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Abstract: LizV,(POy4)3/C powders were synthesized by an improved sol-gel method, and subsequently the powders were coated with
various amounts of CeO, by a suspension coating process in polyvinyl alcohol. The electrochemical properties of the samples at
various temperatures (i.€., room temperature, 0 ‘C and —20 ‘C) were characterized. The results show that the surface modification with
Ce0, is an effective way to improve the electrochemical performance of Li;V,(PO,); cathode materials at low temperatures. The
Li3V,(PO,)3/C coated with CeO, of 2%(in mass fraction) exhibits the superior electrochemical performance in the voltage range of
3.0-4.8 V. The coating with an appropriate amount of CeO, can improve the diffusion coefficients of lithium ion and reduce the
charge transfer resistance.

Keywords: lithium ion battery; cathode material; lithium vanadium phosphate; ceria-coated; low-temperature electrochemical
performances
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Samples Ce-0 and Ce-2 represent LizV,(PO,4);/C coated using 0% (mass
fraction) CeO, and 2% CeO,, respectively (the other with this).
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Fig. 3 Charge and discharge curves for the first time of cells
assembled using samples Ce-0 and Ce-2 respectively as
cathodes at different discharge rates and temperatures
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Fig. 5 Electrochemical impedance spectra (EIS) of samples in
0.1 Hz-100 kHz range at different temperatures
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Fig. 6 Equivalent circuit used for fitting the EIS data
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Table 1 Parameters of samples obtained by fitting the

impedance spectra using an equivalent circuit at
different temperatures

Temperature /'C Sample R/Q R/Q R./Q
Ce-0 2.2 11.3 26.7
Ce-1 2.7 6.4 10.9
RT
Ce-2 2.6 4.4 9.8
Ce-3 2.6 8.1 20.4
Ce-0 14.8 439 57.0
Ce-1 13.7 24.6 352
0 Ce-2 11.2 12.5 259
Ce-3 15.1 18.9 31.7
Ce-0 24.5 83.1 491.8
Ce-1 224 61.5 129.9
20 Ce2 210 229 119.5
Ce-3 279 56.6 198.9
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Fig. 7 Temperature dependence of R., Ry and R, of Ce-0
electrode(The insert: temperature dependence of R, of
Ce-0 and Ce-2 electrodes)

BEAT1E AL B BRI K I 0 5 SR AT & 7T DAKS
PR T RS Dol BRI BT A2 AN
TR BT TAE R ERET AL, AR 8 PR
MERRHE T BRI E LR 2.

120 RT 5
--=-Ce-0 60 :ge-i
o I Ce-l Lol vCe3
——Ce-2 = —Fitted line P
< _—
£ 601}
= 4

30

0

@]
o

.e> .
Fitted line R

e

v

020 025 030 035

I/mA

I/mA

Bl 8 ARG T b E F AL ER(PSCA) HIG (1) 171 (t)
2 Gl 12 LA ih2k)
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of all the samples at different temperatures

(The insert: fitted lines of I-t "2, | is current and t is time).
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Table2 Diffusion coefficientsof Li* ions of all the samples

Diffusion coefficients of Li* ions/(cm? -s™")

Sample
RT 0°C -20°C
Ce-0 5.33x107° 2.61x1071° 2.18x107!!
Ce-1 5.38x1077 1.29x107° 2.20x1071°
Ce-2 2.18x107 5.95x1077 7.15%x107"°
Ce-3 3.79x107° 2.09x107° 3.36x107"°
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Fig. 9 Arrhenius plots of the apparent diffusion coefficient
(Dpi+) of Li" ions for samples Ce-0 and Ce-2
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