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Sodium-ion batteries (SIBs) based on cost-effective and 

naturally abundant sodium cation have become potential 

candidates for low cost and sustainable EESs [1]. The 

cathode active materials plays a key role in overall 

performance of SIBs. Among the cathode active materials, 

sodium-based layered transition metal oxides NaxMeO2
 
 

(x1.0, Me=Ti, Cr, Mn, Fe, Co, Ni etc.) have been 

considered as one of the most promising cathode materials 

for sodium ion batteries because of high specific capacity, 

low cost and facile preparation methods. However, sodium 

layered transition-metal oxides exhibit i)poor air stability, 

ii)phase transition during charge/discharge, iii)low 

conductivity, leading to rapid capacity decline and 

deteriorated rate capability and iv)contain toxic and 

expensive Co and Ni elements[1]. In order to enhance water 

resistant and conductivity and suppress the phase transitions 

of Na-layered metal oxides over a wide compositional range, 

some methods such as metal ion doping, a metal oxide (or 

carbon) coating on the surface, special structure/composition 

design and size reduction have been demonstrated to be an 

efficient method. Aiming to address these issues, herein, for 

the first time, we report a novel, low Ni content and Co free 

O3-type layered oxide cathode material, O3-

NaMn0.42Fe0.42Ni0.17O2, for SIBs. Ni2+, Cu2+ and Ca2+ 

substitution for Mn4+ and Fe3+ is carried out to obtain air-

satable O3-type layered oxide cathode material. This material 

can show a reversible capacity of about 120 mAh g−1 at 0.1C 

(1C=160 mAh/g) at an average voltage of 3.2 V. When 

coupled with hard carbon anode, a full cell gives an energy 

density of 220 Wh kg−1 based on the total mass of cathode 

and anode, high Coulombic efficiency of 99.9%, and long 

cycle life. These desired performances of O3-

NaMn0.33Fe0.33Ni0.21Cu0.08Ca0.04O2 make it a promising 

material for practical applications in SIBs O3-

NaMn0.33Fe0.33Ni0.21Cu0.08Ca0.04O2

Figure 1. Powder XRD pattern of the as-prepared and 24h 

air-exposed O3-NaMn0.33Fe0.33Ni0.21Cu0.08Ca0.04O2 samples 

 

Figure 2. Cycling performance of the O3-

NaMn0.42Fe0.42Ni0.17O2 and O3-

NaMn0.33Fe0.33Ni0.21Cu0.08Ca0.04O2 in the voltage range of 

1.5−4.05 V versus Na+/Na at the current density of 80 mA g-1 

(1C=160 mAh/g 
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