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Figure S1. TGA curve of the CMK-3/S composite. The weight loss of sulfur in the CMK-3/S composite was 

measured to 70%. 

 

 
Figure S2. (a) The top surface SEM image of the PW12 separator and (b) SEM image of the top surface of the 

NENU-3 separator. Scale bar 1 µm. 

 

 
Figure S3. (a) The top surface SEM image of the PW12 separator and (b) SEM image of the top surface of the 

NENU-3 separator. Scale bar 10 µm. 
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Figure S4. The cross section SEM image of the (a) PW12, (b) PMo12, (c) SiW12, (d) NENU-3, (e) NENU-1 and (f) 

NENU-5 separator by coating. Scale bar 1 µm. 

 

 

Figure S5. (a) The cycling performance comparison and (b) capacities variation of PW12/Super P separator with 

the variation weight ratio of PW12 to Super P. The separator loading is 0.25 mg cm
-2

. 

 

Figure S6. Typical galvanostatic charge−discharge profiles of the ba3ery at the 1st, 2nd, and 10th cycles using 

PW12 separator when it was discharged to 1.5 V. 
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Figure S7. Comparative cycle performance of batteries using PW12 separator when the battery was discharged to 

1.7 and 1.5 V. 

 

 

Figure S8. (a) Electrochemistry of Li-S batteries compared with PW12, Super P and PP separators. Cyclic 

voltammetry (CV) curves of the batteries using (b) PW12, (c) Super P and (d) PP separators with the 0.10 mV s
-1

. 
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Figure S9. (a) Electrochemistry of Li-S batteries compared with PW12, SiW12 and PMo12 separators. Cyclic 

voltammetry (CV) curves of the batteries using (b) SiW12 and (c) PMo12 separators with the 0.10 mV s
-1

. 

 

 
Figure S10. (a) Electrochemistry of Li-S batteries compared with PW12, NENU-3, NENU-1 and NENU-5 separators. 

Cyclic voltammetry (CV) curves of the batteries using (b) NENU-3, (c) NENU-1 and (d) NENU-5 separators with the 

0.10 mV s
-1

. 
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Figure S11. XRD patterns of (a) Super P, (b) PW12, (c) SiW12 and (d) PMo12 pretreated with Li2S6 (red line) and the 

XRD of Super P, PW12, SiW12 and PMo12 (black line). 

 

 

Figure S12. (a) XRD patterns of Li2S6 synthesized. XRD pattern of (b) NENU-3, (c) NENU-1 and (d) NENU-5 

pretreated with Li2S6 (red line), the synthesized (blue line) and simulated XRD of NENU-3, NENU-1 and NENU-5 

(black line). 
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Figure S13. IR spectra of (a) Super P, (b) PW12, (c) SiW12, and (d) PMo12 pretreated with Li2S6 (red line) and Super P, 

PW12, SiW12 and PMo12 (black line). 

 

 

Figure S14. IR spectra of Li2S6 synthesized. IR spectra of (a) Li2S6, (b) NENU-3, (c) NENU-1 and (d) NENU-5 

pretreated with Li2S6 (red line) and NENU-3, NENU-1 and NENU-5 synthesized (black line). 
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Figure S15. (a) The color change between SiW12 and pretreated with Li2S6. (b) The color change between PMo12 

and pretreated with Li2S6. 

 

 

Figure S16. The structure and pore size of (a) NENU-3, (b) NENU-5 and (c) NENU-1. Grey: Carbon; Blue: Copper; 

Red: Oxygen. 

Table S1. Physical characteristics of Super P. 

 BET total surface area (m
2
/g) Particle size (nm) Oil absorption (ml/100g) 

Super P 62 40 290 

 

Table S2. Physical characteristics of Gelgard2500 membrane. 

 thickness porosity air permeability 

Gelgard 2500 25 µm 55% 200sec/100cc 

 

Table S3. The sulfur loading of the Li-S batteries with PP, PW12, SiW12, PMo12, NENU-3, NENU-1 

and NENU-5 separators. 

separator PP PW12 SiW12 PMo12 

Mass loading (mg cm
-2

) 0.87 1.00 1.04 1.02 

separator NENU-3 NENU-1 NENU-5 Super P 

Mass loading (mg cm
-2

) 0.89 0.91 1.01 0.98 

 

