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Ni, Mn-Composites as Electrode Materials for Hybrid Supercapacitors with 
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With increasing attention to energy and environmental issues, hybrid supercapacitors with 
polymer electrolytes are highly valued as a new type of energy storage device. The key problem 
with them is to maintain high ionic conductivity, as well as good electrolyte-electrode contact. By 
changing the chemistry of polymer electrolyte, their ionic conductivity and stability can be easily 
adjusted. New and promising classes of electrode materials for supercapacitors are binary and 
ternary Ni-Mn oxides / hydroxides, as their properties are directly related to the synergistic effect 
of Ni and Mn ions. Phosphate compounds are an alternative due to their high stability, but their 
capacitive operation in alkaline environments is still far from desirable. The challenge, therefore, 
is to investigate and improve the capacitive characteristics of phosphates in non-aqueous 
electrolytes. The present study aims to investigate the capacitive properties of Ni-Mn phosphates 
with olivine (LiNi0.5Mn0.5PO4) and maricite structure (NaNi0.5Mn0.5PO4) as electrode materials in 
supercapacitors with polymer electrolyte and compare their properties with Ni-Mn oxides. 

Pyrrolidinium based poly(ionic liquid) (PIL) was obtained applying a multi-step procedure. 
Initially, a diallyl amine hydrochloride monomer was synthesized, followed by its polymerization 
and subsequent functionalization. The obtained PIL with different additives was used as an 
electrolyte in supercapacitor systems. For the synthesis of LiNi0.5Mn0.5PO4 and NaNi0.5Mn0.5PO4 a 
phosphate-formate precursor method was adopted. The mixed Ni-Mn oxides were obtained by 
thermal decomposition of mixed Ni-Mn carbonates at 400oC, the latter being prepared by co-
precipitation from the nitrate salts with KHCO3 in a flow of CO2. 

The electrochemical performance of the composite electrodes was examined in hybrid 
supercapacitor cells working in PIL electrolyte and activated carbon as a negative electrode. The 
capacitor cells were subjected to cyclic voltammetry measurements, galvanostatic charge-
discharge and long-term tests. The obtained results show that further optimization of the 
composition of the composite phosphate electrode is needed in order to achieve a higher discharge 
capacitance and efficiency in the polymer electrolyte. 
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