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Figure 1 (a) Schematic diagram of faced application scenarios at different temperatures of lithium batteries™. Copyright © 2021, John Wiley & Sons;
(b) The effect of extreme operating temperature on lithium battery[m]. Copyright © 2019, Springer Nature
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Figure 2 At different temperatures, (a) the analysis of anode element content and thickness of 18650 battery after cycling, (b) Arrhenius curve images
of 18650 battery aging behavior. The current density is 1 C. (c) The relationship between negative electrode thickness and battery internal resistance”™.
Copyright © 2014, Elsevier. d is the thickness of the electrode, E, is the activation barrier, kg is boltzmann constant, r is the aging rate
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Figure 3 The deposition behavior of lithium metal on copper foil surface at different temperatures. (a—f) SEM photos; (g) particle size distribution of
lithium electrodeposited at different temperatures; (h) voltage curve of lithium deposition at different temperatures; (i) the relationship between particle
size of deposited lithium and temperature. The electrolyte used for deposition was 1 mol L™ LiTFSV 1,3-dioxy-amyl (DOL)/ethylene glycol dimethyl
ether (DME)/LiNO; (additive), the deposition current density was 0.25 mA cm *, and the deposition capacity was 0.15 mAh om0, Copyright © 2019,

Springer Nature
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Figure 4 Pictures of graphite anode after different cyclesm]: (a) 250 cycles, (b) 500 cycles, (c) 900 cycles. (d) Schematic diagram of graphite anode
lithium precipitation at low temperature. (¢) The graphite anode exhibits different lithium embedding/lithium deposition behaviors at different
temperature regions. (f) Schematic diagram of the reason why the lithium deposition behavior on the graphite anode surface occurs above 0 V (vs. Li’/

Li)[ ol Copyright © 2021, Elsevier. © 2020, National Academy of Sciences
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Figure 5 Cryo-EM images of deposited lithium particles at different temperatures. (a—c) 20°C, (d—f) 60°C"
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Figure 6 High temperature electrolyte (0.8 mol L™ LiTFSI + 0.2mol L' LiODFB) dissolved in ADN/EC mixed solvent (volume ratio 1:1)[39].
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Electrochemial performance of Li/LiyTisO,, battery assembled with above high temperature electrolyte: (b) rate performance under different
temperature, (c) long cycling stability at current density of 5 C

2943



M4 %8 & 2022588 H£67k %248

(a)2 5
-70°C
20t
Stsf e
3 —— +25°C0.05A g
2 —— 70°C0.02A g,
S1.0f
= —— 70°C-01Ag)
©
o
0.5f
0.0
0 20 20 50 .1 0 o
Capacity (mAh gwo)
(©
' A
3 g -
e I A
| *
e @ Desolvate F 4 Solvate; ‘ (.
o 2\
Nﬁ" +* 4eV i@ ‘,‘.
ity ! s
N I Solvaty Desolvate; ‘L
i

° o 2‘/ J

1

“( s
NCM811 CEl -

ROCO,Li # LiF ® Li,CO, & Li,0 < DEC

«w DFEC
«w FEC
- EC

Charging __~ SEI| Li

Q

(IR /:{)f
S Anion
. repulsion
\ due to

'S ﬁ; E-field
~E°¢Y"  Li'DEE),,
Eg =-280 kJ mol”

Li*(DME),
Ey=-414 kJ mol™

(d)

@) Cation = Anion High e solvent

B 7 (a) fE-70°C F AT 2R ORI AR AL 1 4 it T IZR™. Copyright © 2018, Cell Press. (b) i FIL# BN
(DEE), g« Li(DME), ;=1L #1545 4 86, Copyright © 2021, Springer Nature. (c) £ L4 H 0 B8 T48 5 R R 0 2 54k
#4" Copyright © 2021, John Wiley & Sons. (d) 4> HL AR A2 5 5 AR VA9 RO 8 V) AR R SR CLBRION LT, 3 (BRI BT T, 1
B ARBG 537 AL BRIR IR, B LR o7 b B AR 39, 6 (o K SO L ) R 225497, Copyright © 2019, Springer Nature
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Progress on wide-ranging temperature electrolytes for lithium
batteries
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Lithium-ion batteries have gained great success in energy storage market due to their high energy density and long cycling
life. However, it is necessary to further increase energy density, prolong life-span and enhance rate performance. Moreover,
exploring more application scenarios is another important development direction for lithium batteries. Application
scenarios of polar exploration, space exploration require lithium batteries to meet the demand on working at low
temperature, whereas application scenarios of oil industry, robot extreme detection need lithium batteries to operate at high
temperature. Unfortunately, traditional lithium batteries can only operate well in the temperature range of 15-35°C.
Therefore, to develop lithium battery with wide temperature range is urgent.

Too low or high temperature has negative influences on lithium batteries. In general, too low operating temperature can
cause the stronger interaction between Li” and solvent molecules, increase viscosity and decrease salt solubility, leading to
sluggish kinetic process of electrochemical reaction. As a result, internal resistance increases and reversible capacity
decreases for lithium batteries. In addition, too low operating temperature may change the electrochemical reaction path.
For example, at low temperature, Li’, which should be embedded into graphite anode in an electric field, may be reduced on
the surface of graphite anode, forming dendrites and endangering the safety of the battery. It will cause safety risk for
lithium-ion batteries. At high temperature, the solubility of lithium salt will increase, reducing the stability of electrode/
electrolyte interphase. The side reactions, including electrolyte decomposition, transition metal ions dissolution, cathode
crystal structure damage, are more possible to react. As a result, the cycling stability of lithium batteries decreases at high
temperature.

The key to solve the above problems is to develop a wide-temperature range electrolytes for lithium batteries. In recent
years, some research advances have been achieved in this field. For low temperature electrolyte, using solvents with low
freezing point, low viscosity is indispensable, to ensure the enough kinetics rate of electrochemical reaction. To weaken the
too strong interaction between Li” and solvent molecules caused by low temperature, using ether-based or fluoro-carbonate
solvent are effective. Besides, to build electrode/electrolyte interphase with high Li" diffusion rate can also increase the
electrochemical performance of low-temperature lithium batteries. For high-temperature electrolyte, using solvents with
high boiling point, high flash point is necessary. To build highly stable electrode/electrolyte interphase is helpful to
suppress electrolyte decomposition and improve electrode structure stability. Eliminating impurities is also important for
high temperature electrolyte. To summarize those research advances is necessary and urgent. In this review, the research
and development progress of lithium battery electrolytes with wide temperature range are discussed. The contents include
the choices of solvent and lithium salt, the influence on electrode/electrolyte interphase at extreme temperatures, high-
temperature and low-temperature electrolytes. In addition, some outlook also be provided at last, from new characterization
techniques, novel lithium battery systems, and the opportunity brought from extreme temperatures. While impressive
research work continues to be reported, manufacturing and application of lithium batteries with a wide temperature range
remain challenging. It is expected that this review can help the development of lithium battery electrolytes with wide
temperature range.

lithium batteries, electrolytes, low-temperature electrolytes, high-temperature electrolytes, interphase regulation
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