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Effect of Addition of Fluoroorganic Compounds to Electrolyte Solution
for Secondary Lithium Battery
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Abstract Addition of a small amount of fluoroether to propylene carbonate containing solvents increased first coulombic

efficiencies of graphite electrodes having relatively large amounts of mesopores with diameters of 1.5-2 and 2-3 nm at 25°C while

the effect of fluoroethers was low at -10°C probably because of the low reaction rate for surface film formation on graphite.
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Table 1 First coulombic efficiencies and discharge capacities for NG5 in EC/DEC/PC at 25°C

Cycle 1 2 3 4 5
First coulombic efficiency (%) 70.5 90.3 934 943 94.0
Discharge capacity (mAh/g) 356 354 352 347 342




Table 2 First coulombic efficiencies and discharge capacities for NG5 in EC/DEC/PC/ether at 25°C

CF;CHFCF,0CHj (Ether 1)

Cycle 1 2 3 4 5
First coulombic efficiency (%) 74.5 93.6 95.7 96.2 97.0
Discharge capacity (mAh/g) 356 354 354 351 350
HCF,CF,0CH;CF; (Ether 2)
Cycle 1 2 3 4 5
First coulombic efficiency (%) 74.2 92.7 94.9 95.9 97.2
Discharge apacity (mAh/g) 356 355 352 348 344
HCF,CF,0CH;CH; (Ether 3)
Cycle 1 2 3 4 5
First coulombic efficiency (%) 75.5 93.6 95.1 96.3 96.5
Discharge capacity (mAh/g) 367 367 366 365 361
Table 3 First coulombic efficiencies and discharge capacities for NG5 in EC/DEC/PC at -10°C
Cycle 1 2 3 4
First coulombic efficiency (%) 42.1 87.1 924 923 94.5
Discharge capacity (mAh/g) 263 251 242 229 224
Table 4 First columbic efficiencies and discharge capacities for NG5 in EC/DEC/PC/ether at -10°C
CF;CHFCF,0CH; (Ether 1)
Cycle 1 2 3 4 5
First coulombic efficiency (%) 46.9 89.0 93.6 93.7 94.2
Discharge capacity (mAh/g) 290 283 278 269 260
HCF,CF,0CH;CF; (Ether 2)
Cycle 1 2 3 4 5
First coulombic efficiency (%) 46.3 88.5 90.9 92.7 94.0
Dischage capacity (mAh/g) 282 269 259 253 244
HF,CF,0CH;CH; (Ether 3)
Cycle 1 2 3 4 5
First coulombic efficiency (%) 52.7 87.2 89.9 924 93.8
Discharge capacity (mAh/g) 270 258 249 245 241
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Table 5 First coulombic efficiencies and discharge capacities for NG10 in EC/DEC/PC at 25°C

Cycle 1 2 3 4 5 6 7 8
First coulombic fficiency (%) 60.5 86.7 90.0 91.7 93.0 93.0 93.9 939
Discharge capacity (mAh/g) 290 279 278 278 278 278 277 276
Table 6 First coulombic efficiencies and discharge capacities for NG10 in EC/DEC/PC/ether at 25°C
CF;CHFCF,0CH; (Ether 1)
Cycle 1 2 3 4 5
First coulombic efficiency (%) 66.4 90.3 93.8 94.5 94 .4
Discharge capacity (mAh/g) 344 325 319 310 305
Table 7 First coulombic efficiencies and discharge capacities for NG10 in EC/DEC/PC at -10°C
Cycle 1 2 3 4 5 6 7 8
First coulombic efficiency (%) 252 73.0 79.2 82.1 86.5 89.1 879 894
Discharge capacity (mAh/g) 126 122 114 110 109 106 102 101
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Table 8 First coulombic efficiencies and discharge capacities for NG15 in EC/DEC/PC at 25°C

Cycle 1 2 3 4 5
First coulombic efficiency (%) 44.0 89.9 92.6 93.6 94.7
Discharge capacity (mAh/g) 331 320 312 307 304

Table 9 First coulombic efficiencies and discharge capacities for fluorinated NG15 in EC/DEC/Pc at 25°C

Cycle 1 2 3 4 5 6 7 8
First coulombic efficiency (%) 70.9 94.3 95.6 95.8 96.4 97.2 97.2 97.7
Discharge capacity (mAh/g) 356 350 348 344 345 345 344 344




Table 10 First coulombic efficiencies and discharge capacities for fluorinated NG15 in EC/DEC/PC/ether at 25°C

CF;CHFCF,0CHj (Ether 1)
Cycle 1 2 3 4 5
First coulombic efficiency (%) 69.1 91.6 94.2 94.6 96.3
Discharge capacity (mAh/g) 347 340 336 332 330
Table 11 First coulombic efficiencies and discharge capacities for NG15 in EC/DEC/PC at -10°C
Cycle 1 2 3 4 5
First coulombic efficiency (%) 16.2 64.6 71 80.1 81.8
Discharge capacity (mAh/g) 86 84 76 76 71

NG7 TliZ 23 nm DA VAIIMDESH I D DR,
1.52 nm @ AV FLIE NG5 &IZIER Uz O TRE B AR
BRI RN NG10 1R, M1l —O > ah®R b 3E
LlOMEIT/R > 72(Table 12). B 7 v HRI—TIVEHRMT S
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Cycle 1 2 3 4
First coulombic efficiency (%) 54.6 925 94.9 95.3
Discharge capacity (mAh/g) 355 344 333 326

Table 13 First coulombic efficiencies and discharge capacities for NG7 in EC/DEC/PC/ether at 25°C

CF,CHFCF,0CHj; (Ether 1)

Cycle 1 2 3 4 5
First coulombic efficiency (%) 65.2 91.9 93.8 94.9 96.0
Discharge capacity (mAh/g) 339 339 336 336 336
HCF,CF,0CH,CF; (Ether 2)
Cycle 1 2 3 4 5
First coulombic efficiency (%) 66.0 922 93.1 94.0 95.2
Discharge capacity (mAh/g) 360 356 355 352 350
HCF,CF,0CH,CF; (Ether 3)
Cycle 1 2 3 4 5
First coulombic efficiency (%) 66.4 92.5 93.1 94.0 95.2
Discharge capacity (mAh/g) 384 384 379 379 379
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Table 14 First coulombic efficiencies and discharge capacities for NG7 in EC/DEC/PC at -10°C

Cycle 1 2 3 4 5
Efficiency (%) 17.6 64.6 75.6 78.3 823
Cell Capacity (mA/g) ' 98 © 95 95 94 93
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