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Introduction

Rechargeable lithium ion battery is the most promising energy storage device for plug-in hybrid
electric vehicles (PHEV). The lithium iron phosphate is a member of the phospho-olivine LiMPO,
(M = Fe, Mn Co, Ni) family which is attractive candidate as positive electrode materials for lithi-
um ion batteries. Among the phospho-olivine family, lithium iron phosphate has fascinating prop-
erties such as high capacity, high voltage, environmental friendly, and good thermal and chemical
stability. Recently, numerous researches have been focused on the delithiated lithium iron phos-
phate for trying to understand the mechanism of charge/discharge process [1, 2].

In this paper, we have studied temperature dependent valence state and magnetic property of lithi-
um delithiated Li, ;,FePO, by x-ray diffraction, inductively coupled plasma-atomic emission spec-
trometer (ICP-AES), superconducting quantum interference device (SQUID) and Mdssbauer spec-
troscopy.

Experiments

Polycrystalline samples of LiFePO, were prepared by solid-state reaction method. Starting materi-
als were Li,CO, (99.997%), FeC,0,.H,0 (99.99%) and NH,H,PO, (99.999%). These were mixed
and grinded in an agate mortar. Afterwards, the mixtures were calcined at 400 °C for 3 h. These
mixtures were crystallized at 700 °C for 10 h in evacuated quartz tube.

Lithium diffused Li, ;,JFePO, was obtained by chemical delithiation process using NO,BF, in ace-
tonitrile solution. After the NO,BF, was dissolved in acetonitrile, powders of LiFePO, were added,
then, the mixtures were stirred at room temperature for 10 h in air. The obtained sample was cen-
trifuged and washed with acetonitrile several times. They were dried at 60 °C in vacuum. The depth
of delithiation was controlled by the ratio of LiFePO, : NO,BF, in acetonitrile.

Results and discussion

The x-ray diffraction patterns of Li, ;,,FePO, sample shows a two-phase system at room tempera-
ture. The sample has the LiFePO, with lattice constant a, = 10.329 A, b, = 6.006 A, ¢, = 4.698 A
and FePO, with a, = 9.814 A, b, = 5.787 A, ¢, = 4.783, respectively.

In this study, we wanted to understand the temperature dependence of valence state and magnetic
property of Li  ;,FePO,. Fig. 1 shows the Mdssbauer spectra of Li, ;,FePO, at various temperatures
from 4.2 to 114 K. The Mdssbauer spectra below 51 K exhibit a 2-set (LiFePO, / FePO,) of eight
Lorentzians by diagonalizing the 4x4 magnetic and quadrupole Hamiltonian matrix to get relative
line positions and intensities [3, 4]. Between the 51 and 114 K, spectrum fitted which combines 1-
doublet (LiFePO,) and 8-line patterns (FePO,). The zero-field cooled (ZFC) and field cooled (FC)
magnetic susceptibility curves of Li, ;,FePO, were taken with a 100 Oe applied field as shown in
Fig. 2. With increasing temperature, the magnetic susceptibility increases up to 51 K, and then it
shows a decrease, with an abnormal transition point at 114 K. The increase of Néel temperature of
heterosite means that the Fe’"-O-Fe®* super-exchange interaction is stronger than Fe*'-O-Fe®*
super-exchange interaction which is closely related with the environment of the iron ions. The tri-
phylite with the larger splitting and isomer shift value than that of the heterosite with much small-
er splitting and isomer shift. From the results, lithium delithiated lithium iron phosphates are sys-
tems where the triphylite LiFe*"[PO,] and heterosite Fe’'[PO,] phases are co-existed together which
had different valence state of iron ions, and the large value of AE, for triphylite phase attributed to
the distorted FeO, octahedra oxygen environment around Fe ions.
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Fig.2 Temperature dependence of magnetic sus-
ceptibility x(T) curves for Li, .,,FePO,.
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Fig.1 Méssbauer spectra of the Li, .,FePO, at var-
ious temperatures from 4.2 to 114 K.
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