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Experimental Procedures
Materials

All solvents and reagents obtained from commercial sources were used without
further purification. Base separators (DKJ-14) were purchased from Zhejiang DKJ New
Energy Tech Co., Ltd. The LS-009 (1.0 M LiTFSI imide in DOL/ DME =1: 1 Vol%
with 2.0 wt% LiNO;) and LB-315 (IM LiPF¢ in DMC/ EC/ EMC=1: 1: 1 Vol%)
electrolyts were obtained from DodoChem Co., Ltd (LiTFSI: lithium
bis(trifluoromethanesulfonyl)imide, DOL: 1,3-Dioxolane, DME: 1,2-
dimethoxyethane, DMC: dimethyl carbonate, EC: ethylene carbonate, EMC: ethyl
methyl carbonate). The carbon-coated Al foil and carbon papers were purchased from
Guangdong Canrd New Energy Technology Co., Ltd. Magnesium nitrate hexahydrate
(Mg(NOs),*6H,0, MNH), Super P, DME, polyvinylidene difluoride (PVDF),
sublimated sulfur (S), carbon black (CB), carbon nanotubes (CNTs), N-methyl
pyrrolidone (NMP), N, N-dimethylformamide (DMF), carboxymethyl cellulose (CMC),
and ferrous lithium phosphate (LiFePO,, LFP) were purchased from Shanghai Aladdin
Biochemical Technology Co., Ltd.

Characterization and instruments

The morphology and structure were observed by a scanning electron
microscope (Phenom ProX, SEM). The Energy-dispersive X-ray spectroscopy
(EDS) was taken at 15 kV. X-ray Diffraction (XRD, Smart Lab3KW) was used
from 10-90°with Cu Ka radiation at the scanning rate of 10°min-'. The contact

angles were recorded by a contact angle meter (Kino).
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Electrochemical measurements

The cycling and rate performance of the batteries were tested by the battery
test system (LAND CT2001A, Wuhan, China). Electrochemical impedance
spectra (EIS, 10>~10° Hz) and Cyclic voltammetry (CV) were tested by

electrochemical workstation (Chenhua, CHI760¢).

Calculation

According to equation (1), the ionic conductivity of prepared separators at
different temperatures can be calculated from the EIS.

=L/ (Ry*xA) (S1)

Here, o is the ionic conductivity, L is the thickness of separators, R, is the bulk
resistance, and 4 is the contact area between the stainless steel sheet and the separator.

The activation energy of the separators can be calculated according to the
Arrhenius equation (2).

oc=Aexp (-E,/ RT) (S2)

The symbols in the equation are the pre-exponential factor (4), activation energy
(E,), and the perfect gas constant (R).

According to the Randles Sevcik equation (3), the Li* diffusion coefficients of
cells with different separators can be calculated.

1p=2.69x10°n'3AD;; .03 C; V03 (S3)

The symbols in the equation are the peak current (/p), the number of electron
transfers during the deintercalation of lithium (n), the contact area between active

substance and electrolyte (4), the Li* diffusion coefficient (Dy;+), the concentration of
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Li" in an electrolyte (Cy;), and the scanning speed (V).

Fig. S1. Characterization of modified separators. The section SEM images of the (a) MND, (b)

SP@MND. (c) EDS elemental mapping image (Mg) of the MN modified layer and (d) the

corresponding EDS spectrum.
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Fig. S2. EDS elemental mapping image (Mg) of the stripping Li metals after (a) 0.5 h and (b)

1 h in Li//Cu cells with the MND, and (c) (d) the corresponding EDS spectrum.
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Fig. S3. (a) The Arrhenius plots of modified separators and corresponding EIS plots of the (b)

MND and (c) SP@MND.

Table S1. The ICP-OES results of the SP@MND immersion in different electrolytes for 0.5

and 4 h (After immersing for 0.5 h).

