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Electrochemical performance of hierarchical porous carbons prepared

from coal based humic acid
LIU Yingbin, HUANG Guangxu, LI Yuanyuan,ZHANG Fengmei, WANG Qianqgian , XING Baolin,
ZHANG Chuanxiang, CHEN Lunjian
(College of Materials Science and Engineering ,Henan Polytechnic University , Jiaozuo 454003, China)
Abstract ; In order to improve coal utilization efficiency , hierarchical porous carbon electrode materials( HPCs) for double—layer capacitors
was prepared from humic acids by KOH activation at 700 °C for 1 hour and lower KOH/carbon ratios( below 1). The oxygen content and
pore structure characteristics of as—prepared carbons were performed by elemental analyzer and N, adsorption apparatus. The electrochemi-
cal performances were monitored by galvanostatic charge—discharge, cyclic voltammetry and leak current in a two—electrode system with 3
mol/L KOH solution as the electrolyte ,respectively. The results show that the four carbons possess high oxygen content (above 20% ) and
hierarchical pore size distribution mainly including the micropores from 0.5 nm to 2. 0 nm and the mesopores from 3.5 nm to 4.6 nm.
With the KOH/carbon ratios increasing, the oxygen content, specific surface area,total pore volume , micropore volume and mesoporosity of
the carbons all increase,and can reach at 26. 67% ,878 m’/g,0.66 cm’/g,0.407 cm’/g and 62. 1% , respectively. The micropores are
mainly generated from the release and decomposition of volatile and oxygen—containing functional groups during the activation and pyrolysis
of humic acid. And the high mesoporosity is mainly due to the pore reaming effect of potassium. The four carbon materials exhibit good
charge/discharge reversibility and typical double layer capacitive characteristics,and the specific capacitance and capacity retention ratio

can reach up to 256 F/g and 84% with a low leak current less than 0.015 mA. All carbon materials have reasonable pore size distribution
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and rich oxygen—containing functional groups,which is beneficial to shorten the diffusion path of electrolyte ions in the electrode material ,

improve the wettability of electrode material and electrolyte and reduce the diffusion resistance , which suggesting that the hierarchical por-

ous carbons are ideal electrode materials for electrochemical capacitors.

Key words : humic acid ;lower KOH/ carbon ratios ; hierarchical porous carbons;oxygen content ;electrochemical performance
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Table 1 Element analysis of HPCs

B TLR T/ %

" i
e Car H o Odat+Sa Noar
HPC1 0.25 77.70 0.94 20. 88 0.48
HPC2 0. 50 74. 60 1.08 23.70 0. 62
HPC3 0.75 73.18 1.10 25. 14 0.58
HPC4 1. 00 70. 32 2.03 26. 67 0.98
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Fig. 1 N, adsorption—desorption isotherms of HPCs
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Table 2 Pore structure parameters of HPCs

e WS Sp/(mdeg)  V/(emdog) V(e cg ) Ve (et g ) (Vau/V)/%
HPC 1 0.25 242 0. 155 0.115 0. 040 25.8
HPC 2 0.50 325 0. 351 0.133 0.218 62. 1
HPC 3 0.75 595 0.573 0. 265 0.308 53.8
HPC 4 1. 00 878 0. 660 0. 407 0. 253 38.3
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Table 3 Specific capacitance of HPCs at different current densities

LA/ (F - g")

B 2 B /%
50 mA/g 250 mA/g 500 mA/g 2500 mA/g 5000 mA/g
HPCI 139 133 128 115 104 74.8
HPC2 192 180 175 166 157 81.8
HPC3 225 210 205 197 189 84.0
HPCA 256 239 233 220 203 79.3
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Fig. 5 Cyclic voltammograms of HPCs different scan rates
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