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Preparation and properties of hierarchical porous
graphitization carbon anode

YANG Juan, LOU Shi-ju, ZHOU Xiang-yang, LI Jie, LAI Yan-qing

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: A series of hierarchical porous graphitization carbon (HPGC) anode materials were synthesized for super
lithium ion capacitor (SLIC) using phenolic resin as carbon precursor through physical activation-templating combined
methods between 500-900 °C. The structure of HPGC was investigated by SEM, TEM and nitrogen adsorption. The
electric double layer capacitor and half-cell were fabricated to investigate the electrochemical performances of HPGC
anode materials by charge-discharge of constant current and potential-sweep cyclic voltammetry. The results show that
the macro-meso-microporous pore-size distribution and graphite microcrystalline structure of HPGC. The HPGC anodes
exhibit good performance in both LiPF¢/EC+DMC and Et,;NBF4/AN electrolyte. The carbon material obtained at 600 C
(HPGC—600) has the optimal electrochemical performance. The reversible charge capacity reaches 611.2 mA-h/g (0.2C),
and the rate of capacity retention is 74% after 50 cycles. The reversible capacity at 6C is 225 mA-h/g. The capacitance of
HPGC in capacitor reaches 143 F/g (0.1 A/g), and the rate performance is good.
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El1 HPGC #1EH) SEM 5 A1 TEM 4
Fig. 1 SEM (a) and TEM ((b), (c)) images of HPGC material
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pore-size distribution (b) of HPGC—600 and HPGC-800

Nitrogen adsorption-desorption isotherm (a) and

materials (inset is micropore-size distribution below 2 nm)



522 %5 4

W . A RIRELETHINI) RE R SRR A i S 1 e 1219

%1 HPGC-600 5 HPGC—800 kM FLEE# Z:%k

Table 1 Pore structure parameters of HPGC—600 and HPGC—800 materials

Sample BET surface area/ Micropore specific  Mesopore specific ~ Total pore specific Mesopore Average pore

P (m>g ) volume/(cm*g ") volume/(cm®g ') volume/(cm™g™) rate/% diameter/nm
HPGC-600 416.9 0.201 0.368 0.569 64.7 5.46
HPGC-800 5242 0.247 0.483 0.730 66.2 5.57
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Fig. 3 First charge—discharge cycle of HPGC half cell at 0.2C

and different activate temperatures
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Table 2 Charge—discharge data of HPGC materials at different activate temperatures

Sample I?ischarge | .Charge | Ir.reversible | h.litial Capacity retention after
capacity/(mA-h-g )  capacity/(mAh-g ')  capacity/(mA-h-g ) efficiency/% 50 cycles/%
HPGC-500 518.5 1194.7 676.2 43.4 58.2
HPGC-600 611.2 2031.2 1420 30.1 74
HPGC-700 335.9 1203.6 867.7 27.9 63.4
HPGC-800 354.7 1003 648.3 35.4 58.8
HPGC-900 366.2 1206.4 840.2 30.4 57.4
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Fig. 4 CV curves of HPGC half cells at different activate

temperatures
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