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Study on Preparation and Electrochemical Performance
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GUO Kunkun',CHEN Peng, LI Zhu
(College of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract; Nitrogen-doped porous carbon (NPC) was successfully prepared by solvent evaporation com-
bined with high temperature thermal polymerization in the present study. The microstructure and element
composition of the samples were characterized by SEM, TEM, Thermogravimetric analyzer (TG), N2 ad-
sorption-desorption and X-Ray Photoelectron Spectroscopy (XPS). The results showed that the nitrogen
content of the nitrogen-doped porous carbon was 4. 2 at% and the specific surface area was as high as 422.
0 m’/g higher than that of the nitrogen-free sample(301. 1 m*/g), and the specific surface area and pore
volume of the samples were obviously increased by nitrogen element doped. Subsequently, the obtained
NPC was also characterized with cyclic voltammetry curves, constant current charge discharge curves and
AC impedance spectra. The electrochemical results showed that nitrogen doped method could significantly
increase the specific capacitance of the sample, reduce the internal resistance of the porous carbon, and
greatly improve the electrochemical properties of the carbon material. At the current density of 0.5 A/g,

the specific capacitance of N-doped porous carbon was increased from 83.8 F/g to 162. 8 F/g., and the in-
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ternal resistance was reduced from 1. 39 Q to 0. 47 Q. Furthermore, nitrogen-doped porous carbon pos-

sessed good rate performance and cyclic stability.

Key words: nitrogen-doped; porous carbon; electrochemical performance; supercapacitors
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Fig. 1 Synthesis of nitrogen-doped phenolic resin prepolymer (NPF)
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Fig. 2 SEM images of NPC-0(a), NPC-2.5(b),
NPC-5(c¢) and TEM image of NPC-5(d)
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Fig.3 The TG curves of NPF-0 and NPF-5
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Tab.1 Textural properties of NPC-0,
NPC-2. 5 and NPC-5

SBET Vit

Sample /(g1 J(emig1) D/nm
NPC-0 301.1 0. 26 1.52,2.83
NPC-2.5 386.0 0.20 1.52,2.82
NPC-5 422.0 0.29 1.52,3.82
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Tab.2 Chemical composition and content of NPC-5

Samol Carbon Oxygen Pyridinic Pyrrolic
Sampie content /% content /% -N /% -N/%
NPC-0 86.5 13.5 — —
NPC-5 86.2 9.6 1.6 2.6
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Fig. 6 Raman spectra of NPC-5
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Fig. 7 The first charge-discharge curves of NPC-x at

a current density of 1.0 A/g and CV curves
at a scan rate of 5 mV/s
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Fig. 8 The rate capability of NPC-0 and NPC-5
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Tab.3 The calculated values of R, ,Cy , R
and Z, through CNLS fitting of the
tested impedance spectra

3 %

Sample R./Q Ca/F R./Q Zw/Q
NPC-0 2.872 7.072X10° 1.393 0.014 31
NPC-2.5 2.903 1.487X10* 0. 816 0.252
NPC-5 2.730 8.407X10 14 0. 469 0.346 7
NPC-6 2.718 2.085X10 1 0.502 0.2217
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