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Additional experiment section

Determination of electrolyte uptake
The modified and unmodified separators were soaked in the electrolyte (1.0 M lithium bis(trifluoro-methanesulfonyl)imide (LiTFSI) and 2
wt% LiNO; in dimethoxyethane and dioxolane (DME/DOL) mixed solvent (1:1, v/v)) for 2 min. Excess amounts of the electrolyte droplets
remaining on the separator surface were removed by scraping with a small brush. The electrolyte uptake (wt%) was calculated by the
following equation (Eq. S1).

Electrolyte uptake (%) = (W - W,)/ Wy x 100% (Eq. S1)

where Wy and W is the weight of the separator before and after soaked in electrolyte, respectively.

Lithium-ion diffusion behavior characterization
(1) Lithium ions transference number
The modified/unmodified separators were separately sandwiched between two lithium metal electrodes in CR2025 coin cells with 30 uL
Li-S battery electrolyte adding in each side of the separators. The lithium ions transference numbers of the separators were determined
via the electrochemical combination method of direct current (DC) polarization and alternating current impedance.[!! Wherein, the DC
polarization is the chronoamperometry at a constant step potential of 10 mV, and the EIS tests are conducted before and after DC
polarization. The lithium ion transference numbers (t,;.) are calculated via the following equation (Eq. S2).[1

tui=l(AV-1oR)/Io(AV-IRS) (Eqg. S2)
where AV is the applied voltage (10 mV), ly and /; are the initial current and steady current, respectively, during DC polarization process.
RC, Rs are the charge-transfer resistances of Li symmetric cell before and after DC polarization, respectively.
(2) lonic conductivity
The modified/unmodified separators were separately sandwiched between two stainless-steel electrodes in CR2025 coin cells with
sufficient Li-S battery electrolyte. The ionic conductivities of the separators were determined by electrochemical impedance spectroscopy
(EIS) from 100 kHz to 10 mHz with a potentiostatic amplitude of 5 mV and calculated by the following equation (Eqg. S3).[2!

0=6/(RpA) (Eqg. S3)

where o is the ionic conductivity; 6 is the thickness of the separator; Ry, is the bulk resistance; A is the area of the stainless-steel electrode.

(3) Lithium-ion diffusion coefficient
CR2025 coin cells with the S/C cathodes, modified/unmodified separators, Li-S battery electrolyte, and lithium metal anodes were
assembled. The lithium-ion diffusion coefficients of the separators were measured by performing a series of cyclic voltammograms (CV)
tests at different scan rates and calculated according to the Randles-Sevick equation (Eq. S4).53!

Ip = 2.69%x105-n3/2.A-DH2-Cy;- VA2 (Eq. S4)
where Ip is the cathodic/anodic peak current; n is the charge transfer number (n = 2 for Li-S battery); A is the active electrode area (=1.13

cm?), Dy is the Li ion diffusion coefficient; Cj; is the Li ion concentration in the electrolyte (10 mol-cm3); Vis the scan rate.

Catalytic effect evaluation

The catalytic effect of the FeS,@MMT composite on polysulfide conversion was tested by assembling CR2025-type symmetric cells with two
identical electrodes, pristine PP separator and 40 pL Li,S¢ electrolyte (0.5 M). The electrodes were made by coating the prepared FeS,@MMT (or
MMT) slurry on the aluminum foil. The areal mass loading was ~0.5 mg cm2. The Li,S¢ electrolyte (0.5 M) was prepared by dissolving 230 mg Li,S
and 800 mg S in the 10 mL LiTFSI electrolyte. The CV curves were recorded in a voltage window of -1.5 to 1.5 V at a scan rate of 5, 10, and 15 mV

s1. The EIS measurements were carried out in the frequency range of 10! to 10° Hz using with a perturbation amplitude of 5 mV.
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Fig. S1 Pore size distributions of FeS,@MMT, FeS,, and Fe-MMT.



Fig. S2 SEM image of the surface of FeS,@MMT coating layer.



Table S1 Pore structure characteristics obtained from conventional analysis of nitrogen isotherms.

