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Figure 1 (Color online) Schematic illustration of the first Li-ion bat-
tery (LiCoO,/Li* electrolyte/graphite)!”
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Figure 2 (Color online) Ion transport mechanism in PEO matrix'"?
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Figure 3 (Color online) Schematic of solid-state Li-S cell using
IL@NPS as a filler. The cathode consists of sulfur, nitrogen-doped car-
bon nanosheets substand PEO. LiTFSI and IL@ NPS are also added"”
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Figure 4 (Color online) Effect of the molecular weight of polyacrylate
and the diameter of TiO, nanoparticles on the ionic conductivity of solid
polymer electrolytes!®

2284

F1 B TEAEEER B F B & B A AR T R S
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Figure 5 (Color online) Lithium ion-conducting pathways in nanoparticles (a), randomly aligned nanowires (b), ordered aligned nanowires composite
polymer electrolytes (c). (d) The surface area inorganic nanoparticles (NPs) and nanowires (NWs) acts as a high-speed channel for lithium ion

conduction'®
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Figure 6 (Color online) In situ prepared SiO, polymer composite electrolyte prepared shows higher ionic conductivity'
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Figure 7 (Color online) Schematic of all-solid Li-S battery based on
LLZO nanostructures'®”
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Figure 8 Cross-sectional SEM image of LLTO made by sol-gel meth-
od (a) and electrospinning (b)*”!
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Figure 9 (Color online) Solid-state nuclear magnetic reflect ion conduction in compound electrolytes with different compositions
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Figure 10 (Color online) Charge-discharge curves of different current densities at 60°C for LiFePO,-Li batteries prepared by blending PEO and TPU
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PEO-based polymer electrolytes in lithium ion batteries
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Currently, electrolytes used in lithium-ion batteries are flammable and leaky, causing safety problems when used under
high temperatures or extreme conditions. Solid electrolytes can fundamentally avoid the occurrence of such issues, at the
same time, it can significantly increase the energy density of solid state lithium batteries.

Solid electrolytes are classified into inorganic solid electrolytes and solid polymer electrolytes. Although inorganic
solid electrolytes have the high mechanical strength and room temperature ionic conductivity, it has poor flexibility and
complicated preparation process. In contrast, solid polymer electrolyte has good elasticity and good interface contact,
which can overcome many disadvantages of the inorganic solid electrolyte. Among them, polyethylene oxide (PEO) is
first proposed as a polymer electrolyte. Due to its excellent mechanical properties, electrochemical stability and thermal
stability, it has been a hot topic for polymer solid electrolytes for decades. However, its low room temperature ionic
conductivity limits practical application. Given the problems existing in PEO-based polymer electrolytes, several meth-
ods for improving ionic conductivity have been proposed. The primary methods include plasticization, the organ-
ic-inorganic composite, and polymer blending.

Comparing these methods, it can be seen that adding plasticizers to the polymer can effectively increase the conduc-
tivity of the electrolyte, but at the same time it will cause a decrease in the mechanical properties, and the safety issues
limit its application in lithium-ion batteries. Inorganic fillers can balance the problems of ionic conductivity and mechan-
ical properties, but the construction of a good filler-polymer dispersion system is complicated in preparing such compo-
site electrolytes, design a new type of multi-dimensional the ion transport network also face tremendous challenges. Un-
doubtedly, in the future research, inorganic fillers will be the dominant means in the modification of composite electro-
lytes. Compared with the former two modification methods, polymer blending is easy to operate and friendly to industry,
but low ionic conductivity at room temperature still exist. To give full play to the advantages of polymer blending, using
it as an auxiliary means to improve the performance of composite electrolytes will be the primary development direction
of such modification methods.

PEO is the most widely studied polymer electrolyte. Even though a large number of modification methods have
emerged in its development history, the ionic conductivity at room temperature is still limited to a relatively low level. To
meet the needs of the application in lithium-ion batteries, a high operating temperature (50-70°C) is still needed, the

biggest problem remains exist. To solve the problems in polymer solid electrolytes, the research directions in the future
may mainly focus on: Expanding the modification method of PEO to other polymer electrolyte host materials, broaden-
ing the scope of research, and finding the available polymer electrolytes at room temperature. Concerned about the prep-
aration of ultra-thin polymer electrolytes, reducing the ion transmission path to increase the transmission efficiency of
lithium ions between positive and negative electrodes. Effectively combines inorganic solid electrolytes and solid poly-
mer electrolytes to give full play to their advantages. In addition, exploring the effect of inorganic filler morphology on
the conductivity of the composite electrolyte will also deserve attention. Many one-dimensional, two-dimensional mate-
rials can build ion transport networks so that lithium ions can travel rapidly along the path. With the deepening of re-
search, it is expected that PEO-based polymer electrolytes may replace liquid electrolytes and become an essential cor-
nerstone for building the next generation of safe and reliable lithium-ion batteries.

lithium ion battery, solid polymer electrolyte, polyethylene oxide, energy storage, all-solid-state battery
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