Technical Report

w X

ERFT

EEEEN) FOLAFVE
TvHEIECIATIVARDERE

BND

EIET A 7 IVt DRE

Application of Fluorinated Esters for
Lithium-ion Cells Operated at High Voltage
and Improvement of Cycle Life Performance
at Low Temperature
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Abstract

Lithium—ion cells with conventional EC : EMC-system electrolyte cause severe capacity fading during charge / dis-

charge cycling test when they are operated at high voltage. In this study, electrolytes containing fluorinated esters,

i.e. methyl-3,3,3-trifluoropropionate (FMP), was investigated in order to improve cycle life performance of the
cells operated at the high voltage. Especially, fluoroethylene carbonate (FEC) : FMP-system electrolyte with low

FEC ratio was found to show good cycle life performance at 45°C. On the other hand, the electrolyte containing

FMP induced capacity fading during charge / discharge cycling test at 0°C. This issue was improved by introducing

2,2,2-trifluoroethyl acetate (FEA) because of its high oxidative stability and low viscosity.
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EC : EMC (30 : 70), FEC : EMC (30 : 70), FEC:
TFEMC (30:70), FEC:FMP (30:70), FEC:FEA (30:
70), FEC : FMP (10 : 90), ¥X U FEC : FMP : FEA
(10:50:40) M5 7% % & MIESEEIC 1.0 mol
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Table 1 Chemical structures, flash points, and vis-
cosities of various solvents.

Chemical Flash point  Viscosity (25°C)
structure °C /mPas
EC ﬁ\ 143 1.9 (at40°C)
O\_/O
FEC o 128 410
OJ\O
=
EMC o 23 0.65
\oJ\o’\
TFEMC o 33 0.99
\oJ\o’\ca
FMP o 27 0.83
Fac\)LO/
FEA o 11 0.65
)LO/\CF:;
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Table 2 Viscosities and ionic conductivities of vari-
ous electrolytes. Used Li salt is 1.0 mol dm™ LiPFs.

Solvents Viscosity lonic conductivity
(vol. %) (25°C) /mPas (25°C) /mScm’
EC : EMC (30 : 70) 3.23 9.59
FEC : EMC (30:70) 3.27 8.82
FEC : TFEMC (30 : 70) 5.27 4.40
FEC : FMP (30:70)  3.86 7.36
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Fig. 1 Charge curves of NCM / LTO cells with (a) FEC

: EMC (30:70), (b) FEC: TFEMC (30:70), and (c)
FEC:FMP (30:70) -based electrolyte at 25°C.
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Fig. 2 Various rate discharge performances of NCM /
Gr cells with (<) EC : EMC (30 : 70), ((J) FEC : EMC
(30:70), (A) FEC: TFEMC (30:70), and (O) FEC:
FMP (30:70) -based electrolyte at 25°C. Charge con-
dition: 1 CmA to 4.35 V for 3 h in total; Discharge con-
dition:0.2,0.5,1,2,and 5CmAto 2.75 V.
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Fig. 3 Charge / discharge cycle performances of
NCM / Gr cells with () EC: EMC (30:70), ([J) FEC:
EMC (30:70) , (/) FEC: TFEMC (30:70), and (O)
FEC: FMP (30:70) -based electrolyte at 45°C. Charge
condition : T CmA to 4.35 V for 3 h in total; Discharge
condition: 1 CmAto 2.75 V.
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IATIVIEIETH O, K O RRESFEAICEH Uiz (B
ERIB X UYL Table 3 1C79). 9, FEC: FMP
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12”9, FMP @5 5 40 vol% % FEA CTEHT T &
T, KA 25°CTIE 0.16 mPas, 5°CTl 0.35 mPa
sETNZHUKTFL, FEA ZEBT 2 & TRIRICBN
T, KORRIICKEDEBDAIRETH % T & 2 HfEaR
L7z
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Fig.4 Charge / discharge cycle performances of NCM
/ Gr cells with (&) FEC: FMP (10:90), and (O) FEC:
FMP : FEA (10 : 50 : 40) -based electrolyte at 0°C.
Charge condition : 1 CmA to 435V for 3 h in total;
Discharge condition: 1 CmAto 2.75 V.
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Fig.5 Charge curves of NCM / LTO cells with (a) FEC
:EMC (30:70), (b) FEC:FMP (30:70), and (c) FEC:
FEA (30:70) -based electrolyte at 25°C.

Table 3 Viscosities of various electrolytes. Used Li
saltis 1.0 mol dm LiPFe.

Solvents Viscosity (25°C) Viscosity (5°C)
(vol. %) /mPas /mPas

FEC : FMP 281 474

(10 : 90)

FEC : FMP : FEA 2.65 439

(10 : 50 : 40)

FEC : FEA 2.53 3.72

(10:90)
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Fig.6 Charge/discharge cycle performances of NCM
/ Gr cells with (&) FEC: FMP (10:90), and (O) FEC:
FMP : FEA (10 : 50 : 40) -based electrolyte at 45°C.
Charge condition: 1 CmA to 435V for 3 h in total;
Discharge condition: 1 CmAto 2.75 V.

BE R

1. A. Kishimoto, H. Nakagawa, T. Inamasu, and H.
Yoshida, GS Yuasa Technical Report, 12 (2), 6
(2015).

2. L. Hu, Z. Xue, K. Amine, and Z. Zhang, /. Electro-
chem. Soc., 161, A1777 (2014).

3. L. Xue, K. Ueno, S. Lee, and C. Angell, /. Power
Sources, 262, 123 (2014).

4. L. Yang, T. Markmaitree, and L. Lucht, /. Power
Sources, 196, 2251 (2011).

5. A. Cresce, and K. Xu, /. Electrochem. Soc., 158,
A337 (201D).

6. X.Zuo, C. Fan, J. Liu, X. Xiao, J. Wu, and J. Nan, /.
Power Sources, 229, 308 (2013).

7. M. Takehara, N. Tsukimori, N. Nanbu, M. Ue, and
Y. Sasaki, Electrochemistry, 71, 1201 (2003).

8. T. Kitagawa, K. Azuma, M. Koh, A. Yamauchi, M.
Kagawa, H. Sakata, H. Miyawaki, A. Nakazono, H.
Arima, M. Yamagata, and M. Ishikawa, £lectro-
chemistry, 78, 345 (2010).

9. T. Ohzuku, A. Ueda, and N. Yamamoto, /. Electro-

chem. Soc., 142, 1431 (1995).

D. Y. Wang, N. N. Sinha, J. C. Burns, C. P. Aiken, R.

Petibon, and J. R. Dahn, /. Flectrochem. Soc., 161,

A467 (2014).

10.

14



