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Preparation of Long-Life Nickel-Rich and Cobalt-Free
Layered LiNi,;sMn,,0, Cathode Materials
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Abstract: The nickel-rich and cobalt-free binary cathode materials were prepared, and the effects of lithium
content, calcination temperature and coating modification on the properties of samples were studied. X-ray
diffraction (XRD) analyses and electrochemical properties such as first charge-discharge performance, rate
performance and cycling performance of different samples and modified materials were investigated. Among them,
the material with excess lithium content of 5% (w/w) and calcination temperature of 820 “C had excellent
performance. Its first discharge specific capacity was 171.6 mAh-g™, and the discharge specific capacities of 1C
and 3C were 147.8 and 129.8 mAh -g~', respectively. After coating the material with 1.0% (w/w) manganese
compound, the residual alkali content of the material decreased obviously. The processing performance was
excellent, the rate performance was improved obviously, and the discharge specific capacities of 1C and 3C were
increased to 156.5, 141.8 mAh-g™, respectively. The capacity retention rate of 2Ah soft-packed battery was 80%
after 830 cycles at room temperature and 80% after 345 cycles at high temperature.
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Table 1 Sintering technology parameters and electrochemical performance of Co-free cathode materials

) ) Lithium Optimum roasting
Matrix material

content (n/n) temperature, time

Charge/discharge

regime interval, current

Electrochemical
Ref.

performance

Li(Nig;Mny3)0, 1.1 820 C, 15 h

2.75~4.35 V,0.2C

Original sample, initial discharge capacity:
182.8 mAh -g™' (capacity retention after
100 cycles: 66.6%); 15%Co coating sam-
[20-21]
ple, initial discharge capacity: 189.8
mAh-g™ (capacity retention after 100 cy-
cles: 97.2%)

Li(NigsMng2)0, 1.05 800 °C, 12 h

2.75~4.3 V,0.2C

Original sample, capacity retention after 100

cycles: 89.6%; 0.5% Al203 coating sample,

capacity retention after 100 cycles: 94.1%;

1% 7rO, coating sample, capacity retention [26]
after 100 cycles: 94.8%;

15%Co doping sample, capacity retention af-

ter 100 cycles: 97.5%

Li(NigsMn,)O; 1.07 780 °C, 12 h

2.75~4.35 V, 0.2C

Original sample, capacity retention after 50

cycles: 80.4%; 7% Co coating sample, ca-

pacity retention after 50 cycles: 77.07%;

0.1%7x0, coating sample, capacity retention [1]
after 50 cycles: 89.79% ; 0.5% F doping

sample, capacity retention after 50 cycles:

87.77%
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Fig.1 SEM images of LiNiy7;sMn250, materials with different excess lithium contents: (a) 3%, (b) 5%, (c) 8%

10.0kV 5.4mm x50.0k SE(U)

B2 KRR RS IR EE 45 N LiNigssMngasO, £ i I SR AE: (a) 810 °C, (b) 820 °C, (c) 830 C
Fig.2 SEM images of LiNig;sMng,50, materials with different calcination temperatures: (a) 810 °C, (b) 820 C, (c) 830 C
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Fig.3 SEM images of the pristine and coated LiNiy75Mn,50, powders: (a)NM75-5-820, (b) NM75-5-830,

(c) NM75-5-820C, (d)NM75-5-830C
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Fig.4 Powder XRD patterns of the prepared LiNiy;sMng,0,
materials at different temperatures and before/after

coaling
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Table 2 Crystal structure parameters of the samples synthesized under different process conditions

Sample a/nm ¢/ nm Volume / nm’ cla Toos/ oo
NM75-3-820 0.287 36 1.418 66 0.101 79 4917 1.886
NM75-5-820 0.281 48 1.422 74 0.101 66 4.956 1.976
NM75-8-820 0.287 33 1.421 45 0.101 85 4.933 1.890
NM75-5-810 0.286 54 1.421 33 0.101 96 4.942 1.838
NM75-5-830 0.283 56 1412 35 0.101 34 4.905 1.905
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CO, BT 2R, 520 2 R RE 5 (4) LiCO; Fl
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Table 3 Residual alkali of the samples synthesized under different process conditions

