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Manganese-nickel oxide films were electrodeposited on a stainless steel plate substrate in

a bath containing manganese sulfate, nickel chloride and a non-ionic surfactant. The

structural, morphological and electrochemical properties of these films were investigated.

The X-ray diffraction pattern revealed the grain size of the material and confirmed the

presence of manganese oxide and nickel oxide in the films. The preparative parameters,

such as potential window, scan rate, bath concentration and numbers of potential cycles,

were optimized during potentiodynamic deposition. The cyclic voltammetry was used to

study the reduction and oxidation mechanism during the electrodeposition process. The

charge-discharge method was applied to study the capacitor property of the synthesized

material.
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Introduction

Supercapacitors received much attention in
recent years as a very good solution to meet the
increasing demands for energy storage. This is mainly
because of their fast power energy delivery, extended
life cycle and high power and reasonably high energy
density. Due to these properties, supercapacitors can
fill the gap between batteries and convention
capacitors [1–4].

However, supercapacitors received set back
because of its low energy density and high production
cost. More new electrode materials are developed in
order to overcome the obstacle. Supercapacitors with
electrochemically active materials (polymers and
metal oxides) as electrodes have been developed.
Metal oxides are considered the most promising
materials for the next generation of supercapacitors.
Noble metal oxides exhibit much higher specific
capacitance than conventional carbon materials and
better electrochemical stability than electronically
conducting polymer materials, such as RuO2 [5–7].

However, the high cost of these noble metal
materials limits it from commercialization. Therefore,
the development of alternative inexpensive electrode
materials with high performance has been one of
the most active research fields of electrochemistry
during the last few years. Several transition metal

oxides and hydroxides have been investigated, e.g.
NiO [8], CoOx [9], MnO2 [10], Ni(OH)2 [11],
Co(OH)2 [12], etc. Manganese and its oxides have
received much attention as an alternative to the
ruthenium oxide in electrochemical capacitor
applications because of their satisfactory
electrochemical performance, relatively low cost,
natural abundance, and so on [10,13,14].

In the present work, manganese-nickel oxide
films were electrodeposited from a bath containing
manganese sulfate, nickel chloride and a non-ionic
surfactant. The structural, morphological, and
electrochemical properties of the electrodeposited
manganese-nickel oxide films were determined and
discussed.

Materials and methods

Stainless steel samples of 1 cm width, 3 cm
height and 0.1 cm thick were used as a substrate for
electrodeposition. The samples were pretreated by
dipping in a solution containing 5.0 mL of
concentrated sulfuric and hydrochloric acid each.
Time of dipping was 20–30 minutes. The electrolyte
was prepared by dissolving 0.05 mol (0.37 g) of
manganese sulfate and 0.1 mol (0.64 g) of nickel
chloride in 50 mL of distilled water. To this solution,
0.01 g of Pluronic p123 surfactant, a non-ionic
surfactant, was added and stirred well. To this
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solution, 0.01 g of Pluronic p123 surfactant is added
and stirred well. Pluronic p123 is a symmetric triblock
copolymer comprising polyethylene oxide (PEO) and
polypropylene oxide (PPO) in an alternating linear
fashion (PEO–PPO–PEO). Its chemical formula is
HO(CH2CH2O)20(CH2CH(CH3)O)70(CH2CH2O)20H.

Manganese–nickel oxide layers were
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
acted as a counter electrode, and Ag/AgCl electrode
acted as a reference electrode. The bulk electrolysis
was carried out with potentiostatic method by
applying a potential of 0.9 V and the period of
deposition was fixed as 60 minutes. All experiments
were carried out at room temperature. After
electrodeposition, the working electrode was taken
out, rinsed with distilled water, and dried at room
temperature.

Electrodeposited manganese-nickel oxide
electrodes were subjected to the structural and
morphological study using X-ray diffraction (XRD)
and scanning electron microscopy (SEM). Energy
dispersive X-ray analysis (EDX) was used to
determine elements that are present in the prepared
electrode.

