Technical Report

B X

A B oI o@m oIt

HE

Akira Kishimoto

Hiroe Nakagawa  Tokuo Inamasu

Ni Co, Mn =% 1EMm%ZE & B LN e
BE(EEN) FO LA A REME
E AR RAE R DS

Investigation of Electrolyte Composition for
Lithium lon Batteries Operated at High Voltage
with Ni,Co,Mn-based Positive Electrode

WO Mt 5 Wi e

Hiroaki Yoshida

Abstract

Lithium-ion batteries with conventional electrolyte system comprising ethylene carbonate (EC) and ethylmethyl

carbonate (EMC) cause severe capacity fading with increasing charge/discharge cycle number under the high volt-

age operation condition. In this study, electrolytes containing various fluorinated carbonates, i.e. fluoroethylene
carbonate (FEC), trans—difluoroethylene carbonate (DFEC) or 2, 2, 2-trifluoroethylmethyl carbonate (TFEMC), have

been found out to improve its cycle life performance. Especially, FEC : EMC-system electrolyte shows the excellent

performance. Moreover the addition of phenylboronic acid (PhBA) for electrolyte enhances its performance and

suppresses its cell expansion with FEC : EMC-system electrolyte.
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Fig. 1 Charge/discharge cycle life performances for
the test cells with EC : EMC(30:70 in vol.%)-based
electrolyte at 25°C. Charge condition: 1 CmA to (<)
42V, (LJ) 435V, and (A) 45V for 3 hours in total;
discharge condition: 1 CmAto 2.75 V.

Table 1 Chemical structures, viscosity, HOMO and
LUMO energies for various solvents.

Carbonates Chemical struc- Viscosity HOMO LUMO

ture /mPas /eV / eV
EC 1.90 -11.777 1.175
(at40°C)
EMC Njw/\ -11.514 1.288
FEC E -12.039 0.906
DFEC ﬁ 2.5 -12.307 0.509
F/
-12.138 0.392

TFEMC Nj\OA
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mass% L7z E DEE BNz, 7w Ebh—KRr—
k& anEl & oA E DR E LT, 1.0 mol dm™ D
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Table 2 Chemical structures for various additives.
Additives

Chemical structure
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Fig. 2 Charge/discharge cycle life performances for
the test cells with (&) EC:EMC(30:70 in vol.%), ((J)
EC:TFEMC(30:70 in vol.%), (A) FEC:EMC(30:70 in
vol.%), (X) FEC:TFEMC(30:70 in vol.%), and (O)
DFEC:EMC(30:70 in vol.%) -based electrolyte at 25°C.
Charge condition: 1 CmA to 4.35 V for 3 hours in total ;
discharge condition: 1 CmA to 2.75 V.
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Table 3 Discharge capacity at 1 CmA and cell thickness before and after charge/discharge cycling test with

various electrolytes.

Electrolytes Dischar/ge capacity before Cell thicknesses before Cell thicknesses after
(Salt: 1 mol dm™ LiPFg) charge/discharge charge/discharge 50 cycles/ % *
cycling testat TCmA /% cycling test / % *

EC:EMC(30:70, vol.%) 100 103 120

EC:MFEC(30:70, vol.%) 97 109 116

FEC:EMC(30:70, vol.%) 97 126 132
FEC:MFEC(30:70, vol.%) 95 125 129
DFEC:EMC(30:70, vol.%) 91 128 140

* Ratio to the original case thickness.
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Fig. 3 dQ/dV profiles of graphite negative electrode
with EC:EMC(30:70 in vol.%)-based (solid line) and
FEC:EMC(30:70 in vol.%)-based (dashed line) electro-
lyte including (a) BA, (b) PhBA and (c) PyBA at room
temperature. Charge condition: 0.05 CmA to 0.01 V.
Arrow shows reduction of FEC.
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Fig. 4 Charge/discharge cycle life performances for
the test cells with EC:EMC(30:70 in vol.%)-based
electrolyte including (<) without additives, (CJ) BA,
(A) PhBA and (X) PyBA at 45°C. Charge condition: 1
CmA to 4.35 V for 3 hours in total; discharge condi-
tion: 1CmAto 2.75V.

(@) (b)
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Table 4 Discharge capacity at 1 CmA and cell
thickness before charge/discharge cycling test with
FEC:EMC-based electrolytes with or without PhBA.

Additive

Cell thicknesses before
charge/dlscharge
cycling test/ % *

Discharge capacity
before charge/

discharge cycling

testat TCmA /%

Without 100 121
PhBA
With 0.5% 107 101
PhBA

* Ratio to the original case thickness
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Fig.5 XPS profiles of graphite negative electrode after capacity check test with (a) EC:EMC(30:70)-based electro-
lyte, (b) FEC:EMC(30:70 in vol.%)-based electrolyte including without PhBA and (c) with PhBA.
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Fig. 6 Charge/discharge cycle life performances for
the test cells with FEC:EMC(30:70 in vol.%)-based
electrolyte including () without additive, (A) with
PhBA and ([]) with BA at 45°C. Charge condition: 1
CmA to 4.35 V for 3 hours in total; discharge condi-
tion: TCmAto 2.75V.
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