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Nickel hydroxide is a promising material for supercapacitor application due to its relatively
low cost, well-defined electrochemical redox nature and easy to prepare with different
structural morphologies. In the present study, nickel hydroxide was cathodically deposited
on a stainless steel surface from an electrolyte containing Ni(NO;), as a result of local
increase in pH at the cathode. A nonionic surfactant (Pluronic P 123,
HO(CH,CH,0),,(CH,CH(CH,)0),,(CH,CH,0),,H) was added to the solution in order
to get enhanced nanocrystalline nickel hydroxide film. The film was characterized using
scanning electron microscopy, energy dispersive X-ray analysis, X-ray diffraction method
and Fourier transform infrared spectroscopy to investigate its surface and morphological
characteristics. The grain size of the as prepared nickel hydroxide was about 11 nm and
this was achieved because of the presence of nonionic surfactant, which influences the
microstructure of the deposit. Cyclic voltammetry was used to study the reduction and
oxidation processes in the electrodeposited nickel hydroxide electrode, characterize the
specific capacitance and evaluate the suitability of the synthesized films for supercapacitor
application. The charge-discharge dependences were recorded to study the capacitive
property of the material. The results showed that the prepared nickel hydroxide electrodes
have specific capacitance of about 494 F/g.
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Introduction

An interest in development of supercapacitors
has increased recently because of the high demand
for energy production and storage resulting from rapid
population growth and high-energy consumption in
the industrial sector [1]. Various electrode materials
can be used in supercapacitors [2,3]. Metal oxide-
based supercapacitors as storage devices are gaining
momentum in recent years due to their fast power
energy delivery, extended life cycle and high power
and reasonably high energy density. Among different
oxides, RuO, and amorphous hydrous ruthenium
oxide are the most capable material for
supercapacitors because of their elevated specific
capacitance, excellent reversibility and long cycle-
life [4,5]. However, this material’s high cost and
potential to harm the environment have limited its
commercial application in supercapacitors. Several
alternative electrode materials have been studied,
including carbonaceous materials, conducting

polymers, metal hydroxides and metal oxides [6—9].
Base metal oxides, such as MnQO,, NiO, Fe,O, and
Mn-Ni oxide, have been proposed as promising
electrode materials because of their environmental
compatibility, low cost, abundant availability,
environmental compatibility and wide potential
windows [10—12].

Different electrode materials that have low cost,
comparable capacitive behavior as compared with
ruthenium oxide were studied. NiO found to be a
potential alternative to RuQO, as electrode material.
NiO films exhibit high specific capacitance value
[13] and many authors studied this material in varying
aspects. Some examples are as follows:
nanocrystalline NiO [14], nanoporous
electrodeposited nickel oxide films [15], nickel oxide/
hydroxide nanoplatelets [16], and nickel oxide films
on different substrates [17].

In the present study, Ni(OH), films were
electrodeposited on stainless steel at room
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temperature from an electrolyte containing a
nonionic surfactant in order to get more refined
nanostructure. The deposited nickel hydroxide
electrodes were annealed at 300°C. The surface and
morphological characterization of the prepared nickel
oxide films was performed by using X-ray diffraction
method, energy dispersive X-ray analysis and
scanning electron microscopy. The deposited nickel
hydroxide electrodes were also subjected to FT-IR
study to ascertain the bonding and stretching between
nickel and hydroxide. Cyclic voltammetry and
galvanostatic charge-discharge studies were carried
out using the structurally and morphologically
optimized nickel oxide electrode to study the redox
behavior and calculate the specific capacitance value.

Materials and methods

Stainless steel (grade 304) samples with the
dimensions of 1.0x3.0x0.1 cm were used as a substrate
for electrodepositing nickel hydroxide. The substrate
was fine polished with emery paper and washed with
distilled water. To get a uniform etching of the
surface, the substrate was immersed in a solution
containing 0.5 ml/L of concentrated sulfuric and
hydrochloric acid each. Time of dipping was 20—
30 minutes. Ni(OH), was electrodeposited from a
solution containing 0.1 M of nickel nitrate. 0.1 g/L
of Pluronic P123 surfactant was added to this
solution. Nickel nitrate was a source for Ni(OH),
and the surfactant acted as a structure directing agent
which does not participate in electrochemical
reactions.

The surfactant was a symmetric triblock
copolymer comprising polyethylene oxide (PEO) and
polypropylene oxide (PPO) in an alternating linear
fashion, PEO—PPO—PEO. It’s chemical formula is
HO(CH,CH,0),,(CH,CH(CH,)0),,(CH,CH,0),,H.
This surfactant was chosen due to its high molecular
weight and alternate arrangement of PEO and PPO.
The pH of the solution was 5.1. All experiments
were carried out at 30°C.

