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Figure. S1. Preparation processes of CeO2/CF(ori), CeO2/CF(pre), CeF3/CF membrane. (a) slurry 

of CNT/CeO2/PVDF, (b) blade coating slurry to obtain CeO2/CF(ori), (c) obtain CeO2/CF(pre) 

through Pre-treating, (d) obtain CeF3/CF through Carbonizing. 

Figure. S2. XRD patterns of (a) PVDF, PVDF(carbonization), CNT, (b) XRD patterns of CF(ori), 

CF(pre), CF.
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Figure. S3. SEM images of (a) CF(ori), (b) CF(pre), (c) CF, (d) CeF3-20/CF.

Figure. S4. Structure and morphological characterization of nanorod-like CeO2: (a) STEM image, 

(b) HRTEM image, (c) FFT pattern, (d) STEM image and its corresponding EDS elemental mapping 

images: (e) Ce, (f) O, (g) image of overlap.
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Figure. S5. XPS spectra and of CeO2-20/CF(ori), CeO2-20/CF (pre), CeF3-20/CF: (a) C 1s XPS 

spectra, (b) F 1s XPS spectra, (c) O 1s XPS spectra.

Figure. S6. Typical cyclic voltammetry (CV) profile of (a) CF(ori), (b) CF(pre), (c) CF and (d) 

CeF3-20/CF under different scan rate from 0.1 mV s-1 to 0.5 mV s-1.
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Figure. S7. The EIS of the lithium sulfur batteries: (a) Nyquist plots of the batteries with the 

CF(ori), CF(pre), CF interlayers, and no interlayer after first cycle, (b) the corresponding resistance 

of the batteries of (a), (c) Nyquist plots of the batteries based on the CeF3-10/CF, CeF3-15/CF, CeF3-

20/CF, and CeF3-25/CF interlayers after first cycle, (d) the corresponding resistance of the batteries 

of (a).

Figure. S8. Electrochemical performances of samples as interlayers: (a) battery cycling 

performance of no film, CF(ori), CF(pre) and CF film at 0.2C, (b) cycle performance of batteries 

with CeF3-20/CF of different mass per unit area. 
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Figure. S9. Long cycle performance of the battery with CeF3-20/CF under the rate of 0.2 C and 1 

C.

Figure. S10. Visualized adsorption of Li2S4 on CF(ori), CF(pre), CF, CeO2-20/CF(ori), CeO2-

20/CF(pre) and CeF3-20/CF with the same mass.
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Table S1. Comparison of the mass loss of PVDF before and after carbonization.

First Second Third Average value

Before (g) 1 1 1 1

After (g) 0.351 0.349 0.351 0.3503

The mass loss 

ratio (%)
64.9% 65.1% 64.9% 64.97%

Table S2 

Comparison of electrochemical performance of Li-S batteries with different interlayers/functional 

separators.

Materials Preparation 

method

Base structure Interlayer/

Functional separator

Discharge 

current 

rate(mA g-1)

Initial discharge capacity / 

Residual reversible 

capacity(mAh g-1)

Degradation 

rate per cycle

Reference

Carbon/CNT/ 

CeF3

Slurry casting

/Carbonization

No Interlayer 435 1015/951 0.063% for 

100 cycles

This 

Work

CNT-loaded GF 

composite paper

Sonication GF paper Interlayer - 1111/802 0.12% for 230 

cycles

1

Fe3C/CNF Electrospinning No Interlayer 200 1177/893 0.24% for 100 

cycles

2

MCM-

41/MWCNT-

PEI nanofiber 

on PAN+Al2O3

Electrospinning No Interlayer 921 900/600 0.222% for 

150 cycles

3

PAN-GO Electrospinning No Interlayer 335 963/597 0.38% for 100 

cycles

4

RGO-PVDF Electrospinning No Interlayer 368 1100/647 0.206% for 

200 cycles

5

Nickel foam - Nickel foam Interlayer 336 820/604 0.33% for 80 

cycles

6

GO/Cellulose Vacuum 

filtration

Cellulose Interlayer 300 2736/474 0.42% for 200 

cycles

7

GO/Carbon 

black

Vacuum 

filtration

No Interlayer 168 1260/894 0.29% for 100 

cycles

8
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Carbon fiber 

monolith

Vacuum 

filtration

No Interlayer 336 1120/630 0.44% for 100 

cycles

9 

Acetylene 

black/PTFE

Thermal 

decomposition

No Interlayer 168 1491/1062 0.58% for 50 

cycles

10

Carbon paper - Carbon paper Interlayer 336 1500/810 0.92% for 50 

cycles

11

GO/CNT Vacuum 

filtration

No Interlayer 336 1370/671 0.17% for 300 

cycles

12

Super P/Glass 

fiber

Slurry casting PP film Functional separator 234 1350/851 0.185% for 

200 cycles

13

SiO2 

nanoparticle

Dip coating PP film Functional separator 469 937/604 0.178% for 

200 cycles

14

Microporous 

carbon/Glass 

fiber

Physical contact PP film Functional separator 515 1166/700 0.2% for 200 

cycles

15

Poly(styrenesulf

onate)(PSS)

Dip coating PP film Functional separator 837 1070/719 0.82% for 40 

cycles

16

Boron-rGO Slurry casting PP film Functional separator 261 1227/664 0.153% for 

300 cycles

17
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