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Interface Optimization in Solid-State Lithium Batteries

XU Xiaowei, WANG Shuhao, Zhao Yinghe, LI Huigiao
(State Key Laboratory of Materials Processing and Die & Mould Technology, School of Materials Science and Engineering,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: All-solid-state lithium batteries become popular due to their high energy density, high safety, and wide electrochemical
window. However, there are also some problems in the practical applications, such as the rigid contact between solid electrolyte and
electrode material, side reactions occurring readily in contact with electrolyte because of active lithium metal causing the interface to
be unstable, sulfide solid electrolyte being unstable to air and high production costs. This review summarized some research work on
the interface between electrode material and oxide solid electrolyte, sulfide solid electrolyte, and polymer solid electrolyte, analyzed
the interface problems, and discussed the interface optimization strategies to solve the interface problems of all solid-state lithium
batteries in the future.
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Fig. 1 Interface problem and optimization strategy of solid state electrolyte to cathode and anode
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(a) Schematic diagram of battery assembly and impedance test before and after LP30 wetting “?(b) Transmission scanning electron

microscope image of ionic liquid evenly distributed around LLZO particles *:(c) Schematic diagram of solid sodium battery before and after

wetting %°)
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Fig. 2 Wetting of the cathode electrode interface
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Fig. 3 Interface layer is added to improve the interface contact between the cathode and the solid electrolyte
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Fig. 7 The interface problems of sulfide solid electrolyte on the anode and cathode
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Fig. 9 Adjusting the cathode or sulfide solid state electrolyte composition to modify the cathode side interface
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(a) Schematic diagram of the mechanism of doping ZnO in LisPSsBr to suppress lithium dendrites'®’; (b) The mechanism diagram of

inhibiting the growth of lithium dendrites by adding HFE to Li;P3S;,'"%; (c) Schematic diagram of an all-solid-state battery protected by

PCE™; (d) Schematic diagram of ionic liquid in situ forming a stable interface layer on Li anode "¥; (e) Sketch map of the generation of SEI

between LijoSnP,S;; and Li anode by different ionic liquids'®.
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PMDETA is N,N,N’,N”,N”’-pentamethyldiethylenetriamine; ATRP is atom transfer radicalpolymerization; NMP is N-methyl-2-pyrrolidone.

(a) Sketch map of adding Lithium Terephthalate (TA Li) or a single conductive polymer (SIPE-PVDF-HFP) to the NMC111 cathode electrode
to improve the interface between the cathode and the electrolyte ’%; (b) Schematic diagram of the synthesis process of PEO-based star

polymer?; (c) Sketch map of the electrolyte MPE, a composite of PVDF and PEO star polymer'?; (d) Schematic diagram of assembling

asymmetric gel polymer electrolyte (a-GPE) to simultaneously improve the interface of electrolyte to anode and cathode electrodes!”®!
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Fig. 12 Adjusting the cathode or polymer solid electrolyte components to modify the cathode side interface
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(a) Schematic diagram of polymer solid electrolyte SPE preparation and double-sided ALD deposition of Al,O3 layer”™; (b) Sketch map of
LiPON modified Li anode surface ™; (¢) XRD of PEO and PEO-b-PE hybrid films""; (d) Schematic diagram of the PEO-LiTFSI deposition
process on the Li anode ®”; (e) The TOF-SIMS diagram of the lithium/polymer electrolyte interface ™; (f) Sketch map of Mg;N, layer
modified polyethylene oxide electrolyte to homogenize the distribution of Li'/e” at the interface *'.
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Fig. 13 Adding a coating on the anode of the polymer solid electrolyte to modify the interface
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(a) Schematic diagram of organic cage molecular filler CB[6] improving the interface stability between electrolyte and lithium anodel®¥; (b)
Macro morphology and SEM image of LVC with lithium polyvanadate added to PEO-LiTFSI electrolyte[85 I (c) Schematic diagram of the
growth of lithium dendrites in CIP-200 nm and PIC-5 um, and schematic diagram of the sandwich-structured composite electrolyte[%]; (d)
Schematic diagram of the composite solid-state electrolyte PVDF/PVCA/LLZTO and TMSTMS selects wetting[87].
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Fig.14 Adding fillers to the polymer solid electrolyte or preparing a composite solid electrolyte for interface modification on the
anode
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