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Abstract
In this study, we prepared particles of mixed oxides of nickel and cobalt of spinel structure of formula NiCo2O4 by the 
method of thermal decomposition of nitrates. Physical characterizations were made with X-ray diffraction (XRD) and 
Fourier transform infrared spectroscopy (FTIR). XRD and IRTF analyzes confirmed the nature and crystal structure of 
the synthesized oxide particles. The study of the optimization of the electrodes in pellets, composed of nickel cobaltite as 
active material, graphite and Teflon, by the conductivity and the porosity made it possible to show that the electrode of 30% 
of active material, 5% of teflon and 65% of graphite as the electrode optimized for its use in secondary generators. The 
electrochemical characterization shows that the optimized electrode has an equilibrium potential of 288.6 V and a capacity 
of 318 C with an efficiency of 98.9% at a current of 10 mA.
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1. Introduction
In the medium and long term, the supply of electrical energy will 
be confronted on the one hand with a considerable increase in de-
mand, and on the other hand with the reduction in primary resourc-
es (oil, gas, etc.). In addition, the production of energy, from its 
primary resources, is very polluting and has the consequence of 
global warming, not to mention the many diseases that this causes.

At the same time, the development of portable electronic devices 
requires accumulators allowing maximum autonomy with a high 
cycling capacity (charge/discharge).

In such a scenario, current research is increasingly focused on 
electrical energy conversion and storage systems, the most com-
monly used of which is the galvanic cell.

The realization of these converters passes, on the one hand, by the 
research of good electroactive materials for the electrodes and, on 
the other hand, by the choice of suitable electrolyte. However, in 
galvanic cells the reactions of reduction and/or release of oxygen 
intervene in a very notable way in the electrochemical processes 
[1]. However, the molecule of oxygen is very stable and therefore 
its reduction requires an energy of very high activation [2]. Simi-

larly, the oxygen release reaction is a limiting factor in the electrol-
ysis of water [3, 4]. Studies carried out by Sing et al, Meadowcroft, 
Trasati, Chartier, Poillerat et al have shown that the mixed oxides 
of Ni, Co, Sr, La, etc. have a good electrocatalytic activity in ox-
ygen evolution and/or reduction reactions [5-9]. In addition, they 
are characterized by their ease of implementation, low cost, good 
stability and good reactivity [1]. 

These mixed oxides fall into three families: perovskites, py-
rochlores and spinels. Perovskites refer to oxides with the general 
formula ABO3 such as calcium titanate (CaTiO3), lead zirconate 
(PbZrO3) etc... Pyrochlores describe materials of the A2B2O6 and 
A2B2O7 type where A and B are generally rare earths or transition 
metals (Ni, Co, La, Sr…) [10, 11]. As for spinels, they represent 
oxides with the formula AB2O4 and owe this name to the miner-
al compound MgAl2O4 (magnesium aluminum oxide or magne-
sium aluminate). In oxides of spinel structure, O2- anions form 
a face-centered cubic lattice, defining tetrahedral and octahedral 
cation sites in this work, we are interested in the mixed oxides 
of nickel and cobalt of the spinel type of formula NiCo2O4. The 
elaboration of the mixed oxide particles was carried out by the 
method of thermal decomposition of nitrates which consists in dis-
solving in a container stoichiometric quantities of nitrates to have 
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a homogeneous mixture and in carrying out a slow evaporation of 
the solvent by heating in a oven. The structure and morphology of 
our products have been studied by X-ray diffraction and Fourier 
transform infrared spectroscopy (FTIR). The optimization of our 
electrodes was carried out by conductivity and porosity. The elec-
trochemical analyzes were carried out by cyclic voltammetry and 
chronopotentiometry.

2. Experimental Methods
Thermal decomposition of nitrates: Stoichiometric amounts of co-
balt nitrate (Co(NO3)2, 6H2O) and nickel nitrate (Ni(NO3)2, 6H2O) 
were dissolved in distilled water. This mixture is placed in the 
oven for 24 hours at a temperature of  90oC for the total evapo-
ration of the crystallization water. The product is then brought to 
140oC for calcination. The resulting blackish solid is subjected to 
a heat pretreatment for 2 hours at 200oC then a final treatment at 
350oC for 4 hours to obtain the spinel phase.

