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Controllable Preparation and Performance of Full Concentration-Gradient High
Nickel Cathode Material

ZHANG Jian', ZHANG Yongjie', YANG Chengyun®, LUO Haibo®, XIE Xiaohua', XIA Baojia'
(1.Shanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences,

Shanghai 200050, China;2. Yunnan Energy Investment Heolo Technology Co., L.td., Yuxi 653100, Yunan, China)

Abstract: Aiming at the batch consistency control problem of full concentration-gradient (FCG) high nickel
cathode materials, a new idea is presented, in which Ni, Co, and Mn solutions are separately prepared and their flow
amounts into the reactor are precisely controlled by a program. Along with the gradient cooling sintering method,
controllable preparation can be achieved. The specific discharge capacity of the prepared FCG LiNi,Co,sMng 1,0, is
210.9 mAh/g at 0.1C. The 18650-type battery made with such cathode materials has the specific energy of 240 Wh/kg
and 669 Wh/L, and has a good high-current charge/discharge capability. It is suitable for operations at the temperature
range from — 20 °C to 55 °C. After 1 000 cycles, its capacity retention rate is 85.2%. The concentration-gradient design
of high nickel cathode materials significantly improve the stability of the surface structure. Compared with commercial
high nickel cathode materials, the high nickel cathode materials prepared by the concentration-gradient design have
significant advantages in cycle performance, rate, safety, etc.
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Fig.1 Schematic diagram of the reactor
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Fig.4 Particle cross section and radial element composition of FCG Ni,;,Co,,Mn,,,(OH),
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Fig.7 First charge-discharge curves and 1 C cycle curves of FCG and homogeneous 811 cathode materials
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Tab.1 Electrochemical properties of FCG and homogeneous 811 cathode materials
SH 0.1 C gk %fo”ﬁ{@ 1CHAE/ 1000’;1}%%%%
(mAheg ") W/ (mAh-g 1) iR/ N
BBRE811-25C 210.9 90.9 191.6 94.8
1 £ 811-55 C - - 213.5 89.2
A 811-25 C 209.6 89.0 190.8 90.3
HIHI811-55 C - - 209.6 82.4
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Fig.9 dQ/dV curves of the first two cycles of FCG and homogeneous 811 cathode materials and the impedance spectra

before and after 100 cycles
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Fig.10 Discharge and charge properties of 18650-type battery at various rates
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Tab.2 Discharge data of 18650-type battery at 25 °C and

various rates

LA R 1/3¢|1/2Cc| 1C | 2C | 3C | 5¢C
iR 2 /mAh | 3036 | 3014 | 2968 | 2916 | 2821 | 2523
WRESE/% | 100 | 99.3 | 97.8 | 96.0 | 92.9 | 83.1

TEHE/V | 3.646 | 3.625 | 3.543 | 3.412 | 3.303 | 3.141
AR/ | 100 | 994 | 97.2 | 93.6 | 90.6 | 86.1
It/ C 5.4 8.4 16.8 | 24.3 | 38.8
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Tab.3 Constant current charge data of 18650-type battery
at 25 °C and different rates

oA R 1/3C | 1/2C 1C 2C 3C
Fem R /mAh | 2889 | 2561 | 2384 | 1989 | 1656
AT % 100 88.6 82.5 68.8 57.3
TE L/ V 3.763 | 3.796 | 3.826 | 3.915 | 3.992
T/ C — 1.1 2.2 7.2 12.6
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Tab.4 Discharge data of 18650-type battery at different

temperatures
R I 25°C 55 C —20°C
28R /mAh 3036 3099 2 587
A % 100 102.1 85.2
PERE/V 3.646 3.655 3.409
B/ % 100 100.2 93.5
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Fig.11 Discharge curves of 18650-type battery at different

temperatures
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homogeneous 811 cathode materials 10°°
JLHE Ni Co Mn Gt
YA 811 14.60 2.97 0.42 17.99
B 811 6.41 1.12 1.06 8.59
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