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A B S T R A C T

Various compositions of Fe1−xZnxPO4 (x= 0.1, 0.2, 0.3, and 0.5) were synthesized by solid-state reaction and
chemical lithium deintercalation processes, and their magnetic properties were characterized based on
Mössbauer analysis. The synthesized Fe1−xZnxPO4 have orthorhombic structures with space group Pnma. The
magnetization curves of Fe1−xZnxPO4 show the antiferromagnetic behaviors and magnetic phase transition
caused by the strong crystal field in the FeO6 octahedral sites. The Néel temperature (TN) of Fe1−xZnxPO4 for
x=0.1, 0.2, 0.3, and 0.5 was found to be 97, 82, 63, and 62 K, respectively. Mössbauer spectra below TN
appeared to have eight Lorentzian lines with antiferromagnetic ordering. The charge state of Fe ions is the high
spin state of Fe3+, as characterized by an isomer shift (δ=0.28–0.43mm/s). The value of magnetic hyperfine
field (Hhf) decreased with increasing Zn concentration because the superexchange interaction via Fe–O–Zn link is
weaker than that via Fe–O–Fe link. Also, the value of electric quadrupole splitting (ΔEQ) gradually decreased
with increasing Zn concentration due to the substitution of a Zn ion for the Fe ion, inducing a change in the
charge asymmetry at the FeO6 sites. The Debye temperatures are found to decrease with increasing Zn con-
centration.

1. Introduction

LiFePO4 is regarded as one of the most promising cathode materials
for Lithium-ion batteries due to its eco-friendly properties, high energy
density, low cost of production, high thermal stability, and commend-
able life cycle [1–4]. LiFePO4 has olivine structure, in which corner-
shared FeO6 octahedra and edge-shared LiO6 octahedra running par-
allel to the b-axis, which are linked together by the PO4 tetrahedra.
However, the main limitations of LiFePO4 are low electronic con-
ductivity and low lithium-ion mobility [5,6]. To overcome these major
drawbacks, many different approaches were developed, such as redu-
cing particle size in the nano–range, surface coating with conductive
agents, and doping Li or Fe sites with other cations [7–12]. Theoreti-
cally, cation doping can reduce the band gap, which leads to the con-
ductivity improvement essentially [13]. Various of single element
doping have been extensively reported, such as vanadium, magnesium,
zinc, aluminum, and molybdenum [14–17].

Recent studies on Zn-doped LiFePO4 have shown that zinc sub-
stitution affects the electrochemical performance of this cathode ma-
terial [18,19]. Many researchers have reported that the electron con-
ductivity of LiFePO4 is enhanced by Zn-doping and the specific
discharge capacity was largely increased [20–24]. A clear

understanding of the Zn- substitution mechanism in the lithium-ion
charge/discharge process, its effect on the crystal structure of FePO4,
and how this structural change is related to the magnetic properties of
FePO4 is needed.

In this paper, we present a study on Zn-doping dependence of
magnetic properties in antiferromagnetic Fe1−xZnxPO4 (x=0.1, 0.2,
0.3, and 0.5), investigated with the vibrating sample magnetometer
(VSM) and Mössbauer experiment.

2. Experimental procedures

Lithium-intercalated Fe1−xZnxPO4 (x=0.1, 0.2, 0.3, and 0.5)
compounds were obtained by chemical oxidation of LiFe1-xZnxPO4

synthesized by the solid-state reaction method. The stoichiometric
amounts of Li2CO3, FeC2O4·2H2O, NH4H2PO4, and ZnO were mixed and
ground. The mixture was calcined at 300 °C for 4 h under Ar atmo-
sphere and then was pelletized. The final product was obtained by
heating the mixture at 700 °C for 10 h under Ar atmosphere.
Deintercalation of Li from LiFe1−xZnxPO4 was performed in acetonitrile
with a solution of NO2BF4. The solution is maintained under stirring at
room temperature for 24 h. After the reaction, the precipitate was
centrifuged for isolation, washed with acetonitrile to remove

https://doi.org/10.1016/j.jmmm.2019.02.083
Received 8 November 2018; Received in revised form 18 February 2019; Accepted 25 February 2019

⁎ Corresponding author.
E-mail address: cskim@kookmin.ac.kr (C.S. Kim).

Journal of Magnetism and Magnetic Materials 482 (2019) 20–24

Available online 25 February 2019
0304-8853/ © 2019 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/03048853
https://www.elsevier.com/locate/jmmm
https://doi.org/10.1016/j.jmmm.2019.02.083
https://doi.org/10.1016/j.jmmm.2019.02.083
mailto:cskim@kookmin.ac.kr
https://doi.org/10.1016/j.jmmm.2019.02.083
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jmmm.2019.02.083&domain=pdf

	Antiferromagnetic ordering in lithium deintercalated Fe1−xZnxPO4: A Mössbauer spectroscopy study



