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Fig. 1. A typical stress-strain curve of materials.
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Table 1.  Mechanical properties of solid-state battery materials.
F AR PR /GPa BYYIEE /GPa BEE/GPa  JAMI(B/G)  K./MPam!/?
Lig g3Lag 57 Ti05 200 80 9.2 1.66 ~1
Li;LagZr,01,P) 150 59.6 9.1 1.72 0.92-2.73
Ak e A ) ) .
Li; 3Aly 5T, 7(PO,)5P 115 7.1 1.10
Lig sLagZr; 5Tag 50551%4 153.8 4+ 2.7 61.2 + 1.1 1.59
Li,S-P,S; 58l 18.5 71 +0.3 1.9 0.23 + 0.04
Li7P3511[34]
WALy e Li;GePyS;5B4 21.7 7.9 3.44
Li;ySnP,S,B4 29.1 11.2 2.09
LizPS;C14 22.1 8.1 3.57
PEO+LiTFSIBI ~10°®
PEO+ LiC10,Pd 14.5 x 103
REWHRMT ) - .
PAN+LiC10,#7 1.6 x 10
PVDF+LiBF B 0.3 x 103
LiCoQ,/33] 178—191 8.3 0.94
LiFePO, 125.9 48.9 2.02
NCMHH0I 198 11
AR y
pay-s o) 32 12 2.34
S 113 16.6
LB 5 4.25 103
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Table 2.  Volume variation of electrode materials
during battery cycle.
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Fig. 2. Changes in (a) o and c-axis lattice parameters and (b) unit cell volumes for NCA89 and NCW90 as a function of the cell
voltage; bright-filed STEM mosaic image of a cross-section of (c) NCA89 and (d) NCWY0 at charged to 4.3 VIOU.
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Fig. 3. Relationship between the Young’s moduli and Lil
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Fig. 4. SEM images of fracturing of LiCoO, particles in cycled batteryl3.
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Fig. 6. Schematic of the effect of the stack pressure on the shorting behavior of Li metal solid-state batteries: (a) During cell fab-
rication, the contact between the electrolyte and Li metal is poor before pressing the Li metal on the electrolyte pellet; (b) Pressing
the Li metal at 25 MPa allows for proper wetting of the electrolyte and (c) induces a large drop in the symmetric cell impedance,
even when the pressure is later released to 5 MPa; (d) plating and stripping at a stack pressure of 5 MPa, no creeping of Li inside
the SSE pellet is observed; (e) at a stack pressure of 25 MPa, Li slowly creeps between the grains of the SSE and plating occurs on
these dendrites, eventually shorting the cell after 48 h; (f) when the stack pressure is too high, Li creeps through the electrolyte and

forms dendrites that mechanically short the celll03].
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Fig. 7. Schematic diagram of the different microstructural and interfical evolutions in the NCA80 and FCGT75 electrodes in all-solid-

state batteries!1%,
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Fig. 8. The schematic illustration of the PIC-5 pm, CIP-200 nm, and hierarchical sandwich-type composite electrolytes!!3.
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SPECIAL TOPIC—Fundamental physics problems in all solid state batteries

Mechanical failures in solid-state lithium
batteries and their solution
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Abstract

The mechanical properties of electrode materials and solid-state electrolytes in solid-state batteries (SSBs)
have an important influence on the mechanical stabilties of SSBs. Mechanical failures in SSBs on different scales
and in different components will occur once the stress inside SSBs exceeds the materials’ strengths, which
seriously deteriorates the electrochemical performances of SSBs. From the perspective of stabilizing the
mechanical stabilities of SSBs, in this review we describe the influences of the mechanical properties of each
component in SSBs on the mechanical stabilites of SSBs, and we analyze the factors that affect the mechanical
properties of materials. In addition, we also discuss the mechanical failures of SSBs during cycle, including
electrode materials’ or solid-state electrolytes’ fractures, electrode-electrolyte contact losses, and short-circuits
due to lithium dendrites. Finally, we summarize some common strategies to mitigate the mechanical failures in
SSBs, and look forward to the future research directions in this field. Overall, the mechanical failures in SSBs
and their strategies discussed in this review will help researchers build SSBs with higher energy density, longer

life and higher safety.
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