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Figure S1. Optical images of the reaction product formed from the mixture of CSE60 and DMF 
solvent.

Figure S2. The XRD patterns of the Kapton tape.

Figure S3. The FTIR spectra of CSE20, CSE30, CSE50, CSE60 and CSE80.



Figure S4. Raman spectra of SCN and SCN-LLZTO before and after high temperature treatment 
for promoting the reactions between SCN and LLZTO.

Figure S5. High-resolution XPS spectra of N 1s of (a) CSE20, (b) CSE80.



Figure S6. The relative abundance of functional groups collected from the XPS results of C 1s in 
CSE.

Figure S7. Schematic that illustrates the proposed reaction route of nitrile groups in SCN.



Figure S8. High-resolution XPS spectra of (a) O 1s of CSE20 and CSE80, (b) La 3d of CSE20 
and CSE80.

Figure S9. SEM images of LLZTO: (a) before DMF treatment; (b) after DMF treatment.



Figure S10. Nyquist plots of the electrochemical impedance spectra for LLZTO without 
sintering and CSE60-cellulose membranes against ion-blocking stainless steel (ss) 

electrodes.



Figure S11. Comparison of the Ea of CSE60-cellulose membrane with other solid-state 
electrolyte reported in the previous literature [1-5].

Figure S12. SEM images of the surface morphology of LLZTO on cellulose membrane.



Figure S13. TGA curves of different components in the composite electrolyte.

Figure S14. (a) Voltage profiles for lithium plating/stripping in Li/ CSE60-cellulose membrane 
/Li and Li/ PAN-LLZTO30/Li symmetric cells at 35 ℃ and at the current of 0.1 mA, 0.2mA, 

0.4mA and 0.8mA, respectively, and the corresponding polarization voltage (b).



Figure S15. Cycling stability and Coulombic efficiency of Li/LNMO cells with CSE60-cellulose 
membrane and PAN-LLZTO at 1C.

References
1. R. Lv, W. Kou, S. Guo, W. Wu, Y. Zhang, Y. Wang and J. Wang, Angew. Chem., Int. Ed., 
2022, 61, e202114220. https://doi.org/10.1002/anie.202114220.
2. S. Zhao, Z. Fu and Q. Qin, Thin Solid Films, 2002, 415, 108-113. 
https://doi.org/10.1016/S0040-6090(02)00543-6.
3. S. R. Yeandel, B. J. Chapman, P. R. Slater and P. Goddard, J. Phys. Chem. C, 2018, 122, 
27811-27819. https://doi.org/10.1021/acs.jpcc.8b07704.
4. J. Zhu, Y. Xiang, J. Zhao, H. Wang, Y. Li, B. Zheng, H. He, Z. Zhang, J. Huang and Y. Yang, 
Energy Storage Mater., 2022, 44, 190-196. https://doi.org/10.1016/j.ensm.2021.10.003.
5. L. Zhang, J. Feng, G. Zhu, J. Yan, S. Bartlett, Z. Wang, Z. Hao, Z. Gao and R. Wang, ACS 
Appl. Mater. Interfaces, 2024, 16, 13786-13794. https://doi.org/10.1021/acsami.3c19519.


