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Nonflammability of Electrolytes by Addition of
Organic Solvents Including Alkyl Fluoride and
Its Influence on Electrochemical Performance
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Abstract

Various organic solvents including alkyl fluoride have been investigated as flame retardant additive. Several

phosphates and carbonates including alkyl fluoride were confirmed to be effective to prevent combustion of elec-

trolyte solvent. Lithium-ion demonstration cells were then assembled using effective electrolytes with organic

solvent including alkyl fluoride for the verification of appearance of nonflammability property and further inves-

tigation of influence on their electrochemical performances. The effect of prevention of flammability of the cells

was proved from the external short-circuit test of cells. The cells were also found to show comparable electro-

chemical performances, for example, the specific power in the case of base-electrolyte without flame retardant

additives. Thus, the application of newly developed nonflammable electrolyte to lithium-ion cells allows compat-

ible properties of improved nonflammability and good electrochemical performance.
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Table 1 Structural formula and physical properties of various solvents including alkyl fluoride.

Types of solvent including Structural formula Molecular  Density Viscosity
alky!l fluoride mass / gcm! / mPas
Phosphate  tris(2,2,2-trifluoroethyl) (CF,CH,0),P=0 344 1.59 4.67
phosphate
[TFEP]
tris(2,2,3,3-tetrafluoropropyl) (HCF,CF,CH,0),P=0 448 1.65 49.1
phosphate
[TFPP]
tris(2,2,3,3,4,4,5,5-octa- (HCF,CF,CF,CF,CH,0);P=0 748 1.76 102
fluoropentyl) phosphate
[OFPP]
Carbonate di(2,2(,:2—triﬂuoroethyl) carbonate  (CF;CH,0),C=0 226 1.51 17.8
[TFEC]
di(2,2,3,3-tetrafluoropropyl) (HCF,CF,CH,0),C=0 298 1.58 12.7
carbonate
[TFPC]
di(2,2,3,3,4,4,5,5-octa- (HCF,CF,CF,CF,CH,0),C=0 490 1.72 241
fluoropentyl) carbonate
[OFPC]
Ether 2,2,3,3,3-pentafluoro- CF;CF,CH,OCF,CHF, 250 1.57 —

propyl-1,1,2,2-tetrafluoro-
ethyl ether [FPFEE]
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Fig. 1 Schematic inner structure of lithium-ion
demonstration cell.

Table 2 Specifications of lithium-ion demonstra-
tion cell.

Nominal voltage / V 3.7
Rated capacity / mAh 550
Dimensions / mm W 35
L 62
T 38
Mass / g 16
Positive active material LiCoO,
Negative active Graphite
material
Separator Polyolefin microporous film
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Table 3 lonic conductivity and viscosity of elec-
trolyte containing various solvents including alkyl
fluoride at 20 ‘C. Concentration of solvent including
alkyl fluoride is 20 mass%.

Types of solvent including lonic Viscosity
alkyl fluoride conductivity / mPa s
/ mScm’

Phosphate  TFEP 6.54 577
TFPP 5.07 8.24
OFPP 4,55 8.97

Carbonate  TFEC 6.95 4.89
TFPC 5.80 6.72
OFPC 5.19 7.63

Ether FPFEE 3.41 4.59

Base electrolyte 9.83 4.07
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Table 4 Test results of electrolyte flammability. Oc-
currence of ignition was expressed as (times of igni-
tion) / (trial number).

Types of solvent Nonflammability /

including alkyl Occurrence of ignition
fluoride
10 mass% 20 mass% 100 mass%
addition  addition  addition
Phosphate TFEP  0/2 0/3 0/3
TFPP 3/7 0/3 0/3
OFPP 2/7 0/3 0/3
Carbonate TFEC 4/7 0/3 0/3
TFPC 3/3 0/3 3/3
OFPC 4/7 0/3 0/3
Ether FPFEE 7/10 8/10 0/3
Base electrolyte 3/3
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Fig. 2 Discharge performance of demonstration
cells with electrolyte containing solvents including
alkyl fluoride at 25 °C. Electrolyte with various sol-
vents: base electrolyte (@), containing 20 mass%
TFEP (A), TFPP (@), OFPP (M), TFEC (2),
TFPC (O), OFPC (1), and FPFEE (<). Charg-
ing condition: 1.0 CmA to 4.2 V; Discharging condition:
1,2, 3 5,8, and 10 CmA to 3.0 V. Discharge current is
based on rated capacity of cell.
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Fig. 3 Discharge performance of demonstration
cells with electrolyte containing solvents including
alkyl fluoride at various temperatures. Electrolyte
with various solvents: base electrolyte (@), contain-
ing 20 mass% TFEP (&), TFPP (@), OFPP (),
TFEC (£),TFPC (O),0FPC (| ),and FPFEE (©).
Charging condition: 1.0 CmA to 4.2 V at 25 °C ; Dis-
charging condition: 1 CmAto 3.0V at 25,0, -10 and
-20 °C. Discharge current is based on rated capacity
of cell.
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Table 6 Results of external short—circuit test of demonstration cells.

Types of solvent including Cell voltage after Highest cell Maximum short- Nonflammability
alkyl fluoride overcharge temperature circuit current
/V /C / A
Phosphate TFEP 4.520 110.6 83.6 Good
TFPP 4.519 109.4 78.2 Good
OFPP 4518 111.6 80.8 Good
Carbonate TFEC 4514 109.1 86.8 Good
TFPC 4515 113.9 85.6 Good
OFPC 4.504 110.1 77.6 Good
Ether FPFEE 4.519 114.3 80.6 Fair
Base electrolyte 4.516 106.5 91.8 Fair
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