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Abstract: In this study, activated carbon fibers (ACFs) were prepared and then irradiated by electron beam (e-beam) to
investigate effects of physicochemical properties of ACF surface on the electrochemical properties of ACFs according
to various irradiation doses. Defects of the ACF surface were decreased and C-C (sp®) bonds onto that were increased
via the e-beam irradiation. The specific surface area and pore volume of the e-beam irradiated ACFs were also much
higher than those of the untreated ACFs. These changes of the surface structure on ACFs were caused by formation of
defects and rehybridization of carbon atoms by e-beam irradiation. The specific capacitance of the ACFs irradiated with
200 kGy increased by 39% compared with the untreated ACFs. These enhancements of the electrochemical properties

in e-beam irradiated ACFs were attributed to the increase in the specific surface area and pore volume.
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Figure 1. Raman spectra of the untreated and e-beam irradiated
activated carbon fibers.

Table 1. I/I; Ratio of the Untreated and E-beam Irradiated
Activated Carbon Fibers

Sample ACF-R ACF-E100  ACF-E200 ACF-E400

I/l 1.17 1.11 1.09 1.14
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Figure 2. XPS wide scan spectra of (a) ACF-R; (b) ACF-E100;
(¢) ACF-E200; (d) ACF-E400.

Table 2. XPS Surface Elemental Analysis Parameters of the
Untreated and E-beam Irradiated Activated Carbon Fibers

Elemental content (at%)

Sample

Cls Ols

ACF-R 91.78 8.22
ACF-E100 91.70 8.30
ACF-E200 91.55 8.45
ACF-E400 91.44 8.56
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Figure 3. Deconvolution of the core level Cls spectra of (a) ACF-R; (b) ACF-E100; (¢) ACF-E200; (d) ACF-E400.

Table 3. Cls Peak Parameters of the Untreated and E-beam Irradiated Activated Carbon Fibers

Peak position

Concentration (%)

Component
(eV) ACF-R ACF-E100 ACF-E200 ACF-E400
c() C-C (spd) 284.5 70.3 72.1 745 70.5
CcQ) C-C (sp) 285.5 215 19.6 17.1 21.0
Cc3) c-0 286.4 6.6 6.1 55 5.4
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Figure 4. Nitrogen adsorption/desorption isotherms of the untreated
and e-beam irradiated activated carbon fibers.
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Figure 5. DFT pore size distributions of the untreated and e-beam
irradiated activated carbon fibers.
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Table 4. Textural Properties of the Untreated and E-beam
Irradiated Activated Carbon Fibers

a b c d
s I e
ACF-R 554 0.34 0.15 0.14

ACF-E100 718 0.40 0.21 0.14
ACF-E200 734 0.41 0.21 0.15
ACF-E400 674 0.38 0.20 0.13

“BET surface area. “Total pore volume from adsorption isotherms at a

relative pressure P/Py of 0.99. “DFT micropore volume (pore size <
2 nm). “DFT mesopore volume (2 nm < pore size < 50 nm).
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Figure 6. Cyclic voltammograms of the untreated and e-beam irradiated activated carbon fibers obtained at (a) 5 mV/s; (b) 50 mV/s.

Table 5. Specific Capacitance of the Untreated and E-beam
Irradiated Activated Carbon Fibers

Specific capacitances (F/g)

Sample
5 mV/s 50 mV/s
ACF-R 183 147
ACF-E100 219 185
ACF-E200 254 206
ACF-E400 225 192
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