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Fig. S1 SEM images of cotton pad.

Fig. S2 Digital images of different samples.



Fig. S3 SEM images of CF.

Fig. S4 SEM images of NF.

Fig. S5 XRD patterns of CF, NF and NF@VG.



Fig. S6 N2 adsorption and desorption isotherms of CF, NF and NF@VG.

Fig. S7 Pore size distribution of CF, NF and NF@VG.

Fig. S8 N 1s spectrum of NF.



Fig. S9 TGA curves of NF@VG-S.

Fig. S10 XRD patterns of S, NF@VG and NF@VG-S.



Fig. S11 N2 adsorption and desorption isotherms (a) of CF, CF-S, NF, NF-S, NF@VG 

and NF@VG-S, pore size distribution (b-d) of CF and CF-S (b), NF and NF-S (c),  

NF@VG and NF@VG-S (d).

Fig. S12 SEM images of NF@VG-S.



Fig. S13 CV profiles of an enlarged view in (a) peak II and (b) peak III of Li-S 

batteries with different cathodes. (c, d) Tafel plots calculated from reduction peak II 

and oxidation peak III.

Fig. S14 The comparison of the discharge capacities for upper-platform discharge 

capacity (QH) and lower-platform discharge capacity (QL).



Fig. S15 Charge curves comparison of the CF-S, NF-S and NF@VG-S cathodes at 0.2 

C

Fig. S16 Galvanostatic discharge-charge curves of the CF-S (a) and NF-S (b) 

cathodes at different rates.



Fig. S17 Electrochemical impedance spectras of CF-S, NF-S and NF@VG-S cathodes

before cycling.

Fig. S18 Equivalent circuit for fitting the electrochemical impedance spectra of the 

batteries. Rs is the bulk resistance of the batteries. and Rct is the resistance of charge

transfer. CPE is a constant phase angle element corresponding to the double-layer  

capacitance, W is the Warburg impedance related to ion diffusion.

Fig. S19 (a-c) Rate performance (a). Cycle performance at 0.5 C (b). Long-term 

cycling performance at 1 C (c) of PG-S and NF@VG-S cathodes.

Fig. S20 Self-discharge behavior of the batteries with CF-S, NF-S and NF@VG-S 

cathodes



Fig. S21 Photographs for PP separators of batteries with (a) CF-S, (b) NF-S and (c) 

NF@VG-S cathodes toward Li metal anode after 200 cycles at 0.5 C

 Fig. S22 the shuttle current test of the batteries with CF-S, NF-S and NF@VG-S 

cathodes

Fig. S23 Electrochemical impedance spectras of symmetric batteries with CF, NF and 

NF@VG electrodes



Table S1 Comparison of areal capacities of NF@VG-S cathode with those of the  

recent publications in Li-S batteries with high sulfur loading of more than 4.5 mg cm-2.  

materials

Sulfur 

loading 

(mg cm-2)

Sulfur

Content

 (%)

Electr-

olyte/

sulfur 

ratio 

(E/S)

Rate

(C)

Cycle

number

Areal 

capacity

(mAh cm-2)

Final 

capacity

(mAh cm-2 )

Ref.

Co@NHC

MSs
5.1 72.4 10 0.1 50 5 4 1

3DMPGF 13 90 - 0.1 50 10.3 5.9 2

NC/G 5.6 72 8 0.1 50 6.2 4 3

NOGB 4.4 53 12 0.1 50 6 3.3 4

Fe3C-MC 9 80 6 0.1 100 8.77 6.29 5

CF@CNT

s/MgO
14.4 78 6.9 0.1 50 10.4 8.8 6

Fe3xC@

C-500
7 60 - 0.1 50 5.6 5 7

Fe3C/NC 5 65 10 0.1 100 4.9 3.6 8

NF@VG 13 81.6 4.8 0.1 100 12.8 11.2
This 
work
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