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Preparation and Electrochemical Properties of Truncated Octahedral LiFey;;Mn; 3304
Cathode Materials

YANG Mei', CHEN Yifei', LIU Honglei', XIANG Mingwu', GUO Yujiao'?, LIU Xiaofang', GUO Junming'
(1. School of Chemistry and Environment, Key Laboratory of Green-Chemistry Materials in University of Yunnan Province,
Yunnan Minzu University, Kunming 650500, China;
2. Eco-Environment Monitoring Station of Wuhua Branch, Kunming Eco-Environment Bureau, Kunming 650031, China)

Abstract: Spinel LiMn,0O, cathode materials suffer a serious capacity decay and a poor cycle stability during the charge—discharge
process due to the Jahn—Teller effect and Mn dissolution. A cathode material of truncated octahedral single crystal LiFe; ;,Mn; ggO4
with {111}, {100} and {110} surfaces was prepared by a solid-state combustion method and element doping and single crystal
morphology controlling strategies. The results show that the crystal structure of spinel LiMn,O, is not changed by Fe doping, the
Jahn—Teller effect is effectively inhibited, the crystallinity and the selective growth of {400} and {440} diffraction peak crystal planes
are promoted, and the material has superior rate performance and capacity retention. The initial discharge specific capacities at 1 C
and 5 C at 25 C are 105.2 mA-h/g and 92.4 mA-h/g, and the capacity retentions after 1 000 cycles are 71.1% and 75.2%,
respectively. Moreover, the capacity retention reaches 88.4% after 1 000 cycles at 10 C. The initial discharge capacity of the material
is 108.6 mA-h/g at 55 C and 1 C, and the capacity retention rate is 79.1% after 150 cycles, and the capacity retention rate is 79.1%
after 150 cycles. By using cyclic voltammetry and electrochemical impedance spectroscopy, we found that the Fe-doped sample has
superior circulation reversibility and large Li" diffusion coefficient. The Fe-doped material of truncated octahedral LiMn,O, inhibits the
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Jahn—Teller effect, and slows down the Mn dissolution, thus stabilizing the crystal structure, increasing the Li* migration channel, and

improving the electrochemical rate performance and long cycle life.

Keywords: spinel lithium manganate; iron element doping; truncated octahedron; Jahn-Teller effect; manganese dissolution;

solid-state combustion method; cathode material
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Fig. 1 XRD patterns of LiMn,0,4 and LiFe,Mn,_,O, samples
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LiMn,04 0.824 55 0.560 59 0.282 0.125
LiFep 1,Mn, 304 0.824 37 0.560 23 0.500 0.237

(b) LiFCO.ogMnl,gzoA;

(c) LiFep.12Mn, 8304

A

50 nm

ey

(e) Enlarged image of the yellow frame in Fig. 2(c)

(d) LiFeg20Mn; 8004

(f) Schematic illustration of truncated octahedron with various crystal planes

B2 LiMn,O, fl LiFe,Mn,_,O4 F i 1Y) SEM [ Fr K AN [7) ot 1] 19 25 T0UAR \ T AR R R 7
Fig. 2 SEM images of LiMn,0,4 and LiFe Mn, ,0, samples and schematic diagram of truncated octahedron with different crystal

faces
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(c) Cyclic performance diagram at 25 “C and 5 C
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(d) Cyclic performance diagram at 25 °C and 10 C

B4 LiMn,O, 5 LiFe,Mn, O, ¥ i FIHLAL 22 R
Fig. 4 Electrochemical properties of LiMn,0,4 and LiFe,Mn,_,O, samples
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Table 2  Impedance fitting parameters obtained by
equivalent circuit diagram fitting of LiMn,0,
and LiFeo'len1,8304

Before cycling After 2 000 cycles

Sample

R/Q  RJ/Q [ R/Q RJ/Q [
LiMn,04 229.64 436  288.59 54859 12.81 597.67

LiFeyoMn; 304 18442 2.88 27599 517.17 11.13  430.30

R is the charge transfer resistance; R; is the ohmic resistance of electrolyte;
0, is slope of the lines of Z—w *>(Fig. 8(c) and Fig. 8(d)).
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