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ABSTRACT. Electrode surface reaction on three carbon materials(glassy carbon, synthesized graphite, gra-
phite foil) in 0.5 M K,SO, electrolyte is investigated by impedance spectroscopy during anodic polarization. The
double layer capacitance of the graphite foil electrode is relativly higher than that of other two materials. The
change of capacitance parameter C due to chemical adsorption on glassy carbon and synthesized graphite(PVDF
graphite) is obsorved in 0.5 M K,SO, solution at anodic polarization. In general, the faradic impedance on glassy
carbon depends on anodic polarization, and the change of impedance parameter on graphite foil at anodic po-

larization is not remarkable, because this reaction is controlled by field transport.
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Table 1. Applied impedance element, parameter and frequency dependence of impedance for evaluation of measured im-
pedance spectrum (angular frequency =2, imaginary unit i: i’=— 1)

Element Symbol Parameter Impedance Phase angle
Resistance o R R 0
Capacitance —l l— C : ;)C -90°

w
Warburg-Impedance _\/\/__ w N -45°
, 1
Loss-Capacitance —-\/‘ Gp ai o)+ C -9%0°(1-p)
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Fig. 1. Cyclic voltammograms on glassy carbon elec-

trode in 0.5M K,SO, solution at a sweep rate 6 mVs ™.
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Fig. 2. Cyclic voltammograms on PVDF mixed gra-
phite electrode in 0.5M K,SO, solution at a sweep rate
6mVs ™.
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Fig. 3. Cyclic voltammograms on graphite foil in 0.5M

K;SO: solution at a sweep rate 6mVs ™.
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Fig. 4. Impedance spectrum on glassy carbon in 0.5M K-
SO, solution at anodic polarization(curve No. potential,
current in Table 2).
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Fig. 5. Model for evaluation of the spectra on glassy car-
bon at anodic polarization.
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Table 2. Evaluated impedance parameter according to Fig. 5 for a spectrum of glassy carbon at anodic polarisation in 0.
5M K,SO, at 24°C. Potentiostatic controlled potential E vs. Hg/Hg,SO, in same electrolyte, anodic current I at start
measurement of the spectrum, mean deviation of phase angle A¢, time ¢ since start of measurement(measure duration

for one spectra: 13~15 min)

No. t E I R, C, W, C, C P R; Ad
mV HA Q uF Qs  mF uF % Q °
1 0.0 526 -0.01 2710 370 1460 4.55 228 9.23 5.76 0.51
2 0.5 536 -0.33 1820 321 1230 5.50 221 9.23 5.75 0.47
3 1.0 545 -0.20 1200 324 894 5.78 212 933 575 0.48
4 1.5 555 -0.02 651 48.7 732 7.59 203 8.77 5.73 0.43
5 2.0 566 0.19 423 57.0 542 8.38 191 8.54 5.69 0.44
6 25 575 0.40 283 72.8 435 10.20 179 7.72 5.68 0.51
7 3.0 585 0.75 204 87.8 336 11.90 170 7.21 5.67 0.52
8 35 595 0.87 169 97.7 293 15.80 160 6.50 5.67 0.64
9 4.0 605 1.01 162 104.0 265 23.50 151 5.97 5.67 0.67
10 4.5 615 1.30 199 97.0 248 46.70 144 6.08 5.67 0.53
11 5.0 626 1.54 356 - 244 - 194 5.95 5.73 0.78
12 55 636 1.81 801 - 187 - 184 6.91 5.74 0.62
13 6.0 645 2.18 1620 - 214 - 179 7.00 5.72 0.84
14 6.5 656 1.97 3360 - 597 - 175 6.85 5.73 0.85
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Fig. 6. Potential dependent of impedance parameters on
glassy carbon electrode in 0.5M K,SO, solution at 25°C
(Charge transfer resistance R; in left axis and capa-
citance C in right axis are relative to surface layer).
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Fig. 8. Impedance spectrum on PVDF mixed graphite in
0.5M K;SO, solution at anodic polarization(curve No.,
potential, current in Table 3).
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Fig. 9. Model for evaluation of the spectra on PVDF gra-
phite at anodic polarization.

g7l Aoz AleiEich. B AY Aol glassy
carbon3} PVDF &3 Z-¢iof Almuk-goliM e F34d
Aboll 9)3F F# capacitance} viebyde}. o213 F4
capacitanceol] tf&t 2]v]& ofelj 9} 2o} H=drt.

