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Abstract: A resorcinol-formaldehyde (RF) carbon aerogel (CA) was activated with KOH and CO,. The effect of KOH
and CO, activation on the textural properties and the electrochemical properties of CA was investigated. The KOH acti-
vated carbon aerogel (KOHACA) had higher specific surface area and specific capacitance as an electric-double-layer-
capacitor (EDLC) electrode than the CO, activated carbon aerogel (COACA), but the COACA exhibited better elec-
trochemical performance at a high current than the KOHACA. The COACA had more uniform pore structure of around
1 nm and higher electrical conductivity due to increased micro-crystallinity as compared to the KOHACA. As the acti-
vation temperature increased in the range of 850~1000 °C, the specific surface area and specific capacitance per mass of
COACA increased. However, the optimal activation temperature was determined as 950 °C considering activation yield
and specific capacitance per area.

Keywords: resorcinol-formaldehyde, carbon aerogel, electric-double-layer-capacitor, KOH activation, CO, activation.
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Figure 1. N, adsorption isotherms of the activated carbon aerogels
with different activation methods.

Table 1. Textural Properties of CA with KOH and CO, Activation

b d

Sample Seer e Viniero Vineso Vit Fid Flcc? uF/em®>  Density” Yield’
CA 644 8.74 0.13 1.25 1.40 9.45 6.14 1.53 0.65 -
KOHACA 3091 4.09 0.61 221 3.16 24.9 16.9 0.81 0.68 70
COACA 1349 4.34 0.34 1.06 1.46 18.8 12.0 1.39 0.64 65

“Specific surface area determined by BET method (m?g). *Average pore diameter (nm). “Micropore volume (cm®/g). “Mesopore volume (cm?/g).
“Total pore volume (cm?/g). /Cyclic voltammogramm specific capacitance (F/g). ¢Specific capacitance per volume (F/cc). "Density (g/cm?).

"Activation yield (%).
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Figure 2. Pore size distribution from Barret-Joyner-Hallender method.
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Figure 3. Pore size distribution from MP plot method.
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Figure 6. TEM images of (A) carbon aerogel; (B) KOH activated carbon aerogel; (C) CO, activated carbon aerogel; SEM images of (D) car-
bon aerogel, (E) KOH activated carbon aerogel; (F) CO, activated carbon aerogel.
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Figure 7. Cyclic voltammograms of activated carbon aerogels at scan rates of (A) 10 mV/s; (B) 100 mV/s.
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Figure 8. Charge/discharge capacitance of activated carbon aero-
gels as a fuction of current.
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Figure 9. Cycle stabilities of activated carbon aerogels.
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Figure 10. Nyquist plot of carbon aerogels with KOH and CO, acti-
vation.
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Table 3. Specific Resistivity of Carbon Aerogels Measured by
Four Point Probe

Sample Resistivity (Q-cm)
CA 14.7£1.5
KOHACA 7.84+0.9
COACA 5.12+0.6
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Figure 11. N, adsorption isotherms of CO, activated carbon aero-
gels as a function of activation temperature.
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COACA10002] B]¥H2-e 2240 m%/gS LERJo] KOHACA
o] 72% =], COACA10002] H]-& & 234 F/go.&
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Figure 1201 CAE CO, &43slste] E43) 255 WshA
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7FFAA CV curve®] 7171 ARX AL BE ST A
ol Al Axy cv 2= ANYES FAISIL ULk A
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Table 4. Textural Properties of CO, Activated Carbon Aerogels with Different Activation Temperatures

Sample Sper” " Viviero” Vineso Vioul 4 pF/em? Yield
CA 644 8.74 0.13 1.25 1.40 9.9 1.53 -
COACAS850 1101 4.49 0.27 0.92 1.24 17.5 1.58 76
COACA900 1349 4.34 0.34 1.06 1.46 18.8 1.39 62
COACA950 1821 4.17 0.42 1.36 1.90 222 1.22 58
COACA1000 2242 3.98 0.44 1.60 2.24 234 1.04 34

“Specific surface area determined from the BET method (m%g). *Average pore diameter (nm). “Micropore volume (cm*/g). “Mesopore volume (cm?/
). “Total pore volume (cm®/g). ‘Specific capacitance by cyclic voltammogramm (F/g).
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Figure 12. Cyclic voltammograms of CO, activated carbon aerogels with different activation temperatures at scan rate (A) 10 mV/s; (B)

100 mV/s.
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