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Abstract The electochemical behaviors and double layer capacitance on various carbon materials have been investi-

gated by impedance spectroscopy in neutral and acid solution. The double layer capacitance of the electrographite and
graphite foil in 0.5M K.SO,, and 0.1M H.SO, solution is relative higher than those of the glassy carbon and PVDF
graphite, while case of the charge transfer resistance of electrographite and graphite foil is lower compared to the

glassy carbon and PVDF graphite. That results were expected by large specific surface area of electrode materials,

lower impedance at low frequency range on electrographite and graphite foil with large surface area was observed. Es-

pecially, high capacitance at electrographite in acid and neutral solutions is shown by adsorption.
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Fig. 1. Impedance spectrum of graphite materials in 0.5M K,SO,
solution at rest potential. 1) spectra of glassy carbon 2) spectra
of electrographite 3) spectra of PVDF graphite 4) spectra of
graphite foil
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Fig. 2. Impedance spectrum of graphite materials in 0.1M H.
SO. solution at rest potential. 1) spectra of glassy carbon 2)
spectra of electrographite 3) spectra of PVDF graphite 4) spec-
tra of graphite foil
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Fig. 4. Photograph of X-ray mapping of PVDF graphite surface (magnitude x 350). Distribution of chemical composition for C, F, O

on the graphite surface.
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Fig. 5. Energy Dispersive X-ray Spectrum of PVDF graphit

surface shown in Fig. 4.
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Fig. 6. Model for evaluation of the spectra on various graphite electrode. a) circuit A b) circuit B ¢) circuit C

Table 1. Evaluated impedance parameter according to equivalent circuit Fig. 6 for graphite electrodes in electro-

lytes at 24°C, rest potential E, vs Hg/Hg,SO,, loss capacitance C,p.
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Table 2 Evaluated chargetransfer remstance on graphite electrodes in electrolytes at 24°C.

1. glassy carbon

2. electro graphite

3. PVDF graphite 4. graphite foil

0.5M K.SO; solution
0.1M H,SO;, solution
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R, =140kQ

Adgako] vJehfi v, electrographite®} BFabat Zofo] H o
o ZAaws JeERY s o] 8% electrographite = ™
off 7]3te] EAsle] F& v|EWAE vhAH, Btk £
+= #x4 (expanded structure)'*olm g HI o] A
Ho oo oro] Ay} HEF ) W Ee Aoz AlE
t}. o|213} electrographites} #FbAF Sojo] =o A4
go e dafdo| o] A% vk A o] LiEkRE

o Z & capacity
S2|At ghae] 31ehE B8 pyro graphite?] edge
T AAREE AES JERAT falat B
aﬂV”Oﬂ/\i FUHE HHEHEE (=13
*olr] , &l (10)of oJ8f| o]F% capacity Che it
em *2 YePdTh. Randin Sofl o3l A8 Felid
ZA% o]2& capacitys- oF 10 (F cm™ &
]

154 el Al

0.5

ek C= ek 15~20 /JF cm ‘o L}E}L}L} o) {;
Randin S0 43} grol] vlafl k7 =4 vehgdou) o
23k zpoli= vhERR] gto, o] Hd YRio 2= MRH
Hel stwadel el dalj o] afojufjiof WP Ao Az}
- H
Fgk SAAN e HWelolE AT Yetl= Rig AN
A3} electrographite @} ¥raA} Fdo] A= Fajit ©A
2} PVDF graphite] 8.0 H|ated 2HA vhebytct. o]e] gt
Ztoli= electrographite sl = FHo|LF W] 7)) o

gk Fichet v EAE w2 dalo]E v th AAA
ol Ae] )T d kS ‘471] vERLb BhE) Sde] B e
AaAHel A AdA £A BT WFoz sl
flexibleal™] zsl=] eb& Ag 2 Hrt. waps A=o] A
AL W do] AEs THsta 5 2ekeliM &3itd
o] &52] & o]E(field transport) o] O‘O{L}ﬁ] =}, uleg}

