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Fig. S1 EDX spectra of NCF 

 

Fig. S2 SEM images of ZIF-67 precursor 
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Fig. S3 XRD patterns of simulated CTNF and CTNF/ZIF-67 

 

Fig. S4 EDX spectra of CTNF/CoS2-CNA 

 

Fig. S5 a N2 adsorption−desorption isotherm curve and b Pore size distribution of 

CTNF@CoS2-CNA and CTNF@CoS2-CNA/S (~3 mg cm-2) 
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Fig. S6 TGA curves recorded for a CTNF@CoS2-CNA under air flow with the heating rate 

10 °C min-1; b CTNF@CoS2-CNA/S under nitrogen flow with the heating rate 10 °C min-1 

In addition to the stage at below 100°C caused by the evaporation of H2O, there are two tages 

of weight loss for CTNF@CoS2-CNA. The first stage at below 450 °C is attributed to the 

oxidation of CoS2 in the composite [S1, S2]. This is due to the complex reactions including 

the formation of Co3S4, CoO and CoSO4 intermediate products accompanied with the 

oxidation of carbon. The second continuous weight loss in the range of 450-760 °C results 

from the combustion of total carbon (CNT, CF, and MOF-derived carbon) in 

CTNF/CoS2-CNA. Nevertheless, all the intermediates would transform into Co3O4 as the 

temperature increased to 850 °C [S3]. Thus, the total reaction can be simply written as Eqs. 

S1 and S2: 

3CoS2 (s)+8O2 (g)=Co3O4 (s)+6SO2 (g)                       (S1) 

C (s)+O2 (g)=CO2 (g)                                            (S2) 

According to the weight of the Co3O4, it can be calculated the weight of the CoS2. Eliminating 

the effect of H2O, the mass content of Co3O4 is calculated as 12.7/(100%-7.8%)=13.8%. 

Therefore, on the basis of the reaction (S1), the mass content of CoS2 in CTNF/CoS2-CNA is 

around 20.9%.  
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Fig. S7 CV curve of CTNF@CoS2-CNA matrix 

 

Fig. S8 Comparison of electrochemical impedance spectra after 100 charge-discharge cycles 

at room temperature 

 

Fig. S9 a Rate performance from 0.1 C to 2 C at room temperature; b discharge/charge 

profiles at different rates 
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Fig. S10 Cycling performance comparison of CTNF@CoS2-CNA/S tested at room/high 

temperature with different current density: a 1 C and b 2 C 

 

Fig. S11 SEM images of CTNF@CoS2-CNA/S electrode after cycled at different 

temperature: a-c room temperature and d-f high temperature 
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Fig. S12 a Schematic diagram of soft-packed CTNF@CoS2-CNA/S battery; b Photograph of 

the soft-packed battery at charged state; c-f The CTNF@CoS2-CNA/S battery used to light 

“Li” model LEDs after bending at 0°, 90°, 180°, and recover to 0° 

 

Fig. S13 Self-discharge rate tests of three electrodes with the standing time of 10 days after 

the 50 cycles at 0.2 C 
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Fig. S14 Catalytic effects of electrode materials on the lithium polysulfide conversion: CV 

curves of symmetric cells of CTNF, CTNF@Co-CNA and CTNF@CoS2-CNA electrodes in 

the electrolyte with 0.12 M Li2S6 at scan rate of 3 mV s-1 

Table S1 The electrical conductivity of the samples 

Samples Compounds 
Electronic conductivity 

 (S cm-1) 

Without sulfur 

NCF 0.0011 

CTNF 0.0517 

CTNF@Co-CNA 0.0837 

CTNF@CoS2-CNA 0.1596 

With sulfur 
CTNF@ Co-CAN/S 0.0365 

CTNF@ CoS2-CAN/S 0.0571 

Table S2 Comparison of electrical conductivity with previously reported sulfur-based 

cathodes in LSBs 

Materials Compound 
Electronic conductivity 

(S cm-1) 
Refs. 

