
mESC-IS 2021,   5th  Int. Symposium on Materials for Energy Storage and Conversion                              Akyaka, Mugla  
   

Induced bifunctionality in dual-doped lanthanum cobalt-based perovskite for 
zinc-air batteries 

 
Mohamed Elhousseini Hilal,1, 2 Seyfettin Berk Şanlı,2 Francis Verpoort,1 and Berke Pişkin2* 

2 Wuhan University of technology, State key laboratory of advanced technology for materials synthesis, LOCOM, Wuhan, China 
1 Mugla Sıtkı Kocman University, Engineering Faculty, Metallurgical and Materials Engineering Department, Mugla, Turkey  

 

For the last decades, multiple energy storage and conversion 

technologies were either uncovered for the first time or 

revived and further upgraded relying on the state-of-

knowledge. Zinc-air batteries (ZAB), for instance, are traced 

back to the early nineteenth century, without any noticeable 

impact on the electrical energy storage market. Until 1997 

that it re-emerged as a rechargeable risk-free strong potential 

alternative of Li-ion batteries, relying on the affordable cost 

of zinc metal and the intrinsically high theoretical energy 

density (~1300 Wh kg-1).[1] The early-stage research on 

ZABs still needs extensive corroboration at the level of all 

three compartments: Anode, electrolyte and air-cathode. In 

our works, we concentrate on designing multifunctional 

materials to secure the well-functioning of the cathode’s 

sluggish electrocatalytic reactions: oxygen evolution (OER) 

and reduction reaction (ORR). Nevertheless, engineering 

rational nano-sized materials and achieving the required 

synergism remain a major challenge.  

Perovskite oxides-based electrocatalysts having ABO3 type 

structure were comprehensively investigated to replace noble 

metals for oxygen reactions, making prove of interesting 

catalytic activities.[2] The mixed-oxide nature of perovskites 

enables tuning their properties by selecting various 

combinations of rare earth and transition metals for A and B 

sites, respectively. In this study, lanthanum-cobaltite 

(LaCoO3) was selected on account of its renowned activity 

toward OER.[2] Further tweaking of the features of such 

oxide could be achieved by introducing dopant metals into 

the structure. Consequently, not only distorting the crystalline 

structure but also modifying the oxidation state of the metal 

content and creating vital oxygen vacancies. 

LaCoO3 was dually-doped by Ca2+ and Mn+2 at the A and B 

sites, respectively, using the Pechini method for synthesis. 

The influence of such an approach on the structural,  

morphological, and electrochemical properties of the 

materials were extensively studied. X-ray diffraction (XRD) 

was performed on a batch of La1-xCaxMnxCo1-xO3, for x={0-

0.3}. The diffraction data of the synthesized perovskites was 

collected with a scan rate of 2° min-1 from 10° to 100°. The 

series of LCMC samples were used to prepare respective inks 

for drop-casting on a 5 mm diameter glassy carbon electrode 

with a loading of 0.751 mg cm-2. The working electrode, 

platinum wire, and a saturated calomel reference electrode 

were arranged as a three electrodes cell in 1M KOH 

electrolyte. All the polarization tests were performed at room 

temperature at a scan rate of 10 mV s-1. The La1-xCaxMnxCo1-

xO3  samples showed distinct electrochemical activities 

toward OER; where the overpotentials at 10 mA cm-2  have 

ranged between 546 mV, 395 mV, 357 mV, and 438 mV (vs. 

RHE) for LC, LCMC9119, LCMC8228, and LCMC7337, 

respectively. These results confirm the enhancing effect of 

calcium and manganese dual-doping on top of localizing the 

optimal amount of doping as x=2. The faster OER kinetics of 

LCMC8228 were asserted by Tafel plots in Figure 1a, 

exhibiting the smallest value 93 mV dec-1 in comparison to 

116, 96, and 99 mV dec-1 for LC, LCMC9119, LCMC7337 

respectively. The tests on the corresponding ZABs were 

performed and exhibited low charge-discharge polarizations 

differences as visible in Figure 1b, with extended 

galvanostatic life cycles for LCMC8228. The encouraging 

results obtained by this strategy of dual-doping are unlocking 

a path for further comprehension of perovskite oxides 

electrocatalytic behaviours. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. OER Tafel plots of the samples LC, LCMC9119, 

8228, and 7337 (a). ZAB charge and discharge polarization 

curves of LCMC9119, 8228, and 7337 (b). 
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