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Effect of Vanadium Substitution on Electrochemical Performance
of LiFePO,/C for Lithium-Ion Batteries

LUO Liang CAO Yan-Bing® DU Ke PENG Zhong-Dong HU Guo-Rong
(School of Metallurgy and Environment, Central South University, Changsha 410083)

Abstract: LiFe,_V.PO,/C (x=0, 0.01, 0.03, 0.05, 0.07, 0.1)composites with Vanadium doped and carbon coated
were prepared by solid-state method synthesis route, using LiH,PO, and low-priced Fe,0; as starting materials.
well-crystallized LiFe,V,PO,/C composites with high tap density (p=1.2 g-cm™) were obtained at 700 °C for 4 h,
which had good electrochemical performance. XPS of V2p and Fe2p for LiFe, . V,PO,/C samples indicated that the
doped Vanadium was V* which produced more excess electrons, and improved the electronic conductivity; and
the doped Vanadium would not change Iron valence. The analyses of AC impedance indicated that the doped V**
reduced the charge migration resistance and improved electronic conductivity of the material. The optimum
LiFe95V0sPOJ/C cathode displayed 155 mAh g™ at 0.1C, 146.5 mAh-g™ at 1C, 135.3 mAh-g™ at 2C, 125.9
mAh g™ at 5C discharge rate, showing good rate properties. The discharge capacity remained at 119.5 mAh-g™
after 500 cycles with a capacity maintenance of 94.9%, showing good cycling stability and practical applications.
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Table 1 XRD data of LiFe, . V,PO,/C prepared with different V doping content

Samples

Cell parameters

a/nm b/ nm ¢/ nm V / nm?

LiFePO, 1.032 7 0.600 6 0.469 45 0.291 2
LiFeqVo0 POy 1.033 4 0.600 9 0.470 20 0.292 0
LiFeys;VosPOs 1.032 7 0.600 9 0.470 31 0.291 9
LiFeqosVoosPOy 1.032 9 0.600 5 0.470 36 0.291 8
LiFeqo3Vo0POy4 1.032'5 0.600 4 0.468 84 0.290 7
LiFeqoVo, POy 1.031°5 0.600 1 0.470 02 0.290 9
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Table 2 Contents of element in the surface of LiFe,.V.PO,/C(x=0.01, 0.05, 0.1)

Contents of element / %

Samples
Lils P2p Cls v2p Ols Fe2p
LiFeqgVooPO4 41.32 3.27 34.55 0.09 17.38 3.39
LiFeqsVoosPOxs 46.25 3.81 24.76 0.61 20.65 3.92
LiFenVo,PO,4 43.27 3.92 25.45 1.10 2237 3.88

Bl 4 AR ES £ 48 4% LiFe, . V,POJ/C 1K
SEM [, FIt A i A4 8 J2 p ST AWK 25 1 240 /) ot s
BUSAK A R AR, M 10 000 fi5 SEM EIE A BE# a2 4k

P 2R 2H SR Y — U ORE /N AR AR B2 A —
EURMG, X HARB VI SEM KAV E
THEBGA LA 878 V B T 1Y LiFeP0O,/C ¥ ¥

WOk FLBAE T LB A B i T e S A
T FE A3 Bz i | A 0F B I, DA o LA ek
fig, ULAHBZR V B4 AT LiFePO/C AR
EOUNZ

5 AL 1542 LiFe,, V.POJ/C # BT
TE 0.1C F5 3 i sk i i 2, HAR R il 4 4 o

Zekyv *18, 8@s 10

a: =0, b: x=0.01, c: ¥=0.03, d: x=0.05, e: x=0.07, f: x=0.1

Bl 4 LiFe,_VPO,/C #] SEM &l
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Table 3 Electrode kinetic parameters obtained from equivalent circuit fitting of experimental data

Doping content 0% 1% 3% 5% 7% 10%
R.1Q 4.9 2.8 2.3 2.3 3.0
R.1Q 579 394 349 257 414 393
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Fig.9 Equivalent circuit used for fitting the experimental

AC impedance data
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