Nickel hydroxide film was electrodeposited
using an Electrochemical Workstation-CHI770d. The
electrochemical cell consisted of three electrodes,
i.e. pre-treated stainless steel acted as a working
electrode, platinum wire was a counter electrode and
Ag/AgCl electrode served as a reference electrode.
The electrolysis was carried out under the
potentiostatic conditions by applying electrode
potentials of —0.7, —0.9 and —1.1 V. The duration
of electrodeposition was fixed as 60 minutes. After
electrodeposition, the working electrode was taken
out, rinsed with distilled water and annealed at 300°C
for 60 minutes.

The prepared nickel oxide electrodes were

subjected to structural and morphological study using
X-ray diffraction method (XRD) and scanning
electron microscopy (SEM). Elements present in
the electrode were analyzed by means of energy
dispersive X-ray analysis (EDAX). Cyclic
voltammetry (CV) experiments were carried out with
the prepared nickel oxide electrode using CHI 770d
instrument. For cyclic voltammetric experiments,
the electrode surface was masked and an area of
0.196 cm? was exposed to the electrolyte. The
constant current charge-discharge behavior of the
nickel oxide electrode was investigated
galvanostatically at a current of 5 mA.

Results and discussion

Electrodeposition

The deposition of well adherent and uniform
dark green colored nickel oxide was performed by
applying a constant potential of —0.9 V vs. Ag/AgCl
for a deposition time of 60 min. It is demonstrated
that the electrodeposition process of the Ni(OH),
films could include an electrochemical reaction
followed by a precipitation reaction expressed as
follows:

NO, +7H,0+8¢—>NH,"+100H",
Ni2+20H —Ni(OH),.

When electric current passes through the
electrolyte containing Ni(NO;),, nitrate ions are
reduced on the cathodic surface to produce hydroxide
ions. The generation of OH™ ions at the cathode
raises the local pH, resulting in the precipitation of
Ni(OH), at the electrode surface. The deposited
electrode was annealed at 300°C for 2 hours.

Structural and morphological studies

Figure 1 represents the results of X-ray
diffraction analysis which was used to determine the
crystalline phase, orientation and grain size of the
prepared materials. The experimental data were
compared with the crystal structures available in
PCPDF WIN crystal structure database. The different
peaks with various intensities were marked and the
d-values were calculated from these peaks. The grain
size was calculated using Scherrer formula:

Grain size (X,)=k\/Bcoso,

where X, is the size of crystalline, A is X-ray
wavelength, B is full width at half maximum of the
diffraction peak, 0 is diffraction angle and k is Scherer
constant.

The grain size of the prepared nickel hydroxide
was about 11 nm and this was achieved because of
the application of a nonionic surfactant, which

FElectrodeposition of nickel hydroxide for supercapacitor applications using surfactant-containing electrolyte
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enhanced the orientation of atom building in the
deposit.

The morphological nature of the deposited
Ni(OH), was examined using scanning electron
microscopy. SEM micrograph (Fig. 2) reveals that
the deposited Ni(OH), is uniform and shows minor
cracks in its surface. Porous space observed in
between may enhance the redox behavior of the
oxide. In this structure, fine-grained nanostructure
is also visible which is due to the presence of
surfactant in the electrolyte.
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Fig. 1. XRD pattern of the electrodeposited Ni(OH), film

Fig. 2. SEM image of the electrodeposited Ni(OH),

The result of EDAX study is presented in Fig. 3.
EDAX confirms the presence of nickel. Also, iron
and chromium were detected; they were in the
substrate, stainless steel, which was used for the
electrodeposition. This result indicates that there are
no other impurities in the obtained film.

FTIR study

Figure 4 shows the FTIR spectrum of the
prepared Ni(OH), which can reveal the presence of
some organic and inorganic functional groups in
Ni(OH),. The peak at 619 cm™' arises from the in-
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Fig. 3. EDAX graph of the electrodeposited Ni(OH),
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Fig. 4. FTIR spectrum of electrodeposited Ni(OH),

plane Ni—OH bending vibration of the Ni(OH),
lattice. The broad peak at 1400 cm™! was attributed
to O—H bending of lattice OH. The absorption band
at 3134 cm™' is associated with hydrogen-bonded
OH stretching.

Cyclic voltammetry study

Cyclic voltammetric experiments were carried
out in 2 M KOH electrolyte. The CV curve for
Ni(OH), deposited on stainless steel sheet at different
scan rate with a potential window —0.5 Vto 0.5V
are presented in Fig. 5. There is a peak in the reverse
sweep in all the cyclic voltammograms; it represents
the reduction of Ni** to Ni?*. This Ni** ions in the
forward sweep is oxidized forming Ni*" which was
not noticed by a prominent peak, since the potentials
of the hydrogen evolution reaction and the nickel
oxidation overlap each other.

