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ol &AL LiCoO, A9l super s black =AAEE] FHafko] W& %7 29d EAL | moll LiPFy
EC+DEC(1 : 3 by w/w)2] s|dollA 2lE71Ed T sl 4.3 VoA 2.0 Vel A9 7200 st 14 2 Cn2
52 AT ;@6}9&13]— FHzxe] SN high impedance 53 E/32 H].2H, super s black EX‘UHE—
3 %wiw AFSE 749, 0.5 mA/ecm? AFUES] =AM high impedance®] 3 H/\Oﬂ w2} 3.82 Q- g-LiCo0,2] #13}
AaE Jepi e, 0728 Q - g-LiCo0,8 AFAFF vwsts] oF v &2 g2 VYERIAT A2zt 2392
high impedance 4= ¢ 63 mQ - g-LiCo0,2.2M AFAgS] 12% 75‘501‘11, A 1%} Z29] high impedance 3}
a0 HIsle 1.7%9] RO A Al d 2 k4 Hl%ah— C/4 WAL 242} 160~161 L 153~155
mAh/g-LiCo0,0 &, %%’—E%i 95 4-964%9.01, ¥)7}e W43 oF 6 mAWg-LiCoOXTH SHEE z]%joﬂxi
At vAYgS =AAE FF 2-7 Bwiw HYAN FS e L]'E}Lﬁoi v71E B85 EAJo] wHatel AXsih &
AA g &=F F7b we) ST gASEeH, /4 & WARNAM super s black I 2 %wiwst 2.9 %wiwe]
SAANEE A4 ATy $FU=E 72 447 mAvml 2 431 mAmIY T}

Abstract : Initial electrochemical characteristics of LiCoO, electrode for lithium ion battery with various content of
super s black as conductive material were evaluated through the charge/discharge with the potential range of 4.3 V
to 2.0 V versus Li/Li*. The rate of C/4 and C/2 by the 3 electrode test cell composed with an electrolytic solution
of 1 moll LiPF¢/EC+DEC (1 : 3 by weight). Lithium was used as reference electrode. High impedance charge behav-
ior was observed at early stage of charge. In the case of 3 %w/w of super s black as conductive material, the specific
resistance of the high impedance releasing was 3.82 Q) - g-1iCoO, at the current density of 0.5 mA/cm?, which cor-
responds 7 times of the specific resistance of electrode (0.728 g-LiCo0,). At second charge, the specific resistance
of the high impedance releasing was 63 m€) - g-LiCoO2, which corresponds 12% of the specific resistance of elec-
trode and only 1.7% of that of the first charge. The first charge and discharge specific capacities at C/4 rate were
160~161 and 153~155 mAh/g-LiCoO,, respectively, to lead 95.4~96.4% of coulombic efficiencies and ca. 6 mAh/
g-LiCoO, of initial irreversible specific capacity. Specific resistance at the end of charge and rest showed low value
at content of super s black between 2 and 7 %w/w, which agreed with characteristics of irreversible specific capacity.
Capacity densities were reduced by the increasing the content of conductive material. They were 447 and 431 mAh/
ml when 2 and 2.9 %w/w of super s black were used, respectively, at the rate of C/4.

Key words : Lithium, Battery, LiCoO,, Conductive material, High impedance

"E-mail: chdoh@keri.re kr

123



124 J. Korean Electrochem. Soc., Vol. 2, No. 3, 1999

LM B

ol = FF2Y L 2F4N9] host AF T F
9] intercalation chemistry®?>& AMS-3l= A 2AM ZAHAZE
2 o] BEYoz FUFRI7] 2 AVREA0 5 AE
AZgol AAZ e & FL=3 YUk Eol X AF
& particleE9] packing?l 93l € JAFAeH, A5 A
FEEF, =AAS 2 AFAY compositeZ TAE™, NMP
(N-methylpyrrolidone)®ll composite EHE-S slurryst 3+ Al
g FAAA ] =X AFE AR, o8 EiHIelgn
it} B BATe YAl packinge 2 TAHCE & FHe
THANEE packing® ¥ H=Y FY9 tUgEE 375%=
ANE = Utk F F7Y TIARY 75 EL4AS] B34
it Z2dzke] A9 BIQ) size ratio(r/r)st ZHzZhY] Hl&<l
volume fraction®E JEPd 4 lon 2 gxle] FAHu|go|
5% A=A 71 2 FAYEE Holl, size ratio’t A&
FE Bt 52 FAYUES Yt g=iA Qo

37 AU A TE 2R d5E 1Y
E AFE AT F Jorvz qUALEWE FIANE ¢
k. 23y 8 F FAAF FIIR o|2xA o] AT
o2X FYEAo] a3 Ho FIUEE AuALEY &
o] el trade-offe] #AE Yepd

