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Study on the Electrochemical Characteristics of Lithium Ion Doping
to Cathode for the Lithium Ion Capacitor

SEONGUK CHOI, DONGJUN PARK, GABJIN HWANG, CHEOLHWI RYU"

Graduate. School, Dep, Green Energy, Hoseo University,165 sechulri, Bacbang-eup, Asan City,
Chungnam, 31499, Korea

Abstract >> Lithium Ion capacitor (LIC) is a new storage device which combines high power density and high
energy density compared to conventional supercapacitors. LIC is capable of storing approximately 5.10 times more
energy than conventional EDLCs and also have the benefits of high power and long cycle-life. In this study, LICs
are assembled with activated carbon (AC) cathode and pre-doped graphite anode. Cathode material of natural
graphite and artificial graphite kinds of MAGE-E3 was selected as the experiment proceeds. Super-P as a conductive
agent and PTFE was used as binder, with the graphite: conductive agent: binder of 85: 10: 5 ratio of the negative
electrode was prepared. Lithium doping condition of current density of 2 mA/em’ to 1 mA/em’, and was conducted
by varying the doping. Results Analysis of Inductively Coupled Plasma Spectrometer (ICP) was used and a 1
mA/em’ current density, 2 mA/cm2, when more than 1.5% of lithium ions was confirmed that contained. In addition,
lithium ion doping to 0.005 V at 10, 20 and 30°C temperature varying the voltage variation was confirmed, 20°C
cell from the low internal resistance of 4.9 () was confirmed.

Key words : Lithium ion capacitor(2]5&©|-2# 5 A|€]), Double layer capacitor(77]©|5Z# 3 A] €]), Lithium
Doping(2]E =), Activated carbon(Z-/dEl), Graphite(ZL]| 10| E)
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Table 1 Atrtificial Graphite compare of properties of substances

Surface Avg. Tapping | Discharge I
Area |Paticle Size| Density Capacity | Efficiency
m¥g) | (mm) | (10’ kegm’) | (Abkg) | (%)
3.8 23.4 0.76 361 94.2
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Fig. 2 (a)Three electrode cell schematic diagram. (b) Three
electrode cell (Puree chem)

2.2~3.8 V& A5t} WMPG 1000 (WonATech)2
ol-gsto] ZAstth A5 Ao Aol F7]
A9l AYS 7hsto] ol EAst= AF HSkE K

% A Aasel Arere] Sy
& olgaigion A= 2Fole AuE 9l e
AlS WMPG 1000 (WonATech)2 o]83fo] A3
Aesdc. 39 WA A ARE
bheaan AT MOl 2238 VE o] & - WAl
A

N

2,5 4 @7t

CVE ol g3t 4 8oF A4 WL ofehet
4 (D2 Ato] FRs3iet,

i
L

1 %
C;—vazdt (1)

SHAIRE CVel - iglo] AHHA e7lel At
oM = FEEA gent 2Ry B A
o) A% FA% AR Wst glo] A ARE
& YERZIl Batghe 2835t igke et
S glon), AR IS ofhe] 4 G)7 Zo W3
ARg7s 1)

o

ox |

ofl ok

Vena
Y,
n At Z(wer.
C =—X < = 3
Soom n AV mXwo 3)

- — = —
fer = AFET 0= AAEE

B

4719 A% A QA ina ARBE A5 A
Foi7] gial Bagkom Sk Anloln, Akt A
S WsiERS A9 SE v BHlo] TPssich o]
Er2 % - Wo] A8sHs A3} FAlE FelE W
ot} AbgHIh

3. Zit { ¥

3.1 MRUL0 W2 2E=E

A5 o] wet S=tolli= MAGE-E3 (O 16 mm)
9} Badt Tapyrus (O 19 mm)E ARE3E Lithium

A268 A5E 201549 10Y



420 24 - ot

Table 2 Inductively Coupled Plasma Spectrometer analysis
of the Li ion Content
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Fig. 3 1 mA/cm? / 2 mA/cm? Li pre-doping profile

doping A7} AZUE | mA/em 2] 7<% 89,000z ©]
™, 2 mA/em’2] 7% 38,0002 doping profileS
vehyoich A E“‘Eoﬂ £ Lithium-ion ContentE
sjelely] 9is) ICP AL s S 1 AnE
Table 2¢] YERY STt

A2 dzof wE ICP £4 A7 1 mA/em” Y 2
mA/emiol A I AT 79 A D2F 100% 7]

= 27} 5.207% 9l 3.978%9] #lEol Eol AU
2 oI5kt ARE Lo w2 pre-doping profile
2 ARFL |4 0.005 V7R EEsls = A|7F
o] ofudol me} 25o) FHyo] FAHE o 4
sisitk

3.2 2&0f W2 2E:E

ICP&4] A3} profileo] AJ7te] wha} Eg=fo]
7Fhe & & QIieh T3 &xof wE pre-doping
13

>> appa 9 Ao| x| ets] =23

AN

oot
i)
2}
o
i)
S

35

30F - --10 T LiDoping
------------ 20 T LiDoping
25 ——30 C LiDoping

20 |

Voltage (V)

1 N 1 " 1 " I N L " I " 1
0 10000 20000 30000 40000 50000 60000

Time (s)

Fig. 4 Li pre-doping profile according to temperature

-.\h)

) 20°C ) 30°C anode

(a) 10°C doplng electrode

Fig. 5 Image of the electrode after pre-doping

ol

10°C, 20°C, 30°C 2% zZo| ue} Ad-e A3y}
Atk AEWE 2 mA/em’, 0.005 V7R =3 3 2
T2 Fig, 40] LFERQL.om 30°Col|A] 56,3452 7}

A 71 A7 = =2 oF 4= 99tk

gEEE Al ARt weh HIkehs S
MAGE-E3 (O 16 mm)2 A=+E A|lzsto] =3h%
A=) ou|A & Yepfigict

ol

=

3.3 M7latety EY

Lithium ion capacitor®] 453715 $J5toi 473+
st A F 2= AJES A8 319t Fig. 3
S A1galol ABL e o
ME]-. Fig. 631} Z+o] 5 cycle Zo} | mA/em’Z Q7))

T A MO 2238 VE AAsI] ZupL 213
stk 1 mA/em® =3 39S AS 554 F.o&
62.5 Flg, 2 mA/em” =3 A] 2.36 Fo|t] 26.26 F/g&

9] Lithium doping ==



elEole AT e SEY U 1713t

el —— 1mA/cm’ Doping

er L - - 2mAfcm’ Doping

40
38
36 |
34 F
321

Voltage(V)

30k
28 |
26 |
24

22

20 I ) I 1 I 1 1 I
0 5000 10000 15000 20000 25000 30000 35000 40000

Time(s)

Fig. 6 Properties to the type of the charge-discharge profile
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