Cyclic voltammetry experiments were carried
out with the prepared manganese-nickel oxide
electrode using CHI 770d instrument. For cyclic
voltammetric experiments, the electrode surface was
masked and an area of 0.196 cm2 was exposed to the

electrolyte. The constant current charge-discharge
behavior of the manganese-nickel oxide electrodes
was investigated galvanostatically at a current of
5 mA.

Results and discussion

Electrodeposition
The electrodeposited Mn–Ni oxide films had

a regular surface appearance and the weight of the
deposits was measured using an electronic balance
and found to be approximately 0.023 g. During the
electrodeposition process, the oxidation state of Mn
increases from +2 to +4. Since it is improbable that
two electrons are transferred in a single step, the
formation of MnO2 from Mn2+ occurs concomitantly
with the oxidation of water molecules. The reactions
that are taking place are as follows:

Mn4++4H2OMn(OH)4+4H+;

Mn(OH)4MnO2+2H2O.

The electrodeposition of nickel oxide in an
electrolyte containing Ni2+ ions can be represented
as follows:

Ni(OH)2+2OH–
NiO2+2H2O+2e–.

Structural and morphological studies
Electrodeposited Mn–Ni oxide electrode was

subjected to the structural study using XRD to find
the grain size. The grain size of the material was
calculated using the Scherer formula for the grain

Fig. 1. XRD pattern of the electrodeposited Mn–Ni oxide film
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size. From the XRD data (Fig. 1), the grain size of
the Mn–Ni oxide was found to be in the order of
25 nm. Addition of neutral or non-ionic surfactant
helps in achieving nano-structures of oxide films.

The appearance of a diffraction peak at 34°
denotes the presence of manganese oxide and the
peak at 43° denotes nickel oxide. The XRD spectrum
suggested that separate manganese oxide and nickel
oxide, not in the form of composites, were obtained
using the electrodeposition technique.

SEM micrograph (Fig. 2) reveals that the
deposited Mn–Ni oxide surface is uniform and
exhibits minor cracks. Seemingly, the observed
porous spaces may enhance the redox behavior of
the fabricated oxides layers.

Fig. 2. SEM image of the electrodeposited Mn–Ni oxide film

The electrodeposited Mn–Ni oxide film was
subjected to EDX analysis and the graph (Fig. 3)
shows the presence of manganese, nickel and iron,
which was the substrate.

Electrochemical study
Figure 4 shows the cyclic voltammograms (CVs)

recorded for the Mn–Ni oxide electrode
electrodeposited at two different scan rates. CVs were
measured from –0.2 to +1.0 V (vs. Ag/AgCl reference

electrode) in the 0.5 M Na2SO4 electrolyte. The CV
curve shows clear redox behavior of the electrode by
having both anodic and cathodic peak at +700 mV
and +610 mV, respectively. This indicates that the
system is a quasi-reversible and this will enhance
the charge-discharge characteristic of the electrode
when it is used as an electrode in supercapacitors.
Figure 4 also shows that the area under the curve
increased with the scan rate. This implies that the
voltammetric current was proportional to the scan
rate, corresponding to a capacitive behavior.

Figure 5 shows the charge-discharge cycle of
the electrodeposited Mn–Ni oxide electrode. The
charge-discharge curve was nearly symmetric in the
range between 0 and 1.0 V (vs. Ag/AgCl), indicating
that a good capacit ive behavior of the
electrodeposited Mn–Ni oxide electrode was
observed. The calculated specific capacitance value
is 91.4 F g–1.

a                                                                                       b

Fig. 4. Cyclic voltammogram of Mn–Ni oxide film in 0.5 M Na2SO4 electrolyte at a scan rate of 20 mV s–1 (a) and 60 mV s–1 (b)

Fig. 3. EDX graph of the electrodeposited Mn–Ni oxide films
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Conclusions

The electrodeposited Mn–Ni oxide electrode
was uniform and exhibited some porous morphology,
which was evident from SEM study. The grain size
of the oxide films was found to be in the order of
27 nm and the peaks from XRD pattern confirmed
the presence of manganese and nickel oxide
separately. Cyclic voltammetric study showed that
the electrode had a redox behavior and the area under
the peaks was increased with increasing the scan
rate. This is a favorable pattern for increased charge
discharge behavior. The synthesized oxides films gave
the specific capacitance value of 91.4 F g–1 at a scan
rate of 20 mV s–1. The charge-discharge curve showed
that the charge on the electrode remains for a longer
period. Based on the above results, it is concluded
that the electrodeposition is a suitable method to
produce Mn–Ni oxide films with a good specific
capacitance.