T3 A JolA ZF AlFe] ol ek packing pattern©]
g}, 59 U=yt THANE B} 83 & A8, &
E29] AFulgo] 75% oPHeVIAR] A= R B¢ &
E3 7} point contac’} F718lAL, EHAES] ARHAEH 2
o] BgAsle AFAgo] FrlskAl Aok 75% olstlMe
TAA 9] ol FES A2X BEH YA contacte E

E3, =AA ofs ARRTAH 2] Aol 4Bl AFA
o] ZAasA Hrh

Hitachi®} Shin-Kobe A7]"elXe 347 2lEol2AAE 7
3l7] 5] 100 nm A=9] Al & BUg gAREe] ¥
Hell 8 FAHAIR AEE )8 10 WhFe] HAS /N
vl 9lod, 6003]2] FWAHAMT 27]9] ouxdxe} jolrt
e 958 5498 2t

Sony Energytec Inc.olAl& US 186508 ¥ &% 1400
mAhd 215028 3t catalogolX] HAHSL 2.5 V o]
FHXE /1082 high impedance chargings 8313, ©]
T &) AFE 42 VA ZAF S B 42 v AR
02 FHIe WL XEFAYHLE AAG vt ot 28
1} C/1089] high impedance charging®ll that 3AsE AHE=
A 5 glo B JEE B3] ¢ = e Aotk
Abraham $'& LiCo0, A=¢] HFA rate capability 7ol A
EHAER vulcan XC-72RE 5 %wiw AME-3lY A2 A3
S 2 mol/l LiAsFe¢/propylene carbonate and methyl acetate
(1:3 by vv) Aidell 3.0 VellM 43 v ALFE AR
4% 1 mA/m’eE S AIFE Bl 164 mAb/ge] A 1zk
B8-S vepliH, Al1at A ANASE JYepiH. 2
Zv 24 %79 high impedance chargeoll tialilXe= ApAIEA
eht 1A et

2 d7e durt UE 25F9] ¥4 =XAEE AR
ANAEAZE 2o} 4g3] 3] A% QT2 7= d5o
2 ARG 7ol dist Zolt. AR =HAEE 6 um®] ¢

£ 712 Lonza KS6 SHAE 9} super s blacke AME-3IIT}
Ao ZME mAARe] $FER LiCoO, AFE Alxst
3, AFe oA 1Eds 2 veA Asge o)gsle
3AF AXE ARSI, 2.0 VolA 4.3 Vel A7 thste]

AAF 24 AlES Y3k =AAE Tl wpE A9 A
71818 B8 A3, LiCoO, AFo lejAle] 7]
9] high impedance charge S/3°l HESIHTH

2. A H

21 39 =Y W M=

A3 HFEEA LS nipon chemicallle] HIFUYEE 7 um
2l LiCoO, ¥t EHAMERA J=rt & A=A E
£ LonzaAte] YE 6 pm?l KS6E AMEEo™, 50 nm W)
ARE9 aggregate® TAE AL A=Y ZAHATEAM=
Ensagri*t€] super s blackS AME-3l% Tt} Lonza KS69F super
s black®] SEM images= Fig. 13} Zt}. ZFAZ= AldrichA}
2] PVDF homopolymerE AHE-3}5it},

AFe 7184202 LiCo0,, =44 % PVDFE E431%2
™, Table 1°] Yepd upel =4S ARE-sATh &9 N-
methylpyrrolidone(NMPYE X3¢t EY=2ES zirconia ball#
7 attrition miller2 E33ld FAE Azt A2 F
AE ¢FoFal] BAFAR =X F 120°C9] 7lRolA AR
gl GFulgut] =X& A AFE Az

I.A .
~ T
ne23764 2@’@&_ $-S

(a) Lonza KS6 ( X 3,000)

peenzaz e L x38.0kK

(c) super s black ( X 30,000)
Fig. 1. SEM image of Lonza KS6 and super s black.




sha1713lEs|A], A2, A 335, 1999 125

Table 1. Compbsition of cathode slurry

Exp. No. LiCoO, Lonza KS6 Super S Black PVDF
(%owlw) (Yowlw) (Fowlw) (%owlw)
GOBO 99 0 0 1
GO0B2 95 0 2 3
GOB3 94 0 3 3
GOB5 91 0 5 5
GOB7 87 0 7 6
GOB10 83 0 9 8
G5B0 92 5 0 3
G6BO 91 6 0 3
G12B0 83 11 0 5
G20B0O 74 18 0 8
2.2. WX 7Y

Ax3 @ =¥ HFE wwin roller? FA3 T, 20x40
x40 mm’pum2 At B AS3S AiAe] #EEss
polyethylene Z2]2he- o83l jelly roll& A|Z31L, dry box
el 21§71 -S54 ethylene carbonate®} diethyl carbonate
S 7F 1:39 FHE pE 80 F 1 moll LiPFe] AsjAS
©]8-3t] Schemes} 7o) jelly roll¥ 2] 3 AF AR = z=ks}
At

