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Abstract : The supercapacitor has a wide range of applications. However, the traditional activated carbon can‘t fully meet the needs of the
society in terms of energy density and electrical conductivity, which severely limits its application in large—scale energy storage devices.
Therefore , it is of great significance to develop materials with higher energy storage performance. In this paper,a new coal-based microcrys-
talline carbon was prepared by preliminary carbonization coupled with KOH as activator process with abundant Taixi anthracite and used as
electrode material for supercapacitor. The microstructure and pore structure parameter of the coal-based microcrystalline carbon was char-
acterized by the methods of X-ray diffraction and low temperature N, adsorption—desorption. The electrochemical performances of the cor-

responding electrode material were also investigated using galvanostatic charge/discharge, cyclic voltammetry and ac impedance. The re-
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sults show that the coal-based microcrystalline carbon contains a large number of relatively complete graphite—like microcrystalline struc-
ture,,and with the increase of alkali/carbon ratio, the graphite—like microcrystalline structure is gradually destroyed,and its layer spacing
dyy, gradually increases from 0.391 5 nm to 0.405 9 nm. The microcrystalline carbon with a specific surface area of 928 m*>/g, total pore
volume of 0. 527 ¢m’/g and mesoporosity of 26.46% can be prepared at 800 °C for 2 hours under the alkali/carbon ratio 4. The coal -
based microcrystalline carbon applied as electrode materials for supercapacitor exhibits an excellent electrochemical performance in
(C,H;) ,NBF,/PC electrolyte. The specific capacitance of microcrystalline carbon is 94. 8 F/g at a current density of 50 mA/g and the
energy density reaches to 40.3 Wh/kg and at a current density of 500 mA/g, the initial specific capacitance is retained 87.3% after 1 000
cycles. It has good cycle stability and also shows smaller ionic diffusion resistance and internal impedance in the impedance curve. In the

" phenomenon occurs. During this time, the electro-

first charging process,the bend on charging curve means that the " electrical activation
lyte ions and solvent molecules around the microcrystalline carbon layerintercalate ,making full use of the wafer space to store electrons to
improve the energy density. The capacitance characteristics of coal-based microcrystalline carbon are mainly composed of intercalation ca-
pacitance and double—layer capacitance ,among which intercalation capacitance caused by " electrical activation" is the main reason for the

higher energy density of microcrystalline carbon. The superior electrochemical performance of the new coal-based microcrystalline carbons

is strongly related to the microcrystalline structure and abundant pore structure.
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Table 1 Proximate and ultimate analysis of raw coal

Tk s Hr/ % TER T/ %
M ad Ad Vduf F Cduf Cduf Hduf Oduf Ndul S(lui
1.55 2.32 6.94 93.06 94. 80 3.6l 0.70 0.76 0.13
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Fig. 1 XRD patterns of coal-based microcrystalline carbons
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Table 2 Structural parameters of coal-based

microcrystalline carbons

= 26/(°) dyp/nm L,/nm L./nm
CC-2 22.72 0.3915 3.091 0.942
CC-3 22.02 0.4038 2.973 0.908
cC-4 21.99 0.4043 2.822 0. 842
CC-5 21.90 0. 4059 2.796 0.816
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Table 3 Porosity parameters of coal-based microcrystalline carbons

. Spgr/ S e/ Via/ Ve Ve’ Vit)/
(m?* - g™) (m? - g™) (m® - g~ (em® - g7h) (em® - g7™h) %
cc-2 568 500 0.342 0.072 21.14
cc-3 756 681 0.417 0. 061 14.75
cc-4 928 801 0. 527 0.139 26.46
cc-5 1083 949 0. 596 0.119 20. 03
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Fig. 3 First and second charge—discharge curves of coal—
based microcrystalline carbons
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Table 4 Specific capacitance and energy density of

microcrystalline carbon

it PHA/(F-g')  REREEE/(Wh - ke™)
cc-2 27.3 11.6
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Fig. 4 Five times charge—discharge curves of coal-based

microcrystalline carbon CC-4
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Fig. 6 Cycle performance of coal-based microcryst-
alline carbon
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