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Abstract 

The cathode material were prepared by dispersing  Co3O4 on vulcan carbon in situ and manually 

grinding in pestle and mortar. Co3O4 prepared by hydrazine based combustion method showed 

nanocrystalline nature.  Surface area was found to increase on dispersing Co3O4 on vulcan carbon by 

manually grinding it in pestle and mortar. The kinetics of the oxygen reduction reaction (ORR) was 

studied on Co3O4/C electrodes in KOH electrolyte by using cyclic voltammetry and steady state 

polarization measurements using Hg/HgO as the reference electrode. The morphological features of the 

electrocatalyst was studied by scanning electron microscopy (SEM), X-ray diffraction (XRD) & BET 

surface area.  The polarization results showed higher electrocatlytic activity for the ORR on Co3O4/C 

(G) cathode  in comparison to Co3O4/C (P) prepared by dispering Co3O4 on a vulcan carbon. 

Electrocatalytic activity of N(G) & N(P) were compared with Pt/C electrodes.  
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Introduction 

Usage of fossil fuels continuously for last decade has  created  severe environmental problems which 

calls for the urgent development of highly-efficient energy conversion and storage devices, such as fuel 

cells, supercapacitors and Lithium-ion batteries (LIBs) [1,2,3]. Fuel cells that use alkaline electrolyte 

solutions of potassium or sodium hydroxide have been studied, due to the possibility of using non-noble 

metal catalysts for both, the anode and cathode reactions[4–6]. Electrode materials are the most 

important components for the fuels cells, and their morphologies and structures plays important role in 

enhancement of electrochemical performance. Transition metal oxides can be applied as electrode 

materials for fuel cells so that a cost effective, non noble electrode material can be prepared.  

Furthermore, these electrode systems present advantages over all other low temperature fuel cell 

technologies, because the materials are more stable and the kinetics of the oxygen reduction is faster in 

alkaline environment. Thus, many of the recent studies aim to establish the best conditions for 

developing metal oxide as an effective low-cost electrocatalysts for alkaline oxygen/air electrodes, 

which can also find ‘applications in metal–air batteries [7,8]. Cathodic oxygen reduction is a widely 

studied, multistep reaction and both the products and the overpotential for the reaction depend strongly 

on the cathode material [9-14]. Oxygen reduction reaction proceeds via two pathways, direct 4e− 

reduction is envisaged to result from mechanisms where there is cleavage of the O-O bond early in the 

reaction sequence. Whereas the alternative pathways involve 2e− steps with hydrogen peroxide either as 
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the final product or as an intermediate further reduced or undergoing chemical disproportionation 

[15,16]. The rate of the further reduction and chemical decomposition of hydrogen peroxide depends 

strongly on the cathode and reaction conditions. Spinel’s AB2O4 are promising electrocatalysts for the 

oxygen reduction reaction in alkaline fuel cells, since they have no noble metals & can be prepared by 

simple methods [17,18]. Among cobalt oxides, Co3O4 is an important oxide used for electrochemical, 

magnetic, and catalytic applications. It was usually prepared by thermal decomposition of cobalt salts 

under an oxidizing atmosphere at temperatures between 250–900°C [19]. In recent years, to easily 

obtain crystalline Co3O4, many methods such as chemical vapour deposition method [20], sol-gel [21], 

spray pyrolysis [22], coprecipitation method [23], combustion method [24], solvothermal method [25]. 

However, a relatively high temperature is necessary in most of the above methods. The main thrust in 

the present work was to disperse  Co3O4  produced by solution combustion method on support vulcan 

carbon, to get good electrocartalytic activity. So electrode material were prepared by insitu and manually 

grinding Co3O4/C in agate mortar pestle.  Co3O4/C electrodes were than tested for electrocatalytic 

activity by cyclic voltametry and steady state polarisation study in presence of oxygen and air. The 

electrocatalytic activity of cobalt oxide spinel/ carbon  electrode with Pt/C electrodes for ORR in 

alkaline medium was compared. 

 

Experimental section  

All the reagents used in the present study were AR grade. 

Materials synthesis 

Co3O4 spinel [N] was prepared by the solution combustion method reported in [26].  

 
Electrochemical characterization 

 Firstly, Insitu electrode material was prepared by mixing vulcan carbon with aqueous solutions of cobalt 

nitrate, hydrazine hydrate and nitrilo triacetic acid (as per method). And then the mixture was strongly 

heated in a porcelain dish on a hot plate (at about 200–250 oC).The powder Co3O4/C obtained after 

decomposition was coded as N(P). Next, Co3O4 spinel (N) prepared by combustion method was grinded 

with vulcan carbon in agate mortar and pestle for almost 2 hrs. The powder Co3O4/C obtained was coded 

as N(G). 20% Pt/C was prepared by using Na6Pt (SO3)4 salt and vulcan carbon was reduced with formic 

acid and dried in oven at 80oC for comparison purpose. 

