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Supplementary Figures

Figure S1 SEM images of ZIF-67 at different magnifications.



Figure S2 SEM images of Co/NC at (a, b) high magnifications and (c, d) low

magnifications.



Figure S3 SEM image and (b-d) corresponding elemental mappings of Co/NC.



Figure S4 SEM images of Co/NCC at (a, b) high magnifications and (c, d) low

magnifications.
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Figure S5 (a) TEM image, (b) HAADF-STEM image, (c) element overlay image, and

(d-f) corresponding elemental mappings of Co/NCC.



Figure S6 TEM image of CNTs in CoSe/NCC.



Figure S7 TEM image of CoSe/NCC.
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Figure S8 XRD patterns of (a) ZIF-67 and (b) MWCNTSs/S.



Figure S9 SEM image and (b, c) corresponding elemental mappings of MWCNTSs/S.
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Figure S10 (a) Nitrogen adsorption-desorption isotherm and (b) pore size distribution

of Co/NCC.

11



)

P

(@)

ST

-1

Volume absorbed (cm® g

_ A A N
© N O o =
c o o o O

60

—a— Absorption
Desorption

BET surface area=1254 m? g

9 Co/NC

0.0 02 04 06 08
Relative pressure (P/P)

1.0

(0)E 15
o

«_0.124

£

L
< 0.091
£
= 0.061
>
© 0.031
2 0.00-

(o]

dv/dD

9
i“-.
w29 I 9-9—0

g—9

0 30 60 90 120 150
Pore diameter (nm)

Figure S11 (a) Nitrogen adsorption-desorption isotherm and (b) pore size distribution

of Co/NC.
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Figure S12 High-resolution XPS spectrum of S 2p in CoSe/NCC-Li,S¢ solution.
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Figure S13 CV curves of LSBs with (a) CoSe/NCC/PP, (b) Co/NCC/PP, and (c)

Co/NC-PP separators at the scan rate of 0.1 mVs™! in the first three cycles.
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Figure S14 CV curves of LSBs with (a) Co/NCC/PP and (b) Co/NC/PP separators at

the scan rates of 0.1-0.5 mV s~ 1.
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Figure S15 Digital photographs of flexibility tests for CoSe/NCC/PP separator.
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Figure S16 Electrolyte contact angles of (a) PP, (b) Co/NC/PP, (c) Co/NCC/PP, and

(d) CoSe/NCC/PP separators.
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Figure S17 SEM surface images of (a) PP, (b) Co/NC/PP, (C) Co/NCC/PP, and (d)

CoSe/NCC/PP separators.

18



Figure S18 SEM image of cross-section of CoSe/NCC/PP separator.
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Figure S19 EIS spectra of symmetrical cells containing CoSe/NCC/PP, Co/NCC/PP,

and Co/NC/PP separators.
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Figure S20 The equivalent circuits of LSBs (a) before cycling and (b) after 100 cycles.
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Figure S21 Cycling performance of lithium-sulfur battery with CoSe/NCC/PP

separator under a E/S ratio of 10 uL mg™"' at 0.5 C.
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Figure S22 Galvanostatic charge-discharge curves of LSBs with (a) Co/NCC/PP and

(b) Co/NC/PP separators at different current rates from 0.2-8 C.
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Figure S23 Cycling performance of lithium-sulfur battery with CoSe/NCC/PP

separator at 2 C.

24



Figure S24 (a) Digital photo of a string of tulip flowers for ornamental value before
light. (b) Digital photo of a string of tulip flowers for ornamental value lighted up by
two LSBs with MWCNTs/S cathodes and CoSe/NCC/PP separators connected in

series.
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Table S1. Different fabrication parameters and key performance of LSBs.

. . Initial discharge capacity
. Sulfur  |Sulfur loading | E/S ratio
Material (mAh g™
content (%) | (mgem™2) | (uL mg™)

(C-rate)

1270 (0.5 C)

874 (1 C)

0.8 15 860 (2 C)

572 (5 C)
0.8 10 962 (0.5 C)

CoSe/NCC/PP+MWCNTs/S
1.1 13.6 1214 (0.2 C)
72.7%

2.0 7.5 452 (0.2 C)
4.1 3.65 210 (0.2 C)
Co/NCC/PP+HMWCNTSs/S 0.8 15 1114 (0.5 C)
Co/NC/PP-MWCNTs/S 0.8 15 1008 (0.5 C)

Note: the mass of lithium is 48.4 mg.
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Table

S2

Comparison

of

lithium-sulfur

battery

MWCNTs/S+CoSe/NCC/PP with other published literatures.

Sulfur cathode

Super P/S

Super P/S

S/CB

CB-S

S/CB

S/CB

S/Super P

ZnCoFe-NC/S

Co-N-GC/S

S/CNT

MWCNTSs/S

Modified separator

material

Ni(HITP),

NiCOQS4@C

PVDF/PSSLi

Oli/OAPS-
PMIA

PPy

T@LPP

P2W18/PVDF

FC3SC4@
PNCNFs

CoSe/NCC

Notes and references

Sulfur

content

(%)

60

75

85

70

73.27

70

72.7

Initial
discharge
capacity
(mAh g™)

900

1000

955

851

934

726

872

1062

1150

939

1270

874

Discharge
Capacity
(mAh g™)

(Cycles, C-rate)

585
(300, 0.5 C)

830
(100, 0.5 C)

446
(200, 0.5 C)

458
(800, 0.5 C)

517
(250, 0.5 C)

700
(200, 1 C)

681
(300,1 C)

751
(400, 1 C)

625
(500, 1 C)

592
(500, 1 C)
932
(100, 0.5 C)

648
(500,1 C)

assembled

Capacity
decay rate

per cycle

(%0)

0.12

0.17

0.27

0.057

0.18

0.018

0.07

0.073

0.091

0.074

0.266

0.051
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