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School of New Energy , North China Electric Power University , Beijing 102206, China)

Abstract: Organic liquid electrolytes commonly used in commercial lithium-ion batteries pose potential
safety hazards, such as flammability and electrolyte leakage. In comparison, solid-state lithium-ion
batteries based on solid polymer electrolytes have attracted extensive attention, due to their high safety and
high energy density. In this article, we introduce the structure and ion conduction mechanism of solid
polymer electrolytes, especially three modes of polymer segment migration, surface diffusion, and ion
hopping. In terms of preparation methods, the principles, preparation processes, and advantages and
disadvantages of ex-situ curing and in-situ polymerization curing are analyzed in detail. The ex-situ curing
method has a mature process, but there are a few issues, such as poor interface contact and high thickness.
The in-situ curing method can achieve excellent interface compatibility and is also compatible with current
battery assembly technology. To overcome the problems of low room temperature ionic conductivity and
insufficient electrochemical stability of solid polymer electrolytes, various modification strategies, such as
polymer molecular structure design, plasticizer addition, polymer blending, nanoparticle filling, and multi-
layer design are explored. These strategies aim to reduce polymer crystallinity, construct fast ion channels,
anchor anions, and optimize the interface between electrolytes and electrodes. Finally, the review points
out the development trend of solid polymer electrolytes in large-scale preparation and application in solid-
state batteries, providing references for future research.
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Fig.1 Preparation and modification research of solid polymer electrolytes
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(a)segmental relaxation; (b)surface diffusion; (¢)ion-hopping
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Fig.3 Preparation of polymer electrolytes via in-situ polymerization curing method

(a)mechanism and chemical processes involved in free radical polymerization'?”’; (b)process of cationic addition polymerization

.[31]

of vinyl monomers"**'; (¢)process of cationic ring-opening polymerization of heterocyclic compounds'®!’;

(d)chemical processes involved in anionic polymerization of epoxide monomers
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Fig.4 Design of polymer molecular structures

(a)schematic illustration of the preparation of fluorinated PEO based electrolytes!; (b)schematic illustration of PEGDME and PEG

coupled with the Li anode and high-voltage'®

';(¢)UV-cross-linking for the preparation of crosslinked polymer electrolytes

[42]
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Fig.6 BN nanosheet-filled polymer electrolyte
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(a)schematic diagram of the preparation process of PEO-LiTFSI-BN composite electrolyte ; (b)interaction between PEO/LiTFSI and

BN nanosheets; (¢)ion transport mechanism of the composite electrolyte ; (d)ion conductivity of the electrolyte;

(e)cycling performance of solid-state Lil|LiFePO, battery at 0.3 C and 30 °C
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Fig.7 Polymer electrolyte with three-dimensional nanocomposites as the framework "’

(a)schematic diagram of the preparation process of the PEO-LITFSI electrolyte supported by

the ANF-LATP network; (b)microstructure of electrolyte
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Table 1  Property comparison of polymer electrolytes

Lit Tensile

cat RT/
transference

Electrolyte type
yiewp (S+em ™)

number MPa

strength/  Li|[LLi cell performance

Li[LiFePOj cell performance Ref.

PDOL@nanoTiO, 1.74X10°  0.725

PVDF-HFP-LIFSI-  1.83X10° 0.563 77.78
TEP-LGLZO
PEO-LLZTO 2.1x10°* 0.46
PEO-PVDF-LICIO,- 6.02X10 % 0.861
LLTO nanowire

PEO-LIiTFSI-BN 9.3X107°  0.33 2.62

PVDF-HFP/PEO-  545X10°* 04

LITFSI-MXene

PI-PEO-LiTFSI-SN  1.03X10"* 0.38 4.52
PEO-LiTFSI-ANF-  4.9X10 ¢ 1.6
LATP

700h (3mA-cm 2, 60 °C)

1000 h (0.5 mA-em ™2, 25°C) 128 mAh-g ! with 90% retention after [31]

1000 cycles at 1 C and 60 “C

1000 h (0.5 mA+em ™2, 25°C) 90 mAh-g~! with 94% retention after [32]

360 cycles at 0.5 C (NCM523)

345 Wh-kg 'with 90% retention after [59]
200 cycles at 0.1 C and 60 °C

168 mAh-g'with 99% retention after [72]
100 cycles at 25 °C

1200 h (0.05 mA-cm %, 0.05 132 mAh-g ' with 84.0% retention [74]
mAh-cm™?, 30 °C)
650h (0.5 mA-cm 2, 30 °C) [75]

after 90 cycles at 0.3 C and 30 °C

1000 h (0.05 mA-cm™?%, 0.05 138.6 mAh-g~! with 84.0% retention [78]
mAh-em™?, 30 °C)
300 h (0.1 mA-em 2, 0.1 133 mAh-g ! after 100 cycles at 0.3 C [80]
mAh-cm %, 60 °C)

after 150 cycles at 0.2 C and 30 °C

and 60 °C
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(a)schematic synthesis of AP-GPE electrolyte; (b)L1.ZO-w synthesis diagram; (¢ )ionic conductivity of electrolyte; (d ) Li|[LiFePO, battery performance
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