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Structure and Electrochemical Properties of
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(College of Energy, Soochow University, Suzhou, Jiangsu 215006, China)

Abstract: A new type of material based on the rich lithium-layered solid solution material system, xLi,MnO;-(1-x)Li

[NiggCog15Alges]O,  (0.5<x=<0.8) was obtained by spray dry process with post annealing treatment. The effect of x

value on the structural and electrochemical properties of the materials was investigated by XRD, SEM, TEM, XPS,

EIS and charge-discharge tested. Our results suggested that the crystal structure of the sample gradually changed

from layered Li[NiggCoqsAlys]O, type to Li,MnOs type with the increase of x. Moreover, the quenching treatment

in liquid nitrogen was helpful to improve the electrochemical properties of xLi,MnOs-(1 —x)Li[NigsC0g15Al005]O2

(0.5 =x <0.8), which was attributed to the change in terms of the micro structure and valence of the transit

metals caused by quenching. The sample with x=0.6 after quenching treatment showed good electrochemical

properties, with above 209 mAh-g™ of reversible capacity after 100 cycles.
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Fig.1 (a) XRD patterns and magnified areas in the 260 range of 19°~25°f samples (a) with quenching and
(b) without quenching samples
R 1 FNER xLL,MnO:(1-x)Li[NiysC0y1:ALs] 0:(0.5 <x < 0.8) I R & B H(a, ¢), BEEFR(V)F I os/L 10
Table 1 Lattice parameters (a, c), cell volume (V) and 13/ 104 of xLi,MnO;-(1-x)Li[Niy3C0y15A1505]0-
(0.5=x=0.8) with quenching

Sample a/nm ¢/ nm cla V / nm’ Toos ! Loy
x=0.5 0.286 2 14253 4.979 65 0.101 1 143
x=0.6 0.285 9 14252 4.984 69 0.100 9 1.20
x=0.7 0.285 5 14249 4.989 95 0.100 6 1.07
x=0.8 0.285 4 1425 7 4.995 35 0.100 5 1.02

F 2 RENFER xLi,MnO;-(1-x)Li[NiysC0y1sAlys]0, (0.5<x<0.8)H RI& S (a, c), RIEEFR (V) Log/L 10y
Table 2 Lattice parameters (a, c), cell volume (V) and 1 y3/1 104 of xLi,MnO;-(1-x)Li[Niy5C015A1505]0,
(0.5<x=<0.8) without quenching

Sample a/nm ¢/ nm cla V / nm? L ! ooy
x=0.5 0.286 1 1425 1 4979 82 0.101 0 121
x=0.6 0.285 5 1424 1 4988 12 0.100 8 1.12
x=0.7 02855 1424 6 4.989 86 0.100 5 1.07

x=0.8 0.285 2 1.423 8 4.992 22 0.100 3 1.01
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Fig.2  XPS spectra of Ni2p for x=0.6 samples (a) with quenching and (b) without quenching
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(a~d) with quenching; (e~h) without quenching

¥ 3 xLi,MnO5-(1-x)Li[NigsCoo15Alees]0; (0.5 <x<0.8)FF i (1) SEM [¥]
Fig.3 SEM images of xLi,MnOs-(1-x)Li[NiggCop15Al505]0, (0.5<x<0.8)
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(a~d) with quenching; (e~h) without quenching

Bl 4 xLi,MnOs-(1-x)Li[NigsCopsAlyes]0; (0.5 <x<0.8)F: /i ) HRTEM
Fig.4 HRTEM images of xLi,MnO;-(1-x)Li[NiggCog15Alyes]0, (0.5 <x<0.8)
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Fig.5 Cycling performances of xLi,MnO;-(1—x)Li[NipsCog5Al0s]O0, (0.5 <x=<0.8) (a) with quenching and (b) without quenching

at room temperature; First charge and discharge profiles of samples (c) with quenching and (d) without quenching

F 3 FNEMR xLiMnO5-(1-x)Li[NiggC0y15Al00s]0, (0.5<x<0.8)ZEBRREEH 20 mA-g' WEH R T M EBUEHIE
Table 3 First charge-discharge data of xLi,MnQO;-(1-x)Li[Niy3C0y;5Al55]O; (0.5<x <0.8) with quenching at a current
density of 20 mA -g™

Sample First charge First discharge First coulombic Irreversible
capacity / (mAh-g™) capacity / (mAh-g™) efficiency / % capacity / (mAh-g™)

x=0.5 271.3 178.2 65.7 93.1

x=0.6 281.7 188.9 67.1 92.8

x=0.7 266.5 155.8 58.5 110.7

x=0.8 174.5 106.3 60.9 68.2

F 4 FENFER xLi,MnO;-(1-x)Li[NiysC0,:ALy 510, (0.5<x<0.8)EFRRZEH 20 mA-g”' K EX T BB ZHE
Table 4 First charge-discharge data of xLi,MnO;-(1-x)Li[Ni3C0,,5Al505]0, (0.5<x<10.8) without quenching at a current
density of 20 mA-g*

Sample First charge First discharge First coulombic Irreversible
capacity / (mAh-g™) capacity / (mAh-g™) efficiency / % capacity / (mAh-g™)

x=0.5 299.0 161.7 54.1 138.3

x=0.6 2925 169.6 58.0 122.9

x=0.7 189.2 97.1 513 92.1

x=0.8 173.5 87.8 50.6 85.7
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