K F F R

sRiIESC

Article

ACTA CHIMICA SINICA

DOI: 10.6023/A19030103

Al

R R i
S A

(P EG MR ZEARRL 2 5 TR 2 e B r  Se e =

B FRIIERR
BHAW  Eesr

L3R mRAEREBOR 53 TSRS 1R 221116)

BE e HUEEIS)BT L 7R R AR IR IR L, KIL EIS % d w2 A — 26 RER LR, WA [ W)
VR AL T e e L 70 A0 5 3 [ R AR S A T JBE(SET JB) 47 BRI i RE AN LG A% 0 O I R, R 3 e i 1 A A
BT RERBURL Y 30 ) [ 255 O 5< ARtk e e IO 24 (0 S R B, X SR S SR EBEAT I0L 6, R DAAS HRE B R AR ¥
B AR SET R FRH R R PE A5 B R AR AR AL LA AR AR AL IR

REEIA RERK, RUPRRIR R, VRS TR kAT RE

Electrochemical Impedance Spectroscopy Study on the First Sodium
Insertion Process of Hard Carbon Material Electrode
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Jiangsu Provincial, School of Materials Science & Engineering, China University of Mining & Technology, Xuzhou 221116)

Abstract In this study, electrochemical impedance spectroscopy (EIS) combined with cyclic volt-ampere (CV),
charge-discharge measurement and scanning electron microscope were used. The electrode interface characteristics of hard
carbon electrodes for sodium ion batteries in 1 mol/L NaClO4-EC:DEC and 1 mol/L-NaClO4-EC:DEC:PC electrolyte systems
were discussed. The hard carbon material electrode is composed of 80 wt% active material, 10 wt% PVDF-HFP adhesive and
10 wt% conductive carbon black. The charge and discharge performance was tested with 2032 button battery and metal so-
dium sheet as counter electrode, the charge and discharge rate was 0.1 C, and the cut-off voltage was 0~3 V. The
three-electrode glass cell system was used for CV and EIS test, and the metal sodium sheet was used as the reference and
auxiliary electrode. In the CV test, the scanning speed is 1 mV/s, EIS and the frequency scanning range is 10° to 10~* Hz. The
amplitude of AC signal applied by 2 mV is 5 mV. The electrochemical impedance spectra obtained in the experiment were
simulated by Zview software. The results of CV show that the intercalation process of sodium ion in hard carbon materials is
mainly divided into two steps, that is, the filling process of sodium ion in nano-pores, the intercalation of sodium ion in gra-
phene layer and the adsorption and desorption of sodium ion on the surface or defect. The filling process of sodium ion in the
nanoporous is accompanied by the formation of solid electrolyte interface (SEI) film on the surface of the electrode. The re-
sults of electrochemical impedance spectroscopy show that the spectrum consists of two semicircles and a oblique line, which
can be attributed to the contact impedance, the diffusion of sodium ions through SEI film and the process of charge transfer.
The oblique domain reflects the oblique line related to the solid diffusion of sodium ion in the particles of hard carbon mate-
rials. By selecting the appropriate equivalent circuit and fitting the experimental results, we can get the variation of SEI film
resistance and electron resistance with the electrode polarization potential in the process of sodium insertion in the first week
of the hard carbon electrode.
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Figure 1 XRD diagram of hard carbon materials
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Figure2 CV diagrams of hard carbon in 1 mol/L NaClO4~EC+DEC (a)
and 1 mol/L NaClO,-EC+DEC—PC (b)
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Figure 3 Charge-discharge characteristics (a) and cyclic performance
(b) of hard carbon in 1 mol/L NaClO4-EC + DEC and 1 mol/L
NaClO,;-EC+DECHPC
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Figure 4 SEM diagram of hard carbon material electrode before elec-
trochemical scanning cycle and after electrochemical scanning cycle in
different electrolytes

(a) before electrochemical testing, (b) blank, (c) add PC after electrochemical
testing
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Figure 6 Equivalent circuit proposed for fitting impedance spectra
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Figure 7 Variations of Rsg with the decrease of electrode polarization
potential
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BRARDMP R E S 2 AR, BMEBEA 1 mol/L
NaClO4-EC:DEC(/AFEL A 10 1)F1 1 mol/L NaClO,-
EC:DEC:PCUARRLL 11 1 0 D)(ZHIKEF eI R E R
AT FRRCEERENNAR A 2032 fn=Cdh, &
VE % B, 758 8 L it A I 3R Gt (BRI gk L A 2%
AF)FSERR, RMEMAEFN 0.1 C, kKN 0~3 V.

CV M1 EIS Wk A B il = BB 3538 i it A4 &,
& &R AE S L R A B R AR, 7R HR Ak A AR
(CHI660C, iR AMRAR) E5Em. HlA K
/INA2 emX2 em, HIRFTEMEY)RIHEEA 1 mg/em®.
CV MARFAEE N 1| mV/s, EIS SR AHTEE A
10°~10"2 Hz, MiNFIZ TG SIRIEN 5 mV. BRIk
FL A 9 5 AR e LA T BR 9 D7V S B, AR AT BT
AT, FEARAEARAL AT 1 h. 256 P3RS A B Ak 2B
YU Zview BRI TH.
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