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Cthil.StadR Patany ey oL R CAmaHE ARoHR Materials,,
Eoﬁ%rceagop% R!af.offetﬁeeggsﬁ)ﬁgr%grfgsggi material for lithium ion batteries (LIBs) owing to its

igh stability, widespread availability, low-cost, and excellent performance. The electrochemical
proepr;'ar |eg%¥1l1%?gcarbon materials depend strongly on the type of precursors. It is, therefore, very
%BO?@H to choose an excellent hard carbon precursor. Polyacrylonitrile, petroleum pitch and peanut
shells were used as raw materials to prepare different hard carbon anode materials for LIBs. These hard
£myBqr anode materials were successfully synthesized in two steps. The selected precursor was firstly
carbonized at 600°C for 1 h in argon atmosphere using heating rate of 1 °C-min”', and then was further
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carbonized at 1200°C for 1h in argon atmosphere using heating rate of 5°C-min”". Under such a low

eatimergtsta relatively small specific surface area could be obtained as much as possible for the hard
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analyzer and Raman spectrometer. The ion carrier storage mechanism was further investigated using
cyclic voltammetry by examining whether the ion insertion/extraction mechanism is surface-controlled
pseudocapacitance or diffusion-limited intercalation. It was further verified that the lithium storage
mechanism of hard carbon anode materials is in line with the “adsorption-intercalation” mechanism. The
results indicated that polyacrylonitrile-derived hard carbon anode material had low impedance by EIS test.
This may be the reason why the low voltage platform of polyacrylonitrile-derived hard carbon materials
had a higher specific capacity. The electrochemical performance of different hard carbon materials were
investigated through galvanostatic charge and discharge tests. The peanut shell-derived hard carbon

material showed the highest initial specific capacity (579.1 mAh~g'1), but the lowest initial coulombic
efficiency (49.35%). The petroleum pitch-derived one delivered the highest initial coulombic efficiency

(85.97%), but the lowest initial specific capacity (301.7 mAh~g'1). Comparing the cycle performance of
these three hard carbon materials, polyacrylonitrile-derived hard carbon materials exhibited the excellent
cycling performance (87.17% of capacity over 500 cycles). This study would provide useful assistance to
understand the precursor-derived electrochemical properties of hard carbon anode material in practical
applications.
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Figure 1 SEM images of different hard carbon materials: (A),(D). HC-1; (B),(E). HC-2; (C),(F). HC-3
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Figure 2 (A) XRD patterns and (B) Raman spectra of different hard carbon materials (color on line)
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Table 1 Structural characteristic of hard carbon materials
Sample doo/NM LJnm LJnm N ApfAg
HC-1 0.361 1.374 4.721 4.80 3.286
HC-2 0.350 1.700 5.338 5.86 2.125
HC-3 0.390 1.148 3.772 3.94 5.154
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Figure 3 (A) N, adsorption-desorption isotherms; (B) The corresponding pore size distribution curves (color on line)
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Table 2 Specific surface area and pore size structure of different hard carbon materials

sample BET surface area/ Total pore volume/ The average pore
P (m2-g*) (cm®-g?) diameter/nm
HC-1 10.30 0.0171 6.6
HC-2 2.75 0.0122 17.7
HC-3 74.29 0.0562 2.0
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Figure 4 (A)-(C). Charge-discharge curves of different hard carbon materials at 50 mA -g* current density; (D) Rate capability of
different hard carbon materials at various current densities from 50 to 2000 mA -g*; (E) Cycling performance curves of different
hard carbon materials at 200 mA -g* current density. (color on line)
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Figure 6 (A)-(C). CV profiles of different hard carbon materials at different scan rates between 0.1 to 1.0 mV-s?; (D)-(F). Liner re-
lationship between current and scan rate in logarithmic format for different hard carbon materials; (G)-(I). Capacitive contribution of
different hard carbon materials at the scan rate of 0.4 mV-s?; (J)-(L). Contribution ratio of adsorption capacity at different scan rates
for different hard carbon materials. (color on line)
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Lithium Storage Performance of Hard Carbons Anode Materials
Prepared by Different Precursors

Zhen-Lang Liang, Yao Yang, Hao Li, Li-Ying Liu, Zhi-Cong Shi*
(Department of New Energy Materials and Devices, School of Materials and Energy, Guangdong University of
Technology, Guangzhou 510000, Guangdong, China)

Abstract: Hard carbon is one of the most promising anode material for lithium ion batteries (LIBs) owing to its high stability,
widespread availability, low-cost, and excellent performance. The electrochemical properties of hard carbon materials depend
strongly on the type of precursors. It is, therefore, very important to choose an excellent hard carbon precursor. Polyacrylonitrile,
petroleum pitch and peanut shells were used as raw materials to prepare different hard carbon anode materials for LIBs. These hard
carbon anode materials were successfully synthesized in two steps. The selected precursor was firstly carbonized at 600 °C for 1 h in
argon atmosphere using heating rate of 1 °C -min?, and then was further carbonized at 1200 °C for 1h in argon atmosphere using
heating rate of 5 °C -min?. Under such a low heating rate, a relatively small specific surface area could be obtained as much as
possible for the hard carbon anode material. The surface morphology and phase structure of as synthesized hard carbon materials
were analyzed by scanning electron microscopy, X-ray diffractometer, nitrogen adsorption analyzer and Raman spectrometer. The
ion carrier storage mechanism was further investigated using cyclic voltammetry by examining whether the ion insertion/extraction
mechanism is surface-controlled pseudocapacitance or diffusion-limited intercalation. It was further verified that the lithium storage
mechanism of hard carbon anode materials is in line with the “adsorption-intercalation” mechanism. The results indicated that
polyacrylonitrile-derived hard carbon anode material had low impedance by EIS test. This may be the reason why the low voltage
platform of polyacrylonitrile-derived hard carbon materials had a higher specific capacity. The electrochemical performance of
different hard carbon materials were investigated through galvanostatic charge and discharge tests. The peanut shell-derived hard
carbon material showed the highest initial specific capacity (579.1 mAh-g?), but the lowest initial coulombic efficiency (49.35%).
The petroleum pitch-derived one delivered the highest initial coulombic efficiency (85.97%), but the lowest initial specific capacity
(301.7 mAh -gh). Comparing the cycle performance of these three hard carbon materials, polyacrylonitrile-derived hard carbon
materials exhibited the excellent cycling performance (87.17% of capacity over 500 cycles). This study would provide useful
assistance to understand the precursor-derived electrochemical properties of hard carbon anode material in practical applications.

Key words: lithium ion battery; anode material; hard carbon; electrochemical performance
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