Activation energies for N(P) and N(G) were calculated by studying the decomposition of hydrogen 

peroxide reaction by using conventional gasometric technique proposed by[27,28]. 0.025 g catalyst was 

taken in a round bottom flask and  25 ml 6 M KOH was added to it, followed by addition of 2.5 ml of 

1.3 M of H2O2 with the help of syringe in a glass set up. 

https://www.ijfmr.com/
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Prior to measurement of electrochemical activity, electrode material N(P) and N(G) were mixed with 

15% PTFE, few drops of water was added to form a dough, was ultrasonicated and dispersed in 

isopropyl alcohol. The mixture was homogenised properly and the paste obtained was pasted on carbon 

cloth with diffusion layer [29,30].  The electrodes were pressed at 240Kg/cm2 and then sintered at 350oC 

for half an hour in muffle furnace. Electrodes N(P) and N(G) prepared were dried, sintered and mounted 

on the nickel mesh and were used for testing in a half cell, and use as working electrode in three 

electrode assembly. Front side the working electrodes was exposed to the 6M KOH electrolyte and back 

side there was nickel screen and tubing through which oxygen gas/air was passed to study the oxygen 

reduction reaction [31,32 ].Steady state current potential curves for the teflon bonded N(P) and N(G)  

electrodes were obtained by galvanostatic polarization using Hg/HgO, (KOH, mol L-1) reference 

electrode.The counter electrode was a nickel plaque. The catalyst loading was in the range of 7.45 

mg/cm2. The same three electrode assembly was utilized for cyclic voltametry studies for N(P) and N(G) 

electrodes at the scan rate between ~20 to 300 mV/s.  

 

Material structure characterization 

Powder X-ray diffraction patterns were obtained by Phillips diffractometer PW 3710 & Cu Kα radiation. 

The specific surface area of the powder was measured by Brunauer-Emmet-Teller (BET) method (N2 

adsorption) by using Nova 1200. All samples were activated around 300oC for 3hrs before adsorption 

was carried out. To investigate the characteristics surface morphology of the powders, as well as 

electrodes, scanning electron microscopy (SEM) were taken from JEOL JSM 5800.  

 

Results and discussion 

X-ray diffraction pattern as shown in figure 2, indicates cubic crystalline phase of Co3O4 with a = 7.29Ao 

& V= 387. The crystallite diameter was about 41 nm calculated by means of X-ray broadening method 

using Scherer’s equation.   

 
Figure 3 & 4 shows the current potential  (i-E) curves of Co3O4/C for oxygen reduction  reaction  both  

in presence of oxygen and air. The corresponding tafel plots corrected for mass transfer[31] were 

presented in Figure 5 from which tafel slopes and exchange current densities were evaluated.  

 

Relative current densities at an arbitrary potential of 400mV were measured by galvanostatic 

polarisation of N(P) and N(G). These values along with other kinetic parameters obtained were 

https://www.ijfmr.com/
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presented in Table 1. The electrocatalytic activity i400 was discussed in relation to the preparation of 

electrodes.  A comparison of the electrocatalytic activity of the materials for the ORR was made from 

Tafel plots, obtained with current densities corrected for oxygen diffusion effects. Figure 3 & 4 shows 

results for the electrocatalysts and for the vulcan carbon with  20% Pt/C. As expected, much higher 

activity was observed for Pt/C the tafel plot shows two linear regions with slopes changing from ca. 60 

mV/dec at lower overpotentials to 120 mV/dec at higher overpotentials. This was usually attributed to 

the different adsorbed oxygen coverage. As shown in Table 1  Tafel slopes were found to be  close to 60 

mV/dec,  as  reported by Sadiek M et al [33], for equivalent systems. 
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Based on the i-E curve, when comparative studies were conducted N(G) & N(P) shows electrocatalytic 

activity between the vulcan carbon and Pt/C electrode. Between N(P) & N(G) cathodes obtained by  

mixing Co3O4 spinel (N)  with vulcan carbon in agate mortar and pestle, N(G) cathode shows higher  

activity than  N(P) prepared by in situ preparation. Therefore when vulcan carbon was mixed with  

Co3O4  by grinding in pestle & mortar  shows higher electrocatalytic activity, higher  icurrent value  as 

well as higher surface area of 190 m2/g confirming a proper interaction between vulcan carbon and 

