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Advances in Cathode Materials of Lithium-lon Battery for

Electric Vehicles
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(Jiangsu Highstar Battery Manufactory Co., Ltd., Qidong 226200, China)

Abstract: China is one of the most important manufacturing bases for electric vehicles around the word, as well as the
main country of research and production of rechargeable batteries. Lithium-ion battery has a high charge/discharge rate,
wide temperature adaptability, long cycle life, no memory effect, high power/energy density, as well as cost advantages.
Instead of traditional batteries (NiCd, NiH), Lithium-ion battery is becoming the new power for non-plug-in electric
vehicles. The electrochemical performances and developments of lithium-ion batteries are discussed, and influences of
different cathode materials (NMC, LiFePO,4 and LiMn,0,) on the charge/discharge performances of lithium-ion batteries
are compared. Electrochemical performances of lithium-ion batteries under different temperatures are discussed,
including discharge capability, high-power pulse discharge performance under high magnification, fast charge/discharge
cycles life, high temperature stability of self-discharge, as well as safety of the battery under short-circuit conditions.
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Fig. 1 Discharge curves at different current rates of (a)NMC 18650 type 1 500 mAh ! and (b)2 000 mAh cells®, as well as (c) discharge curves of three

different cathodes at 10 A at room temperature!®!
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Fig. 2 Discharge curves at different temperatures for (a) 18650 type 1 500 mAh with NMC cathode at 15 A, and (b) 18650 type 1 500 mAh with LFP cathode
at10A/5A
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Fig., 4 Cycling performances of (a) NMC 18650 type 1 500 cell at over charge/discharge conditions, as well as (b) DC impedance during cycling at room

temperature at 10 A
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Fig. 6 Charge performances of 18650 type cells at room temperature, (a) NMC 1 500 mAh cell at 1C, 2C and 4C, (b) NMC 2 000 mAh and NCA 2 500 mAh
cells at 2C
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Table 1 Change of voltage, resistance and capacity of 18650 typel 500 mAh Li-ion cells after storage at different temperatures and months

Before storage After storage
ocv ACZ SoC \Voltage AC Z growh Cap. Retention Cap. Recovery
Test conditions (mV) (mQ) (%) (%) (%) (%) (%)
1-mon at40 C 3666 14.4 41 i 0.3 23 39 100
6-monat40 C 3665 14.6 41 i 4.4 23.0 16 94
1-mon at60 C 4184 13.7 100 i 2.9 18.0 88 98
3-monat60 C 4182 14.1 100 E 4.6 27.4 76 93

% 2 =7t NMC 1500 mAh {85 FH it R MBI T L
Table 2 Thermal cycle behaviors of MNC 1 500 mAh Li-ion cell

Before thermal cycle After thermal cycle
ocv ACZ Weight OCV drop ACZ Weight
V) (me) © L Growh (%) loss (g
4184 13.7 41.9 E 29 19.4 0.01

*OCV F/nHLE, ACZ F/RHIH, SOC Fynfn B
T
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Table 3 Short circuit (SC) tests of 18650 typel 500 mAh Li-ion cell and battery

SC resistance Max. SC Current Max. Temperature Tab melted Header
(mQ) (™) () CID broken
5 115 48 N
Cell
80 35 105 \
5 127 32 \
Battery (5s)
80 90 80
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