Preparation of the electrodes: We used pellet-shaped electrodes. 
They were prepared with a mixture of active material (mixed ox-
ide of nickel and cobalt), graphite and a small amount of Teflon 
intended to give them good mechanical strength. The mixture thus 
obtained was carefully homogenized with a mortar and then intro-

duced into a Beckman-type pellet mold 13 mm in diameter.

Pellets of 200mg were prepared by compacting for 2 minutes, un-
der a pressure of 3 tons per cm2, a homogeneous mixture of 5% by 
mass of Teflon (10mg), a percentage of mixed oxide of nickel and 
cobalt varying between 10 and 60% and a percentage of graphite 
sufficient to complete 100% [12].

3. Results and Discussions
3.1. X-Ray Diffractograms
The crystallinity of our products was examined by X-ray dif-
fraction with a Siemens D-500 type diffractometer configured in 
Bragg-Brentano mode. The resulting diffractogram shown in Fig. 
1 revealed that all the lines index into the spinel-like face-cen-
tered cubic system. The 8 peaks corresponding to the reflections of 
planes 111, 220, 311, 222, 400,422, 511 and 440 and are character-
istic diffraction lines of a crystallized phase of spinel type accord-
ing to the file (JCPDS No. 73-1702). All these peaks (in particular 
the characteristic one at 311) clearly indicate that the binary mixed 
oxide crystallized in cubic spinel spatial phases FD3m with a total 
absence of parasitic peaks like NiO or CoO. This demonstrates the 
purity of the product.

 

 

Figure 1: X-ray diffractogram 

 
In the following table are recorded the reticular distances and the lattice parameters of NiCo2O4. The 
mesh parameters are determined from the reticular distances dhlk of the planes h, l, k by the relation: a = 
dhlk (h2+k2+l2)1/2. 

Table 1: values of reticular distances and lattice parameters 
 

hkl  111 220 311 222 400 422 511 440 
dhkl 0,4685 0,2866 0,2443 0,2342 0,2028 0,1654 0,1559 0,1434 

      a  0,8115 0,8106 0,8102 0,8113 0,8112 0,8103 0,8101    0,8112 
 
The average value of the lattice parameter obtained, a = 0.8108, shows that the oxide indeed belongs to 
the face-centered cubic lattice. This value is comparable to that given in the ASTM sheets (aNiCo2O4 = 
0.8128) (JCPDS-ICDD sheets 9-418 and 2-1074). 
 
Fourier Transform Infrared Spectroscopy (FTIR) 
We used FTIR spectroscopy in order to provide additional information about the type of metal oxides 
as it is known to be a powerful tool in the characterization of mixed oxides [13]. Figure 2 shows the 
spectrum of NiCo2O4 oxide prepared by thermal decomposition of nitrates. The two absorption bands 
strong at 556 cm-1 and 657 cm-1 correspond to the metal-oxygen stretching of the tetrahedral and 
octahedral sites respectively, which are characteristic of pure spinel cobaltites [14, 15]. 
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Figure 1: X-Ray Diffractogram

In the following table are recorded the reticular distances and the lattice parameters of NiCo2O4. The mesh parameters are determined 
from the reticular distances dhlk of the planes h, l, k by the relation: a = dhlk (h

2+k2+l2)1/2.

hkl 111 220 311 222 400 422 511 440
dhkl 0,4685 0,2866 0,2443 0,2342 0,2028 0,1654 0,1559 0,1434
a 0,8115 0,8106 0,8102 0,8113 0,8112 0,8103 0,8101 0,8112

Table 1: Values of Reticular Distances and Lattice Parameters
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The average value of the lattice parameter obtained, a = 0.8108, 
shows that the oxide indeed belongs to the face-centered cubic lat-
tice. This value is comparable to that given in the ASTM sheets 
(aNiCo2O4 = 0.8128) (JCPDS-ICDD sheets 9-418 and 2-1074).

3.2. Fourier Transform Infrared Spectroscopy (FTIR)
We used FTIR spectroscopy in order to provide additional infor-

mation about the type of metal oxides as it is known to be a pow-
erful tool in the characterization of mixed oxides [13]. Figure 2 
shows the spectrum of NiCo2O4 oxide prepared by thermal decom-
position of nitrates. The two absorption bands strong at 556 cm-1 
and 657 cm-1 correspond to the metal-oxygen stretching of the tet-
rahedral and octahedral sites respectively, which are characteristic 
of pure spinel cobaltites [14, 15].

