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MnO2 is a battery active material used in vast number of 

battery technologies. Having high defect density and 

structural disorder such as low crystallinity, small 

crystallite size, unoccupied lattice sites and foreign 

cations and molecules within the structure, these material 

is suitable for electrochemical applications [1]. Also 

being highly abundant in nature this material is quite 

cheap with respect to other battery active materials.  

Although MnO2 is used extensively in primary battery 

technologies, using these material in secondary batteries 

is a hot topic. The main problems of MnO2 based 

secondary batteries are reversibility and cycle life due to 

irreversible reactions taking place [2]. Vast number of 

elements and compounds have been tried to remedy this 

problem, however only Bi is found to have sufficient 

effects [2,3].  Yadav et. al. were able to reach 80-95 % of 

the full 2 electron capacity (617 mAh/g) at high loadings 

and areal capacities for thousands of cycles (>6000 cycle) 

with Cu-intercalated Bi-birnessite (layered) MnO2 [4,5]. 

However, the operating voltage of the battery was too 

low especially for the second electron process, yielding a 

low energy density.  

Aim of this work is to produce layered δ- MnO2 with 

various compositions using combinatorial approach to 

find new composition that can deliver full two electron 

capacity at a proper voltage value with high cyclic 

stability. The samples are produced using magnetron 

sputtering with the targets of NaMnO2, NiO, Bi2O3 and 

MnO2. Compositional range of the samples are given in 

figure1. The thick film cathodes (2-3 μm) are 

characterized with cyclic voltammetry and galvanostatic 

cycling as well as SEM and XRD.  

Different behavior of the samples is observed such as; 

high nickel content regions were giving excellent cyclic 

stability but low capacity and voltage value. On the other 

hand, high Bismuth content regions showed high capacity 

but they behaved as primary battery.  

Structural characterization of the samples showed that 

layered δ- MnO2 was successfully produced for all 

compositions. However, SEM images revealed a lot of 

peeling offs and cracks after the galvanostatic cycling 

experiments which can explain the constant capacity 

decrease in the samples.  

Prominent samples are chosen for prototyping with 

conventional methods.  
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Figure 1. Composition variations of the samples. 


