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ABSTRACT

In most countries, these resources include coal, oil, natural gas, and nuclear

energy. However, the use of these resources faces various challenges, including
the depletion of fossil fuel resources, environmental pollution and an escalating price.
In order to reduce global reliance on finite natural resources and environmentally
destructive fuels, many efforts have been made to replace them with renewable
resources, such as solar energy, water, wind, and etc. Batteries are one of the most
potential technologies for this purpose. Lithium batteries have become increasingly
important energy storage systems in our daily lives, which play a significant role in
electronics and electric vehicles. However, their practical applications are plagued by
the safety issues from liquid electrolytes, especially when the batteries are exposed
to mechanical, thermal, or electrical abuse conditions. Polymer electrolytes are being
Keywords: proposed as an alternative liquid electrolyte for building safer lithium batteries. In
this review article, polymer electrolytes are divided into two large categories of
solid polymer electrolytes and gel polymer electrolytes. The characteristics and
properties of solid polymer electrolytes and gel polymer electrolytes are presented
at the first. Then, the recent progress of common polymers, namely, poly(ethylene
oxide), poly(methyl methacrylate), polyacrylonitrile, poly(vinylidene difluoride) and
poly(vinylidene fluoride-hexafluoropropylene) copolymer, biopolymers (cellulose,
polyurethane, polycaprolactone), polycarbonate and polysiloxanes as polymer host of
polymer electrolytes will be discussed. Finally, we will discuss remaining challenges
and future perspectives of the polymer electrolytes for high-performance lithium
batteries. We hope that this paper can provide useful information for the development
of new polymer electrolytes with excellent properties for use in lithium batteries.

T oday, the economic growth of countries depends on the supply of energy resources.
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Fig. 1. Schematic of the working mechanism of a Li-ion battery.
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Fig. 2. Schematic of preparation of polymer electrolyte
(reprinted with permission from Refs. 49 and 50. Copyright
2021 and 2022 American Chemical Socity).
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Fig. 3. Schematic of electrolytes based on solid, gel and
composite polymer electrolyte in the Li-ion Dbattery.
(reprinted with permission from Ref. 57. Copyright 2020

American Chemical Socity).
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Fig. 4. The chemical structure of the most common polymers

as polymer electrolyte.
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Fig. 5. Lithium ion transport mechanism in polyethylene
oxide-based polymer electrolytes. (reprinted with permission

from Ref. 81. copyright 2004 American Chemical Society).
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Table 1. Thermal characteristics and conductivity of polyeth-

ylene oxide-based prepared electrolytes.

Chitosan/PEO | Glass transition Ionic conductivity
(Wt%) temperature (°C) (S/cm)
20 -43.6 3.2x10°%
33 -46.5 6.8x10*
43 -42.8 1.3x10*
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Table 2. Tonic conductivity, and overall ionic mobility for poly(methyl methacrylate) -based copolymer systems with different

weight percentages at room temperature.

Ionic conductivity Overall ionic mobility
Samples
(S/em) (cm%S.V)
PMMA (90%)-PEGMA (10%)/Li-TFSI - -
PMMA (80%)-PEGMA (20%)/Li-TFSI 4.4x10° 1x10°
PMMA (70%)-PEGMA (30%)/Li-TFSI 2.9x107 5.8x10*
PMMA (60%)-PEGMA (40%)/Li-TFSI 1.4x107 2.4x10*
PMMA (50%)-PEGMA (50%)/Li-TFSI 1.9x10* 0.31

PEGMA, poly(ethylene glycol) methyl ether methacrylate; Li-TFSI, lithium bis(trifluoromethanesulfonimide)
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Table 3. The characteristics of various poly (vinylidene fluoride-

co-hexafluoropropylene)-based electrolytes for lithium-battery.

- Ionic Lithium ion
Crystallinity .
Electrolytes conductivity | transference
(o)
(S/cm) numbers
PEO-(10%) 49.16 2.63%10* -
P(VDF-co-HFP)
PEO-(20%) 35.99 2.72x10* 0.25
P(VDF-co-HFP)
PEO-(30%) 22.79 2.54x104 -
P(VDF-co-HFP)
PEO-(40%) 27.16 1.97x10* -
P(VDF-co-HFP)
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