 

Figure 2 : IR spectrum 
 
Electrode electronic conductivity measurement 
The prepared pellets are introduced into a device called a mercury contact conductivity cell developed 
by YU et al [16] see simplified figure (figure 3). 
Electronic conductivity measurements were made with a multimeter. The device used makes it possible 
to directly read the resistance R of the sample; by measuring its thickness e and its section s, we obtain 

the conductivity by applying the relation : λe  =
Rs
e

 

 

Figure 3: Conductivity cell 
Influence of the percentage of MA: The results were obtained with pellets whose percentage of MA 
varies from 10 to 60%. The mass of the pellets is about 200mg. 
 
Table 2: Conductivity values according to % MA 
 

 

 

 

 

%Téflon % MA S(cm) e (cm) R(ohm) λ 
5%(10mg) 10%(20mg) 1,3 0,100 0, 308 0,249 
5%(10mg) 20%(40mg) 1,3 0,110 0,467 0, 181 
5%(10mg) 30%(60mg) 1,3 0,120 0,700 0,132 
5%(10mg) 40%(80mg) 1,3 0,130 0,925 0, 108 
5%(10mg) 50%(100mg) 1,3 0,135 1,300 0,079 
5%(10mg) 60%(120mg) 1,3 0,120 1,620 0,057 

Figure 2: IR Spectrum
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Figure 3: Conductivity Cell
3.3.1. Influence of the Percentage of MA
The results were obtained with pellets whose percentage of MA varies from 10 to 60%. The mass of the pellets is about 200mg.
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%Téflon % MA S(cm) e (cm) R(ohm) λ
5%(10mg) 10%(20mg) 1,3 0,100 0, 308 0,249
5%(10mg) 20%(40mg) 1,3 0,110 0,467 0, 181
5%(10mg) 30%(60mg) 1,3 0,120 0,700 0,132
5%(10mg) 40%(80mg) 1,3 0,130 0,925 0, 108
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Table 2: Conductivity Values According to % MA
 

 

Figure 4: Variation of conductivity as a function of % MA 
 
It is noted that the conductivity of the electrode decreases with the increase in the percentage of active 
material. 
 
Influence of graphite percentage: The results were obtained with 200mg pellets whose percentage of 
graphite varies from 85 to 35%. 
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Figure 5: varition in conductivity as a function of % graphite 

 

%Téflon % graphite S(cm) e (cm) R(ohm) λ 
5% (10mg) 85%(170mg) 1,3 0,100 0, 308 0,249 
5%(10mg) 75%(150mg) 1,3 0,110 0,467 0, 181 
5%(10mg) 65%(130mg) 1,3 0,120 0,700 0,132 
5%(10mg) 55%(110mg) 1,3 0,130 0,925 0, 108 
5%(10mg) 45%(90mg) 1,3 0,135 1,300 0,079 

5%(10mg)      35%(70mg) 1,3 0,120 1,620 0,057 

Figure 4: Variation of Conductivity as a Function of % MA

It is noted that the conductivity of the electrode decreases with the increase in the percentage of active material.

3.3.2. Influence of Graphite Percentage
The results were obtained with 200mg pellets whose percentage of graphite varies from 85 to 35%.

%Téflon % graphite S(cm) e (cm) R(ohm) λ
5% (10mg) 85%(170mg) 1,3 0,100 0, 308 0,249
5%(10mg) 75%(150mg) 1,3 0,110 0,467 0, 181
5%(10mg) 65%(130mg) 1,3 0,120 0,700 0,132
5%(10mg) 55%(110mg) 1,3 0,130 0,925 0, 108
5%(10mg) 45%(90mg) 1,3 0,135 1,300 0,079
5%(10mg)  35%(70mg) 1,3 0,120 1,620 0,057

Table 3: Conductivity Values According to the % of Graphite
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Figure 5: Variation in Conductivity as a Function of % Graphite
The results indicate that the conductivity of the electrode increases 
with the percentage of graphite.

3.4. Experimental Method for Measuring Porosity
The samples of raw materials, pelleted and prepared as during the 
measurement of the conductivity are weighed then conditioned in 
an electrolytic solution of KOH 5M for 48 hours. The samples are 
then removed and weighed, taking care to quickly wipe off the 
electrolyte deposited on both sides with filter paper. The mass M 
of the impregnated sample is thus measured. If Mo was the mass of 

the dry sample, the porosity is obtained by applying the following 
relation.