Metal oxides or 

carbonaceous metal 

oxides 

Fe2O3 2.2 × 10-6 [S4] 

Fe2O3-graphene 0.156 [S5] 

NiO-GNS 1.4 × 10-3 [S6] 

Metal sulfides or 

carbonaceous metal 

sulfides 

SnS2 1.0 × 10-3 [S4] 

SnS2-RGO 0.037 [S7] 

CoS2/RGO-CNT 7.2 × 10-4 [S8] 

CTNF@CoS2-CNA 0.1596 This work 
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Table S3 The porous structure parameters of the CTNF@CoS2-CNAand 

CTNF@CoS2-CNA/S 

Samples 
BET surface area 

(m2 g-1) 

Pore volume 

(cm3 g-1) 

Average pore size 

(nm) 

CTNF@CoS2-CNA 39.6706 0.4025 20.29 

CTNF@CoS2-CNA/S 5.1812 0.0465 17.95 

Table S4 The Rct values of cells before and after cycling according to equivalent circuit fitting 

Samples CTNF CTNF@Co-CNA CTNF@CoS2-CNA 

Fresh cell 77.83 53.2 29.21 

After cycling 9.67 8.77 6.78 

Table S5 Comparison of electrochemical performance with previously reported sulfur-based 

cathodes in LSBs at room temperature 

Electrode materials 

Capacity at different 

rates (mAh g-1) 

Capacity after 

cycling 

(mAh g-1) 

Cycles 

Sulfur 

(mg cm-2) Refs. 

Low rate 1 C 2 C 

Carbon/S 
750 

(0.5 C) 
600 400 1 C; 662 100 

1.8 
[S9] 

HC-TiO2/S 
1050 

(0.1 C) 
716 621 1 C; 691 300 

1.2-1.8 
[S10] 

CeO2/MMNC-S  
980 

(0.2 C) 
680 520 0.5 C; 650 200 

3.4 
[S11] 

50%-MWCNTs@TiO2-S 
900 

(0.1 C) 
360 300 0.1 C; 679 50 

2.0 
[S12] 

S@C@MnO2 
1080 

(0.5 C) 
985 800 0.5 C; 712 300 

3.0 
[S13] 

ICFs/nS/rGO 
950 

(0.2 C) 
/ / 0.1 C; 892 200 

2.8 
[S14] 

rGO/ppy/S 
900 

(0.5 C) 
828 747 1 C; 770 100 

1.32 
[S15] 

ANC/S-70 
970 

(0.2 C) 
800 750 1 C; 700 500 

1.0 
[S16] 

CTNF@CoS2-CNA/S 
993 

(0.2 C) 
805 698 1 C; 851 100 

3.48 

(3.10) 

This 

work 
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Table S6 Comparison of the electrochemical performance of previously reported cobalt 

sulfide nanocomposite electrode materials with our work 

Sulfur host 

materials 

Areal mass 

loading 

(mg cm-2) 

Current rate 

/Capacity (mAh g-1) 
Cycle 

number 

Cycle capacity 

(mAh g-1) 
Refs. 

0.1 C 2 C 

CTNF@CoS2-C

NA 
3.02 1029 698 300 505 (1 C) This work 

Co9S8/C 

nanopolyhedra 
3.0 950 / 200 790 (0.5 C) [S17] 

CoS2-NC 1.3 1060 708 250 600 (1 C) [S18] 

Co3S4 nanotubes Wt:79.3% 1040 608 200 815 (0.5 C) [S19] 

S/GN–CNT 

composite 
1.3–1.6 1045 408 500 363 (1 C) [S20] 

CoS@PPy/S 1.4–1.6 
1000 

(0.2 C) 
536 500 700 (0.2 C) [S21] 

graphene- 

like Co9S8 
1.5 / 863 400 512 (0.5 C) [S22] 
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