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Effects of Temperature on the Intercalation-Deintercalation Process
of Lithium lon in the Spinel LiMn,0O,

Wei, Tao” Zhuang, Quanchao*’“ Wu, Chao” Cui, Yongli“
Fang, Liang" Sun, Shigang™*
(“ School of Materials Science and Engineering, China University of Mining & Technology, Xuzhou 221116)

(* State Key Lab for Physical Chemistry of Solid Surfaces, Department of Chemistry, Xiamen University,
Xiamen 361005)

Abstract Variations of impedance spectra, electronic resistance, and the resistances of the solid electrolyte
interphase (SEI) film, as well as the charge transfer reaction of commercially spinel LiMn,04 electrode were
investigated by electrochemical impedance spectroscopy (EIS) in 1 mol/L LiPFs-EC (ethylene carbon-
ate):DEC (diethyl carbonate) electrolyte solutions with the temperature in the range of —10~30 C. It is
found that, the common EIS features of spinel LiMn,0j4 electrode are related to the temperature, the semicir-
cles observed in the Nyquist diagram which related to the electronic conductivity of the material and the
semicircles related to the SEI film become to overlap each other to form one semicircle at higher tempera-
tures. The experimental EIS data was simulated by a suitable equivalent circuit that includes elements re-
lated to the electronic and ionic transport in addition to the charge transfer process. In 1 mol/L
LiPF¢-EC:DEC electrolyte solutions, the energy barriers for the ion jump relating to migration of lithium
ions through the SEI film of the spinel LiMn,0, electrode were determined to be 15.49 kJ/mol, the thermal
active energy of the electronic conductivities to be 24.21 kJ/mol, and the intercalation-deintercalation reac-
tion active energies to be 53.07 kJ/mol, respectively.
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Figure 1 Nyquist plots of the spinel LiMn,0, electrode at

various temperatures at 3.90 V
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Figure 2 Nyquist plots of the spinel LiMn,0, electrode at
various temperatures at 3.95 V
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Figure 3 Nyquist plots of the spinel LiMn,0, electrode at
various temperatures at 3.98 V
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Figure 5 A comparison of EIS experimental data at 3.9 V and 5
‘C with simulation results using equivalent circuit of Figure 4
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Table 1 Equivalent circuit parameters obtained from simulation
of EIS experimental dataat 3.9 Vand 5 C

Parameter Value Uncertainty/%
RJ/Q 13.75 0.33377
Rsp/Q 3.579 5.1562
Oser-Yo/F 0.00041278 21.956
Osgr-n 0.7189 3.4595
RJ/Q) 3.359 6.1238
O.-Yy/F 0.0035539 10.234
Q.n 0.86813 3.5889
R/Q 17.93 2.0102
Q.- Yo/F 0.074554 1.0207
Qcn 0.8677 1.208
Op-Yo/F 3 15.502
Op-n 0.95164 5.7301
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