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Abstract

This work describes the effect of the number of roll pressing and the composition of carbon black
on the electric and mechanical properties of carbon-PTFE electrode, in which composition is MSP20 :
carbon black : PTFE = 95-X ! X ! 5 wt.%. It was found that the best electric and mechanical
properties were obtained for sheet electrode roll pressed about 15 times and for sheet electrode, in
which composition is MSP20 : carbon black : PTFE = 80 : 15 : 5 wt.%. These behaviors could be
explained by the network structure of PTFE fibrils and conducting paths linked with carbon blacks,
respectively. On the other hand, cell capacitor using the sheet electrode with 15 wt.% of carbon black
attached on aluminum current collector with the electric conductive adhesive, in composition is carbon
black : CMC = 70 : 30 wt.%, has exhibited the best rate capability between 05 mA/cm®~100 mA/cm®
current density and the lowest ESR.
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Fig. 2. Variation of the specific resistance and
the tensile strength vs. the number of
roll pressing for sheet electrode.
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Fig. 4. Variation of the specific resistance vs.
the content of carbon black for the
sheet electrode, in which composition is
MSP20 : carbon black : PTFE = 95-X :
X 5 wt%.
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Fig. 5. Variation of the density vs. the content
of carbon black for the sheet electrode,
in which composition is MSP20 : carbon
black : PTFE = 95-X : X ! 5 wt.%.

o] FFHuVt FUMESE HF drrt FUksdst
15 wt%d W ¢ 06 g/er 2 Hoigg JeE D,
Al 2489 Carbon blackd] 5347 718
FE Ayt 2 TAuAS e 24 YAEY
A4 Eabo) o8 dxrt F7Hsk, 15 wt% ©]
Ao = #BEF carbon blackel FHu|Z sl
vz A7 JAE ke FAY 7iAE Add Y
7} ZAslE Ao AlgHET

19 62 sheet =8 FAAQA Al foiloll F=
g 5oz NI =AAd HEA AE2E A7)
H A g-S vedyg, 234 d3A4E d2Ey &
AL A ZFT glofel 8tal, oY FHo
2 A% F4e YT CMC wig & 38
Ao sheet AT Al foil 7+e] =84 94
A& carbon black$ #H7}3t4t CMCE & &
AL & Bl carbon black® €A Hrlstn
AT HEE FAT ALE BE d2ANU F
FoAQ ZF#Eo= HE Yol 5 um=E =X @
3 AR, GFA T 9H AV|Z A9 £ DC 4
g oz Arv g SHsAt. 1EAA
carbon black® FZH| 7} 70 %744 A7ju A&
01 Qme 2 7} e & Yeld ¥ 90 %9 F
FH 2 HIME A "IN AGS FUEH T o]
gHE AP 70 %7AE EAA BREd o)

ks

il
conducting path®} Z7ld 93 HoE A gd 5



T
E os N
= %, Carbon black + CMC
2 06
= "
s ™,
2 ™,
£ 04 A
w ", o
= R
o &
g 02 '
@ g

0

0 20 s 60 80 100

Content of carbon black (wt.%)

3% 6. Carbon black®} CMCE FA4" =AA
H&A S FFuld wE HA7u A
W3

Fig. 6. Variation of the specific resistance vs,

the content of carbon black for electric

conductive adhesive composed of carbon

black and CMC.

AL, 0 %lME =AY EEde FAo §F E£E
CMC Higltiel At ¥ #apo] BFste =AY ¥
TE zhe] AFAY RFoz I3 HEAYY F7t
oA 9% Aoz Agdvrh TN mHA HAA
o] A7)u AL sheet AF9 H7H]| A g el v
ok 2 order AEE W& & vehdich

2% 78 MSP20 : carbon black : PTFE9
o7 85-X X 1 5 wt%E FAHIT d9E 15
3l a&iA Aol 100 um FAY sheet AF&
carbon black : CMC %347} 70 : 30 wt.%2
A" =H1A JAAE 58 A4 Al foilo P2
A2Le A28t A ZF cell capacitord] FFEE
of & HSEHE&HFe WaE urrdch 2PN
HEH23e AFIEET 78S E Hidn, o
AFHAEAMY vFHHAEHFY Ak Z2 carbon
black®} ZF#H|7} 15 %72 & ML o] F9 Fan)
9] ZitdMeE & HOoBRE carbon black® %
FH) 7t 156 %ol Al A ZF cell capacitord) ¥ E
o] 712 g A& o F AU

ol &£8EA ) Wil 19 804 YEld carbon
black®] Z%u] W3l ¥ AFdro] FAF voltage
profile 288 13ad 4 vt 1¢ 8 (a)¥ 5
mA/cm’| A, 719 8 (b)& 100 mA/cm’Al A Z+z}
243 242 JeEldch 5 mA/em®e AFYUER
M-8 & 79 carbon black & #FHl o #A

