
Supplementary information 1 

 2 

 3 

High Performance Sulfide All-Solid-State Batteries Enabled by 4 

Li1.26Mg0.12Zr1.86(PO4)3 Coating of Iron Fluorides Cathodes 5 

 6 

Junyu Chen#, Xuedong Zhang#, Feixiang Wu, Long Xie, Feng Li, Nina Wu, Zixuan Cao, 7 

Jinwen Zhao, Yuxuan Zhang, Xin He, Hongxia Gu, Jianyu Huang* and Qiao Huang* 8 

 9 

J. Chen, X. Zhang, L. Xie, F. Li, N. Wu, Z. Cao, J. Zhao, Y. Zhang, X. He, H. Gu, J. 10 

Huang, Q. Huang 11 

School of Materials Science and Engineering 12 

Xiangtan University 13 

Xiangtan, Hunan, 411105, P. R. China 14 

Email: jyhuang8@hotmail.com; qiaoh@xtu.edu.cn 15 

 16 

F. Wu 17 

School of Metallurgy and Environment 18 

Central South University 19 

Changsha, Hunan, 410083, China 20 

Email: feixiang.wu@csu.edu.cn 21 

 22 

J. Huang 23 

Clean Nano Energy Center 24 

State Key Laboratory of Metastable Materials Science and Technology 25 

Yanshan University 26 

Qinhuangdao 066004, P. R. China. 27 

  

Supplementary Information (SI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2025



 1 

Figure S1. a) Digital photographs of each LMZP-coated samples and b) the 2 

corresponding lattice parameters of n-FeF2@LMZP.  3 
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Figure S2. a) Digital photographs and b) the corresponding lattice parameters of 2 

m-FeF3@LMZP. 3 
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Figure S3. SEM images of a) bare n-FeF2, b) n-FeF2@0.5%LMZP, c) n-2 

FeF2@1%LMZP and d) n-FeF2@2%LMZP. 3 
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Figure S4. SEM images of a) bare m-FeF3, b) m-FeF3@0.5%LMZP, c) m-2 

FeF3@1%LMZP and d) m-FeF3@2%LMZP. Bare m-FeF3 particles display a slight 3 

increase in roughness after LMZP coating. 4 
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Figure S5. TEM characterizations of a) single n-FeF2@1%LMZP and b) m-2 

FeF3@1%LMZP particle.  3 
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Figure S6. SEM images and the corresponding EDS mappings of Fe, F, Mg, Zr, P 2 

and O elements of a) n-FeF2@0.5%LMZP, b) n-FeF2@1%LMZP and c) n-3 

FeF2@2%LMZP. 4 
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Figure S7. SEM images and the corresponding EDS mappings of Fe, F, Mg, Zr, P 2 

and O elements of a) m-FeF3@0.5%LMZP, b) m-FeF3@1%LMZP and c) m-3 

FeF3@2%LMZP. 4 
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Figure S8. XPS characterizations of Mg 1s, Zr 3d, P 2p and O 1s spectra on the 2 

surface of n-FeF2@1%LMZP. 3 
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Figure S9. XPS characterizations of Mg 1s, Zr 3d, P 2p and O 1s spectra on the 2 

surface of m-FeF3@1%LMZP. 3 
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Figure S10. The digital photo of the pure LMZP powder. 2 
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Figure S11. The ICP test result of the content of Li, Mg and Zr in LMZP. 2 
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Figure S12. The thickness of the pellet of 80 mg LMZP powder after 5 MPa 2 

pressure is shown with a thickness of about 0.41 mm. 3 
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Figure S13. The a-i) EIS curves of LMZP slice from 0 ℃ to 80 ℃ and j) impedance 2 

change. 3 
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Figure S14. AFM tests of a) bare n-FeF2, b) bare m-FeF3, c) n-FeF2@1%LMZP 2 

and d) m-FeF3@1%LMZP. For bare n-FeF2 and bare m-FeF3, the integral area is only 3 

3.4 and 9.7, respectively. For n-FeF2@1%LMZP and m-FeF3@1%LMZP, the integral 4 

area increases to 12.3 and 20.6, respectively. 5 
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Figure S15. The XRD pattern of the cold-pressed LMZP powder. 2 

