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Abstract — Active carbons with high specific surface area and micro pore structure were prepared from the coconut
shell char using the chemical activation method of NaOH. The preparation process has been optimized through the anal-
ysis of experimental variables such as activating chemical agents to char ratio and the flow rate of gas during carbon-
ization. The active carbons with the surface area (2,481m%/g) and mean pore size (2.32 nm) were obtained by chemical
activation with NaOH. The electrochemical performances of hybrid capacitor were investigated using LiMn,O,, LiCoO,
as the positive electrode and prepared active carbon as the negative electrode. The electrochemical behaviors of hybrid
capacitor using organic electrolytes (LiPF,, TEABF,) were characterized by constant current charge/discharge, cyclic
voltammetry, cycle and leakage tests. The hybrid capacitor using LiMn,0,/AC electrodes had better capacitance than
other hybrid systems and was able to deliver a specific energy as high as 131 Wh/kg at a specific power of 1,448 W/kg.
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Fig. 1. Manufacturing procedure of active carbon.
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Table 1. Pore characteristics of active carbon

Ar flow rate (cc/min) Sper (m%g) Mean pore size (nm)
100 2054 2.07
500 2481 2.32

Korean Chem. Eng. Res., Vol. 51, No. 3, June, 2013



310 gL - apd -

o w 27t B EAEAL 2,054, 2,481 m¥gelA L, Bt 7|F A=
2} 2.07, 2.32 nms HYERAGITE o= GAE] & ZHE Ar 75
| WS ok} 7+ 2keF NaOH2| 818H4] E/gnh3-2 ,
2 HEHA g 7Y F2E 2 RS AT e
ok = ATt T3 7]Eof Az EAF A F-(MSP-20, Kansai
Coke & Chem., 2,200 m¥/g)2} RIS u), 31k F4de S
@2 Adere] v|as o] Aulder A1, 53] Bt 7|E e
A H QS W] NaOHE o]-&3lo] -8 A eto] MSP-202] 1.7 nm
of Bla] thh & wlETlEe] HEReS o 5 ASth

N

o

il

3-2. 5l0|E2|= HIYAE{S] HM7|EEN EM

sto]Be = AAIE 9] A2 d5g Hrkeh] S8l A7)38t
A A7 o R AT T AE RSkl BrsiSict. o] o
ofa} 7t k¢ NaOHE| 5% H|7} 140w A 3 5 8% Ar
9] e gelste] xS GRS 5508 AMESkaL, a5
42! LiCo0,, LiMn,O,& =2 F 28313l on 77 dalld
EC, DMC, EMC7} 1:1:1] F3]0] 2 45 g-Hell 1 M2 LiPF <
o] &all¥ 217 pCell IM2] TEABF, §i°] €all=]o] Q= Z& A
slo] sto]HE|E As AlZElth Az slo|He| = AHAE] &
9] Ale] kA 3 548 Table 20 YFERAIT. Table 201 e}
Ul vlkel o) ujErAo] 21 Wzr]yo] vt ddeks 2=
o7 AREBIIL, Y52 LiMny0, 5 AR50, 1 MO] LiPF, 0]
HolQl: Aaf|ie AMgEte] AFE slolHe| = AvAES] F¢
0.83 F/em®® 71 958k 054 852 Uehigle). 2ok 5 s &
& ARSI S LiCo0, B ARE-SE St B8 E ATAE L] 7
ol 0.64 Flem™2 J T4 0 & & v 855 JERAQITE <
TAY S vEHe] S55 S8 e e 5
4 YeRE 28 o 4= 21%0aL. Wang 5151 Lee 51612 2
Fol| M BRI ARE ARSI AlxEE A7]olES AHAIE ¢
TR vsEA e vledivhs A9E Arsk ok 2eu
A7golde] wisErzlo] W =84 A rt ol 2717t & /7]
AL A9 71571l 2 ErbAEke] PR W) wiite] vt
o|F% 7]FRTh= wlx7]5e] Wdo] T8l TS vIxvh=
TR A 13,149 B]se3t A Ay ®ojsa Qi)

=S LiCo0,Z A1 AlZ3 slo]Ha] = ATIAIE] whg) Ao
th3led 100 cycle®] &7 BIAE A= Fig. 2014 BT 9)
T} 100 cycle HIAE Ad} AA] Ar 35 500 co/min® 2 S85
o] nlszHAo] kel GAJRRS: S50 % ARgeta, AsEE 1M
LiPF, ¢lo] o0l 25 ARgsle] Azt slo] B = A A7}
ES HSHAEET 95%2] AlolE S YERIITE E8F Ar
o] 100 co/minQ] EAdRhS ARE-SE sfo] B = o] Alo]Z HY
’do] 86%01aL, 7] Ml A=A TEABF, B2 AR slojHe|=

Table 2. Capacitance of hybrid capacitors with different electrodes

Positive Ar flow rate Capacitance
electrode (cc/min) Electrolyte (F/em?)
LiPF¢ 0.60
100
. TEABF, 0.33
LiCoO, -
LiPF¢ 0.64
500
TEABF, 0.33
LiPF¢ 0.74
100
. TEABF, 0.39
LiMn,O, -
LiPF¢ 0.83
500
TEABF, 0.48
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Fig. 2. Cycle performances of hybrid capacitor using LiCoO, for
positive electrode.
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Fig. 3. Cycle performances of hybrid capacitor using LiMn,0, for
positive electrode.
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Fig. 4. Cyclic voltammogram of hybrid capacitor using LiCoO, for
positive electrode.
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Table 3. Energy density and power density of hybrid capacitor

Type Energy density (Wh/kg) Power density (W/kg)
LiCoO,/AC 102 1038
LiMn,0,/AC 131 1448
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