&% capacitance. 3}3hihg- 213 A} 3EHE Sof
URHelE, 27 AaAdA AT AN ¥
2ty 7% o)y FAH IAEH ASEAY AAL
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Table 3. Evaluated impedance parameter according to Fig. 9 for a spectrum of PVDF graphite at anodic polarisation in
0.5M K,SO, at 24°C. Potentiostatic controlled potential E vs. Hg/Hg,SO, in same electrolyte, anodic current [ at start
measurement of the spectrum, mean deviation of phase angle A¢, time ¢ since start of measurement(measure duration

for one spectra: 13~15 min)

No. t E R, W, (oN C r R Ad
mV kQ kQs™'? mF uF % Q °

1 0.0 306 1.00 1.70 1.72 194 11.8 6.09 0.24
2 0.5 316 1.07 1.69 1.45 192 11.9 6.07 0.19
3 1.0 326 1.08 1.68 1.38 191 11.9 6.08 0.25
4 1.5 35 1.13 1.64 1.30 189 11.9 6.08 0.24
S 2.0 345 1.11 1.68 1.29 188 11.9 6.09 0.24
6 25 356 1.13 1.67 1.27 187 11.9 6.10 0.25
7 3.0 366 1.11 1.69 1.27 187 11.8 6.11 0.32
8 35 375 1.06 1.80 1.35 186 11.8 6.11 022
9 4.0 386 1.08 1.72 1.28 185 11.7 6.13 0.24
10 4.5 396 1.08 1.75 1.30 184 11.7 6.12 0.19
11 50 406 1.04 1.80 1.34 184 11.7 6.13 0.17
12 55 416 1.07 1.77 1.30 183 11.7 6.14 0.22
13 6.0 426 1.04 1.81 1.34 182 11.6 6.15 0.17
14 6.5 436 1.08 1.77 1.30 181 11.7 6.16 0.21
15 7.0 445 1.06 1.81 1.32 181 11.7 6.16 0.19
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Fig. 11. Model for evaluation of the spectra on graphite
foil at anodic polrization. .
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Table 4. Evaluated impedance parameter according to Fig. 11 for a spectrum of graphite foil at anodic polarisation in
0.5M K,SO, at 24°C. Potentiostatic controlled potential E vs. Hg/Hg,SO, in same electrolyte, anodic current I at start
measurement of the spectrum, mean deviation of phase angle A, time ¢ since start of measurement(measurc duration

for one spectra: 13~15 min)

No. t E 1 R, w, C P R, Ad
mV HA Q Qs ? uF % Q °
1 0.0 316 2.81 15.2 225 258 30.2 5.84 0.23
2 05 325 341 12.8 214 263 29.2 5.85 0.21
3 1.0 335 4.06 9.4 201 262 28.1 5.85 0.19
4 15 345 4.00 11.2 206 263 285 5.85 0.26
5 2.0 356 4.29 11.0 205 260 287 5.85 0.29
6 25 366 4.69 9.0 198 257 28.1 5.84 0.17
7 3.0 376 4.62 10.8 207 254 29.1 5.84 0.32
8 35 385 4.82 7.8 192 252 278 5.85 0.16
9 4.0 395 5.23 7.0 190 249 276 5.85 0.16
10 45 406 5.43 6.2 185 246 27.2 5.85 0.15
11 5.0 416 537 8.7 196 248 28.4 5.87 0.27
12 55 426 5.85 7.0 190 241 28.1 5.87 0.27
13 6.0 436 6.02 5.8 183 240 273 5.89 0.14
14 6.5 445 5.88 5.7 182 239 273 5.88 0.14
15 7.0 456 6.36 6.1 184 238 27.7 5.89 0.16
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