. The lattice parameters were calculated (a
(A): 3.796, b (A):3.796, ¢ (A): 16.36). SEM gives surface morphology of prepared CuS. CV, GCD and EIS
were obtained to study electrochemical behavior of copper sulphide powder. Contact angle calculated
which comes out to be 53.6 °C.
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1. INTRODUCTION material with great potential it took out interest of various

) . researchers to study its supercapacitive behavior [1,2].
Nowadays, supercapacitors are the creator of this

globalizing world. Increasing requirement thus creating 2.
increased interest in field of supercapacitor.
Supercapacitors are also known as ultracapacitors or

EXPERIMENTAL PROCEDURE
In this article copper sulphide were prepared by
simple hydrothermal method. To Prepare copper

electric double layer capacitor. Supercapacitor has high
energy density than capacitors but much lower than that
of batteries. Supercapacitor have longer life time than
battery which means that they exhibit nearly thousands
of cycles of charging and discharging. Properties of
supercapcitor are mainly determined by their
performances as the electrode material.

CusS is an important member of sulphide family. It shows
a great application in terms of semiconducting nature
such as photocatalysis, solar cell, batteries etc. As it is a

sulphide Copper foil is used as a copper source and
sulphur powder as sulphur source. 0.49g of copper foil
were weighed accurately and 0.19g of sulphur powder
were used. The precursors with distilled water were
placed into an autoclave. The autoclave is maintained at
140°C throughout and reaction is carried for 6, 8, 12 and
13hrs. Obtained powder were collected from the
autoclave and washed carefully with water and ethanol.
Further, prepared powder is used to make film of CusS.
Using “Doctor blade method” CuS film is prepared by
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help of a binder. Binder preparation takes place by
following steps;

Mixture of 45ml DDW and 5ml ethanol, then
add 5gm of PV A in above solution. Then this solution is
kept at 60°C with stirring for nearly 1hr. Using this
solution and powder of CusS, thin film is prepared and it
is annealed at 150°C for 1hr within vacuum.

3. CHARACTERIZATION

X-ray diffraction patterns of prepared samples
were recorded using a X-ray powder diffractometer
(Bruker AXS analytical instruments Pvt, Itd., Germany,
Model: D2 phaser). Morphology of prepared samples is
examined by scanning electron microscopy (Model
JEOL-JSM-6360, Japan), operated at 18kV. The
electrochemical measurements were performed in an
electrolyte of Na»,SOs in a conventional three electrode
arrangement comprising a graphite counter electrode and
saturated calomel electrode (SCE) serving as the
reference electrode, by using potentiostat.

4. RESULTS AND DISCUSSION

a) Structural analysis(XRD)
Fig. (1.1) displays XRD patterns of prepared powder at
140°C with varying time from 6hrs, 8 hrs, 12hrs and
13hrs respectively. All pattern shows pure CuS phase
with hexagonal crystal structure (P63/mmc). The four
intense peaks observed at 29.25° 31.75° 32.82° and
47.88° with dna along (102), (103), (006) and (110)
planes correspond to CuS. The d values (interplanar
spacing) of XRD were compared with standard d values
taken from JCPDS card (01-074-1234) for CuS. The peak
intensities in XRD patterns of prepared CuS material are
showing nanocryastalline nature. The crystallite size was
calculated by the X-ray line broadening method using

Materi | 26 FWH Interplan | Crystallin
al (degree | M ar e size (D)
) (degree | distance | A?
) (d) A°
Cus 47.968 | 0.1574 | 1.89660 | 21.48895
3
Scherrer formula.
- 0921
Bcos6

where,

A is the wavelength of radiation used, k is the Scherre
constant (0.9), g is full width at half maximum (FWHM)
intensity of the diffraction peak for which the particle size

at to be calculated, 6 is the diffraction angle of the
concerned diffraction peak and D is the crystallite size.
Table 1.1

b) Scanning Electron Microscopy (SEM)
Surface morphology of CuS material is investigated by
SEM. fig. (1.2) shows SEM for CuS at magnification
X5000 [a] and X15000 [b] and 20kV potential it clearly
reveals that CuS nanoparticles are uniformly and poly-
dispersed (nature shows particles of varied sizes in the
dispersed phase) with porous nature. This porous nature
of our CuS nanoparticles gives rise to high surface area
which is the beneficial criteria for electrochemical
properties.

4.3 Electrochemical performance of CusS:
4.3.1 Cyclic voltammetry:
The electrochemical set up for the supercapacitive
studies of CuS films consists of film electrode, a counter
electrode and an aqueous electrolyte. The
electrochemical analysis of the CuS films onto stainless
steel substrate were carried out by recording cyclic
voltammograms (CV) on the 263A EG & G, applied
Research  Potentiostat. The charging-discharging
behavior of the electrode was studied using
chronopotentiograms (CP).
The cyclic voltammetry (CV) experiments were
performed using 263-A EG & G, Applied Research
Potentiostat to determine the specific capacitance of the
CusS electrode in 1M Na,SO. electrolyte at 50mV/s,
80mV/s and 100mV/s scan rate in between potential
range 0.0 to 0.4V vs SCE as shown in fig.(1.3).

We can calculate capacitance of our prepared
Cus film by following formula,

[ 1dv
€= mXvXdv

where [Idv is area under the curve, m is
deposited mass, v is scan rate, dv = potential window.
4.3.2 Galvanostatic charge discharge:

The charge-discharge behavior of CuS electrode is
studied in GCD measurements. Fig. (1.4) shows the
charge-discharge curve for CuS electrode measured in
1M Na,SO4 solution in between potential range 0 to 0.5
V vs SCE. The specific capacitance is calculated by
using formula,

Where, lq is the discharge current, Tq is the discharge
time, m is deposited mass and dv is potential window.

Bacchav et al.

106



Journal of Advances in Applied Sciences and Technology (2022)

Vol. 8/Issue 1| Page 105-108

4.4 Contact angle:

For further potential applications contact angle is
determined and the hydrophobic or hydrophilic
properties of Cus films were studied. In our brief theory
of supercapacitor, the hydrophobic solid surface has low
surface energy and hydrophilic solid surface has high
surface energy. The contact angle of the CuS electrode
was tested using water as an aqueous solution shown in
fig (1.6). It is found that surface of CuS substrate is
hydrophilic (water lovable) in nature with water contact
angle of 53.6 + 2° resp. which is beneficial for
supercapacitive performance
Contact angle of 0° means complete wetting of surface,
and contact angle of 180° corresponds to non-wetting of
surfaces. It is found that the surface of CusS substrates is
hydrophilic with water contact angle of 53.6+ 2°
respectively. Low water contact angle increases the
electrochemical performance, where inbetween contact
at electrolyte-electrode is important [13]. It is beneficial
for improvement in the supercapacitor behavior because
hydrophilic substrates refers ionic diffusion process and
reduces the electrolyte into electrode [3,4].
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Fig.1.1. XRD Pattern of CusS prepared by
hydrothermal method

Fig 1.2. SEM images of CuS prepared by
hydrothermal method at 12hrs with 140° C
temperature
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Fig 1.3. Cyclic Voltammetry curve of CusS prepared by
hydrothermal method at 12hrs with 140°C temperature

Fig 1.5 EIS of prepared CusS by hydrothermal
method
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Fig 1.4. GCD curve of CuS prepared by
hydrothermal method at 12hrs with 140° C

temperature Fig 1.6 Contact angle of CuS prepared by

hydrothermal method at 12hrs with temperature
140°C
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