23. BUNMAIH
471 HAE Maccorrte] Series 2000 ZAAIH7E o)l 3}

Electrolytic Solution
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FE8°] 717} 154 mAWgT 98.4%% UERTE vk uje3
< 12 FHHAA 6 mAgelRoy, 231 FHkddME 2
mAlg TELE ZrAasint. B ANATLS Fig. 3~79 2z
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Fig. 2. The first and second galvanostatic charge-discharge potential

profile of LiCoO, composite electrode with super s black (3 %w/w,
GOB3).
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Fig. 3. The first differential chronopotentiogram of the galvanostatic
charge of LiCoO, composite electrode with super s black (3 %w/w,
GOB3) against potential.
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Specific Capacity (mAVg-LICoO,)
0 274 648 822 1096 137 164.4

dw/dV (V') in Li,CoO,

1oo.o 0.1 0.2 03 04 05 06
x in Li,CoO,

Fig. 4. The first differential chronopotentiogram of the galvanostatic

charge of LiCoQ, composite electrode with super s black (3 %w/w,

GOB3) against x in Li,CoO,.
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Fig. 5. The first differential chronopotentiogram of the galvanostatic

discharge of LiCoQ; composite electrode with super s black (3 %w/
w, GOB3) against potential.
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Fig. 6. The second differential chronopotentiogram of the galvano-
static charge-discharge of LiCoO, composite electrode with super s
black (3 % w/w, GOB3) against potential.
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Fig. 7. The second differential chronopotentiogram of the galvano-
static charge of LiCoO, composite electrode with super s black (3
% wiw, GOB3) against x in Li,CoO,.
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the current density of 1 mA/em?
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Fig. 11. The first charge and discharge capacity densities of LiCoO,
composite by the variation of black content at current density of 0.5
mA/em?,
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Fig, 12. The first charge and discharge capacity densities of LiCoO,
composite by the variation of black content at current density of
1mA/cm?,
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Fig. 13. Specific resistance at the end of charge of LiCoO, composite
by the variation of black content.
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5E black EAAE g Syl wet 248 4.7 %wiwol
A 357 mQge E YERtoL}t AL wgit)

4.2 £

2| Fo]2A)§ LiCoO, A2 super s black EAAE2]
FFHEZ 1 mol/l LiPFY/EC+DEC( : 3 by w/w)e] ZajlelA
ZE71E0T izl 4.3 Vol 20 vel A9 7 st
o C/4 2 C2 &2 FTHH3Y 27] A EZL 73 1,
oo AHE ok

1. LiCoO, A5< FHz9 FH3gNA high impedance 3
A EAE HHO9W, super s black EHANEES 3 %w/iw AR
3k LiCoO, A 74, 05 mA/em® AFEUEY ZHdA
high impedance®] 4] wa} 3.82 Q- g-LiCo0,2] A¥ 7+
A JepiieH, 0.728 Q - g-LiCo0,2] ATFA&}T} Hlwsi
oF i A= =& e JeRAAch A23k SAN high im-
pedance 34 ¢F 63 mQ - g-LiCo0,2 24 AFA 3] 12%
Azol™, A 12} £749] high impedance 3§20 H|3}d 1.7%2)
FEOE A3

2. LiCoO, A2 43 v Fx4skAs} 2 vel wdsksh
AT 2 Ci4 AE) sl AR} 24 2 wkd v)ggke 7}
7} 160~161 mAh/g-LiCoQ,, 153~155 mAh/g-LiCoQ, FF2
B, 2588 954~964 %5 YERIN O, €2 WAE)A
£ 158~161 mAh/g-LiCoO,, 153~156 mAh/g-LiCoO, %
95.7~96.8%2 LFERN S]],

3. Super s black EHAMEE AM3 LiCo0, =9 A3}
FHbde] w7ty L Fe ANE FF 29 %wws 4.7
ZowiwollX ¢F 6 mAhg-LiCoO,& YERSITH AR §H
o] A& HAfe AAAE viAge] w31, B A9 JAAA -
gk Bkl 2pridle] A0 Q] 6 mAh/g-LiCoO,Bth
E2 HI7HY HEFS JERRSITH

4. LiCo0O, A= TAANE &5 Z7o] met £3dwer) 7+
A3Ren, /4 & AMNAM super s black 3 2 %w/we}
29 %wiwe] TRHAEE AME AFe SFAEE 747t 447
mAh/ml 2 431 mAh/mIZTtH

5. LiCoO, =2} super s black &%z Z2AZR YA
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of =7 5 AzEAC WP thie] xjo)F UeRAOH, ¥
7be} wlggsh GAP SRR FF 2 BwiwolM 7 Gowlw
Bl Re 32 YehigiT

HAte| 2

€ e AR RN AR A7 F
F71 ARSI @A AT AR 71E70Ehe] 71E7lEelH,
AgAARe) A7) e A=Y
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