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Experimental
Preparation of NHPC

Firstly, the collected pomegranate peel was cut into pieces and washed by
deionized water to make it no impurities on the surface, and then dried at 80 °C for 24
h. Afterward, the dried pomegranate peel was pre-carbonized at the temperature of
350 °C for 2 h under Ar atmosphere with 5 °C min’! heating rate in a tubular furnace.
Then, to prepare highly porous pomegranate peel derived biochar, KOH and carbon
formed by pyrolysis were added into the 10 mL deionized water in 4:1 mass
proportion, stirring at 60 °C until dried. As the activating reagent for the reaction,
KOH reacts with carbon in the redox reactions and corrodes the carbon framework.
The gaseous H,O and CO, produced by these activation reactions facilitate the
increase of carbon porosity to improve the affinity with sulfur. After that, the obtained
mixture was held in an 800 °C tubular furnace which was heated from room
temperature with a heating rate of 4 °C min’!. Subsequently, we washed it with
deionized water several times until pH=7 and dried it at 60 °C.
Synthesis of S@NHPC

The mixture of activated biochar and sulfur in the weight ratio of 3:7 was ground
30 min in an agate mortar sufficiently. Then, they were transferred to a hydrothermal
reactor and maintained at 155 °C for 10 h.
Materials characterizations

The crystal structure of material was collected by X-ray diffraction (XRD,

Bruker AXS D8 Advance) with Cu-Ka radiation (A=1.5406 A). The surface and



morphology of the material was obtained by scanning electron microscope (SEM,
Sirion 200, FEI Co., USA) and transmission electron microscope (TEM, JEM-7650,
JEOL Inc., Japan). X-ray photoelectron spectroscopy was conducted on an XSAMSE00
Ultra spectrometer. Raman spectra of the carbon materials was performed with a laser
Raman spectrometer (LabRam-HR, HORIBA Jobin Yvon Co., France). Brunauer-
Emmett-Teller (BET) surface area was measured by ASAP 2460 instrument by
nitrogen adsorption at 77 K. TGA was performed on a TG/DTA7300 (Seiko In.).
Electrochemical measurements

For preparing working electrode, the slurry was made by the mixture of
S@NHPC, acetylene black, and PTFE in the weight ratio of 8:1:1. The slurry was
uniformly smeared onto carbon paper current collector (1 cm?) and dried at 60 °C for
12 h to fabricate the working electrode. In S@NHPC, the weight ratio of the activated
biochar and sulfur is 3:7, and the TG confirms that there is ~66% of sulfur in
S@NHPC. In the working electrode, the mass loading of sulfur was ~1.2 mg cm™.

The electrochemical properties of samples were evaluated in coin cell, which
consisted of working electrode, counter electrode (copper), separator (Whatman), and
0.5 mol L' CuSOy electrolyte (~1 mL). The CV curves were conducted on a Bio-
Logic VSP electrochemical workstation. Galvanostatic charge/discharge, cycling
performance, and rate performance were investigated by a LANHE battery tester

(LANHE CT2001C).
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Fig. S2. (a-b) Rate performance based on different current densities (from 1 to 9 A g'!)
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Fig. S3. XRD patterns of S@NHPC electrodes. a) Galvanostatic charge/discharge
profiles at a current rate of 1 A g'; b) XRD pattern of the pristine S@NHPC
electrodes; ¢) XRD pattern of the fully pre-discharged S@NHPC electrodes; d) XRD
pattern of the fully pre-charged S@NHPC electrodes; €) XRD pattern of the fully
discharged S@NHPC electrodes; f) XRD pattern of the fully charged S@NHPC

electrodes



Table S1. The specific capacity of reported S-based battery.

Current Specific
Battery Cathode density capacity Ref.
(Agh (mAh g)
pure sulfur (copper wire-
graphene/polyimide/LLZO 0.1 1402 S1
trilaminar membrane)

Li-S S-G 0.2088 1261 S2
fibrous graphene-sulfur 0.3 1160 S3
the sulfur/3D graphene

3.35 500 S4

composite
S@Fe-PANi 0.1 720 S5
Zn-S LF-PLSD 0.5 488 S6
LF-PLSD 1 300 S6
CMK-3/sulfur 0.01 606 S7

K-S

CMK-3/sulfur 0.05 512.7 S7
S/AC-40 0.2 950 S8
S/AC-40 0.5 890 S8
Fe-S S/AC-40 0.8 831 S8
S/AC-40 1 796 S8
S/AC-40 1.5 686 S8
Al-S S@HKUST-1-C 0.5 689 S9




Na-S

S@HPCK
CS90
N.S-HPC

N,S-HPC

0.2

0.23

4.6

530

542

400

128

S10

S11

S12

S13




Table S2. The capacity retention of reported S-based battery.

Cycle Capacity Current
Battery Cathode Ref.
number  retention (%)  density

0.837A g
3D-VCNs 300 80.3 S14
1
Li-S S-rGO 450 87 1C S14
S@MLC-2 500 60 0.5C S15
S@HCSs 1200 43.6 0.5C S16
S@HKUST-1-C 50 52.1 1Ag! S9
Al-S
S@HKUST-1-C 500 41.7 1Ag! S9
0.083 A g
MgSg@Graphene-CNT 50 83.3 S17
1
Mg-S
S@CNT 100 81.7 05Ag! SI18
ZIF-C-S 200 66.7 1C S19
CSB@TiO0,
400 63.1 05Ag! S20
Na-S
S@iMCHS 200 88.8 0.1Ag!' SI3
Sulfurized carbonized 1.675A g
100 95 S21
polyacrylonitrile !
K-S
Confined and covalent
300 86.3 0.6 Ag! S22

sulfur




CNTs/S 60 95 03Ag! S23
Pb-S CNTs/S 140 88 05Ag! S24

CNTs/S 400 71.4 05Ag! S24
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