837

A7l Az e =82, A184 2935, 20054 9¥

ICJ
=5
8
2w
a
5- 0L . x5
.i 60L o X=10
' o X=15
O o X220
2 20 & X =25
0 . + i
0 20 40 60 80 100
Current Density (mA/cnf)
1% 7. MSP20 : carbon black : PTFE = 95-X :
X 5 wtnE FAE AZFEL AHEEH

A ZF cell capacitord AFUE wl&
SHY §Fo] W3l

Fig. 7. Variation of the specific capacitance vs.

the current density for the cell capa-

citors using the sheet electrode, in

which composition is MSP20 : carbon

black : PTFE = 95-X : X : 5 wt.%.

glo] Ao FF 3 WA 88 FS 160 Fig
o2 $ARE ge Yt 28y 100 mA/em’
o] nEYIUEAA WA vEFE =1
Zo wet e zolE YgdE A& & 7 A
2, o1& Aol WA x7|9 IR dropdl 9% WF
A% (ESR)el Hl#lste e & & At 15 wt%
o =M g A 130 meo g A 23 58 20
wt.%9 =HA Tl 2z 330 mest 240 m@
€ YT olE WE A ®wzte of 99
AC impedance®] Z#9 43 d3& vepdh

1Y 92 carbon blacke] F#u] W3 ¥z A
713t AFE& AEEe AEF cell capacitor?
open circuit voltagedlA 100 kHz$} 0.01 Hze F
B4 H9Yule complex impedance® ZA % Az}
ojth, oM Ri& AsA Aoz A o
AR 93 AAETL R-Ri g Saddsg
#HE AFAYE ndt o7]A ReT semicircle
ol A& XM} real resistance (XF)3e] wFolr},
a8l3l semicircle® AFAGHN oFH gHEL
Ao &30z FHET) g & F %ol
59 Asd9 Agel wE AdfFe AR
4y AZFHFR-R)LS carbon blackel 15
wt. %A 7} 23 carbon blacke] 20 wt.% ©]
el 3y M F7MsrAh



J. of KIEEME(in Korean), Vol. 18, No.9, September 2005.

3
(a) 5 mA/cm?
E 2
% N\ 15wt%
& \20
S 5
0 .
0 100 200 300
Specific capacitance (F/g)
3

(b) . 100 mA/cm?

Voltage (V)

0 100 200 300
Specific capacitance (F/g)

a3 8. 5 15 20 wt%9 FHH 2 H7ld A
& A£3 cell capacitordl A 5 mA/cm’
(a) ¢ 100 mA/cm*(b)e] AFUEol] 2|
- %d 19 As.

Fig. 8. Charge-discharge voltage profiles at
current density of 5 mA/cm® (a) and
100 mA/cm’(b) for cell capacitors using
the electrode with 5, 15, 20 wt.% of
carbon black.

o] A4to] A3 ZHE carbon black? %7t 15
%A AMEIF "AFE AL AMET cell
capacitor® &8 EAo] /M 4% AL F&
248 (ESR)el 218 RE & 71 stk 4ubE
o2 H7olFF AAMAE WA (ESR)L A
FHE (Retectroge), B3 A3 A AF (Row)H 84
B9 pored] FellA HsjA Eo] 2o %
EZU4AT Rpr)® TFAHAEY. £ dFolN A=
cell capacitore Y% Al dE A1 g7 g
A d AT Rpore) EE RS TY3F S YeHY
FASE Y FF N FYF Mg
(MSP20)ell 98 Rpore =3 5UT FCE 714

0.5
°© A
. 04
§ . A
=03 o R
]
< A -
E . 15*  10° 20 X=53
'E [e] A
-9 . s
; [ WYY o A
. Wﬁoo%“
0 f
0 0.1 0.2 0.3 0.4 0.5
Impedance R (ohm)

38 9. Carbon black®] %4 ¥ cell capacitor
9] AC impedance A %.

