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ABSTRACT

Electrodeposition techniques is used for the deposition of nickel oxide thin film electrodes. In the
present work, we report electrodeposition of nickel oxide thin film on the conducting stainless steel
(SS) substrates for the application of electrochemical supercapacitor. X-ray diffraction confirms simple
cubic crystal structure with polycrystalline nature of the deposited NiO sample that exhibits hydrophilic
nature confirmed from the wettability study. The Scanning Electron Microscope (SEM) observed dense
with cracky morphology. UV spectrum exhibits 3.55¢V band gap of samples. The capacitive
characteristics of the deposited thin film are investigated in 1M KOH electrolyte using cyclic
voltammetry (CV). The supercapacitive properties of NiO are strongly affected by the scan rate. The

maximum specific capacitance obtained is 162 F/g at 2 mV/s scan rate.

Keywords: Electrodeposition; Nickel oxide; Electrochemical Supercapacitor; Hydrophilic; UV

spectrum.
1 Introduction

Nowadays, the concern of achieving high energy and getting energy storage is importance
parameter on the researchers. Lot of the researcher work on the energy storage, but the efficiency of the
energy storage less than the required energy. Electrochemical supercapacitor (ESc) is the one of the energy
storage devices exhibiting good energy as well as power along with cycling stability. ESc is the bridges gap
between conventional capacitor and battery [1,2]. The electrodes of electrochemical supercapacitors get
prepared by using carbonise materials (Activated carbon, graphene oxide, Multiwalled carbon nanotubes),
conducting polymers (Polypyrole, Polyaniline) and metal oxides and their composites [3-5]. The carbon-
based materials exhibiting electrical double layer capacitor (EDLCs) and metal oxides, conducting polymer
composites are generally exhibiting pseudo nature [6,7]. So many metal oxides have been tried by the
researchers like SnO2[8], MnO [9], CuO [10-11],Cu(OH)2[12], Co304[13] etc. Nickel oxide is a stable
semiconductor having a wide bandgap of 3-4eV and P type conductivity [14]. Nickel oxides shows high
theoretical capacitance value ~2573F, it is easily available and inexpensive materials for the preparations of
the electrodes for electrochemical supercapacitors. It gets used in so many applications like LCD, LED,
Solar cell and supercapacitor applications [15].

Nickel oxide/hyroxides prepated by so many methods and techniques such as chemical bath
deposition (CBD) [17], SILAR[18], hydrothermal[19]. Electrodepositions is the versatile technique that is
low cost, applicable in large area coating and suitable for thin-film coating, etc. This technique provides the

best adherence to the metal oxide films [20]. Hence in the present work, nickel oxide thin films were
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deposited on the conducting stainless steel using electrodeposition techniques and the structural,

morphological and electrochemical capacitive performance for the supercapacitor application is checked.
2 Experimental details

Aqueous solution of 0.5M nickel nitrate hexahydrate (Aldrich AR grade) was prepared in double-distilled
water. Stainless steel substrates were used as a current collector, before use they were ultrasonically cleaned
in diluted hydrochloric acid (HCI) and raised well in deionized double distill water (DDW). In the
preparation of samples, 50 ml 0.5M solution of nickel nitrate hexahydrate was used to electrodepositions,
then KOH used for main the PH ~7.5 and applied the constant voltage 1V with time duration 20min for

the electrode. The obtained samples were found good in adherence and uniformly.
2.1 Characterizations of prepared electrodes:

Weight of the deposited sample (mg/cm?2) was measured by the gravimetric weight difference method
using Tapson 100 Ts 8-digit microbalance. The internal geometry of the NiO i.e. crystal parameters of the
sample were studied by using X-ray diffraction pattern carried out by X-ray diffractometer (XRD)(Rigaku
D/max2550Vb 18 KW with CuKak = 1.54056 A°) in the range of diffraction angle 20 from 20° to 80°.
Morphological studies carried out using a SEM JEOL JSM-6360 scanning electron microscope. The analysis
of optical absorption carried out by using UV-VIS spectrophotometer in the wavelength range 400-1200
nm. The cyclic voltammetry study of the sample was carried out using an electrochemical analyzer (CHI
600AD, CH Instruments, USA) with standard three-electrode cell having platinum wire as a counter
electrode and saturated Ag/AgCl as a reference electrode. The study of the wettability of the samples was

observed using Holmarc 8.0 contact angle meter.
3  Result and Discussion
3.1 X-ray analysis

Fig.1.Shows the XRD pattern of prepared NiO electrode exhibit orientations along different planes (111),
(200), (220), (311), and (222) indicating polycrystalline nature of the nickel oxide. Same polycrystalline
nature was observed by Sajid Hussian et.al [21]. The observed ‘d’ values were properly matching with
standard ‘d’ values taken from JCPDS data card no. 47-1049 of nickel oxide shown in table 1. X-ray
diffraction study confirms a simple cubic crystal structure of the as-deposited samples. By using (200) plane
of the diffraction pattern, the crystallite size of the NiO sample was instigated by Debye Scherret’s relation
[22]. The observed grain size is 163 nm incomparable with the grain size reported by ef @/ Inamdar [23].
0.91
- BcosO
Where, ‘D’ is the crystallite size, ‘A’ is the wavelength of the X —ray, ‘B’ is the half width of full maxima, ‘6’

is the diffraction angle.
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Fig.1: XRD pattern of the nickel oxide.

