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Fig. 1 XRD patterns of Li(Li, »,Ni, ;;Mn, ¢ )O,(a) and
YF, -coated Li( Li, ,, Ni, ;;Mn, 4 ) O, (b)
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Fig.2 SEM images and EDS results of the as-prepared (A, A’) and YF,-coated (B, B’) Li(Li, ,Ni, ;;Mn, ¢ )0,
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Fig.3 The cycling curves of Li( Li, ,, Ni, ;;Mn, ¢ ) O, and
YF, -coated Li( Li, 5, Ni, ,; Mn, 4, ) O, at 0. 2C rate

in a potential range of 2.0 ~4.8 V (vs.Li"/Li)
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Fig.4 The charge-discharge curves of the as-prepared ( A) and the YF,-coated Li(Li, »,Ni, ;Mn, ) O, (B) at different
rates 0.2C (lst, 2nd), 0.5C (3rd), 1.0C (4th), 2.0C (5th), 5.0C (6th)
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Li(Li, 5, Ni, ;Mn, 4, ) O, (B) at different cycles

HUF 1 FPEEAAN S R IR ERHCH J5 Y A Fi Ak 2 B
Uik, BRI, Li (L, 5, Nig ; Mng ¢, ) O, HL %
TEFEHLAT , EIS P& iy — g 431 DX A 2 153l — 25 AR
DAY L ZH . e A DX 2 8 0, T F A B T
Tr e R A R AR DX 110 T 2 AH 0 T F A 2 TC B9 HE
RS RIS e A X A2 R
FICH R AR, T AR X i B 22 o — 259K
& e R R TUE BGA 2, 808 1
H1 2 JCRR Y 1O AT BRY L. A, 565 5 R ER
JCHL IR, AR X A9 A3 (100 mHz ~ 10 mHz ) £
T — W YRR, X IR A FEAR S O R 1 7
ATBSRAEAE , HLIA P T8 2 B I 6 1 2 5 e A4 AH
PEET RRT L, R e M A e o
RIS E R TCRR Y BRI FRY R % e s
JE A B AT, IR SE T LR T 1 2
e YF; €08 Li(Lig »Nig ;;Mng g ) O,
My EIS 3% 51 5 Li(Lig », Ni, , M, ¢, ) O, HIHK 1Y
B VIR (E=p e S N R AT 2 0 N 1 70 e ) W
TR X SR YF, (R A AN B i A e
R, BEL A S8 9 ), S TR 12 114 52 i B B .

Pl 6 73t 9 HEL A A A0 25 258 Hl i 15T, Herp R Oy
T WHLRHL, R O HL A % B L BH, CPERICPEL Ay

CPEI W,

CPE
. 0
[ x 1LY
We—

[g 6 Ll( Li(]. 22Ni1). 17 Mn(). 61 ) 02 EE41:&*H YF3 @A}fig Ll( Li‘).22
Niy 1, Mny ¢, ) O, FUARAR L RIDLE 2520 FiL i 41

Fig. 6 The equivalent circuit used to fit the impedance

spectra of the as-prepared and YF, coated Li
(Liy »»Niy ;;Mn, ) O,
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Tab.1 The simulated data from EIS spectra using the equivalent circuit shown in Fig. 6

Sample Cycle number R./Q R./Q W,/ Q W,/Q

Li( Li ,Niy yMn, ¢ ) O, 0 6.3 229 47797
Ist 6.7 255 2442 2047

5th 8.0 224 2193 1906

YF, -coated Li( Li, ,,Ni; ,,Mn, ¢, ) O, 0 3.4 214 4405 38794
st 3.4 48 1264 1264

5th 4.5 27 1033 702
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Electrochemical Performance of YF;-Coated Li( Li, ,,Ni, ,Mn, , ) O,
Cathode Material for Li-Ion Batteries

FENG Xin, LI Guo-ran, YE Shi-hai, GAO Xue-ping "
(Institute of New Energy Material Chemistry, Nankai University, Tianjin 300071, China)

Abstract: The Li(Li, ,,Ni, ;Mn,,, ) O, was prepared with oxalic co-precipitation and coated with an YF,
layer by a chemical deposition method. The as-prepared and YF;-coated Li-rich materials were characterized
by X-ray diffraction (XRD) , scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy
(EDS). The results demonstrate that the as-prepared and YF,-coated Li(Li, ,Ni, ,,Mn, , ) O, materials have
a typical layered structure and are composed of sphere-like particles with a diameter of 100 ~200 nm. Gal-

vanostatic charge-discharge tests show that the discharge capacity of the YF,-coated Li(Li, ,,Ni, ;,Mn, 4, ) O, is

1 -1

obviously improved. At the low current density of 60 mA-g~ , the discharge capacity reaches 240 mAh-g~ ",

and remains 220 mAh-g ' after 30 cycles. At the high current density of 1500 mA-g~', the discharge capaci-
ty still keeps 150 mAh-g~", showing an excellent high-rate capability. Electrochemical impedance spectra
(EIS) reveal that the YF,-coated Li(Li, ,, Ni, ,,Mn, 4 ) O, shows lower charge-transfer resistance and diffu-
sion impedance as compared with the as-prepared Li(Li, ,,Ni, ;Mn, (, ) O,.

Key words: Li-ion batteries; cathode material; Li-rich layered oxides; YF,-coating; high-rate capability
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