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Development of High Performance Lithium-ion Cells
Using Nonflammable Electrolyte with
Phosphates Including Alkyl Fluoride
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Abstract

Phosphates including alkyl fluoride have been investigated as flame retardant additive for electrolyte of lithium-
ion cells. Nonflammability of electrolyte was achieved at the content of 30 mass% of the phosphates. Lithium-
ion test cells assembled using both nonflammable electrolyte and positive electrode comprising poly-anion type
active material were found to show good electrochemical performances, for example cycle life performance at
45 C. Furthermore, the cell using "composite system" positive electrode comprising multi-component transition
metal oxide and poly-anion type compound mixed active materials also performed comparable characteristics
with the case of cell using conventional electrolyte without phosphates. Thus, new lithium-ion cells having
performance- and safety-enhanced features will be realized by application of both improvement technologies :

nonflammable electrolyte and "composite system" electrode.
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Table 1 Structural formula and physical properties of various phosphates including alky! fluoride.
Phosphates including Structural formula Molecular Density Viscosity Boiling point
alky!l fluoride mass / g cm! / mPas /°C
t[ris (2,]2,2—triﬂuoroethyl) phosphate (CF;CH,0);P=0 344 1.59 4.67 112
TFEP
tris (2,2,3,3-tetrafluoropropyl) (HCF,CF,CH,0),P=0 448 1.65 491 160

phosphate [TFPP]
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Table 2 Specifications of lithium-ion test cells.

LiFePO,/C LiNi,Mn,Co,0, (LiNi,Mn,Co,0,
(x+y+z=1)/C x+y+z=1)
+ LiFePO,)/C
Nominal voltage / V 3.3 3.6 3.5
Voltage at end of charge / V 3.6 4.2 4.2
Voltage at end of discharge / V 2.0 2.0 2.0
Dimensions / mm W 34 34 34
L 49 49 49
T 5.2 52 5.2
Mass / g 18 18 18
Positive active material LiFePO, LiNi,Mn,Co,0, LiNi,Mn,Co0,0,
x+y+z=1) x+y+z=1)
+ LiFePO,
Negative active material Graphite Graphite Graphite
Separator Polyolefin microporous Polyolefin microporous Polyolefin microporous
film film film

Base electrolyte
in EC : DEC
= 3:7 in volume

1.2 mol dm™ LiPFg

1.0 mol dm™ LiPFg
in EC : DMC : EMC
=1:1:1involume

1.0 mol dm™ LiPFg
in EC : DMC : EMC
=1:1:1involume
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Table 3 Test results of electrolyte flammability on
two types of heating tests. Occurrence of ignition
was expressed as (times of ignition) / (trial number).

Base electrolyte Phosphate Flammability
Test A Test B
1.2 mol dm™ LiPFs  No additiive 3/3 2/2

in EC : DEC 30 mass% TFEP 0/3  0/2
=3:7involume 30 mass% TFPP 0/3 0/2
1.0 mol dm™ LiPF;  No additive 3/3 2/2
in EC : DMC : EMC 30 mass% TFEP 0/3  0/2

=1:1:1involume 30 mass% TFPP 0/3 0/2
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Fig. 1 Effect of phosphate additives in electrolyte
on discharge capacity of LiFePO,/C lithium-ion test
cells at 25 C. Concentration of phosphate in elec-
trolyte is no addition (), 30% TFEP ([J), and 30%
TFPP (A). Vertical scale is normalized by rated ca-
pacity of the cell. Charging condition : 1.0 CmA to
3.6 V at 25 °C; Discharging condition : 0.2, 1, 2, 3,
and 5 CmA to 2.0 V. C is based on rated capacity
of cell.
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Fig. 2 Effect of phosphate additives in electrolyte
on discharge capacity of LiFePO,/C lithium-ion
test cells at various temperatures. Concentration of
phosphate in electrolyte is no addition ( < ), 30%
TFEP ([J), and 30% TFPP (2 ). Vertical scale is
normalized by rated capacity of the cell. Charging
condition : 1.0 CmA to 3.6 V at 25 °C ; Discharging
condition : 1 CmA to 2.0 V at 45, 25, 0, -10 and
-20 °C. C is based on rated capacity of cell.
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Fig. 3 Effect of phosphate additives in electrolyte
on cycle life performance of LiFePO,/C lithium-ion
test cells at 45 °C . Concentration of phosphate in
electrolyte is no addition (<), 30% TFEP ([1), and
30% TFPP (A ). Vertical scale is normalized by rated
capacity of the cell. Charging condition : 1.0 CmA to
3.6 V ; Discharging condition: 1 CmA to 20 V. C is
based on rated capacity of cell.
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Fig. 4 Discharge performance of (a) LiNi,Mn,Co,0,
(x +y+2z=1)/C and (b) (LiNi,Mn,C0,0, (x +y + z
= 1) + LiFeP0O,])/C lithium-ion test cells with elec-
trolyte containing phosphates including alkyl fluoride
at 25 °C . Electrolyte with various phosphates: base
electrolyte (<) and containing 30 mass% TFPP (A).
Charging condition : 1.0 CmA to 4.2 V ; Discharg-
ing condition : 0.2, 1,2, 3,and 5 CmA to 20 V. C
is based on rated capacity of cell.
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Fig. 5 Discharge performance of (a) LiNi,Mn,Co,0,
(x +y+2z=1)/C and (b) (LiNi,Mn,C0,0, (x +y + z
= 1) + LiFeP0Q, ]/C lithium-ion test cells with elec-
trolyte containing phosphates including alkyl fluoride
at various temperatures. Electrolyte with various
phosphates : base electrolyte (>)and containing 30
mass% TFPP (2). Charging condition : 1.0 CmA to
4.2 V at 25 °C ; Discharging condition : 1 CmA to
20V at 45,25,0,-10 and -20 ‘C. C is based on
rated capacity of cell.
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Fig. 6 Cycle life performance of (a) LiNi,Mn,Co,0,
(x +y+2z=1)/C and (b) (LiNi,Mn,C0,0, (x +y + z
= 1) + LiFeP0O,)/C lithium-ion test cells with elec-
trolyte containing phosphates including alkyl fluoride
at 45 °C. Electrolyte with various phosphates : base
electrolyte (<)and containing 30 mass% TFPP (A).
Charging condition : 1.0 CmA to 4.2 V ; Discharg-
ing condition : 1 CmA to 2.0 V. C is based on rated
capacity of cell.
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Table 4 Specific energy and specific power of lith-
ium-ion test cells. Test condition of specific power :
state of charge is 50% ; out put time is 10 sec.

20095128 $6% H25]

Positive active Phosphates  Specific Specific

Materials including energy power
alkyl /Whkg" /Wkg'
fluoride

LiNiiMn,C0,0,  No additive 124.0 1964

(x+y+z=1) 30%TFPP 1189 1234

LiNi,Mn,Co,0,  No additive 119.6 1016

(x+y+z=1) 30%TFPP 1145 727

+ LiFePO,
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