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Abstract: A simple hydrothermal preparation method was developed to prepare sodium fluoride phosphate vana-
dium oxide (Na;V,(PO,),0,F, abbreviated as NVPOF) material, regulating the morphology and size of the NVPOF
by adjusting the key parameters including the pH value and hydrothermal temperature. The optimized NVPOF
material exhibits the highest particle-size uniformity and thereby the best electrochemical properties. The pH val-
ue is 7.00£0.05 and the hydrothermal temperature is 170 “C, which is the optimized parameters for the NVPOF
preparation. The NVPOF material prepared at this condition delivers the specific capacity of 123.2 mAh-g™ at
0.1C (1C=130 mAh-g™) and 85.9 mAh-¢™ at a high rate of 20C. The capacity retention is 96.2% after 200 cycles at
1C. All of the results indicate its high capacity, excellent rate and long cycle stability for Na storage. This is
mainly attributed to the nanometer size and high uniformity of the NVPOF particles, which can provide the short
Na* transport path and hence shorten the time. Combining with the high stability of crystal structure, the opti-
mized NVPOF material exhibits excellent performance as practical cathode for SIBs.

Keywords: optimization of sodium ion battery cathode materials; high-performance cathode material;
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(a) Different temperatures of 130, 150, 170 and 190 °C at pH=4.56; (b) Different pH values of 5, 6, 7 and 8 at 170 °C
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Fig.2 XRD patterns of NVPOF materials prepared as various parameters
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Fig.3 SEM images of the NVPOF materials prepared

under the different temperatures of (a) 130,
(b) 150, (c) 170 and (d) 190 °C at pH=4.56
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Fig.5 Galvanostatic charge/discharge curves of the first cycles for the NVPOF materials at 0.1C in the voltage

range of 2.0~4.3 V(vs Na'/Na)
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Table 1 Impedance parameters and apparent Na diffusion coefficient Dy, of
the NVPOF materials prepared under different temperatures
T/C R./Q R./ Q o Dy, / (em?+s™)
130 7.48 565 3 640.77 2.211 76x107"
150 6.81 383 2 995.57 3.267 13x107"
170 3.56 205 471.995 1.315 98x107
190 4.36 232 1 376.44 1.547 43x107"
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Fig.7 Electrochemical characterization of the NVPOF nanocomposite in the voltage range of 2.0~4.3 V

(vs Na*/Na) under pH=7 at 170 C
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