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Abstract : In this study, we prepared an ionic liquid composite solid polymer electrolyte (PEO-
LiTFSI-Pyr, TFSI) with poly(ethylen oxide), lithium bis(trifluoromethanesulfonyl)imide, N-butyl-
N-methylpyrrolidinium bis(trifluoromethanesulfonyl)imide by blending-cross linking process.
Although the PEO-LiTFSI-Pyr;,TFSI composite solid polymer electrolyte displayed a small peak
at 44V, it had high electrochemical oxidation stability up to 5.7 V. lonic conductivity of the
PEO-LiTFSI-Pyr,TFSI composite solid polymer electrolyte increased with increasing tempera-
ture from 10° S cm™ at 30°C to 10 S cm™ at 70°C. To investigate the electrochemical proper-
ties, the PEO-LiTFSI-Pyr;sTFSI composite solid polymer electrolyte assembled with LiFePO,
cathode and Li-metal anode. At 0.1 C-rate, the cell delivered 40 mAhg' for 30°C, 69.8 mAh g’
for 40°C and 113 mAh g"' for 50°C, respectively. The PEO-LiTFSI-Pyr, TFSI solid polymer elec-
trolyte exhibited good charge-discharge performance in Li/SPE/LiFePO, cells at 50°C.
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Fig. 1. FT-IR (a) and TG curve (b) of PEO-LiTFSI-
Pyr,TFSI composite solid polymer electrolyte.

g w82 As| oA PEO 2 LiTFSI-Pyr,, TFSI &
A ARl BEES 18] Q8iA FT-IRS 4%
Asolth, AR AEA PEO2] 4lF 5oz <l
3k A5 &(Triplet) AFEl2] C-0-Ce] TAE 1060,
1094, 1144 cm'ellA] 81 & 4= It} E3k LiTFSI-
Pyr TFSIO] 9J&] TFSIT &o]& o &3Eo] thaksh
CF;, S-N-S I3 S0,9] stretching modeZ &l
A}t SO= 600 cm™' 2 1350 em oA B2 Vs
}Oﬂl 1180 cm'o| A S-N-S ZZ] 3 1200 cm ol A
CF 37} Yeh . Jok® FTLIRZHE %3] PEOo) 3
Fole AAg®er oYzt LiTFSI-Pyr, TFSIS]
stretching modeE &1 4= dglom E-E2 ‘j]’Zﬂ
HA] ZUTE. Fig. 1be 85 A dsfide] &

Xé*é% A gt EF5F EA(TGA) %E-ﬂak
F4E vERdt 7] E997104 B3 28R s
42 236°ColA A Al AR At dA ARk
Hlg] 5% Loyttt o] C-C A¢lo] FojFoz 2l
sk Ak 7haolth, 7 WA 7He 340°CoA ot

N_l

¢

(a)

<

e

el

=

()

3 4 5 6 7
Voltage(V)
70°C  60°C 50°C 40°C 30°C
1E-3 pb+——4—+——"-"—"T—+—"7"—"—"T1
(b)

5 14l
28
o
2
© 1E-5E
>
T
c
[<]
o
L 1E-6|
c
o

1E-7 1 1 L 1 1

2.8 29 3.0 31 3.2 3.3 34

1000/T (K"

Fig. 2. Linear sweep voltammetry (a) and ionic
conductivity (b) of PEO-LiTFSI-Pyr,TFSI composite
solid polymer electrolyte as a function of temperature.
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Fig. 3. Impedance spectra of Li/PEO-LiTFSI-Pyr,,TFSI composite solid polymer electrolyte/Li cell with storage time (a)

and temperature (b).
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Fig. 4. Initial charge-discharge curves (a, b) and cycle performance (¢, d) of Li/SPE/LiFePO4 cell at different
temperatures (30, 40, S0°C) and current densities (0.1 and 0.2 C-rate).



