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Abstract
The NaFeO2 sample was synthesized using the solid-state reaction method. X-ray diffraction (XRD) was performed to confirm 
the crystal structure of NaFeO2 using an X-ray diffractometer. The crystal structure of NaFeO2 was confirmed to be a trigonal 
structure with a space group of R-3 m. The lattice parameters were found to be a0 = b0 = 3.0251 Å and c0 = 16.0983 Å. The 
temperature dependence of the zero-field-cooled (ZFC) and field-cooled (FC) curves from temperatures of 4.2–295 K was 
measured using the vibrating sample magnetometer (VSM). From the ZFC–FC curves, it was found that the Néel tempera-
ture (TN) of NaFeO2 was 11 K. The temperature dependence of the Mössbauer spectra from 4.2 to 295 K indicates that the 
magnetic hyperfine field (Hhf) and isomer shift (δ) decreased with increasing temperature. The electric quadrupole splitting 
(ΔEQ) rapidly increased at TN.
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1  Introduction

With the increase in environmental pollution around the 
world, there is an increase in the production of environmen-
tally friendly vehicles, such as hybrid electric vehicles 
(HEVs) and plug-in hybrid electric vehicles (PHEVs). Con-
sequently, there is a growing interest in secondary batteries. 
Currently, lithium is the most widely used material for cath-
odes in the secondary battery industry owing to its excellent 
electrochemical performance. However, although the 
demand for lithium is increasing, it is present in only 0.065% 
of the earth’s crust, and its distribution is not uniform. Thus, 
this is a disadvantage in terms of cost. As an alternative to 
lithium, sodium-based transition metal (TM) layered oxides 
are being studied for cathode materials. The TM materials 
are Fe, Mn, Co, Ni, and Ti. Sodium has the advantage of 
being cheaper than lithium because of its abundant reserves. 
In addition, sodium has an appropriate redox potential 
E

◦

(Na+∕Na)
 =  − 2.71 V when compared to standard hydrogen 

electrode [1–3]. This value is 0.3 V higher than that of lith-
ium. Sodium-ion batteries have properties such as high 
power and energy densities, temperature stability, and easy 
recycling. The NaFeO2 has a good reversible capacity of 
80–100 mg−1 at the flat voltage of 3.3 V and good cycling 
performance. However, its reversible capacity has signifi-
cantly deteriorated above 3.5 V. The recent research shows 
that the operating voltage above 3.5 V is possible with the 
Fe3+/Fe4+ redox reaction [4–7]. We investigated the crystal 
structure and magnetic properties of NaFeO2. The crystal 
structure was measured by refining the Rietveld refinement 
method using an X-ray diffractometer, and the temperature 
dependence of the magnetic properties was measured using 
VSM and Mössbauer spectroscopy.

2 � Experiments and discussion

The NaFeO2 sample was synthesized using a solid-state 
reaction method. The starting materials Na2CO3 (99.5%) 
and Fe3O4 (99%) were in a mixed ratio 1:1, and ground in 
an agate mortar. The mixture was calcined at 300 °C for 
5 h and the calcined mixture was ground. The powder of 
the mixture was compressed using a disk-shaped pellet, 
and the pelletized sample was sintered at 650 °C for 12 h. 
The crystal structure of the NaFeO2 sample was measured 
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