Table S4. The Ohmic resistance of the simulated equivalent circuit of Li-S batteries with the 

functional separator. 
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Compounds Re (Ω) Rf (Ω) Rct (Ω) Sum (Ω) 

PW12 3.362 6.479 24.66 34.501 

Fitting Error (%) 1.886 2.637 4.564  

Super P 1.809 3.693 15.72 21.222 

Fitting Error (%) 9.453 6.92 6.876  

PP 6.936 32.78 57.51 97.226 

Fitting Error (%) 4.365 11.77 9.813  

SiW12 7.549 19.4 27.79 50.716 

Fitting Error (%) 13.39 19.16 13.39  

PMo12 6.781 16.78 24.79 48.351 

Fitting Error (%) 3.122 2.599 6.289  

NENU-3 3.156 6.599 23.39 33.145 

Fitting Error (%) 2.057 9,592 3.057  

NENU-1 2.771 8.285 23.83 34.886 

Fitting Error (%) 2.703 14.59 5.356  

NENU-5 2.239 15.21 25.11 42.569 

Fitting Error (%) 2.371 3.012 3.68  
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Table S5. Comparisons of the electrochemical performance with serial separators in lithium-sulfur batteries 

Tapy Separator 

Areal 

loading 

(mg 

cm
-2

) 

Thickness 

(μm) 
Sulfur/Cathode 

Sulfur 

wt% 

Mass area 

ratio/mg/cm
2
 

Cycle 

Initial 

Capacity 

mAh g
-1

 

Capacity 

Retention 

mAh g
-1

 

Current 

density 
Ref 

ceramic 

glass-ceramic 46 150 Sulfur/Super P 80% 1 50 800 800 0.05 1 

MMT ceramic 1.65 - 
Sulfur/MWCNT

s 
75% 0.7 200 1382 924 

100 mAh 

g
-1

 
2 

Ion 

Conducting 

polymers 

Celgard-AB&CNT&L

AGP 
- 7 Carbon/Sulfur 70% 1.5-2.0 150 1247 830 0.5C 3 

GO/Nafion 0.0532 0.103 

carbon 

(graphene/CNT

-hybrid)/sulfur 

60% 1.2 200 1057 

capacity 

degradati

on 0.18% 

per cycle 

0.5C 4 

Nafion/interlayer 0.7-3.5 1.4-7 

CNF cathode 

matrix and 

interlayer 

50% 2 500 1100 500 0.2C 5 

Nafion/interlayer 0.7-3.5 1.4-7 

CNF cathode 

matrix and 

interlayer 

50% 2 500 1000 470 C/3 5 
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Nafion/interlayer 0.7-3.5 1.4-7 

CNF cathode 

matrix and 

interlayer 

50% 2 500 950 450 0.5C 5 

Nafion 0.7 50 
Sulfur/ Carbon 

Paper 
50% 2 500 781 468 1.0C 6 

S-G@PP 1.3 30 Carbon/Sulfur 70% 1.5-2.1 500 - 663 3A g
-1

 7 

S-G@PP 1.3 30 Carbon/Sulfur 70% 1.5-2.1 500 - 522 1.5A g
-1

 7 

Carbon 

Super P/PP 0.2 20 Sulfur 55% 1.1-1.3 200 1400 828 0.2C 8 

Super P/Celgard 0.5 1 Super P/Sulfur 60% 1.5-2.0 500 1350 740 0.5C 9 

Mesoporous carbon 0.5 27 Super P/Sulfur 60% 1.55 500 1059 683 1C 10 

NSMPC-HS 0.5-0.6 29 CMK-3/Sulfur 71% 5.4 500 934 740 0.5C 11 

graphite AEG/CH 0.13 22.5 Super P/Sulfur 75% 1.6-2 200 992 406 0.1C 12 

Cellulose Cellulose-Based - 30 CS2/Sulfur - 1.5 1000 1322 460 0.2C 13 

carbon 

nanotube 
SWCNT-Modulated 0.13 - Super P/Sulfur 75% 1.5 300 1132 501 0.2C 14 

MOFs 

MOF@GO 0.3 - CMK-3/Sulfur 70% 0.6-0.8 1500 1207 855 1C 15 

MOFs/CNTs 1.5 14 Super P/Sulfur 70% 1 300 1101 557 0.25C 16 
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PW12/Super P 0.25 4 CMK-3/Sulfur 70% 0.9 100 1139 - 0.1C 

This 

Work 
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