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Measurement

Fabrication of S/KB composite and cathode

Ketjen black and elemental sulfur (weight ratio =1:4) were mixed and grounded
for 45min. In argon atmosphere, the S/KB composite was successfully fabricated by
heating at 155°C for 12h.The weight ratio of S/KB, acetylene black and PVDF in the
S/KB cathode is 8:1:1. The slurry, with NMP, was covered onto the aluminum foil by

blade coating and dried for 12h with a temperature of 60 ‘C in vacuum. Then all the



foils were cut into the same disks. Finally, the sulfur loading of the prepared S/KB

cathode is about 1.2-1.5 mg/cm?.

Assembly of Li-S battery and measurements

Li-S batteries were assembled in Ar atmosphere. All the cells consist of S/KB
cathode, metallic lithium, modified separator and commercial electrolytes. Every cell
needs 30uL electrolytes contained 1.0M of LiTFISI and 0.1M of LiNO; in DOL and
DME (v:v=50%:50%). And the corresponding E/S ratio is approximately 15:1
(uL/mg). ZenniumIM6 workstation was employed to obtain the electrical impedance
spectroscope (EIS). Electrochemical work station (LK 9805) was used to test cyclic
voltammetry curves (1.7V-2.8V) at 0.lmV/s. LAND-CT2001A was used for

collecting the galvanostatic charging and discharging data (1.7V-2.8V).

Materials characterization

D/Max 2500 PC was used and analyzed to obtain the XRD patterns of modified
separators (NSFO, ACSFO, SFO and G-SFO). SPA400 Seiko Instruments was used
for checking the morphologies of modified separators (NSFO, PP, SFO and G-SFO).
The EDS mapping of separators were all obtained by SEM. TA Instruments, Q600,
was used to ensure the sulfur content of S/KB composite. The X-ray photoelectron

spectroscopy of SFO and G-SFO separators were analyzed by Kratos Analytical Ltd.
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Fig.S1 Schematic illustration of the fabrication process of NSFO modified separator.
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Fig.S2 (a) Digital image of NSFO, (b)-(c) Folding and unfolding test of NSFO, (d)
Digital image of SFO, (e)-(f) Folding and unfolding test of SFO.
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Fig.S5 (a) SEM of SFO separator, (b) Cross-section SEM of SFO separator
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Fig.S6 (a) XRD patterns of g-C5Ny, (b) XRD patterns of NSFO and SFO separators.

Fig.S7 (a) SEM and the corresponding EDS mapping of SFO separator.



Fig.S8 (a) SEM and the corresponding EDS mapping of SFO separator after etching.
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Fig.S9 (a) Charge—discharge curves of the cell with SFO separator at 0.2C, (b)

Charge—discharge curves of the cell with PP separator at 0.2C.
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Fig.S10 The Qp and Qy values of cells with PP, SFO, G-SFO separators at the 5t

cycle at 0.2C.
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Fig.S11 Charge—discharge curves of the cells with (a) PP separator, (b) SFO separator
and (c) G-SFO separator from 0.1C to 2C.



1000

= ® G-SFO
(=]

=

<

E

> 800 -

= asan

S i So%ee

o 350 Ooeee

e iac Soees
£ 5C
@

(]

Cycle number

Fig.S12 Rate capacity of the battery with G-SFO separator from 3C to 5C.
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Fig.S13 Cycling performance of the cells with PP and G-SFO separators with high sulfur

loading at 0.2 C.
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Fig.S14 (a) CV curves of cells with SFO separator, (b) CV curves of cells with PP

separator at 0.1mV/s for 3 cycles.
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Fig.S15 CV curves of cells with (a) SFO separator and (b) PP separator from 0.1mV/s
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Fig.S16 The linear fits of the peak currents for cells with (a) SFO separator and (b) PP

separator.
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Fig.S17 The adsorption-UV tests of PP, SFO and G-SFO separators.
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Fig.S18 SEM image of the (a) PP separator, (b) SFO separator and (c) G-SFO

separator after cycling.

Table S1.Impedance parameters of different separators

Impedance
Cell
Ry()) Re(€))
PP 3.46 98.09
SFO 3.12 84.35
G-SFO 2.08 50.67

Table S2.Apparent Li* diffusion coefficients (Dy; PP) of cells with different separators

Apparent Li* diffusion coefficients

Dy; appP Peak A Peak B Peak C
PP 6.92x107 5.26x107 2.62x107
SFO 4.88x108 2.35x108 1.09x108

G-SFO 9.78x10% 4.32x108 2.33x10®




Table S3. Summary of electrochemical performance of Li-S batteries with different

modified separators and interlayers

lS“:if.“r Thick Ratiﬁ:ﬁ?l;‘hty Cycling Stability
Materials O?ml;g ness 2 > Reference
ecay
m ) 1 2 R 1
em.2) (nm) 0.5C 1C C ate Cycles (per cycle)
0.5C 500 0.080% N/A
FeOOH/KB/g-C;:N,  1.2-1.5 12.1 1000 901 802
1C 900 0.055% N/A
Y,0;/KB!
3 1.3 12 997 908 846 1C 200 0.1135% Ref S1
ZnO/PPy? 0.8 20 718 609 404 02C 100 0.517% Ref S2
Cr,05/CNF3 1.3-1.6 - 990 960 890 02C 260 0.090% Ref S3
Fe;0,/PG* 0609 15 789 673 589 1C 2000 0.020% Ref S4
TiQ,/CNFs5 0.8 35 940 740 620 1C 500 0.051% Ref S5
ZnO/Graphene$ 1.1-1.5 - 1131 895 807 1C 500 0.093% Ref S6
BaTiO/Rgo/CNFs’ 1 30 963 852 758 03C 200 0.200% Ref S7
LaLiO,? 1.1-1.5 - 820 700 600 1C 250 0.052% Ref S8
KB/IR? 0.8 20 88 783 653 1C 500 0.105% Ref S9
Ca(OH),/C"? 12-15 4 950 910 830 05C 250 0.112% RefS10
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