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Abstract

The addition-effect of various phosphate ester compounds as a non-flammable solvent has been investigated

focusing on the improvement of safety performance of lithium ion cells with minimum decrease in cell perfor-

mance, since non-flammable solvents cause a decrease of ionic conductivity with an increase of viscosity of the

used electrolyte and an occasional decomposition of electrolyte itself on graphite negative electrode. The addition

of 5 mass% of tris (2,2,2-trifluoroethyl) phosphate (TFP) to electrolyte was turned out to be optimum condition

for the appearance of both non-flammability and high cell performance of lithium ion cells. The value of specific

energy and specific power was found out to be 180 Wh kg™ and 2400 W kg™ respectively for 790 mAh LiCoO2/C

system aluminum laminate type lithium ion cells with this special electrolyte at SOC 50% at 25 C .
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Fig. 1 Structural formula of various phosphate
compounds.
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Table 1 Physical properties of various phosphate
compounds.
Formula Melting Boiling Density Viscosity
mass point point (20°0) (200
/C /C /gem™® / mPa's
TMP 140 -46 197 1.21 2.4
TEP 182 -57 215 1.07 2.0
TFP 344 -19 185 1.59 4.7
TPP 326 49 370 1.19 -
TTP 368 -28 435" 117 76

* Decomposition
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Fig. 2 Scenery of flammability tests of electrolyte.
Note: Exposed to flame for 10 sec.
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Table 2 Eeffect of the additional non-flammable
solvent to flammable electrolyte of 1.25 M LiPFg
EC, DMC, and EMC mixed electrolyte with volume
ratio of 1:1:1. Concentration of various phosphate
compounds: 10 mass%.

Ratio of ignition / %*

TMP 20
TEP 20
TFP 0
TPP 60
TTP 80
Blank 100

#( Number of times of ignition / Trial number of 5 times ) X
100%
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Table 3 Effect of TFP to flammable electrolyte of
1.25 M LiPFs EC, DMC, and EMC mixedelectrolyte
with volume ratio of 1:1:1.

TFP concentration / mass% Ratio of ignition / %*

5 20
10 0
20 0
Blank 100

*( Number of times of ignition / Trial number of 5 times ) X
100%
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Fig. 3 Comparison of ionic conductivity ( @ ) and
viscosity (A) for electrolytes with 10 mass% vari-
ous phosphate compounds at 20 C.
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Fig. 4 Change in ionic conductivity (a) and viscos-
ity (b) of electrolyte with TFP concentration at 20
C.
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Fig. 5 Comparison of specific power for 790 mAh
LiCo0O2/C system aluminum laminate type lithium
ion cells containing electrolyte with 10 mass%
various phosphate compounds at SOC 50% after 10
sec. (@) and 30 sec. (A) at 25 °C.

Output limit voltage: 2.5 V.
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Fig. 6 Change in specific power for 790 mAh
LiCo0O2/C system aluminum laminate type lithium
ion cells at SOC 50% after 10 sec. (a) and 30 sec.
(b) with TFP concentration at 25 °C.

Output limit voltage: 2.5 V.
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Fig. 7 1 CmA discharge capacity for 790 mAh

LiCo02/C system aluminum laminate type lithium

ion cells with 10 mass% various phosphate com-

pounds at -20 C (@), -10°C(A),0°C(MH),

and 25 °C ().

Charge: 1 CmA to 4.2 V followed by constant volt-
age of same voltage down to current of
0.05 CmA at 25 C.

Rest: 4 h at various temperatures.

Discharge: 1 CmA to 3.0 V at various temperatures.
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Fig. 8 1 CmA discharge capacity for 790 mAh

LiCo02/C system aluminum laminate type lithium

ion cells containing electrolyte with TFP concentra-

tionat -20 ‘C (@), -10°C (b) , 0 C (c) , and 25 C

(d).

Charge: 1 CmA to 4.2 V followed by constant volt-
age of same voltage down to current of
0.05 CmA at 25 C.

Rest: 4 h at various temperatures.

Discharge: 1 CmA to 3.0 V at various temperatures.
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Fig. 9 Cycle life performances for 790 mAh LiCo0O2/C

system aluminum laminate type lithium ion cells

containing electrolyte with 10 mass% various phos-

phate compounds at 20 C . Various phosphate

compounds: None (a) , TEP (b), TFP (c), TPP (d) ,

and TTP (e).

Charge: 1 CmA to 4.2 V followed by constantvolt-
age of same voltage down to current of 0.05
CmaA.

Rest: 30 min.

Discharge: 1 CmA to 3.0V.
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Fig. 10 Cycle life performances for 790 mAh

LiCo0O2/C system aluminum laminate type lithium

ion cells containing electrolyte with 10 mass% vari-

ous phosphate compounds at 40 ‘C . Various phos-

phate compounds: None (a) , TEP (b) , TFP (c) ,

TPP (d), and TTP (e).

Charge: 1 CmA to 4.2 V followed by constant volt-
age of same voltage down to current of 0.05
CmaA.

Rest: 30 min.

Discharge: 1 CmA to 3.0 V.
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Fig. 11 Cycle life performances for 790 mAh

LiCo0O2/C system aluminum laminate type lithium

ion cells containing electrolyte with TFP of O

mass% (a) , 5 mass% (b) , 10 mass% (c) , and 20

mass% (d) at 20 C.

Charge: 1 CmA to 4.2 V followed by constant volt-
age of same voltage down to current of 0.05
CmaA.

Rest: 30 min.

Discharge: 1 CmA to 3.0 V.

110
> 100
>
g o0 Zﬂ”
S 80t (0)
(&)
g 70 t ()
5 60 e
8 50 L
a (d)
40 ] 1 1 1 ]
0 100 200 300 400 500 600
Number of cycle

Fig. 12 Cycle life performances for 790 mAh

LiCo0O2/C system aluminum laminate type lithium

ion cells containing electrolyte with TFP of O

mass% (a) , 5 mass% (b) , 10 mass% (c) , and 20

mass% (d) at 40 C.

Charge: 1 CmA to 4.2 V followed by constant volt-
age of same voltage down to current of 0.05
CmA.

Rest: 30 min.

Discharge: 1 CmA to 3.0 V.
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