Sample Lithium residual / (mg-L") Li,CO; content / (mg-1.") LiOH content / (mg-1.")
NM75-3-820 4165 719 2234
NM75-5-820 4952 528 2 868
NM75-8-820 6 826 2897 2547
NM75-5-810 6 236 1 906 2 807
NM75-5-830 2 405 461 1260
NM75-5-820C 3683 500 2063
NM75-5-830C 1591 497 709

2.4 BFEMEENK
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Bei BE R 820 CHIM B REIL =, H Ui i LU 2
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MOBHI 1C F1 3C Y ICHL B 2 a4 00 A 147.8
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OB ABJZ 20 R B T TN AR, i AR (R
M 8 J3 7o/ B AKX+ NCM532 # kH2018 4F47, A
BT 15 T3 oo/,
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i 3 — R G LiNigssMng,s0, # BB 45 T 20 11
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Fig.5 Initial voltage profiles and discharge capacity vs C-rate for as-synthesized LiNig;sMngp50, materials
under different process conditions
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Table 4 Electrochemical properties of the samples synthesized under different process conditions

Sample Capacity/(mAh-g™) Initial coulombic
Initial charge at 0.1C Initial discharge at 0.1C Discharge at 1C Discharge at 3C efficiency/%
NM75-3-820 191.1 167.2 140.9 116.4 87.48
NM75-5-820 196.5 171.6 147.8 129.8 87.34
NM75-8-820 192.1 168.5 146.4 125.5 87.75
NM75-5-810 203.7 169.8 1433 125.4 83.36
NM75-5-830 198.4 167.1 143.7 126.2 84.22
NM75-5-820C 203.5 171.6 156.5 141.8 84.32
NM75-5-830C 197.1 168.7 153.0 130.5 85.57

BYJa N AT IR PR RERF 5T, IR HEAT T 2Ah BRA TE 2.8~4.2 V 1C FELHE A T B H IR IR 5 IEAs
FL M P S 3G T 6 45 T NM75-5-820C 1 K HPEREAN LR, 3 5 RAE b FE AR R T R v A
FER A 80% NG JE AL, Z M BLH TG 830 JH %%
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os | HE-GN6M-A HRFERER 80%, miRIEIS 345 FIAE B RN
gl 80% . % M KL B % 2 3T T LiNigsCopMny, 0,

= L .

S sk 803th/80% (NCM811) H#FkE, H 2 44 k0 5% 5k &2 W] 2 A% T

2 sof NCM811 A4k, JOBHW I Tk 5 A0 96 246 1 e B 4

g 7151 % N .
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2 701  Electrolyte: 4 477 . . ; 2

g [ Hectowe i35 (25 CC) BB A5 C) IR &
& 65p —=—01.28-42V_CC-CV
ol —o— 022842V cC-cV Table 5 Cycle performance of NM75-5-820C 2Ah
-4 03.2.8~42V_CC-CV (45°C) soft-packed battery in 2.8~4.2 V at 25 or
55 v 03 2.8~42V_CC-CV (45 °C)
50 _l 1 L 1 " 1 " 1 45 OC
0 200 200 600 300
Cycle number Samo] Charge/discharge Cycle number of 80%
ample . X .
6 TF 1C, 2.8~4.2 V % F LiNig;sMngas0, ## regime capacily retentions
(NM75-5-820C) 1) 2Ah £ v 7t 475 261 Bt i 2% NM75-5-820C-01 28~42V, 803
Fig.6  Retainability vs cycle number for the LiNij;sMngas0, NM75-5-820C-02 CC-LV (257 830
(NM75-5-820C) 2Ah soft-packed battery at 1C rate NM75-5-820C-03 28-42V, 345

between 2.8 and 4.2 V NM75-5-820C-04 CC (45 %C) 345
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