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1. Introduction

Water splitting is a process that enables the production of 
hydrogen by direct water decomposition in its elements. 
The energy required to cleave H-O-H bonds can be supplied 
by different power sources: electrical (current), thermal 
(heat), or light (electromagnetic radiation). Generally, the 
difference in water splitting processes is made whenever 
one or another type of energy source is applied to conduct 
the reaction, referred to as electrolysis, thermolysis, or pho-
tolysis[1]. Electrolytic water splitting is driven by passing the 
electrical current through an electrolyser, where conversion 
of the electrical energy to chemical energy takes place at the 
electrode-electrolyte interface through charge transfer re-
actions. These devices have attracted attention because of 
their high energy density, safe operational mode, and high 
abundance of water. However, this promising energy stor-
age technology is limited by the sluggish kinetics of oxygen 
evolution reaction (OER) [2]. The current benchmark of elec-
trocatalysts for OER applications is based on precious metals 
(Ir and Ru) and their oxides (IrO2 and RuO2) [3]. Yet, their low 
abundance, high cost, poor chemical stability in alkaline me-
dia obstruct them from the tenable application. Therefore, 
it is vital to develop a more efficient, stable, and low-cost 
non-noble electrocatalyst for OER. Over the past few years, 
remarkable efforts have been devoted to explore electo-
catalysts based on transition metals oxides (TMOs), which 
have been proven to present high catalytic activity towards 
OER [5, 6]. In addition, TMOs are environmentally friendly 
and abundant in the Earth’s crust, and mixtures of TMOs can 
be made to promote synergistic effects to overcome typical 
issues of TMOs, such as poor electrical conductivity or lim-
ited stability. In this work, the synthesis of a trimetallic spi-
nel (Mn0.5Ni0.5 Co2O4) with a 3DOM morphology using a 
poly– methylmethacrylate (PMMA) template made of 
spheres with an average diameter of 160 nm is reported [4]. 
This material was physicochemically characterized by differ-
ent techniques to corroborate the incorporation of Mn and 
Ni into the Co3O4 crystal structure and the formation of the 
3DOM morphology. This material was evaluated in an elec-
trolyser based on an anion exchange membrane (FAA3-50 
from FumaTech) as the electrolyte. Additionally, the perfor-
mance was compared to that obtained using benchmarked 
IrO2 electrocatalysts.  

2. Experimental

Anodes were prepared using Mn0.5Ni0.5 Co2O4 samples with 
20 wt% ionomer, spraying the anodic catalytic ink directly on 
the FAA3-50 membrane, with a final loading of 3 mg/cm2. 
The cathodes were prepared by mixing, in an ultrasonic ice 
bath for 30 minutes, a commercial (Alfa Aesar) 40 wt.% Plat-
inum on carbon (Pt/C), as the electro-catalyst, and the FAA3 
ionomer (with an amount of 20 wt.% of the total solid con-
tent). The ink was deposited by spray coating technique 
onto the Sigracet 25-BC Gas Diffusion Layer (SGL) to obtain 
a gas diffusion electrode (GDE). Anode and cathode were 
made with geometrical area equal to 5 cm2. Before the as-
sembly, the anodes and cathodes were exchanged, sepa-
rately, in a 1 M KOH solution for 1 h. Then they were coupled 
by a cold-assembling procedure to realize a membrane-elec-
trode assembly (MEA) and tested in an electrolyser. The 
electrochemical characterizations were carried out in single 
cell configuration with a size of 5 cm2, in terms of polarisa-
tion curves, in a temperature range between 30°C and 60°C 
and atmospheric pressure. A 1 M KOH solution was supplied 
by a peristaltic pump to the anode compartment, at a flow 
rate of 5 ml/min. The electrochemical measurements were 
carried out using a potentiostat-galvanostat device 
PGSTAT302N equipped with an FRA module (Autolab). I-V 
curves were performed at a scan rate of 5 mV/s. 

3. Discussion

A novel and highly durable electrocatalyst for water splitting 
are presented. This work demonstrated the feasibility of 
synthesizing a trimetallic spinel with a 3DOM morphology   

Figure 1 TEM images of 3DOM Mn0.5Ni0.5Co2O4 Electrocatalyst 
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The synthesis method allows obtain spheres with diameters 
close to 160 nm allowed us to obtain a surface area of 65.73 
m2 g–1, a kind of netting is formed as shown in Figure 1. Once 
the electrodes are prepared, the catalyst samples were eval-
uated in an electrolyser, showing a very high current density 
(2.5 mA cm-2) at 2.2 V (Figure 2). This value is even better 
than that obtained with an IrO2 as anode catalyst (2 A cm-2). 
 

 

Figure 2 Linear sweep voltammetry at diferrent temperatures the 
MEA equipped with Mn0.5Ni0.5 Co2O4 anode catalyst. 

4. Conclusions 

The Mn0.5Ni0.5 Co2O4 electrocatalyst with a 3DOM morphol-
ogy showed an excellent actitvity towards OER in an anion 
exchange membrane electrolyser, paving the way for de-
creasing the cost of green hydrogen production. 
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