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Figure 1 Factors that affect the performance of lithium ion batteries at
low temperatures [1] (color online).
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Figure 2 Molecular configuration and properties of DMS [2] (color
online).
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Figure 3 (a) Cycle performance of different electrolytes at —20 °C; (b) rate performance of different electrolytes at —20 °C; (c) charging discharge
curve of 0.1C electrolyte at —20 °C; (d) charge-discharge curve of different cycles in E3 at —20 °C; (e) Li-ion intercalation diagram at room

temperature and low temperatures [3] (color online).
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Figure 4 Highest occupied molecular orbital (HOMO) and LUMO
orbitals of DMC, EC and FI molecules [4] (color online).
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Figure 5 Decomposition mechanism of LIDFBOP [9] (color online).
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Figure 6 Multilayer structure SEI film composed of LiDFBOP
participation (color online).
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Figure 7 Embedding process of Li" [16] (color online).
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Table 1 Physical properties of carbonate and carboxylate solvents
commonly used in batteries [1]

AR WE(C)  WBAE(C) BEmPas)  AHUEH
EC 36.4 248 1.93 89.78
PC —48.8 242 2.52 64.92
DMC 4.6 91 0.589 3.107
EMC -53 110 0.648 2.958
DEC -74.3 126 0.753 2.805
MF —100 32 0.325 8.69
MA -98 57 0.364 6.864
MP -88 80 0.481 6.07
EA -84 77.1 0.423 6.05
EP -73 99.2 0.492 5717
MB -84 102.8 0.539 5.432
EB -98 121.5 0.639 5.0046
PB —95.2 143 0.832 43
BB -91.5 166 0.977 439
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Figure 9 (a) Molecular structures of 1Z, EC and EMC; (b) ionic
conductivity of 1 M LiPF-EC/EMC (3:7, w/w) and 1 M LiPF6-EC/1Z
(1:10, v/v) at room temperature and —20 °C [23] (color online).
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Figure 10 (a) Discharge curves of LTO/HG composites measured at current densities of 1C and 10C and operating temperatures of 25, 0 and —25 °C;
(b) capacity retention versus temperature; (c) overvoltage versus temperature relationship diagram [38] (color online).
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Figure 12 Schematic diagram of electrode preparation process [40]
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Research progress on low-temperature graphite anode and electrolyte
optimization for lithium-ion batteries

Jian Li, Pengjian Zuo
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Abstract: Under the background of continuous consumption of fossil energy, lithium-ion battery has become the
mainstream energy storage battery. With the expansion of lithium-ion battery application fields, such as aerospace, deep-
sea diving and polar exploration, its performance at low temperatures below —20 °C or even at extreme cold states
should be improved, which is affected by electrode materials, electrolyte and other aspects. In this review, the progress
in improvement of various components of electrolyte system and graphite anode in lithium ion battery at low
temperature is summarized. Finally, the development prospect of low temperature lithium ion battery is discussed.
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