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Recently, increasing power demands for hybrid electric vehicles 

and power tools have forced researchers to look for highly effec-

tive battery devices to store electrical energy. In the recent dec-

ades, much interest has concentrated on the development of novel 

electrode materials for advanced energy conversion and storage 

devices [1-3]. Among numerous active electrode materials, nickel 

hydroxide (Ni(OH)2) is the most promising candidate and it is 

widely used in rechargeable nickel-based batteries as a positive 

electrode material due to its high stability in alkaline electrolyte 

and thermal stability [4,5]. In recent times, pasted nickel electrodes 

have been significantly developed to meet the requirement of high 

capacity in secondary batteries such as Ni-Cd, Ni-Fe, Ni-Zn and 

Ni-MH due to their simple fabrication and high incorporation of 

active materials. However, the pasted nickel electrodes are found 

to exhibit low active material utilization due to the poor conductiv-

ity of the Ni(OH)2 powder. To overcome this drawback, the prepa-

ration of a high performance nickel electrode becomes significant 

and essential. These objectives could be achieved by selecting the 

proper conditions for the synthesis of high performance active 

material by using suitable additives that could provide the conduc-

tive network to enhance the utilization of the nickel hydroxide. It 

has been found that the reversibility of the Ni(II)/Ni(III) electro-

chemical reaction could be increased by the incorporation of suita-

ble additives. [6-8]. 

The nickel hydroxide (Ni(OH)2) is found to exist in two poly-

morphic forms, namely α-Ni(OH)2 and β-Ni(OH)2, which are 

transformed into γ-NiOOH and β-NiOOH, respectively during *To whom correspondence should be addressed: Email: bjmadhu@gmail.com 
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charging [9-12]. The β -phase exhibits superior stability compared 

to the α-Ni(OH)2. The β-Ni(OH)2 is normally oxidized to β-NiOOH 

in a charge process. The electrochemical performance of the β-

Ni(OH)2 is known to be affected by its size and morphology. It has 

been found that β-Ni(OH)2 with a smaller crystalline size and en-

hanced specific surface area exhibits better electrochemical proper-

ties [7]. Several studies have revealed that incorporation of metallic 

compounds into the nickel electrode is an effective approach to 

improve electric conductivity of the active material and to give 

rigidity to the structure to minimize volume changes produced 

during cycling [13-17]. Moreover, adding metallic compounds such 

as Co(OH)2, CuO, CdO, Zn(OH)2 and ZnO into the nickel electrode 

are reported to have beneficial effects such as inhibiting the swell-

ing of the nickel electrode during charging and thus prolong the 

cycle – life of rechargeable batteries [5, 18-21]. 

In this study, the influence of Magnesium oxide (MgO) on the 

structural, thermal and electrochemical properties of the nickel 

hydroxide electrodes was investigated and the results are reported. 

The chemical synthesis of β-nickel hydroxide was attained in 

three steps viz. (i) addition of the reagents, (ii) digestion of the 

precipitate and (iii) drying and grinding of the precipitate. Analar 

grade potassium hydroxide (KOH) and nickel sulphate (NiSO4) 

were used as reagents. Triple distilled water was used for the solu-

tion preparation and washing of the precipitate. A solution of 1 M 

KOH was added to 1 M NiSO4 solution by dripping at a flow rate 

of 10 ml min–1 with continuous stirring. The addition of the reagent 

was ended when the pH of the suspension attains 13. Then the mix-

ture was permitted to stand for 24 h for digestion of the precipitate. 

The separation of the precipitate from the excess reagent was done 

by centrifugation at 1500 rpm for 1 h. The precipitate was washed 

thoroughly with the distilled water. Barium chloride (BaCl2 (1 M)) 

in excess was added to wash water, causing precipitation of barium 

sulphate (BaSO4). The washing of the precipitate was terminated 

when the white precipitate of BaSO4 was no more found in the 

wash water. This nickel hydroxide precipitate was dried at 60 ºC 

for 48 h. 

Magnesium oxide (MgO) was prepared by solution combustion 

method using stoichiometric composition of magnesium nitrate as 

oxidizer and urea as a fuel. The aqueous solution containing redox 

mixture was taken in a pyrex dish and heated in a muffle furnace 

maintained at 500 ± 10 ºC. The mixture finally yields porous and 

voluminous powder. 

