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Abstract Traditional lithium-ion batteries employing carbonate-based liquid electrolytes might suffer from safety hazards
such as leakage, combustion and explosion under abused conditions. In comparison, poly(ethylene oxide) (PEO) based sol-
id-state polymer electrolytes can significantly enhance the safety performance of lithium batteries owing to their intrinsic
safety. In addition, PEO can also be made into specific shapes to meet the harsh requirements of special fields owing of their
excellent plasticity. More importantly, PEO-based solid-state polymer electrolytes possess superior interfacial compatibility
with lithium metal anodes, endowing PEO a very promising solid polymer electrolyte (SPE) for solid-state lithium metal
batteries. However, the low electrochemical oxidation potential of PEO-based solid polymer electrolytes makes them chal-
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lenge to accommodate high-voltage cathodes (=4 V), which greatly limits the energy density of solid-state polymer lithium
metal batteries. Recently, through the unremitting efforts of researchers, PEO based solid-state polymer electrolytes have
made a series of significant scientific progress in the field of high-voltage solid-state lithium metal batteries. Herein, this
review presents an overview on the scientific challenges, fundamental mechanisms, and design strategies for high-voltage
solid-state lithium batteries based on poly(ethylene oxide) all-solid-state polymer electrolytes: (1) constructing a ultra-thin
layer on high-voltage cathodes, (2) surface coating of high-voltage cathode particles, (3) surface coating of carbon black, (4)
employing carboxyl-rich polymer binders, (5) the design of asymmetric SPE architecture, (6) in-situ formation of
high-concentration polymeric interlayer, (7) the introduction of -OCH3 group into PEO, (8) (oxalato)borate salts as additive.
At the end of this review, the potential challenges and development trend of PEO-based solid-state polymer electrolytes in

high-voltage lithium metal batteries are also elaborated.

Keywords solid-state polymer electrolytes; poly(ethylene oxide); high voltage; lithium metal batteries; stable interfacial
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Table 1  Battery performance of high-voltage solid-state lithium metal battery using PEO-based solid polymer electrolytes
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Figure 1 The schematic illustrations for (a) the synthetic process to produce both LAGP nano-coating and salt-based passivation. (b) The schematic of
the two strategies on the modification of cathode surface. (c) Proposed mechanism to form energy barrier to suppress PEO oxidation and stabilize the in-
terface between LCO and PEO-based electrolytes. The two layers are from LAGP nano-coating and products from in-situ salts decomposition. Reprinted

with permission from Ref. [28], Copyright 2020, Nano Energy
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Figure 2 Schematic diagrams showing the working mechanism of ALD coating for enabling stable, high voltage solid polymer electrolyte-based lithi-
um-ion batteries. The decomposition of SPEs on (a) unprotected LiCoO; electrode and (b) electrode with protected LiCoO, particles (LCO coating), and
the working mechanism of (c) protected electrode (LCO+ CB-coating) in ASSLBs after extensive charge/discharge cycles. Conductive carbon can accel-
erate the decomposition of SPEs at high voltage, and thus, the protection of the carbon/SPE interface is very important for stabilizing high voltage sol-
id-state lithium-ion batteries. Reprinted with permission from Ref. [29], Copyright 2020, Journal of Materials Chemistry A
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Figure 4 The cross-section images of LCO/PEO-LiTFSI/PMA-LITFSI/ Li cell (a, b) before and (c, d) after cycling 100 cycles at 65 “C. Reprinted with

permission from Ref. [31], Copyright 2019, Advanced Materials
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Figure S Schematic of diagrams differentiated salt-based multilayered solid polymer electrolyte (DSM-SPE). The bilateral layers are in situ formed on
the surfaces of electrodes. The interface SEM images of section view of (bl) Li metal anode with anode contacting layer, (b2) middle layer SPE, and (b3)
LiCoO, cathode with cathode contacting layer; inset shows the digital photos of them, respectively. Reprinted with permission from Ref. [32], Copyright

2019, Advanced Science
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Figure 6 (a) Schematic illustrations of a typical cathode composite (left) and after coating a high-concentration polymeric interlayer (right). (b) Sche-

matic illustration of a PVC solution composed of LiTFSI and VC, which is thermally cross-linked into high-concentration PVC. (c¢) FTIR spectra of PVC

before and after cross-linking. Blue lines indicate the representative position of different functional groups. Reprinted with permission from Ref. [33],

Copyright 2021, Nano Letters
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Figure 7 Schematic illustrations of the (a) PEGDME and (b) PEG response to the Li anode and a high voltage. (c¢) PEGDME (PEG)-based SPE fabrica-
tion by infusing the polymer electrolyte into a Celgard 3501 separator. (d) Schematic illustration of a pouch cell assembled with the as-prepared SPE. Re-
printed with permission from Ref. [34], Copyright 2020, Energy & Environmental Science
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Figure 8 Schematic illustrations of the (a) dual-salt solid-state NCM811/Li cell configuration and (b) mechanisms of achieving excellent high voltage
cycling performance. Reprinted with permission from Ref. [35], Copyright 2021, Nano Energy
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