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cathode materials with doping multiple components

YU Xiao-yuan', HU Guo-rong?, LIU Ye-xiang?

(1. Institute of Biomaterial, College of Science, South China Agricultural University, Guangzhou 510642, China;
2. School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Layered LiNi;;;Co;3Mn;;3-M, 0, (M= Mg, Al, Cr) cathode materials for lithium-ion battery were synthesized
by co-precipitation method. The structures, morphologies, electrochemical properties and kinetic parameters of the
LiNi;5Co15Mn;3-,M,0, cathode materials were characterized by X-ray diffractometry (XRD), scanning electron
microscopy (SEM), charge/discharge tests and electrochemical impedance spectroscopy (EIS). The results show that the
LiNi;5Co;3Mn, 5_.M,0, cathode materials (M=Mg>*, AI**; x=0.05) exhibit initial capacity of 139.2 and 151.6 mA-h/g in
the voltage range of 2.8-4.3 V, and at 0.1C rate, the capacities retain 98.8% and 96.7% after 20 cycles, respectively. Mg
or A doping can enhance the exchange current density and diffusion coefficient of LiNi;;3Co;,;3Mn;;3-.M,O, materials.
Based on the ionic radius and chemical stability of doped metal ions, the occupation in the structure and the role of the
doped metal ions during charge-discharge cycling were discussed.
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Fig.1 XRD patterns of LiNi;;3Co;sMny;s-,M0,: (a), (b)
M=Mg; (¢), (d) M=Cr; (¢), (f) M=AL; (), (c), (¢) ¥=0.02; (b),
(d), (H) x=0.05
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Table 1 Half-width height and splitting level of main XRD pattern peaks of LiNi;;3Co;,3Mn;3-9,05Mo 0502

Half-width height Splitting/(*)
Doping element
[003] [101] [104] (006/102) (108/110)
Mg 0.272 0.19 0.187 0.542 0.761
Cr 0.276 0.24 0.240 0.542 0.757
Al 0.273 0.22 0.232 0.579 0.781
Undoped 0.168 0.18 0.195 0.533 0.771

F2 LiNi;;3Co1,3Mny3-0,0sMg 0502 T A% 25 BT e 3 G

Table 2 Lattice parameters and relative intensities of main XRD pattern peaks of LiNi;;3Co;3Mny3-9,05Mg 0502

Sample alA c/A cla Toos/T10a
LiNi;3Co13Mnjy3-9.0sMg 050, 2.860 3 14.239 4 49783 1.155
LiNiy3C013Mny-0.0sCr 0 050 2.861 4 142512 49805 1.204
LiNiy5Co15Mny .05l 05O 2.859'5 14.245 7 49810 1237

LiNi;5Co15Mn; 30, 2.8595 14.269 4 4.990 1 1.393

x=0.05 I, 2% ALFE Sl A RS B K, WA e e i
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(006/102)F1(108/110) WALV K A5Gy, IR A& AR 4
R RAE « 75 ¢ BlT5 ) I B AN AA R I (L 58
ANSLTTEER, PR FIRHEA R K), c/a HILLEN
4.899. LI, (006/102)F1(108/110)IX HZH U4 M) 435l &
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JUh 1,159, 6 I BH 27 VR HERR B2 LA, 1 BH 25 7V
HERAEAE R e HL Ak 2 1k B
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2 Ni;3Co0,3Mny3-0,05sMg0sCO;3 HTIRAA L B0f B[R 45 2% LiNi,;3Co,3Mn;3-,M,0, ¥} SEM 14
Fig.2 SEM images of Ni;;3Coi3Mny;3-90sMo.0sCO; precursor ((a), (c), (€)) and LiNi;;3Coi3Mny3-M0; ((b), (d), (F): (a), (b)
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Fig.3 Initial discharge curves of LiNi;;Coi3Mn;;-,M,0,
(x=0.02; M=Mg, Al, Cr)
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Fig4  Charge/discharge curves of LiNij;3Coi3Mnys;3-g0s-

Al 50, at different cycle numbers
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Fig.5 Relationships between specific capacity and cycle
number for LiNi;;Co;sMn;;3 M0, at 0.1C rate and 25 C:
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Fig.6 Nyquist plots of LiNi;3Co;3Mn,;3-.M,0,
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Table 4 Exchange current density and diffusion coefficient of
LiNi;5C0;3Mn)/3-0.0sMo.0502

LiNi;3Co13Mn;/3.005Mo0s02 - Jo/(mA-em %) DLi‘/(sz'Sil)

Undoped 1.03 1.23%x10712
M=Cr 0.79 326X 107"
M=Al 1.83 2.87X10°!1!
M=Mg 1.57 6.34%X 10712

UM JZAR LiNiy3Co15Mny 30, HIBR AT He LI 4
JERI AR A RPR SR L Rk S e ) L 7
PIRIR RS, ASHITFE P 1 0 38 A R DR £ L R
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e A B S R I PEREA ] S DS . 378 Al
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T . X ULB 4R Al Mg AT LiLi' 2
VPR LA A%, Ul e U8 e Ak P B 2 i A/
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[, 28 Al. Mg B8 EM RN R B T
AREAEZAR LiNiy3Co15Mny 0, HIFHUR B, il 2
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BT REZIE M, X5 LRI Hrgs B0,

1) RHAPEUGEE G T SRR, B8 1
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a-NaFeO, ! JZ R 45 ¥ 1 LiNi;;3Co013Mn,;3-M,0,
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2) LiNi;5Co;3Mn, 5. M, O, B2 R HAL 2 P R
TAREH, B2 AR Mg™ (f M RUR I L 45 5%
i x=0.05 I, Mg. Al B21IMEHE 2.8~4.3 V. 0.1C
F 28N I OB LE AR 54 0 0h 139.24151.6 mA-h/g,
2820 AR, AAERFEFR 50 98.8%. 96.7%.
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