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Preparation and evaluation of unusual 1on-conductive properties of CO2/epoxide
copolymer-based electrolytes
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In this study, we aimed to obtain solid polymer electrolytes at the achievement
of excellent ion-conductive properties using C02/epoxide copolymers. Increase in the unusual ionic
conduction in poly(ethylene carbonate)-based electrolytes at very high salt concentrations may give rise
to the increase in the segmental motion (a relaxation) of polymer chains from aggregated ions which are
not related to the relaxation, and enhanced segments may move faster with these ionic moieties. Moreover,
the copolymerization of EC/EO with 30 % of EO was successfully carried out, and the copolymer electrolyte
with LiTFSI showed better properties as SPE compared with each corresponding homopolymer, PEC and PEO.
The EC/EO copolymers showed great Li-ion transference numbers more than 0.7, and we evaluated these
battery performance.



Li
Tastumisago et al.,
Nature 2012
PC
Li
SPE
SPE
1970 SPE
PEO
Wright et al., Polymer
1971 PEO

Takeokaet al., Polym. Adv. Tech. 1993 Li
Armand et al., Electrochim. Acta 1992
Scrosati et al., Nature

1998 SPE
10*Scm
10-3 S/cm
Li
Li
SPE 0.1-0.4
Li
10° Scm
0.5 Li
SPE
PEO
SPE
SPE
Forsyth et
al., Electrochim. Acta 2000
Li
Li
CO,/ SPE
10* Slem 0.5

;Tg, Li

Li

Co
P(PC-PO)

P(PC-PO)
70%

38%

Ea

Li

5

CO,f
SPE
CO,f
CO,/
SPE
CO,f
10° S/cm
0.5 SPE
Li
CO,f
/
(PO)
P(PC-PO)
Fe Mn
Fe
0.6%
P(PC-PO)-LiTFSI(60 mol%)
DSC
38% 70%
VTF
A
38%
(PEC)
LiTFSI
PEC-LITFS|

a



(EO)
P(EC-EO)
Co
P(EC-EO) 30%
LiTFSI
PEO PEC
1
o i
S _
©
o i
T‘E i
o
n _
L O-PEC
8 60rep -@-P(EO/EC) |
653 —-PEO -
-7.0 L L 1
0 50 100 150
Salt Concentration (mol%)
1
(PO) P(PC-PO)
30
1 3
(PEC) LiTFSI
kHz
kHz
PEC
PEC 2
a

Q™

"l g

N
10° 102
f/ Hz
2
PPC
SPE
CO,f
SPE
Tg
(o fast)
(a slow)
2 1
Li
Li
Li
0.7
SPE



5

1. K. Kimura, J Motomatsu, Y. Tominaga,
Correlation between Solvation and
lon-Conductive Behavior of Concentrated
Poly(ethylene carbonate)-based Electrolytes, The
Journal of Physical Chemistry C ( ).

2. T. Morioka, K. Ota, Y. Tominaga, Effect of
oxyethylene side chains on ion-conductive
properties of polycarbonate-based electrolytes,
Polymer, 84, 21-26 (2016). (DOI:
http://dx.doi.org/10.1016/j.polymer.2015.12.036)

3. K. Kimura, H. Matsumoto, J. Hassoun, S.

Panero, B. Scrosati, Y. Tominaga,
Electrochemical  properties of a novel
poly(ethylene carbonate)-lithium

bis-(trifluoromethanesulfonyl) imide composite
electrolyte filled with slica nanofiber,
Electrochimica Acta, 175, 134-140 (2015).

(DOI: http://dx.doi.org/10.1016/
j-electacta.2015.03.117)

4. J. Motomatsu, H. Kodama, T. Furukawa, Y.
Tominaga, Dielectric relaxation behavior of a
poly(ethylene carbonate)-lithium
bis-(trifluoromethanesulfonyl) imide electrolyte,
Macromolecular Chemistry and Physics, 216 (15),
1660-1665  (2015). (DOI:
http://dx.doi.org/ 10.1002/macp.201500125)

5. K. Kimura, Y. Tominaga, A poly(ethylene
carbonate)/lithium bis(fluorosulfonyl)
imide/titanium oxide composite electrolyte
containing a pyrrolidinium-based ionic liquid,
ECS Transactions, 66 (39), 15-20 (2015).

(DOl http://dx.doi.org/10.1149/
06639.0015ecst)
33
1. Tominaga, Polycarbonate-based

electrolytes for flexible Li-ion batteries (Invited
Lecture), XV International Symposium on
Polymer  Electrolytes (ISPE-15), Uppsaa
(Sweden), August 14-19, 2016.