3.2 Morphological SEM Analysis

The surface morphology was investigated by SEM JEOL JSM-6360 scanning electron microscope. Fig.2
represents the SEM images of A to D at different magnifications. The SEM images indicate the formation
of a compact, uniform, dense muddy like with cracky porous surface morphology of NiO. The cracky
morphology of the NiO simillarly observed by anamika et.al[24].This exclusive building of image provides

a high-specific capacitance due to easy access of electrolyte ions interactions with NiO during faradic redox

processes.
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Fig 2: SEM Micrograph of NiO thin film with different magnifications
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3.3  UV-Visible Spectroscopy

The UV-VIS spectroscopy carried out of the NiO thin film electrodes. In this Fig.3 the absorbance peak
observed at ~ 410nm. Further Using the data of spectroscopy estimates the band gap energy of the NiO,
observed direct band gap from this graph is Eg = 3.55 eV. The same band gap energy observed by Boschloo
and Hagfeldt et.al [25] It is evaluated that the transmittance is High in UV and poor portion in Visible
portion.
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3.4  Wettability Study

To study the wettability property of the NiO electrode which is necessary for the intercalation of
the electrolyte’s ion to electrode, contact angle measurement was carried out. Fig.4 sample exhibits
hydrophilic nature showing contact angle 65° which is less than 90°. Same hydrophilic nature was observed
by Devasthali et.al [26]. The contact angles between the electrolyte and electrode is less than the 900 is
clearly indicates that the prepared electrode is porous nature materials due to electrolytes diffuse in nano

materials.

Fig.4.Wttability of the NiO electrode for contact angle.

3.5  Cyclic voltammetry study

Fig. 5(A) Shows the CV curves of prepared NiO electrode in the potential range of —1.8 to 0.8
V/S in aqueous 1M KOH electrolyte at different scan rates. The observed cracky morphology of the NiO

more suitable for the diffusivity of the electrolytes ions in the cracks and inhaances of the capacitive
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behaviour. A pair of cathodic and anodic peak in CV cutves indicates the pseudocapacitive characteristics,

which mainly governed by Faradic redox reactions.
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Fig.5: Cyclic voltammetry curves.

Specific capacitance (SC) of the nickel oxide electrode was calculated by using CV using following relation.

[ ixdt

Specific capacitance (Sc) = PWYRCRY,

F/g

Where, i * dt is be the current, M is be the active electrode loaded mass,9 is be the scan rate and V is be
the potential window of the electrode. The variation of SC values with the scan rate is given in Table 2.
Here it is observed that, with increase in scan rate SC value decreases, indicating the reversible nature of
the electrode. Fig.5 (B). show the deposited nickel oxide electrode material cannot exhibit the complete

redox transition at a higher scan rate due to the improper diffusion of the NiO electrode.
3.6  Stability study

Electrochemical stability is one of the most important parameters for liquid supercapacitors. Here
stability curve of the NiO electrode was carried by repeating the CV cycles at a potential scan rate of 100
mV/s in 1M KOH. Fig.6 shows the variation in SC with several number of cycles. Here it is observed that
the initial value of SC 89.56 F/g, decteases up to 600 cycles then it remains steady indicating a 42% decrease
in capacitance value. This decrease in capacitance value is due to the slight degradation of the electrode
material at a high scan rate. Prepared NiO electrode exhibit better electrochemically stability above 600

cycles.
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Fig.6: Stability curve of NiO electrode.

Conclusions

The prepared nickel oxide nano material electrode by electrodeposition method from the nickel

nitrate and it is shows excellent characteristics of the electrochemical capacitive behaviours and more

suitable for charge storages. The NiO sample shows polycrystalline nature of nano grains. The

nanomaterials of the nickel oxide show highest band gap energy ~ 3.55¢V with 410nm wavelength exhibits

highest absorbance. Nickel oxide shows hydrophilic nature favourable for capacitive property. Cyclic

voltammetry study exhibits the pseudo nature of the electrode. The specific capacitance exhibited by the

electrode in 1M KOH at 5mV/Sec is 162F /g and cycling stability of the electrodes is 42% capacitance

decreases up to 1000 cycles.
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