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Fig. 1 SEM images of CP (a), CP-S6 (b) and CP-S4 (c); TEM images of CP (d, e) and CP-S6 (f); EDS mapping images of CP-S6: Overlap (g),

C (h), O (i) and S (j)
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Fig. 2 Raman spectra (a), XRD patterns (b), nitrogen adsorption/desorption isotherms (c), CO, adsorption isotherms (d), small-angle X-ray

scattering patterns (e) of the hard carbons; XPS survey spectra of CP and CP-S6 (f); Cls spectrum of CP (g); Cls (h) and S2p (i) spectra

of CP-S6
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Fig.3 Cyclic voltammetry curves of CP-S6 (a); Cyclic voltammetry curves at 0.1 mV/s (b), charge/discharge curves (c), capacity distribution

(d), rate performance (e) and cyclic performance (f) of all the hard carbons
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Fig. 4

Galvanostatic intermittent titration technique curves (a), lithium diffusion rate during the discharge process (b), Nyquist curves of CP

and CP-S6 (c); CV curves of CP-S6 from 0.1 to 2.0 mV/s (d); b value during the charge/discharge process of CP-S6 (e); Capacitance
and diffusion capacity contribution (f) of CP-S6; Discharge in-situ Raman spectrum (g), charge in-situ Raman spectrum (h) and Raman

spectra at different potentials (i) of CP-S6
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mechanism of hard carbon enhances its performance

Preparation of Sulfur-Doped and Pitch-Based Hard Carbon and Its
Lithium-Ion Storage Performance

LIANG Qiaoling', ZHANG Yongzheng', MA Cheng?, WANG Jitong', QTAO Wenming', LING Licheng'

(1. National Key Laboratory of Chemical Engineering and Low-Carbon Technology, School of Chemical Engineering;
2. Key Laboratory of Specially Functional Polymeric Materials and Related Technology of Ministry of Education,
School of Materials Science and Engineering, East China University of Science and
Technology, Shanghai 200237, China)

Abstract: Hard carbon is regarded as one of the most promising anode materials for lithium-ion batteries due to its
high specific capacity. However, the commercial application of hard carbon is severely hampered by its poor rate
performance and first Coulombic efficiency. Herein, sulfur-doped pitch-based hard carbon materials were prepared
through co-carbonization of high-softening-point pitch precursor and sulfur-rich crosslinking agent from the
copolymerization of sulfur and dicyclopentadiene. It was found that the crosslinking between the pitch precursor and
sulfur-rich polymer, as well as sulfur-doping during the co-carbonization process, could tailor the microscopic crystal
structure of the hard carbons. Notably, when the mass ratio of pitch precursor to sulfur polymer was 6 : 1, the
as-prepared hard carbons with suitable microcrystalline layer spacing and pore structure showed a reversible capacity of
398 mA-h/g with a 73.0% first Coulombic efficiency at 50 mA/g, and a superior rate performance of 176 mA-h/g at
4000 mA/g, which originated from sulfur-doping and rich microcrystal defects.

Key words: hard carbon; pitch; sulfur-doping; lithium-ion battery; rate performance
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