Charge-discharge study

The constant current charge-discharge behavior
of the nickel oxide electrode was investigated

S. Minu Xavier Sebastini, P. Daniel Nixon, C. Joseph Kennady



ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2020, No. 4, pp. 128-133

131

120 " " A "

12.0 ; i . A
100 ,
a fl 1wol b
80 f/
1“ 80
60 /}/ Lz
40 f -
.g ] d 29 y
= 20 ’ E 20 /]
g8 ¢ / g 0
- i /
5 20 s .20 " . /
&} \ o < /
40 \. / -4 \ of
\ / \J/
Y . y u : ~6.0 v v v v
0 01 02 03 04 05 e 9L W 03 04 UGS
potential /V potential /V
12.0 ' +
wo] ¢
8.0
o 6.0
E a0
S~
B 20
E
= 0
&
2.0 1 ke
-4.0 \
-6.0 v v v v
0 0.1 02 03 04 05
potential /V

Fig. 5. Cyclic voltammograms of nickel hydroxide in 2.0 M KOH at a scan rate of (a) 20, (b) 50 and (c) 100 mV/s
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Fig. 6. Charge-discharge curve of the electrodeposited Ni(OH),
electrode in 2.0 M KOH

galvanostatically at a current of 5 mA. The resultant
plot is illustrated in Fig. 6. It is seen from the plot
that electrodeposited Ni(OH), can hold the charge
for longer duration and thereby it can be used as an
electrode material for supercapacitors. The result
suggests that the Ni(OH), electrode has a good rate
capability, which is very important for the electrode
materials of a supercapacitor to provide high power
density. Based on the charge-discharge plot obtained,
specific capacitance was calculated and found to be
494 F/g.

Conclusions

The electrodeposition of Ni(OH), electrode
from an electrolyte containing nickel nitrate and a

nonionic surfactant yields a uniform smooth
nanosized electrode material. The SEM micrograph
reveals that the deposited Ni(OH), is uniform in its
surface morphology and exhibit minor cracks on the
surface. Porous space observed in between enhances
the redox behavior of the oxide. Fine-grained
nanostructure is also visible. XRD result reveals that
the grain size of the electrodeposited nickel hydroxide
is about 11 nm. This was achieved because of the
nonionic surfactant, which enhances the orientation
of atom building in the deposit. EDAX confirms the
presence of nickel and also iron and chromium,
which are in the substrate, stainless steel, used for
the electrodeposition. In FTIR spectrum, the peak
at 619 cm™' arises from the in-plane Ni-OH bending
vibration of the a-Ni(OH), lattice.

There is a peak in the reverse sweep of the
cyclic voltammogram, it represents the reduction of
Ni** to Ni**. This Ni** in the forward sweep oxidizes
forming Ni*" that is not noticed by a prominent
peak, which may be due to overlapping the potentials
of hydrogen evolution nickel (II) oxidation. The
charge-discharge plot shows that the electrodeposited
Ni(OH), film can hold the charge for longer duration
and thereby it can be used as an electrode material

FElectrodeposition of nickel hydroxide for supercapacitor applications using surfactant-containing electrolyte
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for supercapacitors. Based on the charge-discharge
plot obtained, specific capacitance was calculated
and found to be 494 F/g. The smaller particle size
with effective electroactive surface area of the
electrode is responsible for the improved charge
transfer performance of the oxide electrode. This is
possible because of the nanosized structure of the
nickel oxide electrode, which was achieved by the
presence of the surfactant. The nonionic surfactant
enhances the orientation of atom building in the
deposit.
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EJIEKTPOOCAJI2KEHHS HIKEJIb I'TIPOKCHUAY JJIA
BUKOPHUCTAHHA Y CYIIEPKOHJIEHCATOPAX 3
BUKOPUCTAHHAM EJEKTPOJIITY, IO MICTUTDb
IIOBEPXHEBO-AKTUBHY PEYOBUHY