Co3O4 was observed. Plain vulcan carbon commercially obtained,  shows  surface area of  250 m2/g, 

which was found to decrease during electrode materials preparation of N(P) in situ preparation.  The 

presence of bulky ligand i. e. nitrilotriacetic acid, present as reactants may have some role in insitu 

preparation of the electrode material, which might be leading to the sintering of the catalyst particles, 

with consequent reduction of surface area. That the surface areas are indeed reduced was evident from 

the values of the surface area obtained by BET method as shown in Table 1. The insitu N(P)  preparation 

of electrode material shows lower surface area of 91 m2/g and electrocatalytic activity compared to its 

counterpart.  N(P) & N(G) shows exchange current density values almost very close to each other 

~1.2X10-7 & ~3.5X10-7   but lower to the Pt/C electrodes value of 1.6E3 . but higher to the plain Vulcan 

carbon as shown in Fig, 3 & 4, showing facile oxygen reduction on the N(P) and N(G) electrodes. The 

i400 activity values were lower for O2 reduction in presence of air then in presence of pure O2.  It was also 

observed that the current potential data obtained by varying the concentration of the catalyst from 2%, 

10% and 20% of Co3O4 /C gas diffusion electrode shows that there was increase in the electrocatalytic 

https://www.ijfmr.com/
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activity from 2%, to 10%, but from 10% to 20%  not much increase was observed. Fig. 7 shows the 

SEM/EDAX spectra of N(G) sample. 
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Table 1:  Showing Electrochemical data and BET Surface area 

Sample code 
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Fig. 6:  Showing SEM of a) Pt/C, b) vc, c) N(P) & d) N(G)
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CV profile of N(P) & N(G) were presented in Figure 7, which shows one  oxygen reduction peak,  

which was obtained at -0.25mV at 20mV S-1 scan rate. This peak was found to shift with increase in 

potential & decrease in current, as the scan rate was increased from 50, 100, 150, 200 mV S-1 for N(P). 

CV profile of N(G),  shows one reduction peak at high scan rate at 300 mV S-1. At lower scan rates no 

reduction peak was obtained for N(G). From CV data it can be predicted that a direct 4e- transfer takes 

place on Co3O4 /C electrodes. N(G) shows better activity than N(P)[34]. May be manually grinding in 

pestle and mortar of electrode material leads to active Co3+ in the oxide lattice sites to be present on the 

surface thus, leading to higher activity, breaking the O-O bond preferentially leading to  direct four 

electron transfer for oxygen reduction reaction. Activation energies obtained from decomposition of 

H2O2 also show lower activation energy for N(P). CV data  with detailed peaks at different scan rates 

were  presented in Table 2.  

Mechanism can be depicted as shown in following reaction for N(G) & N(P). 

                                  O2 
- + H2 O + 4e-                      HO2

- + OH-  

  

Table 2. Shows the Electrochemical parameters with activation energies for  N  & N(G), N(P) 

samples. 

 

 
Figure 7: Oxygen reduction peaks observed in the cyclic voltammogram of N(P) &  N(G). 

 

Table 2: CV data and activation energies for N(P) and N(G). 

 

Samples 

 

Peak  
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Scan rate    mV 

S-1 

Ea 
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 (Volts) mA mA cm-2 

 

 

N(P) 

-0.05 -9.0     

 

    248 

200  

  

 

 

   2.75 

-0.1 -7.2        150 

-0.15 -5.5 100 

-0.20 -2.3 50 

-0.25 -1.0 20 

  N(G) -0.26 -1.6        293 300              2.95 
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Conclusion  

Cathode materials for the study of oxygen reduction reaction were prepared by hydrazine based  

combustion method. Nanocrystals of Co3O4 were dispersed  on vulcan carbon in two ways, one by 

manually grinding and other by insitu preparation. 20% Co3O4/C cathodes of  N(P) & N(G) were used to 

measure electrochemical activity by steady state polarization technique and cyclic voltametry. N(G) 

cathodes showed higher electrocatalytic activity, higher activation energy, higher BET surface area. 

Thus showing  that there was proper interaction between Co3O4 and vulcan carbon in N(G) where both 

components were ,manually grinded.  From CV data it was predicted that oxygen reduction proceeds via 

four electron transfer, thus showing facile oxygen reduction reaction occurring on N(G).There was not 

very high difference between  exchange current density values for N(G) and N(P). 20% Co3O4/C 

cathodes showed lower electrocatalytic activity compared to Pt/C electrodes but higher to plain Vulcan 

carbon.  
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