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Abstract

New electrolyte mixed with flammable organic solvent and nonflammable ionic liquid N-methyl-N-propylpiper-
idinium bis (trifluoromethanesulfonyl) imide (PP13-TFSI) has been investigated to improve the safety perfor-
mance of lithium-ion secondary batteries. Nonflammability of the mixture—electrolyte appeared in the 40 mass%
ratio of ionic liquid or more. It was found that even graphite negative electrode was able to perform in the mix-
ture—electrolyte with graphite/LiCoO, test cell. The lithium-ion test cell with the mixture-electrolyte showed
good discharge capacity almost the same as the cell with conventional organic electrolyte under the discharge
current of 1 I,A. Thus the mixture-electrolyte was found to consist with nonflammability and good discharge

performance for lithium-ion secondary batteries with graphite negative electrode.
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Fig. 1 Structural formula of N-methyl-N-propyl-
piperidinium bis (trifluoromethanesulfonyl) imide
(PP13-TFSI).
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Fig. 2 Schematic construction of 383562-size
lithium—-ion test cell.
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Table 1 Specifications of 383562-size lithium-ion
test cell.

ltems Specifications

Nominal voltage / V 3.7

Rated capacity / mAh 550

Dimensions / mm 35 (W), 62 (L), 3.8 (T)

Mass / g 16

Positive active material LiCo0O>

Negative active material Graphite

Separator Polyolefin porous film
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Table 2 Result of flammability test of mixture-elec-
trolyte contained PP13-TFSI and organic solvent.
Each sample was tested 3 times.

Content of PP13-TFSI Occurrence of ignition

/ mass% / %
0 100
25 100
30 66
40 0
50 0
100 0
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Table 3 Initial charge-discharge capacity and ef-
ficiency of test cells with mixture-electrolyte con-
tained PP13-TFSI and organic solvent at 20 C.
Charging condition: 0.2 /A to 4.2 V; Discharging
condition: 0.2 /A to 3.0 V.

Content of Charge Discharge Efficiency
PP13-TFSI  capacity capacity
/ mass% / mAh g / mAh g / %
0 158.5 141.3 89.1
25 165.6 138.7 83.7
50 170.1 136.0 79.9
100 26.8 0 0
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Fig. 3 Cycle life performance of test cells with mix-
ture—electrolyte contained PP13-TFSI and organic
solvent at 60 ‘C. The concentration of PP13-TFSI
are 0 (2), 25 (O), 50 ([), and 100 (<) mass%.
Charging condition: 1.0 /A to 4.2 V; Discharging
condition: 1.0 /A to 3.0 V.
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Fig. 4 Discharge performance of 383562-size lithi-
um-ion trial cells with mixture—electrolyte contained
PP13-TFSI and organic solvent at 20 C. The con-
centration of PP13-TFSl are 0 (&), 25 (O), and 50
() mass%. Charging condition: 1.0 /A to 42 V ;
Discharging condition: 0.2, 1.0, and 2.0 /A to 3.0 V.
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Fig. 5 Discharge performance of 383562-size lith-
ium-ion trial cells with mixture-electrolyte contained
PP13-TFSI and organic solvent at various tempera-
tures. The concentration of PP13-TFSl is 0 (&), 25
(O), and 50 () mass%. Charging condition: 1.0 /A
to 4.2 V at 25 °C ; Discharging condition: 0.2 /,A to
3.0V at25,0,-10, and -20 C.
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Fig. 6 Cycle life performance of 383562-size
lithium—ion trial cells with mixture—electrolyte con-
tained PP13-TFSI and organic solvent at 25 C.
The concentration of PP13-TFSI are 0 (&), and 50
([1) mass%. Charging condition: 1.0 /A to 4.2 V;
Discharging condition is 1.0 A to 3.0 V.
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