3.4.1. Influence of the Percentage of MA
The following results were obtained with samples in which the 
percentage of MA varies from 10 to 50%.

The results indicate that the conductivity of the electrode increases with the percentage of graphite. 
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It appears in Figure 6 that the electrolytic retention capacity (porosity) decreases with the increase in 
the percentage of MA. This shows a low accessibility of the electrolyte within the electrode due to a 
low wettability of the active material (cobalt and nickel oxide). 
 
 

 

 Figure 6: variation in porosity as a function of  %MA 
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20 197 253 284,3 
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40 196 223 137,7 
50 197 219 111,7 
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Table 4: Porosity Values as a Function of % MA

It appears in Figure 6 that the electrolytic retention capacity (porosity) decreases with the increase in the percentage of MA. This shows 
a low accessibility of the electrolyte within the electrode due to a low wettability of the active material (cobalt and nickel oxide).
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The results indicate that the conductivity of the electrode increases with the percentage of graphite. 
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3.4.2. Influence of Graphite Percentage
The following results were obtained with samples whose percentage of graphite varies from 85 to 45%, the percentage of Teflon is con-
stant and is equal to 5% (10mg), the percentage of MA varies from 10 to 50% and the mass of each sample is about 200mg.

% graphite MO (mg) M (mg) µ(mg/g d’électrode)
85 199 267 341,7
75 197 253 284,3
65 198 241 217,2
55 196 223 137,7
45 197 219 111,7

Table 5: Porosity Values According to the % of Graphite

Figure 7 shows that the porosity increases with the graphite content in the sample, which means that the graphite provides good electro-
lytic impregnation, the electrolyte is more accessible within the electrode with the increase in the graphite content.

Influence of graphite percentage : The following results were obtained with samples whose 
percentage of graphite varies from 85 to 45%, the percentage of Teflon is constant and is equal to 5% 
(10mg), the percentage of MA varies from 10 to 50% and the mass of each sample is about 200mg. 
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Electroactivity in a basic medium 
The electrochemical response (electroactivity) of the optimized electrode was analyzed by cyclic 
voltammetry in an aqueous medium containing KOH,05M. The study was carried out in a range of 
potentials between -150 and +600mV/ECS with sweep rates of 10, 20, 30, 40, 50, 60, 70, 80, 90 and 
100 mV/s. 
The VC curves of the oxide give well defined redox peaks, this indicates that the reaction mechanism 
in the electrode material is a faradaic process. The anodic and cathodic peaks are between 0.15 - 0.20V 
and 0.35- 0.45V. 
Gong et al. [17] and other researchers [18, 19] have attributed these redox peaks to the reversible 
reactions of the Co4+ / Co3+ and Ni3+ / Ni2+ pairs associated with OH- ions. Since nickel and cobalt ions 
undergo oxidation and reduction at neighboring potentials, it is difficult to separate the peaks 
corresponding to these ions in the cyclic voltammetry curve. 
 

Figure 7: Variation in Porosity as a Function of % Graph
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3.5. Electroactivity in a Basic Medium
The electrochemical response (electroactivity) of the optimized 
electrode was analyzed by cyclic voltammetry in an aqueous me-
dium containing KOH,05M. The study was carried out in a range 
of potentials between -150 and +600mV/ECS with sweep rates of 
10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 mV/s.

The VC curves of the oxide give well defined redox peaks, this 
indicates that the reaction mechanism in the electrode material is a 

faradaic process. The anodic and cathodic peaks are between 0.15 
- 0.20V and 0.35- 0.45V.

Gong et al. and other researchers have attributed these redox peaks 
to the reversible reactions of the Co4+ / Co3+ and Ni3+ / Ni2+ pairs 
associated with OH- ions [17-19]. Since nickel and cobalt ions un-
dergo oxidation and reduction at neighboring potentials, it is diffi-
cult to separate the peaks corresponding to these ions in the cyclic 
voltammetry curve.

 
Figure 8. Cyclic voltammogram of the NiCo2O4 electrode from the speed of 10 mV/s to 100mV/s in steps of 10 in KOH 5M. 

 
Electrochemical kinetics and equilibrium potential 
For the study of the electrochemical kinetics of the electroactive system and its reversibility, we noted 
the values of the currents (Ip) and potentials (Ep) of the peaks of oxidation and reduction on the 
voltammograms of  figure 8. The results obtained are recorded in Table 6 in order to plot the Ip curves 
as a function of the square root of the sweep speed (v1/2) (Figure 9) [20]. 
 

