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2 2 05M KSO, 2 o2} 7}2] A] gt F(glassy carbon, 2L, graphite foil)ol] Hate]

FEFo a2 AFERANS Y} A7-F s ARE2 2395 $3 YA . Graphite foil 4=
2] 73%- ©1%% capacitancex- h& F AFA R v|5t A vebdod, ST A glassy carbond} 12
51(PVDF &3} graphite)2- ARl F-30 Aol 2 capacitance C] d¥o] VA 3HA| vfebd & & 5
Ui} 357 AFA B W13 AF-L ASHH £3)9] Aol 23 glassy carbon?] 3= £F4]
ghulo] QT Ae) de-g uko o], graphite foil®] 79~ field transporte] Z|ulF whol kel Wael 27 §)
AR stejole)e) Beke Aol viehdAl dte).

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 adserption 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.

N =

ke z ©t: 2g T, vz £
A7l e xe) o2 S7e AW tiste] Wy
o] -3l 717o] AF37| AEl AFANEE
A 7V o) AHEE R gley, 3 o) F AEe A
Z18ketell Y o] 88 gl ulyEA ] W3l AT
22 AH-E R Qe Fel(2A, B, fiber, foil)7} o}
FotA Exs17] wWlEeoll o} FESA A7)}
Heowge o] 7lthEx Qe AFA B} 53]
FFozAg WL AHHY W AE F F4
HAesa odo] Ar|sEgE A7) 98 F83
2pa] A (working  electrode)> 24| Bo] ol &5

U B oy}, Arjstel R Ar|sEA &
A (active) | 2.2] conductive supportZA] o]-B-5]o] 2]
Stetb. olaidt A1 44 vehles 73
A Helelel e AT AR FA6 o)
g vlod, B3| &bl B P A
o) 93l AFAHe EH A-L7|(surface func-
tional group)®] jotolvt #EF YA T2 clo}
¥ EFduksol A=) W HIFABEA c}ef
3 Rofelld] A 4317] e AFAA
o] 354 WS A Py A7) Af=]o
o} gict. 53] o)y vtrA 8o FHel 9& ol
g AT Yl A7)A kineticsoll 2 3



2

g vz AR G §A4E se}sir)
A ol gt Wt it g o))} A s
ojo} AAY WIS AH-E 4= ek

et £ Q7s A7) 95 A4S A A
& e Addg SH02 ook vl ge)
Helo} g0 af Fonkg-o] WEE YuA Ay
ez ~79E il zAEldeq, 53 FA4AE
Aol o} HF ol 312 A Fhe) &
AFolA dojute Fuuhge] st djat 24}
& Ao

o #H

i ¥ H3WB. 2 APl AHE ’A
€ %94 A8 e 3G T 2NFRE L
+ glassy carbon3} fluor polymer>l &) 2ol flu-
or binder2 F7}5o] FHo) 7)Fo] SR Qe
AZ=EZI(PVDF 4 £d), 232 &9 C3H9)
AAAAE 2L 7= graphite foil 5 2% 3717
AFHREA, 27 5949 Sigrirkel A A= A&
AMgstglen o] g A7 32mme] YHEfeR
AGATE AR, Y& A A2 7213
A EHAL 2cm|n] FFz o2 Emery paper
#1200712] vk €3] F AHLE ARE3Ic) =g
R2UFE FIETAY B8 AYs] Al
ARSE Aaed 282 0.5M K S0, 4% A3
2o, AHE AHY L ZF o] 24F ol g3l
AbAE AATE AAdE Azdsic) ojut A
ek MerckA|(GR grade, Germany)& AF&-3}9ict.

ZIENI. 7|&RF2A HgHgS0, AFF o]
4300 a9 P4k HYAE WA)3}7] 93
of HgHg.SO, 71E4Fe) 49 &3zl $UI

RWR - S0 - T - TR

A3 NE AHEsigel. o)u] Abo A F(counter elec-
trode). 2+ 34 9em’e] WFELRS o] 4o
AR o 2% YA Aol A F AL}

Potentiodynamic ZR-E2F JM. £ AYoly
245 WA 9 (potentio-dynamic) AF-AY FAL
25°Cel 0.5M K,SO, §4ol4 355-2] @i sol
dHa FA3ien HHE 9 MY FAGEE
dE/d=6 mVs~'o]v] 71313t AFo| YL 2em?
ol &3 7]« IM5d(Zahner-Elektrik, Kronachys A}
43k

£ odFo)| 4+ BODE-Diagram2- o] 838} uwd
2 29 ERS 43tz Frt #3343 aletu|e]e) A
Fol W3l ZAMY. w3t £ A dulda
o] 43 ZAY Jud 2] HrAE ¢l Jund
2 23 7]4l IM5d(Zahner-Elektrik, Kronach)& o[ &
stojom, £ Ay AFeR F3 49 10mHz-
100kHzo|o, w3t S M AFZ2(3-clec-
trode celli= W& F-ab H§A I 2o 2 G
g Z2A5E mEsle AR 3 FAN RE &
ol o1F-17 .