Fig. 9. Variation of impedance spectra in
Nyquist presentation as a function of
carbon black weight ratio for cell
capacitors.

73, capacitor®] WH AL AT (Relectrode)©l
FeHE AE ¢ F Uk 29 88 99 cell
capacitor® DC % AC A g9 w3let 13 49
AF9 A7v A L WaE Jehus A
2 25 carbon black® TFHFH|E galsld Az
gt test cell capacitor®) 854 A9 A2
A A AR FEpdstel 3t AT A
B v AL 4 7 Uiy

4. 4 &

A7lelFE AHAEY L% &9 EHL &
A2 7171 % whd o g MSP20 : carbon black :
PTFEY Z#H|7} 95-X : X : 5 wt%® T+4E
sheet 3 El¢] carbon-PTFE A 3L #|Z& o] o]uj
MNZFTAHA T4 JEu e 743, A7y B
A& ZASIY A, separators}t A& A A =¥
g cell capacitor®] #7383y EXE 2ANSA
e 22 4948 Ak
1) 200 nm®] sheet& 80 T2l hot roll press? roll

AL 10 um HAY Foq4 4T AL, 15

3o el dojz 100 pm FAY HIo]

7t v Ay vAYgH 2L ARHPEE Y

1228 e a =2
2) MSP20 : carbon black : PTFE = 8) : 15 : 5

wt%E A" AT FAu gL 20 QmB



3

4)

713 ¥ gg Jehidd

Sheet AFE& Al foildl BHAL EFdos
carbon black® CMCeZ FTAH =44 HZ
AE MEBAD TP JEHE 2AG HH,
carbon black : CMC = 70 : 30 wt.%lA] 0.1
Qcn 9] 7+ W& A7|W A e JehdRi
Carbon blackd] F%34& €elslyq A% A
F& AHg3e] =Y cell capacitors &EA
€ ZAME A3}, carbon blacke] F#m|7l 15
%9 HFE ALE# cell capacitore] ZEHEA
o] 7h} 5384, ol A AY (Reectrode)
o 7% W& WRAY (ESR)Y g Aoz
3% 4 Ui

#n 28

[11 B. E. Conway, "The electrolyte factor in

supercapacitor design and performance
conductivity, ion-pairing and solvation”,
Proceedings of The 4th International Seminar
on Double Layer Capacitors and Similar
Energy Storage Devices, Deerfield Beach, FL,
12-14, Vol 4, 1994,

[21 B. E. Conway, “Transition from super-
- capacitor to battery behavior in electro-
chemical energy storage”, J]. Electrochem.

Soc., Vol. 138, p. 1539, 1991.

[3]

[4]

(5]

i6]

[71

(8]

(9]

A7) AAA B &S =E ), A18E A9E, 20053 94

S. Sarangapani, B. V. Tilak, and C. P. Chen,
"Materials for electrochemical capacitprs”, J.
Electrochem. Soc., Vol. 143, p. 3791, 1996.

J. DeGaynor and R. Johnston, “Double layer
capacitors for automotive applications”, Pro-
ceedings of The 4th International Seminar on
Double Layer Capacitors and Similar Energy
Storage Devices, Deerfield Beach, FL, Vol. 4,
1994,

AQE, oMy, 2IAE, B4, “AelES
ARAE ] A v EAH EAAY 9
", ANAAAz G =ER], 174, 1EF, p
107, 2004.

‘Aol F TIAM ANFY FAQP", kwF
A QAT 4, 2002,

J. Gamby, P. L. Taberna, P. Simon, J. F.
Fauvarque, and M. Chesneau, "Studies and
characteristics of various activated carbons
used for carbon/carbon supercapacitors”, J. of
Power Sources, Vol. 101, p. 109, 2001.

EAF, 3R, £49, “Fr1dsdelM £
HASE HFY AHAEH 547, ANAA
Ay 2002 sAGEd=EH, p 1125
2002.

AYGE, oj4dg, §4¢, “EDLCE CMC+PTFE
Edviely dAFe AANA, 71AH B47 A7)
A2 A 283 =EX, 1748, 105, p. 1079, 2004.