Simple LS-009 LB-315 LS-009 LB-315
P 0.5h 0.5h 4h 4h
Concentration
16.5 15.1 14.3 13.7
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Fig. S4. XRD of Li anodes with (a) MND and (b) DKJ-14 of Li plating/stripping at 0.5 mA

cm? after different stripping times.
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Fig. S5. Charge/discharge voltage-capacity profiles of the Li//Cu cell with the SP@MND at 0.5

mA cm?2.

Fig. S6. SEM images of Cu electrodes with (a) DKJ-14 and (b) MND of Li plating/stripping at

0.5 mA cm™ and 0.5 mAh cm? after 30 cycles.
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Fig. S7. The cycling performance of the Li//Li cell with the SP@MND at 1.5 mA cm? and 1.5
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mAh cm™2.

Table S2. A comparison of electrochemical performance in Li//Li cells with the SP@MND

and other recent reports.

Current Cycling Tine
Separator Electrolyte Ref.
Densities (h)
0.5 mA cm?? 4800 h
SP@MND LS-009 This work
1.5 mA cm? 4200 h
0.5 mA cm?2 2200 h
MAF-6/PP A 101
1.0 mA cm™ 600 h
SCOF-2 B 1.0 mA cm™ 350 h 212]
composite
LS-009 1.0 mA cm™ 1200 h 3031
separator
Zr-MOCN
C 1.0 mA cm™ 2000 h 414
@PP
1.0 mA cm™ Over 250 h
ANFM D 505)
2.0 mA cm?? 250 h
EC E 1.0 mA cm™ 700 h 616!
MXene/PP/Cu-
LS-009 0.5 mA cm?2 Over 300 h 707
TCPP
Li-Mg/LLZNO-
LS-009 0.2 mA cm?? Over 5300 h L8l
PP/Li-Mg
SPLTOPD LS-009 0.5 mA cm™ Over 1800 h 9L
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Note: A: 1 M LiTFSI in DOL/DME=1:1,v/v+1 wt% LiNO3, B: 1M LiTFSI dissolved
in a mixture of DOL and DME (1:1 by volume) with 0.1 M LiNO; additive, C: 1.0 M
LiPF6 in EC/DMC/EMC (by weight) and 1 wt% of VC, D: 1 mol/L LiCF;SO5; DOL:

DME (v/v =1/1), E: IM LiPF4 in EC/DEC = 1/1 (v/v) with 10 wt.% FEC additive.

3
(@) 1, (b)
—_— 21
—_
< 5 «
g 05 £ 1.
S -
' N
= =
£ 0.0 ¢ 04
St Tt
= =
&) (SR
05 1st 1st
2nd nd
—3rd 21 ——3rd
1.0 ' T . v ' ' ' :
1.8 20 22 2.4 2.6 2.8 1.8 2.0 22 24 2.6 2.8
Voltage (V) Voltage (V)

Fig. S8. The CV curves of Li//S cells with (a) the MND and (b) SP@MND at 0.1 mV s,
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Fig. S9. The CV tests of the Li//S batteries with the (a) MND and (b) SP@MND at different

scan rates and (c) (d) the corresponding linear matching of peak currents.
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Table S3. Li* diffusion coefficients.

Dy ;" (cm?/s)- Dy;"(cm?/s)- Dy ;" (cm?/s)- Dy ;" (cm?/s)-
Separators  anodic peak anodic peak cathodic peak cathodic peak
around 2.5V  around 2.3V around 2.0 V around 2.3 V
MND 1.4x108 5.5x107 8.3x107 2.7x107°
SP@MND 7.0x108 6.6x108 1.2x10°8 1.4x108
25+
20+ N
E ?
8« 157 "' ?
:N. 104 o
51 @ MND
» SP@MND
Fitting
0 r

0 0 20 30 40 50
Z' (ohm)

Fig. S10. EIS plots of Li//S cells with modified separators after 20 cycles at 1 C (insets:

equivalent circuits).

Table S4. EIS parameters of the equivalent circuit simulation.

