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Fig. 1 XRD patterns of CuF,/MoO,/C composite (a), stan-

dard MoO; (PDF# 47-1320) (b) and standard CuF,
(PDF# 42-1244) (c)
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Fig. 2 SEM (A) and TEM (B) images of CuF,/MoO,/C
composites prepared by ball milling for 3 h
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Fig. 3 The first three-cycle discharge/charge profiles of MoO; electrode (A) and CuF/MoO,/C electrode (B), and the cycle

performance of CuFy/MoOy/C electrode (C) (the current density is 10 mA - g”, the range of voltage is 1.0 ~4. 0 V)
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Fig. 6 Nyquist diagrams of CuF,/MoOy/C electrodes in the first charge at the potentials of 1.0 ~4.0 V
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Y=Y0w"cos( 5 %) )

Hrb o MR, j B -1 =0
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A, BRIEGRLA I A 8 Fis. rT LA LA il
LRRNSEI0 2R BES R I b S LA 1S B SR
BRI SEUE IR 1,305 SEE AR AR 1 D
AN 15%, BEUIVEE SRy A8 5
SEBRE SIS AR A TS T 5E.

n ) +jY0w"sin(

R R
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Fig. 7 Equivalent circuit proposed for fitting impedance

spectra of CuFy/MoQO5/C electrode
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Fig. 8 EIS experimental data and simulation results fitted
by equivalent circuit of CuF,/MoO,/C electrode
during the charge process at 3. 0 V
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EIS L5 B4F R L B 2 4L
Tab. 1 EIS parameters fitted by equivalent circuit of CuF,/MoOyC
electrode during the charge process at 3.0 V

Parameter Value Uncertainty/%
R/Q 55.54 0.47
R/Q 36.0 297
0,-Y/F 6.9 x 107 15.70
Qin 1.0 1.55
R,/IQ 2448 0.57
QY /F 1.9 x 10° 3.07
Q,n 0.8 0.66
Qs-YJ/F 0.01 0.83
Qsn 0.7 0.44
3) BRI EH 5

& 9 J&A CuF/MoOy/C HL I 7E B Uit/ 7o L 1ot
FE R, F R, Bl FL AR F 57 AR AL BB ST . AT T LA
Fih, HH IR R BUA 3.5V B 1.8 V 2
17 v RUE s A e, FEARRE R E 22.0 ~
34.1 ~62.1 Q. #ig LR, msiX A E T aE S5
W A GRAR A3 fih L K. SEI ARG, DT % H 57 2
1.7V 2247, A IX 25 (HFS) A8 Ak A BH k. i 24 H
PERFEZE 1.7 VG, R GRS, BT L A A o
oA A SET JSEAE I 14 o e ik A

FEHFE, N 1.0V 2 1.7 VR, FUl 5 S8 1
ek 1.7 vV LR R BUETTF GG TR, E3 4.0
V, HAEAS AT FITE 71.7 ~ 81.7 ~ 50.9 Q, BLALE
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Fig. 9 High-middle frequency impedances R,(A) and R,(B)
of CuF,/MoO,/C electrode as a function of elec-
trode potential £ diagram during the first charge-
discharge process
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FEAIE Ay e 30 DX (B R rholii e (] £ 42 AF N T HU AR
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An Electrochemical Impedance Spectroscopic Study of
CuFy/Mo0OyC Cathode Composites

SHI Yue-li, WU Nan, SHEN Ming-fang, DONG Jia-qun, ZHUANG Quan-chao, JIANG Li
(School of Materials Science and Engineering, China University of Mining & Technology, Xuzhou 221166,
Jiangsu, China)

Abstract: Composite electrode of CuF/MoOyC was fabricated through high energy mechanical milling. The properties of
CuFy/MoO;/C were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), high resolution transmission
electron microscopy (TEM), galvanostatic charge-discharge measurements, cyclic voltammetry (CV) and electrochemical
impedance spectroscopy (EIS). The results showed that the grain sizes of CuF, and MoO; after milling were 200 ~ 300 nm, and the
initial discharge capacity of CuF,/MoO,/C was 647 mAh-g! at room temperature and at a current density of 10 mA - g"'. However,
the capacity decayed rapidly in the next cycles. CV curves showed one reduction peak at 2.2 V in the first cycle another one at 3.2
V in the following cycles. The Nyquist diagram of CuF,/MoO,/C electrode consisted of two semicircles and one line. During the
discharge process, the high frequency semicircle (HFS) may be associated with not only the Li* migration through the SEI film but
also contact resistance between the CuF,/MoO,/C composites and the current collector. The middle frequency semicircle (MFS)
should be related to the Schottky contact between CuF, and conductive agents, which may be the important feature of such compos-
ites materials with big band gap. Besides the low frequency line may be related to the charge transfer step. A very large value of

charge transfer resistance for the CuF,/MoO,/C may induce the rapid decay in capacity.

Key words: CuF,/MoO,/C composite electrode; conversion reactions; electrochemical impedance spectra; Schottky contact

impedance
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