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Application of C.I. Pigment Blue 15:3 based Activated Carbon to Electric
Double Layer Capacitor Electrode Materials

Gun Hwan Park, Woong Kwon, Hyein Kim, Jiseop Bae, and Euigyung Jeong'

Department of Textile System Engineering, Kyungpook National University, Daegu 41566, Korea

Abstract: This study investigated the potential of C.|. Pigment Blue 15:3, a copper phthalo-
cyanine-based organic pigment as a carbon precursor for electric double layer capacitor
(EDLC) electrode materials. Activated carbon(AC) was prepared by mixing with ZnCl, and
heat-treating the mixture at various temperatures (500, 600, 700, and 800 °C). The crystal-
line structure of AC was more developed, as the heat-treatment temperature increased.
There was no significant difference in specific surface area of the prepared ACs, whereas
their pore size distributions exhibited significant difference. The AC prepared at 700 °C has
the largest micropore volume with the second highest crystallized structure whereas the

*Corr.esponding Author: Euigyung Jeong AC prepared at 800 °C has the largest mesopore volume with the most crystallized struc-
E-mail: wolfpack@knu.ac.kr ture. The AC prepared at 700 °C and 800 °C exhibited excellent specific capacitance with

31.3 F/g and 27.2 F/g at 0.1 A/g, respectively, outperforming 26.8 F/g of the commercial
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Figure 1. Optical and FE-SEM images of the prepared samples; (a) optcial images of C.I. Pigment blue 15:3 and Activated carbon, (b) SEM image
of C.I. Pigment blue 15:3, (c) SEM image of PB_ZnCl,_500, (d) SEM image of PB_ZnCl,_600, (€) SEM image of PB_ZnCl,_700, and (f) SEM image of

PB_ZnCl,_800.

Table 1. Surface elemental compositions based on the XPS survey spectra of the prepared samples

Sample C N (0] Cu N/C o/C Cu/C
PB15:3 79.49 17.13 0.69 2.68 0.2155 0.0087 0.034
PB_ZnCl,_500 7591 945 1437 0.13 0.1245 0.1893 0.002
PB_ZnCl,_600 74.10 11.16 14.28 0.29 0.1506 0.1927 0.004
PB_ZnCl,_700 7291 9.02 17.71 0.25 0.1237 0.2429 0.003
PB_ZnCl,_800 7736 7.70 14.53 0.28 0.0995 0.1878 0.004
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Figure 2. XPS spectra of the prepared samples.

~——PB_ZnCl,_800
——PB_ZnCl,_700
——PB_ZnCl,_600
——PB_ZnCl, 500
——PB 153

Intensity (a.u.)

T T T T T T T

10 20 30 40 50 60 70 80 90
2-theta (degree)

Figure 3. XRD spectra of the prepared samples.
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Table 2. R-values of the prepared samples calculated from XRD
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Sample R-value
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Figure 4. N, adsorption-desorption isothermal curves of the prepared samples; (a) C.I. Pigment blue 15:3, (b) PB_ZnCl, 500, (c) PB_ZnCl,_600,
(d) PB_ZnCl,_700, and (e) PB_ZnCl,_800.
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Figure 5. Pore size distribution of the prepared samples, calculated from DFT; (a) micro pore and (b) meso pore.
Table 3. Activation yields and pore structure parameters of the prepared samples
. Vtotal Vmicro Vmeso Meso pore/ V(0.7-2.0nm)
salisfls e 8T (cm®/g) (cm®/g) (cm®/g) micro pore (cm®/g)
PB15:3 - 4447 0.168 - 0.168 - -
PB_ZnCl,_500 45 177312 1.20 0.495 0.583 1.18 0457
PB_ZnCl,_600 38 1816.91 1.22 0434 0.670 1.54 0.385
PB_ZnCl,_700 28 1844.30 1.18 0.469 0.585 1.24 0413
PB_ZnCl,_800 25 1828.73 1.20 0.397 0.618 1.56 0.362
& A FARBEAT db] A 3 o] ofst O] A|zof| T2 ANEE = 7T Y] E43HA|¢l KOH
™ C.I Pigment Blue 15:32 =2 4 HAA S 71/ 7]+ o) U K,CO,= &3l W 34351 A2 S 35t SAEto]
U G ARG Wol w2 HEHA S 7= 2% Al 2= 4] ATt EPE} 1, 578 4319l ZnCLE AHg-st
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Figure 6. Impedance spectra of the prepared samples. PB_ZnCl, 800 1.97 747 232
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Figure 7. Cyclic voltammograms of the prepared samples at various scan rates (5, 10, 20, 50 mV/s); (a) PB_ZnCl,_500, (b) PB_ZnCl,_600, (c)
PB_ZnCl,_700, (d) PB_ZnCl, 800, and (e) cyclic voltammograms of the prepared samples at 5 mV/s.
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Table 5. Capacitance calculated from galvanostatic charge/discharge
curves

Sample 0.1A/g 02A/g 05A/g 10A/g 25A/g
PB_ZnCl,_ 500 163 14.8 120 8.0 50
PB_ZnCl,_ 600 224 21.2 19.0 16.0 125
PB_ZnCl,_ 700  31.3 30.0 275 240 15.0
PB_ZnCl, 800 274 264 240 210 150
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Where,

Im: current density
f: time

AV: potential
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Figure 8. Galvanostatic charge/discharge curves of the prepared samples at various current densities (0.1, 0.2, 0.5, 1.0, and 2.5 A/g); (a)
PB_ZnCl,_500, (b) PB_ZnCl, 600, (c) PB_ZnCl,_700, (d) PB_ZnCl, 800, and (e) Galvanostatic charge/discharge curves of the prepared samples at

0.1 A/g.
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Figure 9. Capacitance retention of the prepared samples calculated
from galvanostatic charge/discharge curves at various current
densities.
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Figure 10. Long-term galvanostatic charge/discharge cycling on
full-cell of the prepared samples for 10,000 cycles at 1.0 V with 2.5 A/g.
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Norit carbon electrodes.
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Table 6. Power density and energy density of the prepared samples and commercial Norit carbon electrodes

Sample 0.1A/g 0.2A/g 0.5A/g 1.0A/g 25A/g
Power density 45.01 84.65 178.23 31843 643.75
PB_ZnCl,_500 .
Energy density 2.04 1.74 1.19 0.71 0.36
Power density 43.68 85.76 194.16 33767 755.54
PB_ZnCl,_600 .
Energy density 272 253 2.05 1.50 0.84
Power density 4494 89.06 21296 402.72 879.17
PB_ZnCl,_700 .
Energy density 391 371 3.25 268 1.71
Power density 46.31 9045 21243 389.31 879.68
PB_ZnCl,_800 .
Energy density 3.52 332 283 227 147
. Power density 4946 97.59 236.24 436.54 764.13
Norit-carbon .
Energy density 3.15 3.04 2.76 243 191
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P (power density)= R (3)

Where,

C: capacitance

V: voltage

R: resistance
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