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Development of Novel Electrochemical Capacitor Using Discharged
Graphite-fluoride Lithium Primary Battery

Shiraishi, Soshi
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Graphite fluoride is a graphite intercalation compounds and used as
lubricate and cathode material of primary battery. The graphite fluoride-lithium primary (GF-Li)
battery has been commercially used because of its high energy density, excellent discharge
performance, and low self-discharge property.

The research representative found that the discharged GF-Li battery can be re-charged as _new hybrid
electrochemical capacitor (Graphite-fluoride Lithium Capacitor: GF-Li Cap.) In this project, the
research representative succeeds in realizing the GF-Li Cap. with about 40 Wh L-1 volumetric energy
density (normalized by the volume of negative and positive electrodes) and more than 1000
charge-discharge cycle-ability. Additionally, it has been revealed that the positive electrode
(discharged graphite-fluoride electrode of GF-Li battery) is charge-discharged as capacitor
electrode mainly by electrochemical desorption/adsorption of Li+ cation.



EDLC
10whL?
EDLC
2005
1

LIF—7EmE1E
1 LIC

LIC EDLC 2~3

EDLC
LIC

Li*

(CH)n

EDLC

EDLC

(CP), + nLi* + nee - nC + nLiF

Li - LiT+¢€

|y

0.37nm
0.3355nm

3, [2,3]

C-LiIF +XA™ 2 CeLiF * XA +xe
A

C+LiF 2 Ce«Li,F+xLi"+xe

Li++e 2 Li

> - 1M LiPF4/EC+EMC,
g 3 40mAg!
S kL
° T
2 2] R RUAELT
3 —REELTOKRE RECELS
1 > >
0 .
0 5 10 15 20 25 30
Time/h
3



(1)
5
(PVdF) N-
L#9305,
811
Li
Li

CMC,
wt%
2 KF
[4]
Li
4

RHMEHIE (20~30 pm)

$RSE B (30 pum)
4 Li
KS44, Timcal
PVdF 91
Li 30 um ,
(Li-GIC)
[5]
, , 1M
LiPF
40 mA
g’ 15V
40mA g
4-2
\ 400 mA
g-l
42V EDLC
EDLC BET
1600 m’g
13 mm 1.0 M

@

PTFE
6J 6
31 400 pm
20 mA g’
Li P
ICP
Li PF¢
F
(1)
Li
5
EDLC
4.5 1M LiPF,/ EC + EMC
4 4-2 ¥, 40 ma, g*
._:: a5 | (CF], ¥ LI
@ [CF}, | = lEHEE R
o 3 F
Z25
2 2|
w15 |
J
Q 1 b
0.5 [CommiL TR | [FroissbLTEER |
D 1 1 1 1
a 5 10 15 20 25
Time f h
5 Li
Li
6 Li

100



Li
Li PF,
Li-GIC
9 .
15 Fec™! L F
Li/F F
20 Fec™! P/F
Li/F Li
30 .
- GF-Li/C Cap. . . ) C LiF - C
g 25 Li, F +xLi +xe
% 20 p Li/F
]
£ 15 1M LiPF, / EC+EMC P/E
£ 40°C,4-2 V, 400 mA g-'
© 10
o
S8 5t GF-Li Cap. Lit
0 _
0 200 400 600 800 1000
Cycle No.
45 10
. 1M LiPFg / EC+EMC o
6 Li 4 [ 40°C, 20 mA g {18 =
>
S35 | le
g 3 £
S25 149
_ 100 o 1, 8
5 GF-Li/C Cap. S 27 E
S 42V 15 10 £
= 1 e 2
2 m‘*"‘\ 0 5 10 15 20 25 30 35
g 10 Time / h
a EDLC 8
> 315V
<y
[
(=
11T]
1 . .
10 100 1000 10000 100000
Power Density / W L1 1 01
7 0.98 | 1 0.08
EDLC o i o
096 o e 006
E P —=LiF 8 . o
%094 | ®PF o7 {004k
7 3 | --PFFER - o
092 f _.-"" 1 0.02
| e =
4-2V 40 Wh L' - L ;
EDLC ) 4 15 2 25 3 35 4 45
LiC Cell Voltage / V
9
2 Li/F, P/F
Li
8 PF-
1. , , , 2008, N0.232, 92-97
(2008).
2. , , .36
, 1A07 (2009).



W

WO02011/142048 5682971

4. S. Tobishima and T. Okada, Electrochim.
Acta, 30, 1715-1722 (1985).

5. S. R Sivakkumar and A. G. Pandolfo,

Electrochimica Acta, 65, 280-287 (2012).

1
.
, , 2016, No.273,
75-82 (2016).
5
1. ,
, 2017
84 , )3 2017 .
2. , , ,
m, 43
, .12 (2016).
3.
, 59 , .1 (2016).

4. S. Shiraishi, Y. Shiraishi, and H. Fujimoto,
Graphite-Fluoride Lithium Hybrid Capacitor,
66™ Annual Meeting of the International
Society of Electrochemistry, Taipei, Taiwan
(2015.10).

5. S. Shiraishi, New Electrochemical Capacitors
Using Classic Carbon Materials, 2nd
Spain-Japan Joint Symposium for Advanced
Supercapacitors, Spain, Malaga (2014.9).

1

1. S. Shiraishi and O. Tanaike, Application of
Carbon Materials Derived from
Fluorocarbons in an  Electrochemical
Capacitor, Advanced Fluoride-Based
Materials for Energy Conversion, (ed. by T.
Nakajima and H. Groult), Elsevier, Chapter
17, 415-430 (2015).

00

5742024
2015 5 15

http://carbon.chem-bio.st.gunma-u.ac.jp/SSlab/

M
SHIRAISHI, Soshi
40292627
2
3)
“)
FUJIMOTO, Hiroyuki



