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Figure S1. SEM images of (a) CNTs and (b) NFC obtained by freeze-drying.

Figure S2. SEM images of (a, b) LFP and (c, d) graphite powders.
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Figure S3. Photos of the CNTs dispersed in water without (left) or with (right) NFC.

Figure S4. TGA curves of the NFC/CNT/Gr and NFC/CNT/LFP inks.
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Figure S5. Photo image of a 3D-printed NFC/CNT/Gr electrode with a size of 60 mm × 60 mm.

Figure S6. (a) SEM image of NFC/CNT/Gr electrode and (b) the EDS elemental mapping.
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Figure S7. (a) Photo of the prepared NFC/CNT/LFP electrode. (b-d) Top-view and (e, f) cross-

sectional SEM images of NFC/CNT/LFP electrode with different magnifications.

Figure S8. SEM image of NFC/CNT/LFP electrode and corresponding EDS elemental mapping.
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Figure S9.  Comparison of the discharge-charge profiles between 3D-printed and conventional 

blade-coated electrodes: (a,b) Gr anodes and (c,d) LFP cathodes.
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Figure S10. Photos of the NFC/CNT/Gr electrode under different stretched states along the edge 

direction, and (b) the FEA simulation results at the corresponding stretched states, showing the 

electrode with a stretchability over 20% along the edge direction.
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Figure S11. (a) Tensile stress–strain curves of an NFC/CNT/Gr filament, which yields a failure 

strain of 6.65%, a tensile strength of 34.81 MPa, and a Young’s modulus of 1.24 GPa. (b) Tensile 

stress–strain curves of an NFC/CNT/LFP filament, which yields a failure strain of 9.38%, a tensile 

strength of 28.21 MPa, and a Young’s modulus of 0.32 GPa.
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Figure S12. (a) FEA simulation results of the patterned electrode at 25% and 50% stretched states 

along the edge and (b) the magnified contour plot of the maximum principal strain of the twisted 

building block at a 50% stretch. (c) FEA simulation results of the pattern electrode stretched along 

the diagonal direction. (d) The comparison of the maximum principal strain in the conventional 

flat and 3D-printed patterned electrodes at different stretched states. 
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Figure S13. Photos of an NFC/CNT/LFP electrode under different stretched states.

Figure S14. Photos of an NFC/CNT/LFP electrode under the 180° bended state.
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Figure S15. SEM images of nano-Al2O3 powders.

Figure S16. TGA curves of the NFC/Al2O3 ink.
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Figure S17. (a) Photo of the prepared NFC/Al2O3 separator. (b) Cross-sectional SEM images of 

NFC/Al2O3 separator. (c) Top-view SEM image of NFC/Al2O3 separator and corresponding EDS 

elemental mappings.
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Figure S18. Tensile stress–strain curves of NFC/Al2O3, which yields a failure strain of 5.33%, a 

tensile strength of 53.72 MPa, and a Young’s modulus of 1.64 GPa.
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Figure S19. (a) Cathodic stability and (b) anodic stability of the electrolyte with the NFC/Al2O3 

separator. (c) DC polarization curve of the Li//NFC/Al2O3//SS with insets showing the EIS Nyquist 

plots before and after polarization of the Li//NFC/Al2O3//Li cell.

As shown in Fig. S19, NFC/Al2O3 separator is relatively stable within the voltage range of 0-6 V, 

confirming that NFC/Al2O3 separator does not affect the electrochemical stability of the electrolyte 

[1,2]. 

The Li+ transference numbers (tLi) is measured using the Bruce-Vincent method [3]. tLi is calculated 

according to:

t Li=
I ss(∆V - I 0R0 )
I 0(∆V - I ssRss )

where ∆V is the polarization voltage (10 mV), I0 is the initial current (0.3769 mA), R0 is the initial 

resistance (21.06 ohm), Iss is the steady-state current (0.2936 mA), and Rss is the steady-state 

resistance (24.25 ohm).

tLi of the electrolyte with the NFC/Al2O3 separator was calculated to be 0.56, while the tLi of pristine 

electrolyte is only 0.2-0.3 [4,5].
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Figure S20. Cross-sectional SEM image of a sandwich-structured battery and the corresponding 

EDS elemental mappings.
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