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Abstract Highly safe lithium-ion batteries (LIBs) are required for large-scale applications such as electrical vehicles
and energy storage systems. A highly stable cathode is essential for the development of safe LIBs. LiFePO, is one of
the most stable cathodes because of its stable structure and strong bonding between P and O. However, it has a lower

energy density than lithium transition metal oxides. To investigate the high energy density of phosphate materials,

vanadium phosphates were investigated. Vanadium enables multiple redox reactions as well as high redox potentials.
LiVPO,O has two redox reactions (V>'/V*/V*") but low electrochemical activity. In this study, LiVPO,O is doped with
fluorine to improve its electrochemical activity and increase its operational redox potential. With increasing fluorine
content in LiVPO,40O,F, the local vanadium structure changed as the vanadium oxidation state changed. In addition, the

operating potential increased with increasing fluorine content. Thus, it was confirmed that fluorine doping leads to a

strong inductive effect and high operating voltage, which helps improve the energy density of the cathode materials.
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2. Experimental
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3. Results and Discussion
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Fig. 1. Synchrotron X-ray diffraction patterns of the synthesized LiVPO40,F,, depending on PTFE contents.

Table 1. Lattice parameters of synthesized LiVPO40,F,, depending on PTFE contents by Rietveld refinement

Space group P-1 (Triclinic)

Sample a(A) b (A) c (A)
PTFE20wt% 6.8366 7.2263 7.9338
PTFE10wt% 6.7983 7.1625 7.9232
PTFE5wt% 6.7992 7.1612 7.9183
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Fig. 2. V K-edge XANES spectra obtained at room tem-
perature for the prepared LiVPO,F, PTFE 5 wt%, PTFE
10wt%, PTFE 20 wt% and LiVOPQO, powders. Inset is the
enlargement of the absorption edge part.
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Table 2. Oxygen (or fluorine) and vanadium bond lengths of the synthesized samples

Bond length of V-O(F) (A)

PTFE20wt% 1.642 1.771
PTFE10wt% 1.721 1.907
PTFESwt% 1.922 1.944

1.901 2.027 2.029 2212
1.957 1.965 2.027 2.160
1.965 2.025 2.065 2.076

Fig. 3. SEM images of (a) PTFE5wt%, (b) PTFE10wt% and (c¢) PTFE20wt%.
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Fig. 4. Electrochemical properties of synthesized LiVPO,O,F,,. Voltage profile of (a) PTFESwt%, (b) PTFE10wt% and (c)
PTFE20wt%. Differential capacity versus voltage of the voltage profiles (d) PTFESwt%, (d) PTFE10wt% and (f) PTFE20wt%.

(4.5-3V at C/10, RT).

4. Conclusion
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