C. Miny Kcaé’ep Cebacmini, II. Jlanieav Hixcon,
K. J[cozep Kennedi

Hikens(11) eidpoxcud € nepcnekmusHum mamepiarom 0as
BUKOPUCMAHHS 8 CYNEPKOHOeHCamopax uepe3 1020 8iOHOCHO HU3bKY
eapmicmbs, 0OHO3HAUHY eAeKMPOXiMiuHy pedoKkc-nogediHkKy i npo-
cmomy cuHme3sy 3pasKie 3 Pi3HOMAHIMHOW0 CMPYKMYPHOI MOPGO-
aoeiero. B daniti pobomi wikeav(ll) eidpokcud 6ye kamodHo oca-
OdceHUl Ha NO8epXHI HePICABIoYOi cmani 3 eneKmpoaimy, wo micmue
Ni(NO;),, y pezyavbmami aokarvHoeo nideuwenns pH 6ins kamoda.
at the cathode. HeionoeeHHa NnoGepxXHe80-aKmMueHa pev08UHA
(Pluronic P 123, HO(CH,CH,0),(CH,CH(CH;)0),(CH,CH,0),,H)
dodasanacs 0o po3uuny 3 Memow ompumMamu NOKPAuEeHUll HaHo-
kpucmaniunux wap Hikeav(1l) eidpoxcudy. Ompumani wapu 6yau
Xapakmepu308aHi Memoodamu CKaHi6HOI eneKmpoHHOI MIKPOCKORii,
eHep20pO3Cil08aNbHO0 PEHM2EHIBCbK020 AHANIZY, PEHMeeHOCMPYK -
MypHOo20 Memoody ma ingpauepeoroi cnekmpockonii 3 Pyp ‘e-nepe-
MBOPEHHAM 0451 BUBHEHHS NOBEPXHEGUX MA MOPHOA0IMHUX XAPAK -
mepucmuk. Poamip kpucmanimie euecomoenernoeo nikenwv(I1) eidpok-
cudy dopieniosas npubausno 11 Hm, wjo docsenymo 3a paxyHox
HAA6HOCMI HEIOHOCEHHOI NOBEPXHEB0-AKMUBGHOI PeHOBUHU, U0 6NAU-
eae Ha mikpocmpykmypy ocady. Llukaiuna eonsmamnepomempis oyna
8UKOPUCMAHA 0151 00CAIONCEHHS npouecie OKUCACeHHS | 6iOHOBACHHS
8 eNeKmpoocaoHceHoMy 2iOKPOKCUOHO-HIKeNe8OMY eaeKmpooi, a
makoc 015 GU3HAYEHHS NUMOMOI EMHOCTI [ OYIHIO8AHHS npudam-
HOCMI CUHME308aHUX WApi6 04 GUKOPUCMAHHS 8 CYNepKOHOeHca-
mopax. 3apsioHo-po3psaoHi 3anexcHocmi 6yau UKOPUCAHI 0151 UG-
YeHHSI EMHICHUX éaacmueocmeli odepicanoeo mamepiany. Pe3ynb-
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mamu 00CAiOMNCeHHsl NOKA3aAU, W0 8U2OMOBCHI 2iOKPOKCUOHO-HIKe-
Aeei enekmpoou Marmo NUMOMY EMHicmb 0au3vko 494 @/e.

KitouoBi cioBa: CyriepKOHIEHCATOP; OKCUITHUIA €JIEKTPOT;
MMOBEPXHEBO-aKTHUBHA PEYOBMHA; €JIEKTPOOCAIKEHHS;
XapaKTEePUCTUKY ITOBEPXHi; IUKJIiYHA BOJBTAMIIEPOMETPIs;
3apsITHO-PO3PsIHA KPUBA.
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Nickel hydroxide is a promising material for supercapacitor
application due to its relatively low cost, well-defined electrochemical
redox nature and easy to prepare with different structural
morphologies. In the present study, nickel hydroxide was cathodically
deposited on a stainless steel surface from an electrolyte containing
Ni(NO;), as a result of local increase in pH at the cathode. A nonionic surfactant
(Pluronic P 123, HO(CH,CH,0),(CH,CH(CH;)0),(CH,CH,0),,H) was
added to the solution in order to get enhanced nanocrystalline nickel
hydroxide film. The film was characterized using scanning electron
microscopy, energy dispersive X-ray analysis, X-ray diffraction method
and Fourier transform infrared spectroscopy to investigate its surface
and morphological characteristics. The grain size of the as prepared
nickel hydroxide was about 11 nm and this was achieved because of
the presence of nonionic surfactant, which influences the
microstructure of the deposit. Cyclic voltammetry was used to study
the reduction and oxidation processes in the electrodeposited nickel
hydroxide electrode, characterize the specific capacitance and evaluate
the suitability of the synthesized films for supercapacitor application.
The charge-discharge dependences were recorded to study the
capacitive property of the material. The results showed that the
prepared nickel hydroxide electrodes have specific capacitance of
about 494 F/g.

Keywords: super capacitor; oxide electrode; surfactant;
electrodeposition; surface characterization; cyclic voltammetry;
charge-discharge curve.
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