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Abstract: To solve the problem of the electrochemical performance of lithium-rich manganese ternary cathode mate-
rial (Li, ,Nij 5;,C0y,33Mn,5330,, LR) with poor cyclic stability at high temperatures, the materials modified with Al,O;,
AlF,, and AIPO, were prepared by simple multi - phase recombination. X -ray photoelectron spectroscopy (XPS),
transmission electron microscopy (TEM), and electrochemical impedance spectroscopy (EIS) were used to study the
composition structure, electrochemical properties, and mechanism of the composite materials at high temperatures.
The results showed that the Li, ,Ni, ;;Co,,3;Mn, 53,0, modified with A1,O, (LRO) had the best properties and the coat-
ing layer was thin and uniform. At 50 °C, the average discharge capacity of LRO was 189.5 mAh-g™ for 200 cycles,
and the capacity retention rate was 81.5%, which was 61.5 mAh-g™" and 49.8% higher than that of raw materials,
respectively. The charge transfer resistance of LRO after 100 cycles was 443.1 (), only half of the raw materials,

showing excellent electrochemical performance.
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K1 LR.LRO.LRF.LRP(a) XRD & .(b) Raman 14[&l .(c) O1s XPSTEI& . (d) A12p,, XPSTEIA;
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Fig.1 (a) XRD patterns, (b) Raman spectra, (¢) Ols XPS spectra, and (d) Al2p,, XPS spectra of LR, LRO, LRF,
and LRP; (e) F1s XPS spectrum of LRF; (f) P2p,, XPS spectrum of LRP
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Fig.2 TEM images of (a-c) LR, (d-f) LRO, (g-i) LRF, and (j-1) LRP
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Table 1 Comparison of cycling performance of the samples at 25 and 50 °C
25C 50 C
Sample
C, " of 200 cycles / (mAh-g™')  R"/% C,, of 200 cycles / (mAh-g™) R/ % C,, of 500 cycles / (mAh-g™) R/ %
LR 128.6 75.4 129.0 31.7 56.8 1.8
LRO 138.5 81.3 189.5 81.5 163.1 48.2
LRF 139.3 67.9 166.5 69.1 137.9 43.4
LRP 137.2 63.7 136.4 41.0 99.0 242

+C,, represents average discharge specific capacity; R represents capacity retention rate.
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Inset: local enlarged impedance spectra and equivalent circuit diagrams, where R, represents the solution resistance,

R, represents the charge transfer resistance, R, represents the SEI film resistance, CPE represents the phase angle

element, and W, represents the Warburg impedance

¥4 LR.LRO.LRF.LRP {2z AL IE: () FEHLHT; (b) 0.05CTH AT () 7£25 CLL ICHRFR 100

(d) 7£ 50 CLA ICHEHF 100 Bl )5

Fig.4 Electrochemical impedance spectra of LR, LRO, LRF, and LRP: (a) before charging, (b) after 0.05C activation;
(c) after 100 cycles at 1C at 25 °C; (d) after 100 cycles at 1C at 50 C

xR2

AR ER A F RS S

Table 2 Fitting parameters of electrochemical impedance of the four materials

Before charging After 0.05C activation

After 100 cycles at 1C at 25 C

After 100 cycles at 1C at 50 C

Sample
R,/Q Ry 1 Q R,/Q Ry 1 Q R,/1Q Ry 1 Q) R,/1Q
LR 1134 238.6 2706.2 50.1 43324 45.1 937.7
LRO 270.5 105.5 1543.7 72.0 1384.7 151.1 443.1
LRF 187.8 267.1 908.7 396.5 1229.1 773.2 479.8
LRP 166.1 495.9 1859.5 477.8 24972 811.1 534.6
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