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Abstracts: The use of lithium metal anode at lithium metal secondary battery can provide the very high energy
density. Nevertheless, there are some problems that are short cycle life, lack of safety and poor thermal stability.
Cycle life and cycling efficiency decline due to passivating films, dendritic lithium and increasing surface film by
the reaction of lithium metal and electrolyte. This work investigated the additive effect of benzene, toluene, tetram-
ethylethylenediamine, into the electrolyte. The cycling efficiency and cyclability are improved. The reason is
confirmed by decreasing film resistance and increasing polarization resistance at AC impedance analysis. Electrolyte
additive has a relatively less reactivity than electrolytes lithium and is adsorbed on lithium leading to suppression
of the reaction between the electrolyte and lithium as well as an improvement in the lithium deposition mophology.
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Fig. 1. Cycling efficiency of 1 M in PC: EMC (1:2) and EC:EMC
1:2).
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Fig. 2. Cycling efficiency on concentration of additive - (a) 10 ppm,
(b) 100 ppm, (C) 1000 ppm, (D) 10000 ppm.
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Fig. 3. The discharge capacity 1 M LiPF, in PC:EMC(1:2) and
EC:EMC (1:2).
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Fig. 4. The discharge capacity on concentration of additive - (a) 10
ppm, (b) 100 ppm, (C) 1000 ppm, (D) 10000 ppm.
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Table 1. Ioni ductivity of electrolytes.
2 onic conductivity of electrolytes 0 » ECEMC(12) Frequency: 1M 100mHz
Additive (ppm) Conductivity (S/cm) a0 o gggmwgqgmgﬁ
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Benzene (10°) 1.02 X103 )
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.I
th 50 AlelE o dFdie AT QF S0t AT A 1 vV
A Aol 71 Z131, HIHAIE ¥ AL Table 19149} o] Ny
scho) ole =) pars %—E—X?—ﬂ- o] Zbamlm A 0 50 100 150 200 250 300 350 400 450 500 550 600
Rajel ol ARET} Asteol BE AYRAe] FAET A 2 ReaOhm

wsfee] W7t
Solgoz %

oA Rete] S7HEE & 5
A7t eigel WS AR Bl 2lEe]

@)= =
e, o= (a) Before cycle

400
W EA50] 25 42 Felyh PYE slog Alm o] 3 SOt Frequency 1M 100mkz
v ECEMC(1:2H+TMEDATOppm v
3.5. Scanning Electron Microscopy(SEM) a0 © SRR _—
Fig. 62 SEME ol83le] sfele] 27 el 7RIS AL 20 -
83 7399 50 AolE ¥ o 2lF I4 ST ERE WS £ R
200080 &2 Fohsle] AT Aotk benzene, toluene, 5 20 L 7
TMEDAR/MIE ¥21& W} BE o)29) wgio) 2jAslo) E 1] . v .
W P} 22BE & S AU 28, B DMFE ¢ ¥ o] AT Wt
& AL AME o BUL vhe} mATEAR dead lithiumo) & -
e -
0 T - T T T T
0 100 200 300 400 500 600
.8 = Z(Real)/Ohm
2E ol B4 £34 TF F& A sl WA (b) Aftor 50 cycles

Fig. 5. Electrochemical Impedance Spectroscopy of electrodes - (a)
befare cycle, (b) after 50 cycles.
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Fig. 6. SEM images - (a) no additive, (b) benzene 100 ppm, (c) toluene 1000 ppm, (d) TMEDA(tetramethylethylenediamine) 100 ppm, ()
DMF (2,5 dimethylfuran) 1000 ppm.
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