In the present work, the following two compositions of the elec-

trode materials were attained viz. (i) with no additives (pure β-

Ni(OH)2 electrode) : 85 % β-Ni(OH)2, 10 % graphite and 5 % 

polytetrafluoroethylene (PTFE) as binder and (ii) with MgO addi-

tive : 85 % β-Ni(OH)2, 5% graphite, 5% MgO and 5% PTFE as 

binder. Similar compositions have been suggested by others [8, 21-

23]. The test electrode was made by first mixing the prepared sam-

ple nickel hydroxide powder with graphite powder and PTFE solu-

tion in the form of slurry. The resulting slurry was pasted onto a 

nickel sheet. After being coated with the paste, the resulting elec-

trode was dried at 80 ºC for 1 hr. The backside of the electrode and 

the wire were insulated with Teflon tape. The electrodes have the 

following dimensions: 1cm × 1cm area. 

The FT-IR (Infra-red) spectrum (400-4000 cm-1) of the nickel 

hydroxide was recorded on a Bruker Alpha spectrophotometer in 

KBr pellets. Structure of the fabricated MgO added β-Ni(OH)2 

electrode was determined using X-ray diffraction analysis, with a 

CuKα radiation source ( λ = 1.4581 ºA). Thermal gravimetric-

differential thermal analysis (TG-DTA) of MgO added β-Ni(OH)2 

electrode was carried out by Perkin Elmer STA 6000 thermal ana-

lyzer. Morphological and composition studies of MgO added β-

Ni(OH)2 electrode were carried out using Scanning Electron Micro-

scope (SEM) attached with Energy Dispersive X-ray (EDX) Ana-

lyzer (Model: Leica S440i INCA X-sight). 

Cyclic voltammetry (CV) measurements were carried out using 

CHI604D electrochemical workstation. For CV studies, the test 

electrode prepared as described above was used as a working elec-

trode. The platinum foil was used as a counter electrode; Ag/AgCl 

electrode was used as a reference electrode and 6M KOH solution 

was used as an electrolyte. Prior to CV studies the electrodes were 

activated in 6M KOH solution. After resting for 30 min in the KOH 

solution, the cyclic voltammograms were obtained. The cyclic volt-

ammograms (CVs) were recorded in the potential range between -1 

and +1V vs. Ag/AgCl at various scan rates and current responses 

were measured. All measurements were carried out at room tem-

perature. 

Fig. 1 shows the FT-IR spectrum of the as-prepared nickel hy-

droxide. The FT-IR spectrum confirms that the prepared nickel 

hydroxide can be characterized as β form, due to the existence of (i) 

a narrow and strong band at 3643 cm−1 relating to the υ(OH) 

stretching vibration, which indicates hydroxyl (OH) groups in a 

 

Figure 1. FTIR spectrum of  β-Ni(OH)2. 
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free configuration, (ii) the strong narrow band at 514 cm−1 corre-

sponding to υNi-OH vibration, and (iii) a band around 469 cm-1 

resulting from the Ni-O stretching lattice vibration mode, υ(Ni-O) 

[22, 24–28]. The peak observed at 1635 cm−1 generally ascribed to 

water molecules adsorbed on the surface of the particles. This sur-

face water is believed to improve the nickel hydroxide particles 

wettability [29], thus resulting in an enhanced proton transport 

within the active material during the charge/discharge process, and 

thereby a better utilization of the electrode material. 

Fig. 2 represents the XRD pattern of the MgO added β-nickel 

hydroxide. Analysis of X-ray diffraction pattern revealed the pres-

ence of cubic phase of MgO with face-centered lattice within the 

electrode material (JCPDS card 78-0430). The diffraction peaks 

observed at around 19°, 33°, 38.5°, 52° and 59° are indexed entire-

ly to a (space group: P3m1) crystal phase of β-Ni(OH)2, with the 

lattice constants of a = 3.130 Å and c = 4.630 Å , which are well 

matched with the reported standard values (JCPDS card 74-2075). 