A7188k8)A], A 1949, A3 35, 2016 105

HsE Yellle agizeltt v o] Ak g
F o]0l A= ®EWH solid electrolyte interface
(SEDTS xfete Ade 5348 o vepe A3
S ougth ) el 7] e AW A
1820Q& 7HA™ AJZke] AE4E A7 3o =717}
F7khe A& B F Utk ols A AR AlZke]
Aol] mEh Lito]o] k3] o]FahA] Hafl o]¢]
olFo]l HA AlstewA s 2Fo)x] Esl7] u
otk B3 A7kl wEt A7 gho] SUtsithh 7Y
zto] Agte] 6dxke] & 7k wlzalA A5
ol Aol 64 o|F ¢HgstE|o] o o]} AW A3l
F7FIA] 2371 wiZolnt. Aol PEskE 6 o] 5]
250 mE AL HAIAS W 40°CAM =
3150Q, 50°ColAE 1312Q8 Zo|EQT) Yukyo=
PEOAIE &7 Hafjde] AHA o] 256 J3g-S
Wol v Zlo=z Z 4w 9%ol PEO-LITFSI-
Pyri TFSI £33 82 Asd Fg %o JaFe
A o ol 2&rt Tl mEl AP
FrAgde] Frtete] A=) FFo] 7] ol
E]_.IS)

PEO-LiTFSI-Pyr,TFSI &3 22} As)ze] #7]
318H4 B4 BA517] 9J5ke] Li/SPE/LiFePO, A
S T3 Fig 4a 9 4bs 2= dslol we)
0.1C9F 0.2Co] M7 Holao] Ao] Z b S
Yep 3 ek S99 W 39 o] o] &3l
vl #As] W2 e zted ol 5 A A
s|Ae] o]l Am=wrb A Asfdel] vl e Wak
ol AH Aol Z7] wiwolch HF W=7} 0.1C
o off, %7} 30°CellA] oF 3.1 V] HERHSH 73]
ey 7] W &% 40 mAh g 40°ColME oF
32Vve] He 17+E 7™ 69.8 mAh g!, 50°CeA
335 viEr Akl 113 mAhg'e] 7] WA &3S
7R Bgk AF 2=rF 02C € W, 30°C 40°C
o] 2mol|A ek F7ke] oF 3.1 VE Hd 3 o
B2, 30°CelAe] =7] W3 &% 20mAhg’,
40°CollA 42 mAh g, 50°ColA 80.1 mAh g'& H<l
. 2x7F VKR B &%) Slele Ae
Fig. 2bollAle} 7ro] o] Amwrt ol w) 5718t
7] wjEolth. Fig. 4cot Fig. 4de= 2%=9F A7 2=
g 53 aE AAe] £ 54 HolFal Qi
30°CoM = Atel el wE WHgo] 234 TTlE
A & F Ao 40°Ce} 50°ColME WA SEE F
7¥alm tiAIF o2 30rte)E7HA] Al £ B4
< Hole & #RIF 5 itk °|= PEO-LIiTFSI-
Pyr, TFSI £33 3BAAs)do] 257} Z7FrsE o
29| o]go] gols|A L AAA G o] Hadtr] Wil
Zo® welth,

R

1M

4 =

2 dAFoA= Poly(ethylene oxide)-lithium
bis(trifluoromethanesulfonyl)imide N-butyl-N-
methylpyrrolidinium bis(trifluoromethanesulfonyl)
imide (PEO-LiTFSI-Pyr,TFSI) &3 &z} a2
= Edd 7 Hew Axsiglon 2k we o
A A7zt 548 AT PEO-LIiTFSI-
Pyr, TFSI &3 I EA Hde TGARA S &3
300°C o7 =7k EA PAE AWM LSV
Hel e sV oldel Ar1ge gae AU gl
&2 HAY 5 AU o= A WYHo| $43
25 At AR Agaprldl At dajdde &
Atk SHARE AF2olA o] 2HEETE 10°S em™ S
ol AR 7} deolx e A7sEE des 7
371 ofF) 50°ColME 10°S em! o) e] o] &4
T 3E 7THEZ AXE 50°CAM TEAHE W $
T3 852 e o= oidEr HdEFoez Ly
SPE/LiFePO4 A& 45l 50°CoA HIAESIIS
] 0.1CE 113mAhg!, 0.2CE 80.1 mAhg'e] %7
43S Yeplideh w2k PEO-LiTFSI-Pyr,, TFSI =

-

1= by

A=
T3] =L 2 (50°C)IA FEE ok et YA
A71kE BAS A 4 s Ae=E ddE

o =Eg 20158k HFdigtw SHEATIHA
(20150301)°] Aol 2J3te] AT S, ATE =

FAl =2 KIT9| Stefano Passerini Z5H, H=Ej
A, S HEA A7, A9 2

A EFUT

I
rok

k]

1. J. Kalhoff, G G. Eshetu, D. Bresser, and S. Passerini,
‘Safer electrolytes for lithium-ion batteries: State of the
art and perspectives’ ChemSusChem, 8, 2154 (2015).

