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Abstract：Lithium-sulfur (Li-S) battery has been considered to be one of the next generation high energy density rechargeable battery systems due to the high theoretical energy density, low cost and environmental friendliness. However, the commercial application of Li-S battery still faces problems such as sluggish redox kinetics and infamous shuttle effect of sulfur cathode, which result in low sulfur utilization, poor cycle life and unsatisfied rate performance. Herein, we proposed a CoSe2-NC nanoclusters anchored honeycomb-like carbon framework (CoSe2-NC @HCF) as sulfur hosts aiming to accelerate sulfur conversion and inhibit polysulfide shuttle in Li-S electrochemistry via space-confined growth and in-situ selenization. The obtained CoSe2-NC@HCF provides strong chemical adsorption capability and massive polar cobalt active sites as well as abundant and continuous hierarchy pores supplying adequate sulfur storage space and physical confinement. The S/CoSe2-NC @HCF cathode with sulfur content of 83.24 wt% delivershigh sulfur utilization with initial discharge capacity of 1212.9 mAhg-1 at 0.1 C, excellent rate performance with 1094.7 mAh·g–1 at 1C rate, and good cylability with low capacity decay rate of 0.12% up to 600 cycles. 
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Figure S1. (a) The HCF adsorption–desorption isotherms, (b) the pore size distribution curves of HCF
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Figure S2. Discharge/charge profiles of the S/HCF electrode at a rate range of 0.1C-2C.
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Figure S3. Corresponding polarization voltage comparison between S/CoSe2-NC@HCF and S/HCF electrodes at a rate range of 0.1C-2C.
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Figure S4. Cycling performance of the HCF electrode at 0.5C and 1C for 100 cycles.
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[bookmark: _GoBack]Figure S5. Cycling performance of the CoSe2-NC@HCF electrode at 0.2C, 0.5C and 1C for 200 cycles.
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Figure S6. Cycling performance of the S/CoSe2-NC@HCF composite sulfur cathodes with high sulfur areal density of 1.28 mg cm-2 and 2.47 mg cm-2 at 0.5C for 50 cycles.


Table S1. Comparison of the electrochemical performances among this work and other previously reported similar works.
	Cathode Materials
	Sulfur Content
wt%
	Rate
	Initial Capacity
mAh g-1
	Cycle Number
	Decay rate Per Cycle
	Ref.

	CoSe2-NC@HC
	80.83%
	1.0 C
	957.3
	600
	0.12%
	This work

	Co@NHCRs
	60%
	0.5 C
	971
	100
	0.27%
	S1[1]

	S-DHCS@CNTs
	73%
	0.2 C
	1709
	48
	1.19%
	S2[2]

	HCSs/S-LBL
	65%
	0.6 C
	850
	200
	0.16%
	S3[3]

	S@Co-N-GC
	70%
	0.2 C
	1440
	200
	0.198%
	S4[4]

	COM-MPC@S
	59.4%
	1.0 C
	1221.8
	50
	1.0%
	S5[5]

	FeS2-C
	61.7%
	0.5 C
	877.6
	350
	0.03%
	S6[6]

	rGO/VO2/S
	70%
	1.0 C
	718.6
	400
	0.07%
	S7[7]

	Fe-PNC/S
	70%
	0.1 C
	1138.6
	300
	0.2
	S8[8]

	MF-1.1-20/S
	67.7%
	1.0 C
	755
	300
	0.09%
	S9[9]

	S@RGO/PANI
	67%
	1.0 C
	685
	500
	0.05%
	S10[10]
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