Sample Sger (M2 g?) Average pore diameter (nm) Pore volume (cm3 g?)
Fe-MMT 83.3 7.3 0.29

FeS,@MMT 65.7 9.7 0.24

FeS, 0.8 36.8 0.002
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Fig. S3 (a) Infrared thermography images (from room temperature to 150 °C), (b) contact angles with electrolyte, and (c) polysulfide diffusion

tests of the PP (Celgard 2400) and FeS2@MMT/PP separators.
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Fig. S4 AC impedance spectra and the corresponding simulating equivalent circuit of symmetrical battery with (a) FeS,@MMT/PP and (b) PP

separators.
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Fig. S5 CV curves of Li,Sg symmetric cells with with (a) FeS,@MMT and (b) MMT electrodes at various scan rates from 5 mV s to 15 mV s,



Table S2 Values of R, R, and W, for various Li-S cells.

Separator used in the Li-S cell R (Q) R+ (Q) Wc (Q)
FeS,@MMT/PP 4.3 50.8 19.0
MMT/PP 10.5 75.3 213
Celgard 2400 35 66.1 28.5
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Fig. S6 Li,S decomposition processes on MMT and FeS, (200) surface
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Fig. S7 Galvanostatic charge/discharge profiles of the cells with FeS,@MMT/PP separator and Celgard 2400 separator at (a, b) various current

rates and (c, d) at various cycles at 0.2 C.
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Fig. S8 SEM images of the (a) PP separator, (b) FeS,@ MMT/PP separator, (c) lithium anode in the cell with PP separator, and (d) lithium anode in

the cell with the FeS,@MMT/PP separator after 200 cycles at 0.2 C.
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Table S3 Comparison of electrochemical performance between this work and previous works.

Cycling performance

Sulfur Rate
Coating layer Cathode loading performance C Reversible  References
> a urrent .
(mg cm?) (C, mAh g?) rate (C) Cycles capacity
(mAh g?)
(PEI/MMT/PAA)s KB/S 1.5 1C, 335 0.5 200 560 [4]
1.5 3C, 848 2 600 520
MMT/RGO MWCNT/S (5]
5.71 / 0.1 40 770
BP2000/S 0.8 5C, 669.9 1 1000 784.2
Seg.0sSPAN/MMT 6.96 / 0.1 60 849.1 [6]
MWCNT/S
26.75 / 0.005 20 1236.3
PPY/Li-MMT AB/S 1.0 3C, 540 0.6 600 606 [7]
2.6 0.7C, 684 0.23 300 818
MMT@C AB/S (8]
45 / 0.25 90 700
MMT MWCNTs/S 0.7 / 0.06 200 924 [9]
Li-MMT AB/S 15 / 0.2 190 776 [10]
1.5 4C, 379 1 500 666
MMT/CB CNT/S [11]
8.3 / 0.06 100 458
1.6 2C, 826.9 1 600 652.3
FeS,-NC KB/S 5.0 / 0.5 100 715.6 [12]
7.1 / 0.5 100 459.5
1.0 7C, 446 2 1000 676
CoS,@MMT KB/S [13]
4.0 3C, 595 0.2 100 853
/ FeS,/S 2.0 0.15 200 700 [14]
/ FeS,/FeS/S 1.0 1 200 538.8 [15]
/ FeS,-C/S 1.0 1C, 750 0.5 350 761.2 [16]
/ FeMoO./ (geSSZ/ Mo,Ss 23 10 C, 942 10 300 421 [17]
/ S/CPC@FeS 1.6 2C,916 1.5 900 540 (18]
e
? 7.1 / 0.1 25 1239
1.2 2.5¢, 717 / / /
/ Li-MMT/S 2.0 / 1.5 600 600 [19]
5.2 / 0.92 350 480
1.2 5C, 548 2 500 519
/ CoS,@MMT/S [20]
4.0 2C,577 0.2 200 630
0.2 200 940
1.2 10C, 358
FeS,@MMT KB/S 2 1000 610 This work
5.0 1C, 400 0.5 200 564
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