  3 
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Figure S16. The capacity of ASSBs with AB only as the cathodes at a) 0 ℃, b) 30 ℃ 2 

and c) 60 ℃. 3 
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Figure S17. The C-rate C-D curves of a) bare n-FeF2, b) n-FeF2@0.5%LMZP, c) 2 

n-FeF2@1%LMZP and d) n-FeF2@2%LMZP at 60 ℃. 3 
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Figure S18. The C-D curves of n-FeF2@1%LMZP with mass loading of a) 2.5 2 

mg/cm2, b) 5 mg/cm2, c) 7.5 mg/cm2 and d) 10 mg/cm2. 3 
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Figure S19. The EIS tests of ASSBs with n-FeF2@1%LMZP cathode at 0 ℃, 30 ℃ 2 

and 60 ℃ after cycling. 3 
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Figure S20. The EIS tests of n-FeF2@LMZP before/after cycling at a) 0 ℃, b) 30 ℃ 2 

and c) 60 ℃. 3 
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Figure S21. The a) discharge capacity and b) the corresponding C-D curves of 2 

ASSBs with AB as cathode at 0 ℃. 3 
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Figure S22. The C-D curves of the a) bare m-FeF3, b) m-FeF3@0.5%LMZP and c) 2 

m-FeF3@2%LMZP at 0 ℃. 3 
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Figure S23. The a) discharge capacity and b) the corresponding C-D curves of 2 

ASSBs with AB as cathode at 30 ℃. 3 
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Figure S24. The C-D curves of ASSBs with a) bare m-FeF3, b) m-2 

FeF3@0.5%LMZP and c) m-FeF3@2%LMZP as cathodes at 30 ℃. 3 
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Figure S25. The a) discharge capacity and b) the corresponding C-D curves of 2 

ASSBs with AB as cathode at 60 ℃. 3 
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Figure S26. The C-D curves of ASSBs with the a) bare m-FeF3, b) m-2 

FeF3@0.5%LMZP and c) m-FeF3@2%LMZP as cathodes at 60 ℃. 3 
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Figure S27. a) Rate tests of ASSBs with m-FeF3@LMZP at 0 ℃. The 2 

corresponding C-D curves of b) bare m-FeF3, c) m-FeF3@0.5%LMZP, d) m-3 

FeF3@1%LMZP and e) m-FeF3@2%LMZP. 4 
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Figure S28. a) Rate tests of ASSBs with m-FeF3@LMZP at 30 ℃. The 2 

corresponding C-D curves of ASSBs with b) bare m-FeF3, c) m-FeF3@0.5%LMZP, 3 

d) m-FeF3@1%LMZP and e) m-FeF3@2%LMZP. 4 
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Figure S29. a) Rate tests of ASSBs with m-FeF3@LMZP at 60 ℃. The 2 

corresponding C-D curves of b) bare m-FeF3, c) m-FeF3@0.5%LMZP, d) m-3 

FeF3@1%LMZP and e) m-FeF3@2%LMZP. 4 

  



 1 

Figure S30. Comparison of areal capacity of the previously reported IBFs cathodes 2 

in ASSBs and liquid electrolytes-based batteries with this study. 3 
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Figure S31. The C-D curves of ASSBs with m-FeF3@1%LMZP at the mass loading 2 

of a) 2.5 mg/cm2, b) 5 mg/cm2, c) 7.5 mg/cm2 and d) 10 mg/cm2. 3 
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Figure S32. The EIS test of ASSB with m-FeF3@1%LMZP after cycling at 0 ℃, 2 

30 ℃ and 60 ℃. 3 
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Figure S33. The EIS tests of m-FeF3@LMZP before/after cycling at a) 0 ℃, b) 30 ℃ 2 

and c) 60 ℃. 3 
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Figure S34. The C-D curves of ASSBs with bare n-FeF2 as cathode and Li metal as 2 

anode. 3 
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Figure S35. The C-D curves of ASSBs with bare m-FeF3 as cathode and Li metal 2 

as anode. 3 
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Figure S36. The cycle performance of ASSB with n-FeF2@1%LMZP cathode and 2 

Li metal anode at a reduced stack pressure of 2 MPa. 3 

  4 
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Figure S37. Cross-section SEM images of the solid electrodes with bare n-FeF2 a) 2 

before and b) after cycling. Solid electrodes with n-FeF2@1%LMZP c) before and 3 

d) after cycling. 4 
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Figure S38. Cross-section SEM images of the solid electrodes with bare m-FeF3 a) 2 

before and b) after cycling and m-FeF3@1%LMZP c) before and d) after cycling. 3 