Tableau  6 : 

 
Figure 9 shows that the peaks of the anodic and cathodic currents increase linearly with the square root 
of the sweep speed which indicates that the redox reactions of NiCo2O4 are fast in the electrodes [21, 
22] and the diffusion of electrolytic ions OH- is a speed control process [23, 24]. 

 

V (mV /s) 
 V  

Ip
ox ( mA  ) Ip

red( mA  ) Ep
ox (mV ) Ep

red (mV ) (Ep
ox + Ep

red

)/2 

  (Ep
ox -Ep

red

)/V 

100 10 64,56 -43,23 450,84 128,36 289,60 3,22 

90 9,48 61,31 -41,19 447,44 131,76 289,60 3,51 

80 8,94 57,96 -38,68 444,04 135,16 289,60 3,86 

70 8,36 53,88 -36,17 439,14 138,56 288,85 4,29 

60 7,74 49,70 -33,29 434,23 141,96 288,09 4,87 

50 7,07 45,15 -29,21 427,43 153,66 290,54 5,47 

40 6,32 39,77 -26,33 419,12 160,46 289,76 6,47 

30 5,47 34,01 -21,32 408,92 168,76 288,84 8,00 

20 4,47 26,96 -16,40 397,22 177,07 287,14 11,00 

10 3,16 16,65 -08,97 369,02 198,97 283,99       17,00 

Figure 8: Cyclic Voltammogram of the NiCo2O4 Electrode from the Speed of 10 mV/s to 100mV/s in Steps of 10 in KOH 5M

3.6. Electrochemical Kinetics and Equilibrium Potential
For the study of the electrochemical kinetics of the electroactive system and its reversibility, we noted the values of the currents (Ip) and 
potentials (Ep) of the peaks of oxidation and reduction on the voltammograms of  figure 8. The results obtained are recorded in Table 6 
in order to plot the Ip curves as a function of the square root of the sweep speed (v1/2) (Figure 9) [20].

Table 6

Figure 9 shows that the peaks of the anodic and cathodic currents increase linearly with the square root of the sweep speed which indi-
cates that the redox reactions of NiCo2O4 are fast in the electrodes and the diffusion of electrolytic ions OH- is a speed control process 
[21-24].

V (mV /s)   Ip
ox (mA ) Ip

red(mA ) Ep
ox (mV) Ep

red (mV)  (Ep
ox + Ep

red)/2   (Ep
ox -Ep

red )/V
100 10 64,56 -43,23 450,84 128,36 289,60 3,22
90 9,48 61,31 -41,19 447,44 131,76 289,60 3,51
80 8,94 57,96 -38,68 444,04 135,16 289,60 3,86
70 8,36 53,88 -36,17 439,14 138,56 288,85 4,29
60 7,74 49,70 -33,29 434,23 141,96 288,09 4,87
50 7,07 45,15 -29,21 427,43 153,66 290,54 5,47
40 6,32 39,77 -26,33 419,12 160,46 289,76 6,47
30 5,47 34,01 -21,32 408,92 168,76 288,84 8,00
20 4,47 26,96 -16,40 397,22 177,07 287,14 11,00
10 3,16 16,65 -08,97 369,02 198,97 283,99 17,00

V
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4. Conclusion
Nickel cobaltite NiCo2O4 mixed oxide particles were synthesized 
by the thermal decomposition method of nitrates. Analysis by 
X-ray diffraction (XRD) has shown that the nickel cobaltite ob-
tained at 350oC is a pure spinel-type phase whose ideal unit cell is 
a face-centered cubic lattice with an average value of the parame-
ter of mesh equal to 8.108 Å. Infrared spectroscopy also confirms 
the nature of the synthesized products. The analysis of the various 
results on the study of the conductivity and the porosity made it 
possible to retain that the sample of 30% of active material, 5% of 
teflon and 65% of graphite as the electrode optimized for its use in 
secondary generators.

Analysis of the voltammetric curves made it possible to highlight 
the redox couples involved in the reaction and to determine the 
equilibrium potential of the electrode Eequ = 288.6 mV. Chro-
nopotentiometry made it possible to determine the experimental 
capacity of the optimized electrode Qexp = 318 C with a yield of 
98.9%. The results obtained attest that the studied composite is a 
promising electrode for secondary generators.
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