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Supporting Figures

Fig. S1. Cross-sectional SEM inspection of the immersion-precipitation phase-

inversion carbon substrate.

Fig. S2. Porosity analysis of the immersion-precipitation phase-inversion carbon 

substrate. (a) Nitrogen adsorption-desorption isotherms and (b) pore-size distribution 

analysis of the raw carbon material and the resulting phase-inversion carbon substrate.



 Fig. S3. Digital photographs of the immersion-precipitation phase-inversion carbon 

substrate. (a) Dense side, (b) porous side, (c) folded sample, (d) rolled sample, (e) 

recovered sample, (f) kneaded sample, (g) recovered sample of the dense side, and (h) 

recovered sample of the porous side.



Fig. S4. XPS spectra analysis of the immersion-precipitation phase-inversion carbon 

substrate. (a) Before and (b) after the polysulfide-trapping analysis.

Fig. S5. XPS C1s peak analysis of the immersion-precipitation phase-inversion 

carbon substrate after the polysulfide-trapping analysis.



Fig. S6. Rate-dependent CV analysis of the immersion-precipitation phase-inversion 

cathode. At scan rates of (a) 0.010, (b) 0.015, (c) 0.020, (d) 0.025, and (e) 0.030 mV s-

1.



Fig. S7. Rate-dependent CV analysis of a reference cathode. At scan rates of (a) 0.010, 

(b) 0.015, (c) 0.020, (d) 0.025, and (e) 0.030 mV s-1.



Fig. S8. Long-term cyclability analysis of cells with the immersion-precipitation 

phase-inversion cathodes using a high sulfur loading of 6 mg cm-2 for 200 cycles at a 

C/20 rate.

Fig. S9. High-loading capability analysis of cells with the immersion-precipitation 

phase-inversion cathodes using a high sulfur loading of 8 mg cm-2 at a C/10 rate.

Fig. S10. State-of-the-art development of high-loading sulfur cathodes in lean-

electrolyte lithium–sulfur cells reported in this year (2025): (a) sulfur loading and 

electrolyte-to-sulfur ratio and (b) electrolyte-to-capacity ratio and cycle life.



Supporting Tables

Table S1. State-of-the-art development of high-loading sulfur cathodes in lean-

electrolyte lithium–sulfur cells.

i ii iii iv v vi vii viii ix x xi xii xiii

S1 10.8 65 5.2 6.0 800 740 50 93 0.05 8.6 18.0 2025

S2 4.0 63 3.0 2.9 1021 1 0.1 4.1 8.2 2025

S3 5.5 64 4.0 4.6 864 750 65 87 0.1 4.8 9.5 2025

S4 4.6 75 5.0 6.7 751 645 42 86 0.1 3.5 6.9 2025

S5 8.0 64 3.0 2.0 1470 1000 80 68 0.1 11.8 23.5 2025

S6 3.2 72 4.0 4.0 1000 700 40 70 0.1 3.2 6.4 2025

S7 8.1 50 2.9 3.8 757 432 200 57 0.05 6.1 12.3 2025

S8 5.0 64 5.0 15.4 325 225 20 69 0.3 1.6 3.3 2025

S9 5.0 68 8.0 8.9 900 550 100 61 0.2 4.5 9.0 2025

S10 4.0 56 8.0 8.5 945 875 700 93 0.1 3.8 7.6 2025

S11 7.0 63 5.0 5.1 984 590 50 60 0.2 6.9 13.8 2025

S12 4.0 64 8.0 9.4 852 677 150 80 0.2 3.4 6.8 2025

S13 3.8 72 3.5 2.8 1250 700 188 56 1.0 4.8 9.5 2025

S14 11.0 56 6.4 6.1 1055 667 100 63 0.1 11.6 23.2 2025

S15 5.0 60 6.5 5.8 1125 800 50 71 0.1 5.6 11.3 2025



S16 9.2 42 9.0 13.6 659 437 200 66 0.5 6.0 12.1 2025

S17 5.5 70 3.0 2.5 1200 800 30 67 0.1 6.6 13.2 2025

S18 4.0 4.0 3.1 1300 400 100 31 1.0 5.2 10.4 2025

S19 7.8 60 5.0 3.5 1438 830 100 58 0.1 11.3 22.5 2025

S20 5.0 60 5.0 5.6 900 800 50 89 4.5 9.0 2025

this 

work
10.0 50 4.0 5.6 706 500 100 71 0.1 7.1 14.8

i: reference number; ii: sulfur loading (mg cm-2); iii: sulfur content (wt%) (our work’s 

sulfur content including the consideration of the total weight of cathode); iv: 

electrolyte-to-sulfur ratio (μL mg-1); v: electrolyte-to-capacity ratio (μL mAh-1); vi: 

peak capacity (mAh g-1); vii: reversible capacity at viii cycles (mAh g-1); viii: cycle 

number; ix: capacity retention (%); x: cycling rate; xi: specific gravimetric capacity per 

electrode (mAh g-1); xii: energy density (mWh cm-2); xiii: publication year. The 

references were selected from the first 20 research articles retrieved from Google 

Scholar using the keywords “high loading,” “lean electrolyte,” and “lithium–sulfur 

cells.”
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