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Abstract: The all-solid-state lithium batteries using solid electrolytes and metallic lithium anode exhibit high energy-densi-
ty and safety, and excellent ability to inhibit the growth of lithium dendrite and improve the intrinsic safety of batteries. Sol-
id-state electrolytes as the key material have become one of the research hotspots for the past few years. The composite solid-
state electrolytes obtained by dispersing inorganic fillers in the polymer matrix are the most promising electrdytes, because of
their excellent mechanical and electrochemical properties. In the composite electrolytes, the interface between ceramic fillers
and polymer matrixes exhibit a huge contribution to the ionic conductivity. However, the increase of the two-phase interface
has a percolation threshold with the content increase of fillers. Therefore, it is important to optimize the percolation struc-
ture, dimension and arrangement of the fillers for the further improvement of the ionic conductivity. Herein, this paper sum-
marizes the characteristics and Li-ion conductive mechanism of several solid electrolytes and composite solid electrolytes, an-
alyzes different research ideas of percolation structure, methods and the performance of the composite solid electrolytes based
on different dimensional inorganic fillers. At last, the bottleneck of designing percolation structures with inorganic fillers and
the goal of future researches are prospected.

Key words : all-solid-state lithium batteries; composite solid electrolytes ; inorganic fillers; two phase interface; percola-
tion structure
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Fig.5 Li* transport pathways of composite solid electrolytes with dif-
ferent nanowire arrangements: ( a) random, (b) aligned;
SEM images of the aligned nanowires at orientations of 0° (c¢)

and 45° (d) with Li* transport palhway“]]
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Fig. 6 Schematic of the template method of fabricating composite electro-

lyte by infiltrating polymer in AAO framework [ **
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Fig. 7 Cross-section SEM image of VS film"*?! ; Schematic of staggered “brick and mortar” microstructure of nacre (b) , cross-section SEM images of

layered LAGP tablets before PEO infiltration and hot pressing (¢) and an LAGP-PEO composite electrolyte film after hot pressing (d) (44]
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Fig. 8 Schematic of the LLZO/PEO-LiTFSI composite solid-state electrolyte (a) (4s] ; schematic for the synthesis procedure of the composite elec-

trolyte with BC network as a template(b) [46] 5

schematic of the LLTO hydrogel framework synthesis and its composite electrolyte (

R

SEM image of the polyurethane sponge template(d) , SEM image of the Ga-doping LLZO framework - *7}
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Table 1 The ionic conductivity of composite electrolytes with different dimensional fillers
Fillers dimension ~ Polymer matrix Lithium salt Fillers Tonic conductivity Ref.
PEO LiClO, LLZO particles 9.5%107% S -em™" at 20 °C [6]
PEO+BPEG LiTFSI LATP particles 2.5%107* S -em™! at 60 °C (8]
PEO — Ga-LLZO nanoparticles 7.2x1073 S -em™! at 30 °C [34]
PEO LiTFSI LLZTO particles 1.17%x107™* S ~em™ at 30 °C [35]
oD PEGDA@ PDMS — LATP particles 2.4x107° S -em™ at RT [36]
PEO+PEG LiCl0, LATP ice templated particles 0.52x10™* S +-ecm™' at RT [37]
PEO LiTFSI LLZTO particles 1.12x107° S +em™ at 25 C [49]
PVDF LiClo, LLZTO particles 5.0x107* S+em™ at 25 °C [50]
PPC LiTFSI LLZTO particles 5.2x107* S -em™" at 20 °C [51]
PEO LiTFSI AAO disc modificated by AIF, 3.5%x10% S -em™" at RT [33]
PEO LiTFSI LLZO nanowires 2.39x107* S -cm™" at RT [38]
PAN LiClO, LLTO nanowires 2.4x107* S -em™" at RT [39]
P PEO LiTFSI LLTO nanowires 2.4x107* S -em™ at RT [40]
PAN LiClO, LLTO aligned nanowires 6.05x107> S -em™! at 30 C [41]
PEO LiTFSI LLTO nanowires 2.3x107* S -em™" at RT [52]
PEO LiTFSI Vermiculite aligned nanosheets 1.89x107* S -cm™ at 25 C [42]
- PEO LiTFSI Vermiculite nanosheets 2.9%107° S+em ™ at 25 C [43]
PEO LiTFSI LAGP sheets stack 1.25x107* S cem™ at 25 C [44]
PAN LiClO, Graphene oxide sheets 2.2x107° S em™ at 30 C [53]
PEO LiTFSI LLTO hydrogel framework 1.5x107* S-em ™! at 30 °C [29]
PEO LiTFSI LLZO nanowires framework 2.5%x107* S -em ™! at RT [45]
3D PEO LiTFSI LLZO fibers framework 1.12x107* S «em™" at RT [46]
PEO LiTFSI Ga-LLZO framework by polyurethane foam 1.2x107* S -cm™ at 30 °C [47]
PEGMEA LiTFSI/LiDFOB LigPS;Cl skeleton 4.6x10* S -cm™ at RT [48]
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