2. D. H Kim and S. W. Ryu, ‘Synthesis and
physicochemical properties of branched solid polymer
electrolytes containing ethylene carbonate group’ J. the
Korean Electrochem. Soc., 18, 150 (2015).

3. M. Wetjen, G. T. Kim, M. Joost, G. B. Appetecchi, M.
Winter, and S. Passerini, ‘Thermal and electrochemical
properties of PEO-LiTFSI-Pyr;,TFSI-based composite
cathodes, incorporating 4 V-class cathode active
materials” J. Power Sources, 246, 846 (2014).

4. J. H. Shin, W. A. Henderson, C. Tizzani, S. Passerini, S. S.
Jeong, and K. W. Kim, ‘Characterization of Solvent-Free



106

J. Korean Electrochem. Soc., Vol. 19, No. 3, 2016

Polymer Electrolytes Consisting of Ternary PEO-LiTFSI-
PYRTFSI’ J. Electrochem. Soc., 153, A1649 (2006).

G. B. Appetecchi, M. Carewska, F. Alessandrini, P. P.
Prosini, and S. Passerin, ‘Characterization of PEO-based
composite  cathodes. 1. Morphological, thermal,
mechanical, and electrical properties’ J. Electrochem.
Soc., 147, 451 (2000).

J. K. Kim, L. Niedzicki, J. Scheers, C. R. Shin, D. H.
Lim, W. Wieczorek, P. Johansson, J. H. Ahn, A. Matic,
and P. Jacobsson, ‘Characterization of N-butyl-N-methyl-
pyrrolidinium bis(trifluoromethanesulfonyl)imide-based
polymer electrolytes for high safety lithium batteries’ J.
Power Sources, 224, 93 (2013).

G. B. Appetecchi, M. Montanino, D. Zane, M. Carewska,
F. Alessandrini, and S. Passerini, ‘Effect of the alkyl
group on the synthesis and the electrochemical properties
of N-alkyl-N-methyl-pyrrolidinium bis(trifluoromethane-
sulfonyl)imide ionic liquids’ Electrochim. Acta, 54, 1325
(2009).

P. D. S. Claire, ‘Degradation of PEO in the solid state: a
theoretical kinetic model” Macromolecules, 42, 3469
(2009).

G. B. Appetecchi, J. Hassoun, B. Scrosati, F. Croce, F.
Cassel, and M. Salomon, ‘Hot-pressed, solvent-free,
nanocomposite, PEO-based electrolyte membranes: II.
All solid-state Li/LiFePOy4 polymer batteries’ J. Power
Sources, 124, 246, (2003).

10.

11.

12.

13.

14.

15.

J. K. Kim, D. H. Lim, J. Scheers, J. Pitawala, S. Wilken,
P. Johansson, JH. Ahn, A. Matic, and P. Jacobsson,
‘Properties of N-butyl-N-methyl-pyrrolidinium bis(triflu-
oromethanesulfonyl) imide based electrolytes as a
function of lithium bis(trifluoromethanesulfonyl) imide
doping’ J. the Korean Electrochem. Soc., 14, 92 (2011).
Y. J. Lim, H. W. Kim, S. S. Lee, H. J. Kim, J. K. Kim,
Y. G Jung, and Y. Kim, ‘Ceramic-based composite solid
electrolyte for lithium-ion batteries” ChemPlusChem, 80,
1100 (2015).

P. P. Prosini, M. Carewska, F. Alessandrino, and S.
Passerini, ‘The two-phase battery concept: a new strategy
for high performance lithium polymer batteries’ J. Power
Sources, 97-98, 786 (2001).

S. Matsui, T. Muranaga, H. Higobashi, S. Inoue, and T.
Sakai, ‘Liquid-free rechargeable Li polymer battery’ J.
Power Sources, 97, 772 (2001).

A. Lahiri, N. Borisenko, A. Borodin, M. Olschewski, and
F. Endres, ‘Characterisation of the solid electrolyte
interface during lithiation/delithiation of germanium in an
ionic liquid’ PhysChemChemPhys., 18, 5630 (2016).

Y. H. Kim, G. Cheruvally, J. W. Choi, J. H. Ahn, K. W.
Kim, H. J. Ahn, D. S. Choi, and C. E. Song,
‘Electrochemical properties of PEO-based polymer
electrolytes blended with different room temperature
ionic liquids’ Macromol. Symp., 249-250, 183 (2007).



