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E8: 122} A7 (polymeric precursor) 7|5k =71 (hard carbon)ye W& Z(turbostractic structure)el TE
TZE Alole] 71F 0= o)A 7] Wil YEF ol miHg o] S54AZM oF 300mA h g'9 =2 &35S
Rt A9, g BdE A Hald WF 3 (solid electrolyte interphase, SENS] @FE = <13, st=7}
22 At FHES /KT olyg ZAIE A S8l AES AVHE B A J8EHL o 2 A
A= 7 fluoroethylene carbonate(FEC) ¥ succinic anhydride(SA)7} SI=7HE9] 5 EA] o) v|X]&= FE
T RS ALY 2 A, A7l s dE AE SR A8 st=gkEe] 1 §40] AskE AT
FECE #7het Haldeoiae] e 5 A2 3.34 eve] HwA &2 vig]o] A& 2= sodium fluoride A3
o] =¥ SEI 5 A4l 711813t v, SAS 7ieh AadoM 9] =& HE A2 744 F4€ SEl & ¥
Aol 71R18E A2 T A7 BE A F7F URlol Aol

Abstract: Polymeric precursor-based hard carbon with a disordered turbostratic structure has a high capacity of approx-
imately 300 mA h g as an anode material for a sodium-ion battery. However, hard carbon has a limited cycle per-
formance owing to the formation of unstable solid electrolyte interphase (SEI). To improve the cycle performance, several
studies are underway to find suitable additives. In this study, the effects of fluorocarbon carbonate (FEC) and succinic
anhydride (SA) on the life characteristics of hard carbon were investigated and the reasons were examined. All additives
negatively affected the cycle performance because they increase film resistance. The high film resistance in the electrolyte
with FEC was due to the formation of the SEI layer with the introduction of the sodium fluoride component with a rel-
atively high barrier energy of 3.34 eV. On the other hand, the high film resistance in the electrolyte with SA was due
to the formation of a thick formed SEI layer, and the reason of the increase in film resistance of the two additives was
different.

Keywords: hard carbon, solid electrolyte interphase, additive, sodium ion battery, anode, fluoroethylene carbonate,
succinic anhydride.
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Figure 1. (a) FE-SEM image; (b) FE-TEM image; (c) Raman spec-
tra; (d) XRD pattern; (e) nitrogen adsorption-desorption isotherms;
(f) Cls and Ols XPS spectra of the hard carbon.
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Figure 2. Electrochemical properties of the hard carbon in a voltage
window of 0.01 to 2.7 V vs. Na"/Na in 1 M NaPF; dissolved in eth-
ylene carbonate/polycarbonate/dimethyl carbonate (EC/PC/DMC)
(4:5:1 v/v): (a) galvanostatic discharge/charge profiles at 25 mA g';
(b) cyclic voltammograms at a scan rate 0.1 mV s™.
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Figure 3. Cycling performance of hard carbon at a current density
of 25 mA g': (a) without additive; (b) FEC; (c) SA.
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Figure 4. Nyquist plots of the Hard carbon electrode with non-addi-
tive, FEC and SA after pre-cycling.

Figure 5. FE-SEM images for hard carbon electrodes: (a) pristine;
after the 5 cycles test (b) no additive; (¢) with FEC; (d) with SA at
a rate of 25mAg’” in coin-type Na cells.
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Figure 6. XPS spectra for hard carbon electrode: (a) Cls of pristine;
after pre-cycling Cls of (b) non-additive; (c) with FEC; (d) with
SA; Ols of (e) non-additive; (f) with FEC; (g) with SA.
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