It was observed that the cyclic voltammetric
curves revealed one pair of redox peaks, suggesting
the capacitive behavior of manganese-nickel oxide
electrode. The observed anodic peak is due to the
oxidation of Ni2+ and Mn2+ and cathodic peak is
due to the reduction of Ni4+ and Mn4+. The smaller
particle size with effective electroactive surface area
of the electrode is responsible for the improved charge
transfer performance of the oxide electrode. Direct
deposition of oxide film over the substrate, which
enhances electrical contact between active mass and
substrate, is also responsible for the good
electrochemical performance of the oxide electrode.
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ÅËÅÊÒÐÎÎÑÀÄÆÅÍÍß ØÀÐ²Â ÌÀÍÃÀÍ-
Í²ÊÅËÅÂÎÃÎ ÎÊÑÈÄÓ ÄËß ÂÈÊÎÐÈÑÒÀÍÍß Ó
ÑÓÏÅÐÊÎÍÄÅÍÑÀÒÎÐÀÕ

Ï. Äàí³ºëü Í³êñîí, Ê. Äæîçåô Êåííåä³

Øàðè ìàíãàí-í³êåëåâîãî îêñèäó áóëè åëåêòðîîñàäæåí³
íà ï³äêëàäêó ç íåðæàâ³þ÷î¿ ñòàë³ ç åëåêòðîë³òó, ùî ì³ñòèâ
ìàíãàí ñóëüôàò, í³êåëü õëîðèä ³ íå³îíîãåííó ïîâåðõíåâî-àêòèâíó
ðå÷îâèíó. Äîñë³äæåí³ ñòðóêòóðí³, ìîðôîëîã³÷í³ òà åëåê-
òðîõ³ì³÷í³ âëàñòèâîñò³ öèõ øàð³â. Îòðèìàí³ ðåíòãåí³âñüê³
ä³ôðàêòîãðàìè äîçâîëèëè âèçíà÷èòè ðîçì³ð êðèñòàë³ò³â â ìà-
òåð³àë³ ³ ï³äòâåðäèòè íàÿâí³ñòü îêñèä³â ìàíãàíó òà í³êåëþ.
Òàê³ ïàðàìåòðè ñèíòåçó, ÿê â³êíî ïîòåíö³àë³â, øâèäê³ñòü ñêà-
íóâàííÿ ïîòåíö³àëó, êîíöåíòðàö³ÿ åëåêòðîë³òó òà ê³ëüê³ñòü
öèêë³â, áóëè îïòèì³çîâàí³ ìåòîäîì ïîòåíö³îäèíàì³÷íîãî îñà-
äæåííÿ. Öèêë³÷íà âîëüòàìïåðîìåòð³ÿ áóëà âèêîðèñòàíà äëÿ
âèâ÷åííÿ ìåõàí³çìó â³äíîâëåííÿ ³ îêèñëåííÿ ïðè åëåêòðîîñà-
äæåíí³ îêñèäíèõ øàð³â. Ìåòîä îòðèìàííÿ ðîçðÿäíî-çàðÿäíèõ
êðèâèõ áóâ âèêîðèñòàíèé äëÿ äîñë³äæåííÿ ºìí³ñíèõ âëàñòèâî-
ñòåé ñèíòåçîâàíîãî ìàòåð³àëó.

Êëþ÷îâ³ ñëîâà: ñóïåðêîíäåíñàòîð, îêñèäíèé åëåêòðîä,
åëåêòðîîñàäæåííÿ, õàðàêòåðèñòèêè ïîâåðõí³, öèêë³÷íà
âîëüòàìïåðîìåòð³ÿ, ðîçðÿäíî-çàðÿäí³ êðèâ³.
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