UEA AMERQ| WL A9 AHAA
YAE = Azt dakm Qg A
HhS A& SRR E R E o] Bl A 43l
ot ASEA A dejrks vh-F YA S A
SV EEAE Mgl Jalas] T &
AL 7Y 7S olHe] o]l ndd A% o
A deEF (AP FA R Y& 7S¢ AT
A 2R Y s 29 Y] GridlA vehd ¢
HPhd2 2H252 XA Ao} & AP
Ao 29) Y718 §js) Gohe 'z} AR} TRy
L ol gslgien, duga A ey HILA] ARR

Table 1. Applied impedance element, parameter and frequency dependence of impedance for evaluation of measured im-
pedance spectrum (angular frequency o=2nf, imaginary unit i: = — 1)

Element Symbol Parameter Impedance Phase angle
Resistance {1} R R o
Capacitance —1 I— c :IE -90°

W
Warburg-Impedance _»\j___ W e -45°
1
Loss-Capacitance ——\/L G p oy T - 90°(1-p)
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Fig. 1. Cyclic voltammograms on glassy carbon elec-

trade 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,
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Table 2. Evaluated impedance parameter according to Fig. S 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, ancdic current J at start
measurement of the spectrum, mean deviation of phase angle A9, time r since start of measurement(measure duration

for one spectra: 13~15 min)

No. ¢ E 1 R, c, W, G c p Re Ad
h mV  pA Q WF Q"™ mF  pF % Q :
1 0.0 526 -001 2710 370 1460 4.55 228 9.23 576 0.51
2 0.5 536 -033 1820 321 1230 5.50 221 9.23 575 047
3 1.0 545 -020 1200 324 894 5.78 212 ° 933 5.75 048
4 15 555 -0.02 651 48.7 732 7.59 203 8.77 573 0.43
5 2.0 566 0.19 423 57.0 542 838 191 8.54 569 0.44
6 2.5 375 0.40 283 728 435 10.20 179 772 5.68 0.51
7 3.0 585 0.75 204 878 336 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 23.50 151 597 567 0.67
10 4.5 615 1.30 199 970 248 46.7¢ 144 6.08 5.67 0.53
11 50 626 1.54 356 - 244 - 194 595 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
7_“ )\_I_o_i ‘Eﬁ‘i%q.?i))ﬂ . - - 400
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24
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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 wansfer resistance R, in left axis and capa-
citance C in right axis are relative to surface layer).
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Fig. 7. Potential dependent of impedance parameters on
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Fig. 9. Model for evaluation of the spectra on PVDF gra-
phite at anodic polarization.
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2 A$ Py dsle}, 0 FrjHoez Wil
oluf H3le)F wlEo ZFARA} AL o] F
o] o} AHBE WA} 7 o]Fo Ak, At}
W3le)] ale}, AF L. 6,9 Bk Wl gt
v #l| ¥ vjebdc}

1., =A(39/06),(d Ot) (18)
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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 £ vs. Hg/Hg,SO, in same electrolyte, anodic current 7 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. ¢ E R, w, <, C P R: Ad
mV kQ kQs™'? mF uF % Q °
1 0.0 306 1.00 1.70 172 194 118 6.09 0.24
2 0.5 316 1.07 1.69 1.45 192 119 6.07 0.19
3 1.0 326 1.08 1.68 1.38 191 11.9 6.08 0.25
4 15 35 1.13 1.64 130 189 11.9 6.08 0.24
5 20 345 111 1.68 1.29 188 11.9 6.09 0.24
6 25 356 1.13 1.67 127 187 11.9 6.10 0.25
7 3.0 366 1.11 1.69 127 187 11.8 6.11 0.32
8 35 375 1.06 1.80 1.35 186 11.8 6.11 0.22
9 4.0 386 1.08 1.72 1.28 185 1.7 6.13 0.24
10 45 396 1.08 1.75 130 184 117 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 6.14 022
i3 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 1.81 132 181 11.7 6.16 0.19
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Fig. 10, Impedance spectrum on graphite foil in 0.5M K,-
SO, solution at anodic polarization{(curve No., potential,
current in Table 4).
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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 / 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, W, C ? Rg Ab
mV LA Q Qs uF % Q ¢
1 0.0 316 2.81 15.2 225 258 302 5.84 0.23
2 0.5 325 3.41 12.8 214 263 292 585 0.21
3 1.0 335 4.06 94 201 262 28.1 5.85 0.19
4 15 345 4.00 11.2 206 263 285 5.85 0.26
5 20 356 4.29 11.0 205 260 28.7 5.85 0.29
6 2.5 366 4.69 9.0 198 257 28.1 5.84 0.17
7 30 376 4.62 10.8 207 254 29.1 584 0.32
8 35 385 4.82 7.8 192 252 278 585 0.16
9 4.0 395 5.23 7.0 190 249 276 5.85 0.16
10 4.5 406 5.43 6.2 185 246 27.2 5.85 0.15
11 5.0 416 5.37 8.7 196 248 28.4 5.87 0.27
12 5.5 426 5.85 70 190 241 28.1 5.87 027
13 6.0 436 6.02 58 183 240 27.3 5.89 0.14
14 6.5 445 5.88 5.7 182 239 27.3 5.88 0.14
15 7.0 456 6.36 6.1 184 238 27.7 5.89 0.16
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