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Abstract: Solid-state lithium batteries with solid electrolytes are expected to enhance the battery safety and energy density as one
of the most promising next-generation batteries. Among various solid-state electrolytes, sulfide solid electrolyte is considered as
promising candidate due to its ultra-high ionic conductivity. However, its large-scale production is restricted due to its fragility
and difficulty in processing, which affects its application in solid-state batteries. Recent work indicates that the flexibility of solid
electrolytes can be realized via introducing flexible polymers or supporting frameworks in solid electrolytes membranes,
constituting a solution to the embrittlement challenge in large-scale and thin-film electrolyte preparations. Therefore, developing
flexible solid electrolytes is one of the important strategies to promote the industrialization of solid-state batteries. This review
introduced the physical/chemical properties and development of sulfide solid electrolytes, summarized the related research work
on polymer self-supporting method and flexible skeleton-supporting method in the flexibility of solid electrolytes, and discussed
the technical characteristics and advantages/disadvantages of wet/dry processes in the flexible sulfide solid electrolyte preparation,
respectively. In addition, the future development aspects were also given to promote the practical application of solid-state lithium
batteries.
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Table 1 Ionic conductivities at room temperature (oryr) of
sulfide solid electrolytes

Material URT/(S'cmfl) Reference
Li;S-SiS, glass 5.3x107" [33]
Li,S—P,Ss glass 9.2x107 [21]
Li,S-GeS; glass 4.0x107 [33]
Li,S—P,Ss—Lil glass 6.5x10* [23]
Li,S—SiS,-Lil glass 1.8x107° [26]
Li,S-B,S3-Lil glass 1.7x107 [34]
LiSnS4-Lil glass 2.1x107* [33]
LisPS, glass—ceramic 1.0x107* [28]
Li;P3S;, glass—ceramic 1.7x1072 [28]
80Li,S-20P,Ss glass—ceramic 1.7x107* [35]
95(0.8Li2S-0.2P,S5)"5Lil glass—ceramic 2.7x107 [35]
9Li,S-3P,S5-Ni3S, glass—ceramic 2.0x107° [35]
Argyrodite LigPSsCl 3.0x107 [30]
Argyrodite LigPSsBr 0.9x10° [30]
Argyrodite LigPSsI 4.6x107 [36]
Argyrodite Li;PSe 1.6x107° [37]
Argyrodite Li;GesPS;, 1.1x107* [38]
Argyrodite Lie35Po.6sSi0.35SsBr 2.4x107° [39]
Argyrodite Lig ¢Po 4Geg ¢S5l 5.4x107 [40]
Thio-LiSICON Li; 25Geg25Po 7584 2.2x107° [19]
Thio-LiSICON analogue Li;SnS, 7.0x10°° [41]
Thio-LiSICON analogue Li;; AIP,S 5 8.0x107* [42]
Thio-LiSICON analogue Lij; 33810 833A80.16654 1.4x107 [43]
LijGePsS1, 1.2x1072 [31]
LGPS analogue Li;¢SnP,S;, 4.0x107 [44]
LGPS analogue Li;(SiP,S;» 2.3%107 [45]
LGPS analogue Lig 5451 74P} 44S117Clo 3 2.5x 107 [32]

LGPS is LimGSPzS]z.
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Table 2 Parameters for wet process of sulfide solid-state electrolytes

Sulfide solid-state electrolyte Proportion Binder Proportion Solvent orr/(S-cm™")  Reference
0.01Li3PO4—0.63Li,S-0.36SiS;  96.0% (volume fraction) SBR 4.0% (volume fraction) Toluene 7107 [58]
Li3 25Geo25P0.75S4 95.0% (volume fraction) SBR 5.0% (volume fraction) Toluene 3.5%x107° [58]
Li;z25Ge25P0.75S4 95.0% (volume fraction) Silicone rubber 5.0% (volume fraction) N-heptane 5%107 [58]
0.01Li3PO40.63Li,S—-0.36SiS, Silicone rubber N-heptane 10°* [59]
or Liz 25Geg25Po.7554
Li;z25Ge25P0.75S4 95.0% (volume fraction) Silicone rubber 5.0% (volume fraction) N-heptane [60]
LizS-P,Ss 98.0% (mass fraction) Hydrocarbon 2.0% (mass fraction) Xylene [61]
(8:2, mole ratio)
Glass—ceramic Li;PSy Toluene 7.3x107* [62]
Tetragonal Li;(GeP,S1» Toluene 4x107 [62]
75Li,S-25P,Ss 97.0% (mass fraction) NBR 3.0% (mass fraction) [46]
75Li,S-25P,Ss 97.0% (mass fraction) SBS 3.0% (mass fraction) Anisole 330 MPa: [63]
1x10™*
410 MPa:
2x10°*
LigPSsCl 98.5% (mass fraction) NBR 1.5% (mass fraction) Xylene [64]
LisPS, glass 100.0% (mass fraction) PPC 3.0% (mass fraction) Anisole [50]
Li;P,Ssl 97.0% (mass fraction) PEP-MNB 3.0% (mass fraction) Heptane 3.63x107° [65]
LicPSsCl 98.0% (mass fraction) SBS-COOH 2.0% (mass fraction) P-xylene 107 [65]
Li;oSnP5S), 97.5% (mass fraction) HNBR 2.5% (mass fraction) Toluene 3x107* [66]
Glass—Ceramic Li;P3S; 95.0% (mass fraction) SEBS 5.0% (mass fraction) P-xylene 7107 [67]
LisPSsCl 99.0% (mass fraction)  Acrylate-type binder  1.0% (mass fraction)  Xylene and isobutyl ~ 1.31x107 [48]
isobutyrate
SBR is polymerized styrene butadiene rubber; SBS is styrenic block copolymers; NBR is nitrile butadiene rubber; PEP-MNB is poly

(ethylene-co-propylene-co-5 methylene-2-morbornene); HNBR is hydrogenated nitrile rubber; SEBS is styrene ethylene butylene styrene; ogr is ionic

conductivity at room temperature.
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Table 3 Comparison of wet and dry process characteristics

Process Process method Environment

Efficiency Cost Performance

Wet process Slurry preparation Solvent pollution
Casting
Pressing
Drying
Solvent recycling
Dry process Mixing
Extrusion

Pressing

Solvent-free, environmental-friendly

Low High (Machines&energy) Low compatibility

Relatively high Low High compatibility
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