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Fig.1  Energy density of Li-ion battery and solid state lithium battery with various typical cathode materials (a)
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the voltage profile (black) and the cell volume evolution 

process (red) of D-LCO; V

max

 and V

min

 are the maximum 

and minimum cell volume, respectively (the volume data 

are also shown (in blue) for P-LCO) (b)
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Fig.7  Comparison of cycle performance of LiCoO

2

|Li half cells with bare LCO versus TMA-LCO (a); elemental distributions of Al , Co 

and Ti over the virtual x-z slice through the centre of the particle, and identified and visualized subdomain formation (b); in situ 

XRD evolution of bare LCO and TMA-LCO (c); O 1s XPS spectra of bare LCO (top) and TMA-LCO (bottom) electrodes after the 

10th cycle at the 3.0 V discharged state (d); quantification of the volume and surface area of the subdomains and the entire particle 

as a whole (inset) (e); schematic of the differences in CEI between bare LCO and TMA-LCO (f)

[6]
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Fig.8  TEM image (left) and EDS element line profiles of 1Al-600 (right) (a); proposed effect of the passivation of LiCoO
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 surfaces by 

different modifications with Al (b)

[25]
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Fig.9  Electrochemical performance of pristine and modified LiCoO
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 (a) and SEM images of pristine LiCoO
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 modified LiCoO
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before and after 200 cycling (b)
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Table 1  Comparison of electrochemical properties of the reported LiCoO

2

-based LIBs at the high cutoff voltage 

Modification strategy Charge cutoff voltage/V First discharge specific capacity Cycle performance Refs. 

Mg

2+ 

doping 4.5 0.1 C, 180 mAh/g 

1 C, 100 cycles 

Capacity retention ratio 84.5% 

[11] 

Zn

2+

doing 4.5 0.1 C, 189 mAh/g 

1 C, 30 cycles 

Capacity retention ratio 93.7% 

[36] 

Ca

2+

doping 4.5 0.1 mA/cm

2

, 183.5 mAh/g 

0.1 mA/cm

2

, 25 cycles 

Capacity retention ratio 97.3% 

[37] 

Ba

2+

doping 4.5 0.1 mA/cm

2

, 180 mAh/g 

0.1 mA/cm

2

, 25 cycles 

Capacity retention ratio 96.5% 

[37] 

Cu

2+

doping 4.5 C/5, 165 mAh/g 

0.2 C, 50 cycles 

Capacity retention ratio 78.8% 

[38] 

Sr

2+

doping 4.5 0.1 C, 199 mAh/g 

1 C, 30 cycles 

Capacity retention ratio 13% 

[39] 

Al

3+

doping 4.7 0.1 C, 200 mAh/g 

0.1 C, 110 cycles 

Capacity retention ratio 81% 

[14] 

La

3+

 doping 4.3 0.1 C, 182.38 mAh/g 

0.1 C, 35 cycles 

Capacity retention ratio 89% 

[40] 

Ga

3+

 doping 4.5 0.2 C, 159 mAh/g 

1 C, 50 cycles 

Capacity retention ratio 87.9% 

[41] 

Zr

4+

 doping 4.3 0.1 C, 143 mAh/g 

0.1 C, 100 cycles 

Capacity retention ratio 78% 

[17] 

Ti

4+

 doping 4.5 0.1 C, 205 mAh/g 

1 C, 200 cycles 

Capacity retention ratio 97% 

[41] 

Al+La doping 4.5 0.1 C, 190 mAh/g 

0.1 C, 50 cycles 

Capacity retention ratio 96% 

[42] 

Mg+Ti doping 4.5 1 C, 159 mAh/g 

1 C, 100 cycles 

Capacity retention ratio 82.6% 

[43] 

Ti+Mg+Al doping 4.6 0.5 C, 202 mAh/g 

0.5 C&100 cycles 

Capacity retention ratio 86% 

[6] 

Al

2

O

3 

coating 4.5 1 C, 178 mAh/g 

1 C, 1000 cycles 

Capacity retention ratio 725% 

[24] 

SnO

2

 coating 4.5 5 C, 187 mAh/g 

5 C, 200 cycles 

Capacity retention ratio 67.4% 

[44] 
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MgO coating 4.35 0.2 C, 156 mAh/g 

0.2 C, 60 cycles 

Capacity retention ratio 85% 

[23] 

Fe

2

O

3

 coating 4.5 1 C, 168.7 mAh/g 

1 C, 50 cycles 

Capacity retention ratio 92.6% 

[45] 

ZnO coating 4.5 1 C, 178 mAh/g 

1 C, 30 cycles 

Capacity retention ratio 65% 

[32] 

MgF

2

 coating 4.5 0.2 C, 180 mAh/g 

0.2 C, 50 cycles 

Capacity retention ratio 80% 

[48] 

LaF

3

 coating 4.5 0.2 mA/cm

2

, 177.4 mAh/g 

0.2 mA/cm

2

, 50 cycles 

Capacity retention ratio 90.9% 

[50] 

Li

3

PO

4

 coating 4.5 1 C, 146 mAh/g 

1 C, 100 cycles 

Capacity retention ratio 79.32% 

[51] 

AlZnO coating 4.6 37 mA/g, 205 mAh/g 

37 mA/g, 500 cycles 

Capacity retention ratio 65.7% 

[46] 

Mn and La co-doping, Ti coating 4.5 0.1 C, 183 mAh/g 

0.3 C, 300 cycles 

Capacity retention ratio 82.6% 

[47] 
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2

 Cathode for Lithium-ion Batteries 
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Fujian Provincial Collaborative Innovation Centre for Advanced High-Field Superconducting Materials and Engineering, 
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Abstract: Lithium cobalt oxide (LiCoO

2

) is one of the most widely used cathode materials for energy storage of 3C digital products. The 

development of high-voltage LiCoO

2

 cathode material will further increase its energy density and battery endurance. In a variety of 

material modification methods, bulk doping and surface modification are the both effective means to improve the performance of 

high-voltage LiCoO

2

, and have extremely high academic and industrial application values. In the present paper, we summarized the 

research progress of high-voltage LiCoO

2

 by introducing common materials used for bulk doping and surface modification of LiCoO

2

 

cathode materials, and their surface modification, preparation methods, modification mechanism, and synergistic effects. Moreover, 

existing problems and future development trends were also pointed out. 

Key words: high voltage LiCoO

2

; bulk doping; surface modification 
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