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Synthesis and Electrochemical Performances of Spinel
LiMn,_In O, (x=0, 0.01, 0.02, 0.05)
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(School of Microelectronics and Solid State Electronics, State Key Laboratory of Electronic Thin Film and
Integrated Devices Research & Development Center for New Power Materials and Integrated Power Devices,
University of Electronic Science and Technology of China, Chengdu 610054, China)

Abstract: The spinel LiMn,_In,0, (x=0, 0.01, 0.02, 0.05) cathode materials were prepared by a citric acid-assisted
sol-gel method using LiOH, Mn (CH;COO), and In,0; as raw materials and citric acid as the chelating agent. The
resultant materials were characterized by XRD and SEM for the structure and morphology, respectively. The
electrochemical properties of the materials were investigated by galvanostatic charge and discharge, CV and EIS test.
The influence of different indium dopant concentration on the electrochemical properties of LiMn,_In,0, cathode
materials was examined. The results revealed that the LiMn,glng, 0, sample exhibits the pure cubic spinel phase
structure without impurity. And the initial discharge capacity of LiMn, glng O, was 119.9 mAh-¢g™ at 0.5C and 3.4~
4.35 V range, it remained 84.9% of the initial specific discharge capacity after 0.5C by 30 cycles,1C by 30 cycles,
2C by 30 cycles, and 0.5C by 5 cycles again. The LiMn,glng,0, displayed better electrochemical performance.
Compared with the parent LiMn,O,, the cyclic performance of LiMn;glngyO, cathode material at elevated

temperature was more excellent than the undoped LiMn,0,.
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Fig.1 XRD patterns of LiMn,_In,0, (x=0, 0.01, 0.02,
0.05) samples
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Table 1 Lattice parameters and unit cell volume of
the LiMn,_In 0, (x=0, 0.01, 0.02, 0.05)

Electrode Lattice Unit cell

compositions parameter / nm volume / nm®

LiMn,0, 0.823 217 0.557 88
LiMn, 99Ing 04 0.823 143 0.557 73
LiMn; 5Ing 04 0.823 324 0.558 10
LiMn, 65Ing 50,4 0.823 151 0.557 75

(a) x=0

[FIEF, T In-O #EAE (958 kJ-mol™) Lt Mn-O %
(402 kJ -mol ™)K, BAEAT A MM 4 BT L, X T i
SR R ERIF R ZE G SR R X T
B2 In 1M IS BUR /D BB A 1% In
A s, A B T RER AL IER A
MAH T Jahn-Teller K0, $& &5 1 45 #4 R e P
2.2 SEM 5447
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TR R ABORE 23 A
23 EiRBMFM

EZER T, Ph0.5C By X H bR 1 % Ak
LiMn,_In,0,(x=0,0.01,0.02,0.05)#F 47 T 72 i B 45 &
AAEAPERRIA , & 3 ek, &l 4
h0.5C 53 T 30 AR M, &£ 251t T 0.5C

(c) x=0.02

20kV  X20,000 1pm
(d) x=0.05

2 LiMn,,In,0, (x=0, 0.01, 0.02, 0.05)FF i it 471 Hilf it 555 <]
Fig.2 SEM images of LiMn,_In0, (x=0, 0.01, 0.02, 0.05) samples
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Fig.3 Typical initial charge/discharge curves of the in
substituted LiMn,_In,0, (x=0, 0.01, 0.02, 0.05) at
0.5C rate
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Fig.4 Cycling performances of LiMn, In,0, (x=0, 0.01,
0.02, 0.05) at 0.5C rate
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Table 2 Initial, 30th discharge capacities and capacity retention of LiMn,_InO, (x=0, 0.01, 0.02, 0.05) at 0.5C rate

Samples Initial discharge capacity / (mAh-g™) 30th discharge capacity / (mAh-g™) Capacity retention / %
LiMn,0O, 126.4 116.5 922

LiMn, o9Ing 0.4 119.9 112.9 94.2

LiMn, 651000 115.9 107.9 93.1

LiMn; g5Ing o504 108.9 101.3 93.0
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% 3 LiMn, In0, (x=0, 0.01, 0.02, 0.05)FE mEARRFEETHEERFE
Table 3 Capacity retention of LiMn, In O, (x=0, 0.01, 0.02, 0.05) cell at different rates.
Percentages refer to the capacity retention compared with the initial discharge capacity at 0.5C

Samnl 0.5C(30th) 1C(30th) 2C(30th) 0.5C(5th)
e Capacity retention / % Capacity retention / % Capacity retention / % Capacity retention / %
LiMn,0, 92.2 82.5 73.8 83.3
LiMn; g0ln0104 94.2 89.4 79.4 84.9
LiMn; 05106004 93.1 85.2 78.6 82.2
LiMn; 5110504 93.0 78.2 64.6 76.7
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Fig.5 Cyclic performance of the LiMn,_In,0, (x=0, 0.01,
0.02, 0.05) cell cycled between 3.4 and 4.35 V at

different discharge rates
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Fig.8 Typical cyclic voltammetric curves of initial and 90" cycles for In substituted LiMn,_In0, (x=0, 0.01)
cycled between 3.4 and 4.5 V at a scan rate of 0.153 mV-s™
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Inset: the schematic representation of equivalent circuit
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Fig.9 Electrochemical impedance spectra of LiMn,04 and LiMn, glng,0, as a function of cycle number
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Table 4 Simulated parameters using equivalent

circuit in Fig.9

R/ /1Q R,/ Q
Sample
1th 90th Ith 90th
LiMn,0, 5917 8.408 53.13 94.66
LiMn, lng, 0,4 7.133 8.916 39.59 69.28
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