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Analyses on the Initial Charge—Discharge Characteristics
of Half and Full Cells for the Lithium Secondary Battery using
by the Gradual Increasing of State of Charge(GISOC)
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Abstract — Characteristics of half cells of graphite/lithium and LiCoOlithium, and full cells of graphite/LiCoQ; were
ana.yzed by the use of GISOC(the gradual increasing of the state of charge). GISOC analyses generated IIE(the initial
intercalation efficiency), which represents lithium intercalation property of the electrode material, and IICs(the initial
irreversible capacity by the surface), which represents irreversible reaction between the electrode surface and electrolyte.
Lincar-fit range of graphite and LiCoQO: electrodes were respectively 370 and 150 mAh/g based on material weight. IIE
of sraphite and LiCoO: electrodes were respectively 93~94 9% and 94~95 %, and IICs of graphite and LiCoO,
elecrodes were 15~17 mAh/g and 03~1.7 mAh/g, respectively. IIE of graphite/LiCoO; full cell for GX25 and DJG311
as craphite showed 89~90 %, which IIE value was lower than IIE of half cell of the cathode and the anode. Parameters
of IIE and IICs can also be used to represent not only half cell but also full cell. The characteristics of the full cell can
be .imulated through the correlative interpretation of potential profile, IE, and ICs of half cells.
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Fig. 1 The relationship of Q. against capacities. .
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3.1 Half Celi2l GISOC

G.SOC(gradual increasing of the state of charge)§ o2
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Tatie 1 IlE and liCs of Electrode/IM LiPFg EC:DEC
:DMC(3:5:5)/Li Half Cell Evaluated from GISCC.
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TCo0% | Cathode 150 9438 03
oor | Cathode 150 939 17
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3.2 Fuli Cell®l GISOC

LCoO; AT 3% &4 AHAFH dis 22 full celly
GISOC g A34E & 24 Jelddch Z A=A A=
material ratiots # A 331A) 9kol Graphite(GX25)/LiCo0;
full cell F%H|(Byn, +/-)7} 1.23(287.1mg/233.6 mg)ol A
k. Sraphite(GX25)/LiCoO; cell¥ linear-fit range”’} Qdell
71 3l 46mAh FF°) 29, cathode ¥ anoded] =AY
£33 71Es A7 160 2 197 mAh/g BHRCh
Cattode®] A 42 V e)]doez 354 HYw, 44
7t H99 137 mAh/gE 17 BAE A3 s 5ot

Trans. KIEE. Vol. 53C, No.2, FEB. 2004

X T R B
25 d4-~-4----1--1+---[--------]----

20 H4--4--|--4--4---}b--4--------

Patential (V vs. Li/L
=
I
1
1
I
1
|
T
1
"
1
l
)
.
T
1
1
1
!
1
1
1
1
i

) o

-0.5

Potential (V vs. Li/Li+

0.0 U H
0 S0 100 150 200 250

Time (hr)

(0

O 2 SXNIUHSEN AMEe ©e wsah
(@) MP1, (b) LiCoO2

Fig. 2 Potential variation during GISOC.
(a) MP1, (b) LiCoO:
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Table 2 IIE and IICs of Graphite/IM LiPFs EC:DEC:DMC(3:5:5)/LiCoO. Fuill Cell Evaluated from GISOC.

Cell configuration. i Linear-fit range IE IICs

(/=) “Zi‘t‘j“f‘l fff*)’t [cell, (+, -), mAh (mAW®] | (%) (mAh)
LiCoO2/GX25 287.1/2336 = 1.23 46.1 (161, 197) 89.4 3
LiCoO«/GX25 254.1/236.2 = 1.08 47.2 (186, 200) 86.9 3
LiCoOy/MP1 261.4/146.4 = 1.79 486 (186, 332) 85.8 1
LiCo0Oy/D]JG311 265.6/236.4 = 1.12 495 (186, 209) 89.4 3
LiCo0y/DJG311 268.9/2184 = 1.23 50.0 (186, 229) 89.9 3
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(+).2 AN 5 ok 28 49 graphite(GX25)/LiCo0,
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ien, 198 59 Z full cell?] Qc, Qd, IICY #AE &
Al & Aok

6.0 —-

CSizzsckion Fevazs 650 |

5.0

4.0

3.0

2.0

Patantial (V we tin#

0 50 100 150 200 250
Time (hr)

2@ 4 Graphite(GX25/1M  LiIPFs  EC:DEC:DMC(3:5:5
LiCoOz full cellol 3t EXMNBUHZS oy
o ZAGX25)HFe HeHst

Fig. 4 Potential variation of graphite(GX25)/tM  LiPFg
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..................................................................... 16)
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Fig. 5 Relationship of capacities and initial irreversible capacities of graphite /1M LiPFs EC:DEC:DMC(3:5:5)/LiCoO;z full cell
by results of GISOC.
(a) graphite(GX25)/LiCo0O: full cell with material weight ratio(+/-) of 1.23
(b) graphite(GX25)/LiCoQ: full cell with material weight ratio(+/-) of 1.08
(c) graphite(MP1)/LiCoQO2 full cell with material weight ratio(+/-) of 1.79
(d) graphite(DJG311)/LiCoO. full cell with material weight ratio(+/-) of 1.12
(e) graphite(DJG311)/LiCoO, full cell with material weight ratio(+/-) of 1.23
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Fig. 6 Evaluation of the potential function of the tst
charge against the specific capacity.
{a) graphite(MP1)/tM LiPFg EC:DEC:DMC(3:5:5)/Li
half cell {b) LiCoOx/IM LiPFs EC:DEC:DMC(3:5:5)/Li
half cell

Trans. KIEE. Vol.53C, No.2, FEB. 2004

b
o
|
|
|

—Vicathode) |

o :V(fu; cell;r — V{anode) i
L i
L I S e e
S H
]
¢ 40 E - — - o === i e 4
= !
V536 - - - e mm e e o b o —— oo 4
S j
8330 | - v - - m- - — oo b - - -
23
- S e
Zs
8520 ---- A40mab-tlicell .42V 1 - — - - - — — - K
== 300.6 mAh/g-anode ; 0.0466 V(LI/Li*)
28 15 F - -151.6 mAh/g-cathode ; 4.2466 VIUALH) 4+ — - — - — — — 9
fio b - - - - - SOmAntulesl - - — — - — 4 - _ _ __ J
05 409.6 mAh/g-anode !
’ 206.6 mAh/g-cathode it
]
0.0
[ 10 20 30 40 50 60
Cell Capacity {mAh)

Potential (V & V vs. LILT)

S0 40 30 20 -0 0 10 20 30 40 50
Capacity (mAtvcell)

(b)

a8 7 graphite(MP1, 14652 mg)/IM LiPFs EC:DEC:DMC
(3:5:9)/LiIC00:(290.44 mg) full cell Bw=1.98)2]

t 5}
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Z 3t

b) tull celel M8 222 &3 23
Potential profiles of graphite(MP1, 14652 mg)/iM
LiPFs EC:DEC:DMC (3:5:5)/LiCo02(290.44 mg) full
cell (Bw=1.98) against capacity.

(a) simulated from potential functions of half cells
(b) measured from experimental full cell.
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Fig. 8. Potential profiles of graphite(MP1, 139.6 mg)/1M LiPF¢
EC:DEC:DMC (3:5:5)/LiCo0O2(262.4 mg) full celi (B =
1.88) against capacity.
(a)simulated from potential functions of half cells,
(b)measured from experimental full cell.
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