Cycle number Resistance () MND SP@MND
Rs 3.4 4.9

After 20 cycles Rgr 7.5 5.0
Rer 14.8 10.5
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Fig. S11. Rate performance of Li//S batteries with the MND and SP@MND and the

corresponding charge/discharge voltage profiles.

Fig. S12. SEM of Li anodes in Li//S batteries with the SP@MND after 100 cycles at 1 C.

Table S5. EDS results of the after-cycling Li anode.

I]::Iljnrr:gz; };lye:rlllbe;lf Ell\?;n;:t Atomic Conc. Weight Conc.
9 F Fluorine 46.1 51.2
8 O Oxygen 40.8 38.2
7 N Nitrogen 13.1 10.7
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Table S6. A comparison of cycling performance of the Li//S battery with the SP@MND and

other relevant reports (1 C=1675 mA g).

Separator S loadil_lg Cycle l)[)eecraZyl;?:e Ref.
Cathode (mg cm?) number %)
SONT  SPGMND <0 o
S/GO Asy-PP/Li-Mg  1.0-1.3 400 (1 C) 0.07 1181
S/CNT SPLFPPD ~1.0 800 (1 C) 0.062 2110]
S/C StF,-G/PP NA 300 (0.5 C) 0.07 301
S/C Vﬁé@@; 1.5 500 (2 C) 0.071 41121
S/C Fe/Co-N-HPC 2.1 300 (1 C) 0.109 5113]
/PP
S/KB MW%I;I/TPSPNCQ 1.3-1.5 500 (0.5 C) 0.1 61141
S/super P SCOF 1.0 600 (1 C) 0.07 7115]
S/super P PyBBT-COF 1.0 100 (0.2 C) 0.27 816}
NA PCA-TO@PP 0.8 200 (1 C) 0.19 9l17]
smwent N C;’I'CC%S ¥ 1.5 300 (2 C) 0.083 1011]
S/CNT SPLTOPD ~1.0 800 (1 C) 0.067 1109
S/CNT Ni'cugf/ HC- NA 500 (0.5 C) 0.088 120191
CNT/S NbB,/rGO/PP NA 100 (1 C) 0.27 13120]
S/AB w-PBDT ~1.0 500 (0.5 C) 0.088 14121
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Fig. S13. Cycling performance of the Li//S batteries with the SP@MND. (a) The areal sulfur-

loading is 4.0 mg cm2, and (b) cycling performance at 3 C.
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Fig. S14. The CV curves (first three cycles) of the Li//LFP batteries with the (a) DKJ-14, (b)

MND, (¢) SPD, and (d) SP@MND at 0.1 mV s
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Fig. S15. The EIS tests of Li//LFP batteries with different separators.
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Fig. S16. Charge/discharge voltage profiles of the Li//LFP batteries with the (a) DKJ-14, (b)

MND, and (c) SPD at various current densities.
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Fig. S17. Charge/discharge voltage profiles of the Li//LFP batteries with the (a) DKJ-14, (b)

MND, (c) SPD and (d) SP@MND at 1 C during aging.
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Table S7. A comparison of cycling performance of the Li//LFP battery with the SP@MND

and other relevant reports (1 C=170 mA g!).

LFP cathode
loadi
Separator oading Cycling performances Ref.
(mg cm?)
800 (1C)
SP@MND 1.9(80 wt% LFP) 300 (N/P=5,1C) This work
1000 (10 C)
DLC/PP 1.5 1000 (5 C) 1122]
MOFs/NA/MOFs  4.8(LFP/Graphite) 240 (0.5 C) 20231
f-PTC 1.75 mAh cm™ 100 (1 C) 31241
TV-PE NA 400 (1 C) 4123]
PPFPA-g-
~3.0 500 (0.5 C) 51261
Celgard
ENS 2.0 300 (1 C) 61271
COF-Cl@PP NA 450 (1 C) 71281
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