No other peaks for the impurities such as α-Ni(OH)2 or other 

phases are noticed in the pattern. This indicates that pure β-

Ni(OH)2 was obtained under the present synthetic conditions. All 

of the diffraction peaks are broad, indicating the nanoscale 

dimensionality of the crystallites [22, 30]. In general, the broaden-

ing of XRD peaks may result from small grain sizes or structural 

micro distortions in the crystal. It has been observed that anoma-

lous broadening of the (1 0 l ) reflection lines (l ≠ 0) cannot be 

ascribed to crystallite size alone. Whereas, structural defects such 

as stacking faults and/or proton vacancies also play a significant 

role in explaining this broadening [17,19]. The (1 0 1) line displays 

a relationship with electrochemical activity, probably due to the 

presence of stacking faults in the crystalline lattice of the synthe-

sized nickel hydroxide powders [23, 31, 32]. It is known that the 

activity of nickel hydroxide is associated with its crystal structure 

[33]. The more disordered the crystal, the higher the activity. Struc-

tural disorder in nickel hydroxide can provide a better path for the 

diffusion of protons within the NiO layers and can help lower the 

free energy by increasing the entropy contribution, which can in 

turn increase the electrochemical reaction rate [34]. 

Thermal behavior of the MgO added β-Ni(OH)2 electrode 

material bonded with PTFE was studied by TG-DTA analysis. 

Typical TG-DTA curve of the MgO added β-Ni(OH)2 electrode 

material is displayed in the Fig. 3. The electrode sample underwent 

a three-step weight loss due to dehydration, decomposition and 

removal of intercalated anions along with the thermal decomposi-

tion of PTFE. The three endothermic peaks at 122.6 ºC, 318.2 ºC 

and 400.77 ºC on the DTA curve are indicative of three successive 

stages of physico-chemical changes during the heat treatment. The 

first region is below 200 ºC, which is related to the evaporation of 

the adsorbed and intercalated water molecules associated with the 

Ni(OH)2. XadsH2O deposit. The amount of water plays an vital role 

in the crystal structure and the electrochemical properties of 

Ni(OH)2. The TG curve shows a weight loss of 5.12 wt.% corre-

sponding to dehydration reaction: 

 
In the present studies, the second region is between 200 ºC and 

350 ºC, where the samples decompose to NiO (Eq. (2)). It has been 

reported that decomposition of Ni(OH)2 into NiO occurs between 

200 ºC and 350 ºC [35-39]. Thus the endothermic peak with the 

maximum located at around 318.2 ºC corresponds to the endother-

mic behavior of MgO added β-Ni(OH)2 during the decomposition 

into NiO. This peak is related to the loss of water produced by 

dehydroxylation of the hydroxide layers: 

 
The theoretical weight loss corresponding to the decomposition 

reaction (Eq. (2)) is 19.43%, and the practical weight loss corre-

sponding to this reaction, estimated from the second weight loss 

steps of TG curve is 16.37 wt.%. The difference between the practi-

cal and theoretical weight loss may be ascribed to the presence of 

and intercalated anions in these materials. The third region 

Ni(OH)2. XadsH2O Ni(OH)2 + XH2O (1) 

Ni(OH)2 NiO + H2O (2) 
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Figure 3. TG and DTA curves of the MgO added β-Ni(OH)2 elec-

trode material. 
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Figure 2. XRD pattern of MgO added β-Ni(OH)2 electrode 

material. 
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between 350 ºC and 600 ºC can be attributed to the loss of interca-

lated anions and thermal decomposition of PTFE used as a binder 

for the preparation of electrode. The weight loss corresponding to 

this region is 17.64 wt.%. Above 600 ºC, no appreciable weight 

change is observed in TG and DTA curves.  

The TG analysis shows that the MgO added β-Ni(OH)2 electrode 

material has considerable amount of adsorbed/intercalated water 

molecules, which is in agreement with the results of IR spectrum as 

discussed above. These water molecules may play substantial role 

in the enhancement of the rate-capacity performance of the elec-

trodes because they provide the passage of proton diffusion along 

the molecular chain between the layers [40]. 

The microstructural observations have been performed on MgO 

added β-Ni(OH)2 electrode using Scanning Electron Microscope 

(SEM). SEM image (Fig. 4) shows that β-Ni(OH)2 electrode mate-

rial is flaky and appears as aggregates of irregular tabular shapes, 

similar to the ball milled powders [41]. In contrast to the typical 

spherical particles of β-Ni(OH)2 [7,42], it is well-known that the 

nickel hydroxide powders with irregular tabular shapes have a 

higher specific surface area that can provide a high density of 

active sites and thereby promote intimate interaction between the 

active material and the surrounding electrolyte [43,44]. Further, 

Fig. 5 displays the EDX pattern of the MgO added β-Ni(OH)2 elec-

trode material. The EDX pattern shows the presence of 49.42 wt.% 

of Ni, 17.65 wt.% of O, 6.35 wt.% of Mg and 26.58 wt.% of C 

within the MgO added β-Ni(OH)2 electrode material. 

