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Figure S1. The relationship between stress intensity and bending curvature in LLZO chips of 

different lengths (from 0.2 to 3.6 mm) and thicknesses, including (a) 50 μm, (b) 100 μm, (c) 

150 μm, and (d) 250 μm thick.



3

Figure S2. The relationship between stress intensity and chip length under different bending 

curvatures (from 0.0 to 0.25 mm-1) in LLZO chips of different thicknesses, including (a) 50 μm, 

(b) 100 μm, (c) 150 μm, and (d) 250 μm thick.

Figure S3. FTIR of the SBC and electrolyte membrane from 3250 cm-1 to 640 cm-1.
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Figure S4. The stability test of the liquid SBC ink with Li. (a) The Li metal and the SBC ink in 

contact. (b) The lack of change in the appearance of either material indicates their good co-

stability after the SBC had completely cured (48 h).

Figure S5. The strechability of the composite electrolyte membrane

Detailed finite elemental analysis (FEA) method

In the LLZO membrane breaking simulation process, LLZO chips were under bending state due 

to the constraints. We modeled a single LLZO chip bending process through a standard analysis 

in ABAQUS 6.13. To determine the critical breaking length of the LLZO chips, four different 

thicknesses of LLZO chips (50 μm, 100 μm, 150 μm, 200 μm, 250 μm) were considered. For 

each thickness, a series of LLZO chips with different lengths from 0.2 mm to 3.6 mm were 
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adopted in the modeling. The geometric parameters of the LLZO chips with different lengths and 

thicknesses are shown in Table S1. 

Table S1. Geometric parameters of the LLZO chip used in the FEA modeling
LLZO chip length (mm)

Models
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 2.0 2.4 2.8 3.2 3.6

100 1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 1-9 1-10 1-11 1-12 1-13

150 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10 2-11 2-12 2-13

200 3-1 3-2 3-3 3-4 3-5 3-6 3-7 3-8 3-9 3-10 3-11 3-12 3-13

LLZO
chip

Thickness
(μm)

250 4-1 4-2 4-3 4-4 4-5 4-6 4-7 4-8 4-9 4-10 4-11 4-12 4-13

These 2D models were analyzed at the plain strain condition. The LLZO chips were simplified as 

elastic materials. The mechanical parameters are shown in Table S2. 

Table S2. Parameters used in the FEA modeling
Parameters Values

ELLZO, Young’s Modulus of LLZO[1] 150 GPa

νLLZO,  Poisson ratio of LLZO[2] 0.26

KIC   LLZO Fracture toughness 39. 528 MPa·mm1/2

A displacement load was applied on the two sides of the LLZO chip to model the bending 

process. A notch with a depth of 1.8 μm was introduced in the middle position on the top surface 

of the LLZO chip for calculating the stress intensity. The bending curvature was calculated based 

on the displacement load. When the simulated stress intensity exceeded the LLZO fracture 
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toughness[3] KIC, the surface notch started to crack. Based on this criterion, the relationship 

among the critical side lengths of the LLZO chip, the bending curvature (bending radius), and 

the chip thickness was determined.
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