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Figure S1. An optical image of the viscous solution containing the N-rich polymer precursor and

well-disolved Zn(NOj3), 6H,0 for preparing HPCK.

Figure S2. An optical image of HPC.



Figure S3. SEM images of HPC.

Figure S4. (a) SEM image of HPCK and its EDS mapping images of (b) C, (¢) O and (d) N.
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Figure S5. Raman spectra of HPC and HPCK.
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Figure S6. Nitrogen adsorption-desorption isotherms of HPC and HPCK.
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Figure S7. Porous distributions of HPC and HPCK. The range of pore width is 0 ~ 30 nm (a) and

0.6 ~ 3 nm (b).
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Figure S8. XPS survey spectra of HPCK and S@HPCK.
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Figure S9. Raman spectra of S and S@HPCK.
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Figure S10. TEM image of S@HPCK showing the lattice of S surrounded by HPCK.
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Figure S11. XRD patterns of S, S@HPC and S@HPCK.
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Figure S12. TGA and DTG profiles of S@HPCK containing ~70 wt.% S in N, atomsphere.
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Figure S13. Raman spectrum of AlCl;-AcA (1.3:1 in molar ratio) electrolyte.
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Figure S14. (a) CV profiles of S@HPCK under different scan rate. (b) Linear stimulation of the

plot of current of the discharge peak vs. the scan rate.
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Figure S15. Cycle performance of an AI-HPCK battery at 0.2 A g™
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Figure S16. A comparison of the voltage hysteresis between the S@HPCK- and S@CMK3-based
Al-S batteries. (a) The representative charge/discharge curves of the two batteries at 0.2 A g™!. (b)

The corresponding dQ/dV curves of the charge/discharge curves in (a).
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Figure S17. Long-cycle performance of the Al-S@ HPCK battery at 2 A g™



Figure S18. Soft-pack batteries (five batteries in series) for lighting up a set of LED lights.
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Figure S19. Cycling performance of AI-S@HPCK battery at 0.2 A g™! using S@HPCK cathodes

containing 50 wt.% and 70 wt. % S.
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Figure S20. The representative galvanostatic charge/discharge curves of S@HPCKs with 50 wt.%

and 70 wt. % S.
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Figure S21. The performances of Al-S@HPCK batteries using AICl;/AcA and AICI;/EMICI as the

electrolyte. (a) The cycle performances at a current density of 0.2 A g™!, and (b) the typical

galvanostatic charge/discharge curves.
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Figure S22. 27Al NMR spectra of the discharged electrode obtained under MAS and the pure Al
metal measured under static conditions. The peak marked with asterisk is the spinning sideband

(SSBs).
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Figure S23. Densities of states for (a) sulfur, (b) the composite of sulfur loaded by carbon and (c)

the composite of sulfur loaded by N-doped carbon.
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Figure S24. Densities of states for (a) tetra-coordinated Al,S;, (b) the composite of tetra-
coordinated Al,S; loaded by carbon and (c) the composite of tetra-coordinated Al,S; loaded by N-

doped carbon.



Table S1. Performances of recently works for Al-S batteries. Note some values were calculated

from the provided figures in the references.

. Capacity .
Capacity Voltage . Coulombic
Cathode . . S content retention-cycle .
-current density-cycle number hysterisis efficiency
number
S@ Ketjen 1600 mAh g'! —20 mA g — 1%t
~0.75V 50% not reported not reported
black@PVDF[1] 1200 mAh g'' — 120 mA g'!' — I
Activated carbon
1320 mAh g' — 50 mA g! — I
cloth/sulfur ~0.78 V 1 mg cm™ 75.8% - 20 not reported
) 1000 mAh g'!' — 50 mA g — 20t
composite[2]
1390 mAh g'!' — 251 mA g!' — 1%
S@CMK-3[3] ~0.75V 40% >30.8% - 20t not reported
>400 mAh g!' — 251 mA g'! —20™
S dispersion of
sulfur-ionic
o ) >1200 mAh g!' — C/20 — 1%
liquid slurry into ~0.8V not reported 45.8% - 10t not reported
. >550 mAh g!' — C/20 — 10t
an activated CNF
paper[4]
S dispersion of
sulfur-ionic
L ~1000 mAh g' — C/20 — 1%
liquid slurry ~0.75V not reported ~60% - 50t ~90% - 50
. . ~600 mAh g — C/20 — 50t
into an activated
CNF paper[5]
2100 mAh g'!' — 100 mA g!' — I
S@CMK-3[6] ~08V 50% >23.8% - 60 84.9% - 20t

>500 mAh g'' — 100 mA g — 60®




S@HKUST-1- >1000 mAhg! — 1 A gl — 1% v i3 s sopn 9370~ S00"at
C[7] 460 mAh g — 1 A g! — 500 o ’ 1A g
~90% - 200th
S@Co/C[8] 500 mAh g~ 1 A g! — 200" ~0.7V 50% 30% - 200 ’
atl Ag!
1330 mAh g! — 02 A g! — 18 s00. 77.2%-50"at  90.8% - 50
1027 mAh g — 0.2 A g — 50 ’ 02Ag! at02 A g
This work ~0.7V
829 mAhg! — 1A gl 1¢ o 48.9%-700m at  96.2% - 700
o

405 mAhg'— 1A g' — 700"

1Ag!

atl Ag!
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