Electronic Supplementary Material (ESI) for Nanoscale.
This journal is © The Royal Society of Chemistry 2018

Three-Dimensional sp2 Carbon Networks Prepared by
Ultrahigh Temperature Treatment for Ultrafast Lithium—Sulfur

Batteries

Chunping Ruan’, Zhi Yang™, Huagui Nie™, Xuemei Zhou*, Zeqing Guo’, Lu Wang’,
Xingwei Ding’, Xi’an Chen, and Shaoming Huang" **

Prof. Z. Yang, C. Ruan, H. Nie, Z. Guo, L. Wang, X. Ding, Dr. X. Chen, Prof. S. Huang
"Nanomaterials & Chemistry Key Laboratory, Wenzhou University, Wenzhou, 325027, China

Dr. X. Zhou, Prof. S. Huang

¥School of Material and Energy, Guangdong University of Technology, Guangzhou, 510006,

China

E-mail: yang201079@126.com, huaguinie@126.com, smhuang@wzu.edu.cn

Supporting Information


mailto:smhuang@wzu.edu.cn

Table S1. Textural properties of the different carbon material

Sample CNTs:Gra Temperature Time (h) Ic/Ip Oxygen
(C) content
(wt%)
raw CNTs 1:0 1.13 2.69
raw Gra 0:1 0.98 15.95
CNTs—Gra 2:1 1.08 6.89
2250CNTs—Gra 2:1 2250 2.13 4.58
2550CNTs—Gra 2:1 2550 3.23 3.13
2850CNTs—Gra 2:1 2850 20.28 0.83
2850'CNTs-Gra 1:1 2850 12.38 1.21
2850°CNTs-Gra 3:1 2850 7.86 2.01
28503CNTs-Gra 2:1 2850 3.49 2.56
2850°CNTs-Gra 2:1 2850 20.34 0.81
2850CNTs 1:0 2850 4.12 1.19
2850Gra 0:1 2850 10.76 2.45
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Figure S1. Rate performance of the seven cathodes at various current densities
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Figure S2. (a) Typical TEM images of the 2850CNTs—Gra; (b) XRD curves spectras
of the 2850CNTs—Gra and CNTs—Gra
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Figure S3. Nitrogen sorption isotherm (a) and pore size distribution (b) of 2850CNTs,
2850Gra, 2850CNTs—Gra, raw CNTs, raw Gra and CNTs—Gra
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Figure S4. Typical SEM images of 2850CNTs—Gra (a), 2850Gra (b), 2850CNTs (c¢),
CNTs—Gra (d), raw Gra(e) and raw CNTs(f).



a
2 ¢ —raw CNTs € ——2850CNTs
G —2850CNTs C1s —2850CNTs —raw CNTs
___,D\,L_* : L H
Py 3 3
3 = =
= b
8 H c H
8 D G _raw CNTs|E ' E
E __._—J\“/L___ -
1000 200 100 ook Toa 2000 200 00 500 800 20 30 40 50 5
Raman shift (cm™) Binding energyieV 2 Theta
r
b X ( s —rawGra | I —2850Gra
—2850Gra 13 —2850Gra —raw Gra
- b & ' Ors :
£ =
5 2 c g
£ —raw Gra |2 1= E
D G = 015 e
-/\JL-‘. l
1000 1200 1400 1600 1800 2000 200 400 600 800 20 0 0 50 50
Raman shift (cm™) Binding energyieV 2.Theta

Figure SS. (a-b) Raman spectras, (c—d) XPS and (e—f) XRD curves of 2850CNTs,
2850Gra, raw CNTs and raw Gra
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Figure S6. (a) X-ray diffraction curves of 2850CNTs-Gra, pure S and
2850CNTs—Gra—S composites; (b) TGA curves of the 2850CNTs—Gra—S composites;

(c) Galvanostatic charge/discharge curves of the 2850CNTs—Gra—S cathodes at the
rate of 0.5-10 C
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Figure S7. Typical galvanostatic charge/discharge profiles of the 2850CNTs—Gra—S
for (a) 10™, 100%, 500" and 1000 at 10 C; and (b) 100", 400%, 800t and 1200 at 15
C.
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Figure S8. Cycling performance of the 2850CNTs—Gra—S cathode with the sulfur
mass loading of 3.03 mg cm? at 1 C.
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Figure S9. Rate performance of the three cathodes at various current densities.
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Figure S10. (a) Cycling performance of raw CNTs—S and 2850CNTs-S cathodes; (b)
cycling performance of raw Gra—S and 2850Gra-S at the rate of 10 C.



Figure S11. SEM images of cycled cathodes for the four cycled cathode at 10 C for
2850CNTs—Gra (a), 2550CNTs—Gra (b), 2250CNTs—-Gra(c) and CNTs—Gra (d),
respectively.