A} electrographite9} WAl Eodo] A9 1%l 1, 204 %
b ASzol vhe TR vlaA *i'rJ} FeollA qlald
e A vepgton A4 BurhE AbAge] s ddM |
A8HAl 2ol 7k LhEFRE T

1z =

0.1M H,S0,&43} 0.5M K,SO,&Ho A fe]At g,
electrographite, PVDF ¢1235, vtgat 59 5 UEH
o] ¥radTol ok WA setulElef W] H A8
& JdAdx a9 ERZ 259 F Falo] FAsHAT) ojnf A
FAWME] ¥ES YEhl = dud s *ﬁlraéﬂ AsS F

R, =9.6kQ2 R, =20.0kQ R, =20.8k$2

R,=2.0k2 R =31.9k@2 | R, =5.7k
744 fﬂEHE FRERe™ vluA AUs xHZ 9 f
o whaet PVDFoIzEAe] Hes Adsix @€
lectrographlteQ} uhbd Edof wisl] M)Al 7]
Hagro] ZA Vel ow, o]FE Lo Fee A
Hog A Jepstth o dA4e AREe] sz
JE AV AEE 4 AU o) A 53] A4
o] Hafj Aol RS Jebtom, F2 HW X9 3}
ol A AEsA == AslE o I

&3] electrographite
B FAT A4 N FREY
7

o] A HIL o] ol ofel HAEE Co] o] A vt

—

. H.P.Boehm, Adv. Catal. 16, 179 (1966).
. FH.P. Boehm, E. Diehl, W. Heck, R.Sappok, Angew.
Chem. 76, 742 (1964).

. K.Ohkita, N.Tubokawa, Carbon, 10, 631 (1972).

. K.F. Blurton, Electrochim. Acta 18, 869 (1973)

. D.Laser, M.J.Electroanal. Chem. 52, 291 (1974)

JF. Evans, T.Kuwana, Anal. Chem. 49, 1632

(1977)

7. K. Kinoshita,
physicochemical properties”,John Willey & Sons p.
86 (1988)

8. L.Dunsch, R.Naumann, Z. Chem., 14. 31(1974).

. LJ. Kepley, A.J. Bard, Anal. Chem., 60, 1459

(1988).
10, M.Nakahara, Y.Nakahara, G. Katagiri, J.Mat.Sci.
26, 861(1991).
11. A. Robinson, R.H. Stokes, Electrolyte Solutions,
Batterworths, p477(1970)
12. H.Goehr, M.Mirnik, C.-A.Schiller, J.Electroanal.
Chem., 180, 273(1984)

Do

D O AW

“Carbon electrochemical and

(o]

13. H. Goehr, W. Meisser, Z. Phys. Chem. 93, 217
(1974)

14. F.v. Sturm, Nachr. Chem. Tech. Lab. 35, 915
(1987)

15. M.S. Dresselhaus, G. Dresselhaus, K. Sugihara, 1.L.
Spain, H.A. Goeldberg, “Graphite Fibers and Fila-

Springer-Verlag, p. 287(1988)

16. C.H. Hamann, W. Vieltich, Elektrochemie 11, Verlag
Chemie,Physik Verlag, p176(1980)

17. H.Goehr, H-J. Oh, C.-A. Schiller,

ments”,

GDCh-



998 g A7H A1l (1997)

Monographie Band2, 341(1995) 21. J.P. Randin, E. Yeager, J. Electroanal. Chem. 58,
18. J.P. Randin, E. Yeager, J. Electrochem. Soc. 118, 313(1975)

711(1971). 22. L. Nyikos, T. Pajkossy, Electrochim. Acta, 35, 1567
19. J.P. Randin, E.Yeager, J. Electroanal. Chem. 36, (1990)

257(1972). 23. H.J. Oh, LK. Kim, J.H. Lee, Y.H. Lee, J. Kor. Chem.
20. J.P. Randin, E. Yeager, J. Electroanal. Chem. 54, Soc. 41, 1(1997).

93(1974)