2. K. Kimura, Y. Tominaga, Effect of Solvation
Structure on Electrochemical Performance of
Carbonate-based Solid Polymer Electrolytes
(Poster), XV Internationa Symposium on
Polymer  Electrolytes (ISPE-15), Uppsaa
(Sweden), August 14-19, 2016.

3. T. Morioka, K. Nakano, Y. Tominaga,
lon-conductive  properties of poly(ethylene
oxide-co-ethylene carbonate)/LiFS| electrolytes
(Poster), XV Internationa Symposium on
Polymer  Electrolytes (ISPE-15), Uppsaa
(Sweden), August 14-19, 2016.

4. K. Kimura, Y. Tominaga, Correlation
Between Solvation Structure and lon-Conductive
Properties of Highly-Concentrated Poly(ethylene
carbonate)-Based Electrolytes (Poster), 18th
International Meeting on Lithium Batteries
(IMLB2016), Chicago (USA), June 19-24, 2016.

5. , ,
( )
28 )
( ),2016 6 9
6. , ,
( ) 28 ,
( ),2016 6
9
7. , , )
/
( ), 28
, (
), 2016 6 9
8. , , , )
| ( )
65 )
( ),5 27
9. , , )
/
(
), 65 ,
( ),2016 5 27
10. , ,
( ), 65
| (
),2016 5 27
11. , ,
( ), 65 ,
( ), 2016 5 27

12. ,



( )
2016 ,
( ), 2016 5 20

13.K. Kimura, Y. Tominaga, Poly(ethylene
carbonate)-based composite electrolytes for
al-solid-state lithium polymer batteries (Oral),
The International Chemia Congress of Pacific
Basin Societies (Pacifichem) 2015, Hawaii
(USA), December 16, 2015.

14. , ,
( ), 25 MRS ,
( ), 2015
12 10
15. : , /
( ): 25
MRS , (
),2015 12 10
16. , , :
/
( ), 64
(

17. , ,

18. , , , '
( ), 64
’ (
),2015 9 17
19. , Li
( ) ! 64 1
( ), 2015 9
16 . H27

20.Y. Tominaga, Li-ion conductive
polycarbonate-based electrolytes and composites
for flexible batteries (Invited Lecture),
International Conference on Frontiers in
Materials Processing, Applications Research &
Technology (FIMPART'15), Hyderabad (India),
June 13, 2015.

21. ] 1 —

),2015 5 29

22.Y. Tominaga, lonic conduction and dielectric
relaxation in poly(ethylene carbonate)-Li salt
electrolytes (Invited Lecture), 227th ECS
Meeting, Chicago (USA), May 27, 2015.

23.K. Kimura, Y. Tominaga, Poly(ethylene
carbonate)-based composite electrolytes
containing ionic liquids and inorganic fillers
(Poster), 227th ECS Meeting, Chicago (USA),
May 26, 2015.

24, : :
Mg ,
82 , (
),2015 3 16

25.Y. Tominaga, Development of ion-conductive
polymer electrolytes for flexible batteries, The
Materials Research Society of Indonesia Meeting,
Bali (Indonesia), September 27, 2014.

26. : : : ,
, 63
( ),2014 9 24

27.J. Motomatsu, H. Kodama, T. Furukawa, Y.
Tominaga, Dielectric relaxation behavior of
polycarbonate-based electrolytes, X1V
International Symposium on Polymer
Electrolytes, Geelong (Australia), August 24~29,
2014.

28.Y. Tominaga, Fast Li-ion conductive
polycarbonate-based electrolytes, X1V
International Symposium on Polymer

Electrolytes, Geelong (Australia), August 24~29,
2014.

29.Y. Tominaga, K. Yamazaki, V. Nanthana,
Li-ion conductive poly(ethylene
carbonate)-based electrolytes and composites for
novel battery materials, 17th International
Meeting on Lithium Batteries, Como (Italy), June
10~14, 2014.

30.Y. Tominaga, Novel ion-conductive solid
polymer electrolytes and composites, 2014 EMN
Meeting, Cancun (Mexico), June 9, 2014.

31. , , , '
, 63

L) (
), 2014 5 28~31



32. ) ; ) '

63 :
( ),2014 5 28~31
33. , : : :
, , Li
, 81 , (
),2014 3 31
1
1. : :
(S&T )

305 (pp. 237-248), 2016.

¢ )

2015-163579

20056 8 21
()
2015-033188
20056 2 23
()
2014-239291
2014 11 26
o 0

http://web.tuat.ac.j p/~tominaga/main/research/1-
3 CO2.html

@
TOMINAGA, Yoichi

30323786
@
NAKANO, Kgji
70345099
©)

NAKAMURA, Nobufumi

60313293



