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Effect of Et,NBF, as additive on interface performance of
graphite electrode

LI Yan-hong, LU Hai, ZHAO Zhong-wei, HAO Xin, ZHANG Zhi-an

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The effect of tetracthylammonium tetrafluoroborate (Et;NBF,) on the graphite interface performance of
lithium ion battery in carbonate-based electrolytes was studied by constant current charge-discharge test, cyclic
voltammetry (CV), electrochemical impedance spectroscopy (EIS), as well as the Fourier transform infra-red (FTIR)
spectroscopy. The results indicate that the charge capacity and following cycle efficiency are improved while the initial
charge-discharge efficiency is reduced by adding Et;NBF, because Et,NBF, participates in forming SEI film. SEI film
forms in the potential range of 1.0—0.5 V during the initial discharge, and repairs below 0.5 V. The impedance of SEI film
is reduced by adding Et,NBF,. Et,NBF, additive can effectively improve the compatibility between electrolyte and
graphite anode.

Key words: lithium ion battery; electrolyte; additive; tetracthylammonium tetrafluoroborate; solid electrolyte interface
film
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Table 1 Compositions of electrolytes

Concentration/(mol-L ")

Sa;;:fle _ Solvent
LiPFq Et,NBF,
EO 1.0 0 EC-DMC-EMC
El 1.0 0.1 EC-DMC-EMC
E3 1.0 0.3 EC-DMC-EMC
ES 1.0 0.5 EC-DMC-EMC
E8 1.0 0.8 EC-DMC-EMC

1.2 4R Rk

SR 5 A HAER AN 1.1 TR, SRA 2025 LS
i, ER AT SR 5 PVDF F S Hk B
2 8:1:1 FILLI (T i )R O Je e T i, bl e
JEARAN LS om LR (B b el AR ), B
JER R IS . fEFR il =2l Ar (T BRI P 3
I AG/Li ~f-Hadth, HH 5 B HL(LAND) 2 41 itk il
ARG T R AR BB, B L, 0.1C % 7
B, RS 0. 01~2. 00 V.

PEIRAR 2R % B0 El1. E3 3 FhHL i i
AG/Li Hi, 76 0. 01~2. 00 V{1 HLA YO P B4 T 3144
B 1 mV/s S, 5 ZBERH 2 mV/s [
FE, BRI 5 mV/s B, eSS, rAE

BIAN T LiLi e ok IR AR AL 1 EIS Ik H EO.
E1 PR LA kv s ad AR b A [ b
JENH EIS B, U i s A TR HUER (OCP). 1.0
0.8+ 0.5, 0.3, 0.1 f110.01 V. #iZJEFE N 10 mHz~100
kHz, LN 5 mV. EIS 4551 ZSimpWin #E47
SR L AR 20 AT . CV R EIS ltAE PAR2273
HAb 2% TAER (G A w28 5) Eog . FTIR P [F A
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mol/L Et;NBF, IN AR A, X h 63.3%, HIRAEN
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Fig. 1 Initial charge-discharge curves of AG/Li half cells in

different electrolytes
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Table 2 Charge-discharge data of AG/Li half cells in different electrolytes

First cycle Second cycle Third cycle
Sample

No. Cl/ Dl/ n 1/ Cz/ Dz/ ﬂz/ C3/ D3/ ﬂ3/

(mAhg') (mAhg') % (mAhg')  (mAhg) % (mAhg ™) (mAh-g ™) %
EO 285.8 3304 86.5 289.3 296.2 97.7 296.5 3014 98.4
El 286.8 450.2 63.7 295.3 3152 93.7 300.8 314.8 95.6
E3 301.6 390.0 77.3 321.7 336.3 95.7 3279 336.0 97.6
E5 308.0 380.5 81.0 315.0 327.5 96.2 316.0 327.6 96.5
E8 306.7 372.0 82.4 3124 328.7 95.0 300.2 316.9 94.7

1) C: Charge capacity; D: Discharge capacity; 7: Charge-discharge efficiency. 2) 1, 2, 3 are cycle numbers.
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Fig. 2 Cyclic voltammograms of AG/Li cells in different electrolytes and at scanning rates: (a) EO electrolytes; (b) E1 electrolytes;
(c) E3 electrolytes; (d) In three electrolytes at scanning rate of 1 mV/s
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Fig. 3 EIS of graphite electrode in EO(a) and E1(b) electrolytes at various potentials recorded during first lithiation process
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Fig. 4 Equivalent circuit used for analysis of EIS
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