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Abstract : In order to prepare high—quality activated carbons (ACs), coal tar pitch (CTP), and
mixtures of CTP and petroleum pitch (PP) were activated with KOH. The ACs prepared by
activation of CTP in the range of 700~1000C for 1~5 h had very porous textures with large
specific surface areas of 2470~3081 m%g. The optimal activation conditions of CTP were
determined as CTP/KOH ratio of 1:4, activation temperature of 900°C, and activation time of 3 h.
The obtained AC showed the highest micro—pore volume, and pretty high specific surface area and
meso—pore volume. The micro—pore volumes and specific areas of activated mixtures of CTP and
PP were similar to each other but the meso—pore volume could be increased. In order to change
the degree of crystallinity of precursors before KOH activation process, the CTPs were carbonized
in the range of 500~900°C. As the carbonization temperature increased, the specific surface area
and pore volume of the activated ACs with the same activation conditions for CTP decreased
dramatically. It was demonstrated that the increased pore size distribution of AC electrodes in the
range of 1 to 2 nm plays an important role in the performance of electric double—layer capacitor.
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2.1, dE Hx
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Table 1. Properties of activated carbons prepared from coal tar pitch at different activation

conditions
o a c d
Sample ?oclgldvletlg%rsl Yield (%) (Snslég) (cm /g) (cvn?/g) %ral‘;n)
CTP-81 800C 1 h 58 2470 0.56 0.43 1.98
CTP-82 800C 2 h 55 2988 1.27 0.48 2.06
CTP-83 800C 3 h 50 2830 1.30 0.48 2.14
CTP-84 800C 4 h 55 3081 1.43 0.68 2.30
CTP-85 800C 5 h 48 2708 1.23 0.73 2.40
CTP-73 700C 3 h 56 2036 0.85 0.21 1.94
CTP-93 900C 3 h 43 3004 1.55 0.83 2.36
CTP-103  1000TC 3 h 47 2618 0.97 0.87 2.54
® SSA: specific surface area
® Vi micro—pore volume
¢ Vie: meso—pore volume
4 e average pore diameter
or . (@ °r : ®)
——CTP-81 /“\ — CTP-73
8 —— CTP-82 8t /\ — CTP-83
——CTP83 / —- CTP93
e CTP-84 / ——CTP-103

——CTP-85

05 10 15 20 25 05 1.0 15 20 25
Pore size (nm) Pore size (nm)

Fig. 1. Pore size distributions of activated carbons from coal tar pitch activated at (a) 800 for

1~5 h and (b) 700~1000C for 3 h.
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Table 2. Properties of activated carbons prepared from different mixtures of coal tar pitch and

petroleum pitch at activation conditions of 900C and 3 h

Sample CTP:PP legyl)d SSA * (m%/g) Vi ° (em¥/g)  Vue © (cm¥/g) C(l;l‘fn;
CTP-93 10:0 43 3004 1.55 0.83 2.36
CTP+PP61 6:1 48 2967 1.51 0.99 2.54
CTP+PP41 4:1 46 3006 1.53 0.92 2.44
CTP+PP11 11 40 3056 1.57 0.82 2.35
* SSA: specific surface area
® Vot micro—pore volume
¢ Vie: meso—pore volume
4 d,: average pore diameter
CTPof Hlal # #aF 3taS o st a5 Ao HASHUTE 900CoA ©3HA]
R, 5 A FA Rt R el 1 COAC ] HmHALZ 500TelA &2
A Yob, @435t Aol CTP Kot 4dxe C5AC®9] 100E¢] 1 ©]5t93, micro-
= 243} Hof, At #leo edEs g4t meso—7]FHIE 3~5% FZFoliet. shARt, B
& o 7SHER7r st 34" dor wd w718371E 500CAA 700 C7HAlE H|s=t gt
Aok < A6, 800-900C HHNAME oA F
7¥stath. Fig. 3¢l &3l g 2oty AxE
249" 73a7] 22EE YESIHh C5AC
8- e CTPPPI o] micro-7]g2 Furt g wkou 1~2
o CTRpRat nm 2] 37]9] 7]ZRHE C6AC o] A7t 713

05 1.0 15 20 25
Pore size (nm)

Fig. 2. Pore size distributions of activated
carbons prepared from mixtures of

coal tar pitch and petroleum pitch.

