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Secondary metal air batteries are emerging as a suitable 

technology for storing energy obtained from renewable 

energy sources. Energy density of zinc air battery are 

attractive for that purpose  and bacause the Zn is cheap, non-

toxic, works in humid environment and in water electrolytes, 

has a low self-discharge and ofers recyclable, the Zn-Air 

battery technology advantages over lithium–air batteries, and 

thus it is one of the most promising candidates.  The main 

problem with their commercialization is the lifetime, which is 

related to the degradation of the electrodes during cycling. 

Traditionally, the gas diffusion electrode (GDE) consists of 

gas diffusion layer which ensures the needed oxygen and 

catalytic layer where the oxygen reduction/evolution takes 

place. The catalytic layer containing a bifunctional catalyst, 

usually comprising expensive precious metals, e.g. Pt, Ir or 

Ag. The classical gas diffusion layer containing carbon black, 

which is oxidized during charging [1] . This leads to the 

destruction of the electrodes and is a limiting factor for the 

life of the secondary metal-air batteries. The problem solving 

approach is the replacement of carbon with non-carbon 

material [1].  

In this work we propose an innovative concept for a 

monolithic gas diffusion electrode, in which the gas diffusion 

and catalytic layers are combined in a so-called monolithic 

gas diffusion electrode. It is based on non-noble metal oxides 

such as Co2O4, NiCo2O4 and produced by hot pressing of a 

mixture with most commonly applied hydrophobic bonding 

material, polytetrafluoroethylene (PTFE). Additianally, to 

enhanced electrical conductivities and thus to increase OER 

performances, up to 30 wt %  Nickel powder was included. 

The prodused monolithic gas diffusion electrodes were tested 

in a half-cell configuration with 6 M KOH electrolyte with  

stainless steel as counter electrode and hydrogen reference 

electrode (HRE, Gascatel) at room temperature. The results 

were compared with the so called Baseline (BL) carbon 

electrode [1] fabricated by gas-diffusion layer (GDL): Vulcan 

XC-72(Cabot corp.), modified by PTFE (Teflon emulsion, 

Sigma Aldrich) and active layer (AL):  mixture of Ag (70 

wt.%),  Co3O4 (20 wt.%) and PTFE powder (10 wt.%).  

The electrochemical behavior of the electrodes was examined 

as steady state measurements and charge/discharge tests. 

Steady state curves were recorded using a Solartron 

Schumberger 1820 potentiostat and Tacussel (Bi-PAD) 

supplied with commercial software. Charge/discharge tests 

were performed using an eight channel Galvanostate 54 

(PMC) working in the potential range -1,0 V to +2 V in the 

exploitation conditions: charged (OER) for 45 min and 

discharged (ORR) for 30 min 

The electrochemical behavior of the new type of monolithic 

gas-diffusion electrodes is presented on Fig.1. It is 

comparable to that of the classical BL carbon-based gas-

diffusion electrodes. Monolithic electrodes containing 

Ni:NiCo2O4 have better characteristics: during discharge they 

reach a current density of 45 mA/cm2, in contrast to those 

containing Ni:Co3O4, reaching a current density of 

12 mA/cm2. 

 

 

 

 

 

 

 

 

 

 

Figure1. Volt-ampere characteristics on monolithic gas 

diffusion electrodes during discharge and charge compared 

with the BL carbon based gas diffusion electrode. 

Better mechanical and chemical stability of Ni: Ni:NiCo2O4 

electrodes is also registered by charge/discharge cycles, it is 

stable without significant changes for more than 150 cycles.  

The proposed carbon free gas diffusion electrodes based on 

Nickel- and Co-based bifunctional electrocatalysts show 

acceptable overpotentials for both O2 reduction and 

evolution. 
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