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Study on improving the cycling stability of LiNj, ,Co, ,,Mn, ,,O, cathode
material by synergistic Al,O,/LiAlO,
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Abstract: Lithium-ion batteries (LIBs) are one of the most common energy storage devices, and the high nickel
LiNi,,Co,,,Mn,,,0, positive electrode has attracted much attention due to its high specific discharge capacity.
However, the energy storage capacity of LIBs will be weakened with the cycle due to the chemical and structural
changes of active substances on the surface of the positive electrode during the long cycle. Understanding and
mitigating these degradation mechanisms is key to reducing capacity degradation and improving the cycle life of
lithium-ion batteries. Coating is a common modification method, which can improve the stability of high nickel
LiNi,,Co,,,Mn, ,,O, positive electrode interface and reduce the surface degradation degree. However, the thickness
and uniformity of the coating layer formed by conventional coating methods are difficult to regulate. In order to

improve this problem, the co-modification effect of the Al,0,/LiAlQO, thin film on LiNi,,,Co,,Mn,,,0, was reported
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in this paper. The formed double coating layer with uniform thickness enhanced the cycle performance and

structural stability of the cathode material. The results showed that the Al,O,/LiAlO, double coating layer could

effectively inhibit the irreversible phase transformation and improve the structural stability of the material. The

modified material exhibited excellent cyclic stability with a discharge specific capacity of 141.2 mAh/g and a

capacity retention of 76.1% at a voltage range of 2.75 to 4.40 V for 200 cycles. This work provides a new way to the

modification for the interface of commercial cathode materials.

Keywords: lithium-ion battery; uniformity; Al,O,/LiAlO, double coating layer; capacity retention
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Fig.1 All XRD patterns of materials and corresponding local magnification:(a)full XRD spectra of all samples;(b)(003)
peak magnification diagram;(c)(006)/(012) peak magnification diagram;(d)(018)/(110) peak magnification diagram
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FE i a/mm c/mm c/a  Vinm® Li/Ni
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0.50%Al@S-NCM92 0.287 1.418 4.9 0.10157 4.05%

0.75%Al@S-NCM92 0.287 1.418 4.9 0.10122  4.33%

WA %) 2 T DX 7E T 3 (b) i 3 AN ] 1)
ARGk F DI, B A Xk C T ) L CT) AT ) 1Y & A%
48045 9 2h 0.470,0.255 F10.258 nm, 43 5 % i T
S-NCM92 1y (003) & M . ALO; 1Y (104) &b [ 1
LiAlO, 19 (200) & T, iE A T ALOL/LiAIO, ¥4 2] 1 5
TE R RHEURE Y 2 1 0

B2 #HAHBSEME: (a)S-NCM92;(b)0.25%Al@S-NCM92; (¢)0.50%A1@S-NCM92; (d)0.75%Al@S-NCM92
Fig.2 SEM images of samples: (a)S-NCM?92;(b)0.25%A1@S-NCM92;(¢)0.50%Al@S-NCM92; (d)0.75%A1@S-NCM92
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Fig.3 TEM images of 0.50%Al@S—-NCM92 and the corresponding local magnification and lattice parameters:(a) TEM

diagram of 0.5%A1@S-NCM92;(b) HRTEM diagram of 0.5%Al@S-NCM92;(c)( I )regional lattice and FFT diagrams;(d)(1I)

regional lattice magnification and lattice spacing diagram;(e)(Ill)regional lattice magnification and lattice spacing diagram
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Fig.4 Electrochemical performance for NCM92 and Al@S-NCM92 materials in the voltage range of 2.75-4.40 V:
(a) charging and discharging curve of S—-NCM92;(b) charging and discharging curve of 0.5%A1@S-NCM92;
(c)cycle curve ;(d)capacity retention ;(e)coulombic efficiency; (f)rate capability
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Fig.5 dQ/dV and CV analysis curves of S-NCM92 and 0.50%Al@S-NCM92 modified materials: (a)differential
capacity curve of S—-NCM92; (b) differential capacity curve of 0.5%Al@S-NCM92;(c)CV curve of S-NCM92;
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Fig.6 EIS fitting picture of S-NCM92 and AlI@S-NCM92
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Table 2 EIS fitting data of S-NCM92 and Al@S-NCM92

FE ity U2 (Ry+ Regy)/Q D, /(cm?s)
S-NCM92 200 FEHAEFR 118 7.84x107"%
0.25%Al@S-NCM92 200 B AEH 79 4.35x10™"
0.50%Al@S-NCM92 200 B AFH 22 8.42x107
0.75%Al@S-NCM92 200 B AEH 80 4.68x107"
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Fig.7 HRTEM images and the corresponding local magnification of S-NCM92 after 200 cycles: (a) TEM diagram of
S—-NCM92; (b) (I)Regional FFT diagrams; (c) (II)Regional FFT diagrams
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Fig.8 HRTEM images and the corresponding local magnification and lattice parameters of 0.50%Al@S—-NCM92 after
200 cycles in the voltage range of 2.75—4.40 V:(a) HRTEM diagram of 0.5%Al@S-NCM92; (b) (I)regional lattice

magnification and lattice spacing diagram;(c) (II)regional lattice magnification and lattice spacing diagram
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