3.3. CTP 9| Etgtx=Zof = EMEH M=
CTP & &4t st7] Aol Aol 2AAEES
A3 7]17] 98l 500~900°CS] 2ZollA EBHSHA]
71 &, oA CTPe %7 zAc=z AHH
900°CollA 3 At S¢F KOH &Astol] o5 &
Aets Alzstach AlzE ZAdre] v EHA T}
7% 54& Table 3o Yetiict. H|EHZA T}

micro- ¥ meso—7]-FFIE ©E2E7F F7t

=7 Uebdth Fig. 4 o o8] 2xoflA sl
e AA Azxd SHHE(C5AC~COAC)T oF
Aste CTPE Ze oM A3 A
CTP-93 9] XRD 7/H¥L Hwstdrh. CTAC,
C8AC ¥ CI9AC o] A% C(002) =7} Z=A35h
At o] Hak g4z 59 AHAL oulst
7] g&e] CTAC, C8AC ¥ CIAC L A9
2740l Ea1 TetalA, 443t A oA ulAg
7189 Aol st ot &35t Folm
AAo] o} gly,  C5AC9 C6ACE
CTP-93 ¢} H|&=§H 21X E Ueile Ze=2
Hol ggst wAHolA mlAgt 7]5e] &ist 3
el o5l A4 7t 48] mhajEe] m3st
AR Aoz weEQdey webs  C5AC <+
COAC AlaEe B4t AdgE olFoH3S &
QIstaitt. C5AC &= &3t A43s] o]Fox o
L} C6AC ¢} vlwg off vlmy#o] 714 3371 o}
U, 1~2 nm 27]¢] 712207} C6AC B} 27
%ol EDLC o HaAz ZHg"d uf fafo
COAC Ht} A7] oF& Ao= WHE It
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Table 3. Properties of activated carbons prepared from coal tar pitch carbonized at 500~900°C

Sample CPONANON vigg gy S Ye Jm e Gm)
C5AC 500C 1 h 34.6 2683 1.42 0.81 2.12
C6AC 600C 1 h 45.0 2331 1.36 0.89 2.26
CTAC 700C 1 h 51.0 1157 0.60 0.20 2.03
C8AC 800C 1 h 54.2 243 0.16 0.05 2.50
COAC 900C 1 h 60.8 24 0.04 0.04 2.46

* SSA: specific surface area
b Vi micro—pore volume

¢ Vie: meso—pore volume

4 d,..: average pore diameter

C9AC
C8AC

C7AC

- C6AC

B == L =

L L 1 CTP-93

05 10 15 20 25 L .
Pore size (nm) 0 % “0 & & 10
20

Fig. 3. Pore size distributions of activated Fig. 4. XRD curves of activated carbons
carbons prepared from coal tar pitch prepared from coal tar pitch

carbonized at 500~900 C. carbonized at 500~900°C.
3.4, HIZE $asre] Tolsey Sy 2 2% A% 4 99 Rdropol 04 7}
Z WA HAEE Fol Axd 249 d=o ThHEAE UAERet U ¥ A7 of
EDLC 832 ZYg¥e 0~27 V= ¥A7| &l IR-drop©] #& 45 EDLC ] %17]8}e}
1 A/gol MRd=s S o2 7H#] & A B4 2 9= nE Aojtt14]. CTP Rt
48t L ol Axd 4 F 7P A28 gAsfste] Az" CTP-93 1 g z7dog &
o4 Sxqo] £2 7oz oAEE 3Ewe & Ash BAES /% CTP-PP6l BB PP A
gt A8EgR MSP20 Ao EDLC 7l HA8wel 132 FigoR /1S Wt of
coin cell & Z#sle] =45t & - Wb HAE 2 Yz}, IR-drop &= 0.03 V& 1f-¢ Zopxitt, PP
e Fig 5ol etk CTP-93e] gk o H7k2 712 wuje] Z7lst EH whsrle] Al
122 F/g 22 MSP-20 9] &3 103 F/g 2t} & ol FF& Fol IR-drop o] Zobxly, Sde
KA, WRAFS dUetdl= IR-drop o ¢ o] &% Halo dFS TS wHE & A
CTP-93& A=A= A% o 020 V& o Eg, CIPE 600Cold &3l &
MSP-20 & H=A2 AR o (0.15 V) Hot CTP-933 &2 xHo= &3l #gS A
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C6ACS #H9x [R-drope]l 004 VZE
MSP-20 7+ CTP-93 ¢ ®]5| wj¢ 22 7S &
o1 4 glgleh. 18]1 C6AC 9 HEHZ (2331
m?/g)-& CTP-93(3004m%/g)ol| HIs] &R 2o}
Hlst AH-82 UeEhldeh Fig. 13} Fig. 3
< Hlws) BH, C5AC 2 C6AC ¢+ CTP-93 9
1~2 nm F7|9] 7|FEE7} FAloto], HIEHA
Hot= 1~2 nm 27]9] 7|ZEEs} EDLC A=
o] HHg7Fe] on7t e Aoz wmesth 4 9l

k.

3.0

—o— MSP-20
—o— CTP-93
—— CTP-PP61
—o— CBAC

vuItage (V)

1 1 1
100 120 140 160 180 200 220
Time (s)

Fig. 5. Charge—discharge profiles of
commercial activated carbon (MSP-20),
activated carbons from coal tar pitch
activated at 900 for 3 h (CTP-93),
activated carbons prepared from a
mixture of coal tar pitch and
petroleum  pitch  (CTP-PP61) and
carbons prepared from coal tar pitch
carbonized at 600C (C6ACQC).
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