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Effect of Ni** ion doping on performance
and structure of lithium iron phosphate

WEN Yarrxuan', ZHENG Miamrping’, TONG Zhang-fa', SU Harfeng', XUE Minhua'
(1. School of Chemistry and Chemical Engineering, Guangxi U niversity,
Nanning 530004, China;

2. Research and Development Center of Saline Lake and Epithermal Deposits,
Chinese A cademy of Geological Science, Beijing 100037, China)

Abstract: To improve the performance of LiFePO., single phase Lii- . Ni. FePOs was prepared by solid state reac
tion (x= 0.00, 0.01, 0.02, 0.03, 0.05 and 0. 07, mole fraction) . Crystal structure and charge/ discharge perform-
ance of doped LiFePOs were investigated by X-ray diffractrometry with the Rietveld method and electrochemical
measurement, respectively. The results show that Ni** doping with low concentration can increase the capacity and
cycle performances of LiFePO., and Lio.o7Nio.03FePO4 has better performance than the others, whose discharge ca
pacity is 30 mA * h/ g higher than LiFePOs. Because Ni** doping not only causes the change of atomic position and
distance and the shrinkage of crystal cell, but also increases the concentration of coexisted Fe* /Fe* in LiFePOu,

which increases the electrical conductivity of LiFePOu.
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Table 1 Rietveld refinement data of LiFePO4 and Lio.o7Nio. 03 FePO4

Lattice parameter Unit cell F(')rmula
Formula Space group 5 unites per Ry Rwp Rexp
a/ nm b/ nm ¢/ nm volume/ nm unite cell
LiFePO4 Pnma(No.62) 1.03297(5) 0. 601 15(3) 0.47017(2) 0.291 60 4 0.0895 0.1317 0.0476
Lio.97Nio.03FePO4 Pnma(No.62) 1.032 84(2) 0. 600 90( 1) 0.469 62(1) 0.291 46 4 0.0746 0.1044 0.0460

# 2 LiFePOs Ml Lio.o7 Nio.os FePOu I i AL HI S5
Table 2 Crystal structure parameters of LiFePOs and Lio.o7Nio.03FePO4

LiFePO4 Lio.97Nio.03FePO4
Atom Position
% y z Occupancy Beq/ nm? % y z Occupancy Beq/ nm?
Li 4a 0.0 0.0 0.0 1 0.0026 0.0 0.0 0.0 0.968 0.005 4
Ni 4a 0.0 0.0 0.0 0.032 0.0057
Fe 4c 0.2822(1) /4 0.9744(3) 1 0.0024 0.2822(1)  1/4  0.9740(1) 1 0.002 1
P 4c 0.095 8(2) 174 0.4202(5) 1 0.0026  0.0950(2) 174 0.418 4( 1) 1 0.0023
01 4c 0.094 8(6) 174 0.7395(11) 1 0.0022  0.0956(5) 174 0.7419(3) 1 0.001 9
02 4c 0. 456 6( 6) 174 0.208 3(10) 1 0.0021 0.4559(5) 174 0.206 9(4) 1 0.0019
03 84 0.1654(4) 0.048 4(6) 0.2855(7) 1 0.0021 0.1658(4) 0.046 6(1) 0.285 1(5) 1 0.001 9
%3 LiFePOs(a) Fl Lio.ovNio.os FePO4 ( b) [ J5 78]
Table 3 Atomic distance for LiFePOs(a) and Lio.o7Nio.cs3FePO4(b) (nm)
Atom bond LiFePO4 Lio. 97 Nio.03FePO4 Atom bond LiFePO4 Lio.97Nio.03FePO4 Atom bond LiFePO4 Lio.97Ni¢.03FePO4
M—Mx2 0.300 57 0. 300 45 Fe—M x 4 0.328 19 0.328 13 P—M x1 0.267 23 0.266 09
—Px1 0.267 23 0. 266 09 —M x3 0.350 65 0.350 32 —M x 1 0.326 64 0.326 80
—Px1 0.326 64 0. 326 80 —Px1 0.284 62 0.284 50 —Fex1 0.284 62 0.284 50
—0(1) x2 0.217 20 0.216 81 —0(1) x4 0.228 27 0.221 42 —0(1) x1 0.15013 0.15192
—0(2) x2 0.208 34 0.208 78 —0(2) x1 0.211 06 0.21012 —0(2) x1 0.15579 0.15525
—0(3) x2 0.21922 0.219 17 —0(3) x2 0.207 36 0.206 20 —0(3) x2 0. 154 49 0.15558
—0(3) x2  0.22503  0.22525

M= Li, Ni
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Fig. 3 Experimental and calculated powder
diffraction data of LiFePO4(a) and
Lio.o7Nio.03FePO4(b)
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Fig. 4 Crystal structure for LiFePO4(a) and
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Table 4 Atomic valence of atom of
LiFePO4 and Lio.o7Nio.03FePO4

Atom bond LiFePO4 Atom bond Lio.o7Nio.03FePO4
Li—0(1) x2 0.319 8 M —0(1) x2 0.3224
—0(2) x2 0.384 6 —0(2) x2 0.3811
—0(3) x2 0. 306 6 —0(3) x2 0.306 9
2Li—0 1.0109 XM —0 1.0103

Fe—0(1) x4 0.969 0 Fe—0(1) x 4 1.1458

—0(2) x 1 0.3728 —0(2) x 1 0.3821
—0(3) x2 0.8218 —0(3) x2 0.8476
2XFe—0 2.1637 2XFe—0 2.3755
P—0(1) x 1 1.390 6 P—0(1) x 1 1.3231
—0(2) x 1 1.1883 —0(2) x1 1.2062
—0(3) x2 2.4639 —0(3) x2 2.3904
2P—0 5.042 8 2P—0 4.9198
0(1) 2.679 4 0(1) 2.7913
0(2) 1.9457 0(2) 1.969 4
0(3) 3.5923 0(3) 3.5449
20 8.2174 20 8.3056

R 4, BRI FHEAEN KT 2.0000,
BIZEM B AEAE DB Fe s B2E, BHFHEA
M 2. 163 7 B InF 2. 3755, FALSBINEKSE
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Fe* SLAEMIREE .
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TR FE R LiFePO4 Al FePO4 47 5 1 34
TR, T Fe™ /P KESNEAES
ARG SR AENY . NETTH e %0, 5
Z/D BB TR T A B Fe'r /Fe™ ILFEAM
i, EMEL ARG S EEGE, WA B s
LiFePO. [ LLA S FIEIAERE
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