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The Na-doped Li1-xNaxFePO4 (x = 0.0, 0.01, 0.05, 0.1, 1) samples were synthe-
sized by solid-state reaction method and investigated with X-ray diffractometer
(XRD), vibrating sample magnetometer (VSM) and Mössbauer spectrometer. Based
on XRD patterns, analyzed by the Rietveld refinement method, Li1-xNaxFePO4

samples were determined to have an orthorhombic structure with space group
Pnma. From the temperature-dependent magnetization curve, we have determined
the Néel temperature (TN) and observed abnormal antiferromagnetic behavior.
Below TN, the Mössbauer spectra appeared to have asymmetrical line-shapes
and were analyzed with one set of eight absorption lines. The Mössbauer spec-
tra also showed the Néel temperature (TN) as well as the abnormal antifer-
romagnetic behavior as in the temperature-dependent magnetization curve. The
abnormal antiferromagnetic behavior is expected to be originated from the spin
reorientation and the corresponding spin reorientation temperature (TS) is deter-
mined experimentally. © 2017 Author(s). All article content, except where other-
wise noted, is licensed under a Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/). [http://dx.doi.org/10.1063/1.4977068]

I. INTRODUCTION

The olivine-type lithium iron phosphate (LiFePO4) has been investigated extensively as a sec-
ondary battery cathode material because it can offer high power capacity, low cost, safety, and long
cycling life for the related applications. However, the electronic conductivity of LiFePO4 is smaller
compared to other materials. To overcome this limitation, various preparation methods have been
tried.1–4 Some of examples are carbon coating, substitution and size reduction. Among these meth-
ods, the sodium substitution was reported to increase the electronic conductivity as well as lower
manufacturing cost than lithium.5–7 In addition, using sodium-ion batteries can be benefited from
the large-scale energy storage necessary for the operation of heavy equipment and electric/hybrid
electric vehicles.8,9

Here, we have studied the crystal structure and magnetic properties of the Na-substituted olivine-
type Li1-xNaxFePO4 (x = 0.0, 0.01, 0.05, 0.1, 1) based on X-ray diffraction (XRD), vibrating
sample magnetometry (VSM) and Mössbauer spectroscopy. In addition, detailed study of abnormal
antiferromagnetic behavior, which is from the spin reorientation phenomenon, is presented.

II. EXPERIMENT PROCEDURE

A. Synthesis of Li1-xNaxFePO4 (x = 0.0, 0.01, 0.05, 0.1, 1)

The Na-doped Li1-xNaxFePO4 (x = 0.0, 0.01, 0.05, 0.1, 1) samples were synthesized by solid-
state reaction method. The starting materials were FeC2O4·2H2O (99%), NH4H2PO4 (98%),
Na(CH3COO) (99.995%) and Li2CO3 (99.99%). These materials were mixed and ground by using
the agate mortar. Then, the mixture was calcinated at 350 ◦C under argon gas atmosphere for 4 hours
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