The capacitive behavior of an electrode material is generally 

characterized using CV curves. Fig. 6 presents typical cyclic volt-

ammograms of the nickel electrodes using pure β-Ni(OH)2 sample 

and MgO added β-Ni(OH)2 electrode material in 6M KOH electro-

lyte at the scan rate of 0.5Vs-1 at the potential window of -1 – +1V 

vs. Ag/AgCl. For both pure β-Ni(OH)2 electrode and MgO added β-

Ni(OH)2 electrode, at a scan rate of 0.5Vs-1, one anodic nickel hy-

droxide oxidation peak and one cathodic oxyhydroxide reduction 

peak are noticeable on the CV curves. For electric double-layer 

capacitors, CV curves appear nearly rectangular; however, for fara-

daic redox reactions, large redox current peaks are present. Our 

results thus indicate that the observed pair of strong redox peaks 

are mainly due to the Faradaic redox reactions. For the β–Ni(OH)2 

electrode material, the surface faradic reactions will proceed as [ 

24], 

 
The anodic peak is due to the oxidation of the β-Ni(OH)2 in to β-

NiOOH and the cathodic peak is due to the reverse process. Quasi- 

reversible electron transfer process is visible in the CV curve, indi-

cating that the capacitance is primarily based on redox mechanism 

[12]. 

In order to compare the characteristics of the two electrodes, CV 

data in Fig. 6 consisting of anodic nickel hydroxide oxidation peak 

and cathodic oxyhydroxide reduction peak potentials is tabulated in 

Table 1. Normally, the average of the anodic and cathodic peak 

potentials (Erev) can be taken as an estimate of the reversible poten-

                                  charge 

(3)  β–Ni(OH)2 + OH-  β–NiOOH + H2O + e–  

                                 discharge 

 

Figure 5. EDX spectrum of MgO added β-Ni(OH)2  electrode. 
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Figure 4. SEM image of MgO added β-Ni(OH)2  electrode. 
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tial for nickel electrodes, and the potential difference (∆Ea,c) be-

tween the anodic (Ea) and cathodic (Ec) peak potentials is a meas-

ure of the reversibility of the redox reaction [26,27]. Anodic peak 

potential (Epa) and cathodic peak potential (Epc) are found to de-

crease after the doping of MgO. Compared with that of pure β- 

Ni(OH)2, the ∆E values of the MgO added β-Ni(OH)2 are de-

creased, which indicates that the addition of MgO is found to im-

prove the reversibility of the electrode reaction remarkably. 

The strong increase in the current at the end of anodic peak 

sweep is due to the oxygen evolution reaction (Eq. 4): 

 
The polarized current is low before the appearance of electro-

chemical reaction because there are not any free electrons in the 

electrolyte. The presence of polarized current indicates the occur-

rence of redox reaction. As shown in the Fig. 6, the strong terminal 

peak deals with the oxidation peaks of water. When nickel hydrox-

ide electrode is being charged, oxygen evolution reaction is a para-

sitic side reaction, which has negative effects on the charge effi-

ciency and the structure of the electrode. Compared with that of 

pure β-Ni(OH)2, the (EOE–Epa) values of the MgO added β-

Ni(OH)2 are increased, which indicates that the addition of MgO is 

found to increase the separation of the oxidation current peak of the 

active material from the oxygen evolution current[25]. 

In Fig. 7 cyclic voltammograms of electrodes with pure β-

Ni(OH)2 and MgO added β-Ni(OH)2 electrode materials at different 

scan rates are presented. The shape of the curve indicates that the 

observed capacitance characteristic is distinct from that of the elec-

tric double layer capacitor, which would produce a CV curve that is 

usually close to an ideal rectangular shape. It can be seen from Fig. 

7 that the shape of CV curves of the β-Ni(OH)2 and electrode with 

MgO additive is not significantly influenced by the increasing of 

the scan rates. This indicates the improved mass transportation and 

electron conduction within the material. Further, it is well-known 

that the electrochemical reaction process of a nickel hydroxide 

electrode is limited by proton diffusion through the lattice [45-47]. 

According to the Randles - Sevcik equation [45], at 25 ºC the peak 

current, ip, in the cyclic voltammogram can be expressed as 

 
where n is the electron number of the reaction (~1 for β-

Ni(OH)2) , A is the surface area of the electrode (1 cm2), D is the 

diffusion coefficient, υ is the scanning rate, and Co is the initial 

concentration of the reactant. For Ni(OH)2 electrode, Co = ρ/M , 

where ρ and M are the density (4.1 g/cm3) and the molar mass (92.7 

g/mol) of Ni(OH)2 respectively. 

Fig. 8 displays the relationship between the anodic peak current 

(ip) and the square root of the scan rate (υ½) for both electrodes. 

The linear relationship between ip and υ½ confirms that the elec-

trode reaction of β-Ni(OH)2 is controlled by proton diffusion. 

Using the slope of the fitted line in Fig. 8 and Equation (5), the 

proton diffusion coefficient (D) for pure β-Ni(OH)2 electrode 

material is calculated to be, D =  1.44 ×  10-12 cm2 sec-1, which is 

comparatively smaller than that of MgO added β-Ni(OH)2 electrode 

material with D =  7.3425 x 10-12 cm2 sec-1. Thus, the proton diffu-

sion coefficient was found to increase with the addition of MgO in 

to β-Ni(OH)2 electrode material. Observed higher proton diffusion 

coefficient in the present MgO added β-Ni(OH)2 electrode is 

attributable to fewer intercalated anions, water molecules adsorbed 

on the surface of the β-Ni(OH)2 particles and high structural 

disorder density. The high density of structural disorder for nickel 

hydroxide powder is beneficial for the acceleration of solid-state 

proton diffusion in the Ni(OH)2 lattice and will diminish the 

 
  2eOOH2OH 2

1

2
2

1

2
(4) 

 
(5) 

 

Figure 7. Cyclic voltammograms of the pure β-Ni(OH)2 electrode  

and MgO added β-Ni(OH)2 electrode at various scan rates. 

 

Table 1. Potential values of CV features for pure β-Ni(OH)2 and 

MgO substituted β-Ni(OH)2 electrode materials. 

Sample Ea (V) Ec (V) EOE ∆Ea,c(V) EOE- Ea  (V) 

Pure β-Ni(OH)2 

 
0.393 0.155 0.455 0.238 0.062 

MgO substituted   

β-Ni(OH)2 
0.334 0.101 0.460 0.233 0.126 
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concentration polarization of protons during charge and discharge, 

leading to better charge- discharge cycling behavior [43]. 

β-nickel hydroxide (β-Ni(OH)2) was successfully synthesized 

using precipitation method. The effects of MgO additive on the 

structure and electrochemical performance of β-Ni(OH)2 electrode 

are examined. FT-IR and XRD analyses showed that the prepared 

Ni(OH)2 was a pure β phase. The results of the FTIR spectroscopy 

and TG-DTA studies indicate that the MgO added β-Ni(OH)2 con-

tains water molecules and anions. SEM image indicated that the β-

Ni(OH)2 electrode material is flaky and appears as aggregates of 

irregular tabular shapes, CV curves showed a pair of strong redox 

peaks as a result of the Faradaic redox reactions of β-Ni(OH)2 

particles. Anodic peak potential (Epa) and cathodic peak potential 

(Epc) values are found to decrease remarkably after the incorpora-

tion of MgO into the β-Ni(OH)2 electrode. Further, addition of 

MgO is found to improve the reversibility of the electrode reaction 

remarkably. Compared with β-Ni(OH)2 electrode, MgO added β-

Ni(OH)2 electrode is found to exhibit higher proton diffusion 

coefficient. These findings suggest that the MgO added β-Ni(OH)2 

electrode possess improved electrochemical properties such as 

enhanced reversibility of electrode reaction and higher proton dif-

fusion coefficient and thus can be recognized as a promising candi-

date for the battery electrode applications. 
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square root of the scan rate (υ½) for pure β-Ni(OH)2 electrode  and 

MgO added β-Ni(OH)2 electrode. 
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