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Electrochemical Impedance Spectroscopy of Layer Lithium Cobalt Nickel

Manganese Oxide

CHEN Yu-Hong, TANG Zhi-Yuan, HE Yan-Bing

(Department of Applied Chemistry, School of Chemical Engineering and Technology, Tianjin University, Tianjin
300072, China)

Abstract: Electrochemical impedance spectroscopy-(EIS) was applied to study the reaction kinetics
of layer lithium cobalt nickel manganese oxide material. 'Effects of the battery structure, charge depth
and temperature on the layer/lithium cobalt-nickel manganese oxide cathode electrodes were tested
by EIS. The results show that-the inductance appears in the 18650 winding cells while not in 2032
cells. The whole process consists of overcoming strcture force period of oxygen layers crystal lattice in
the rang of 2,0-2.7V, lithium-ion -membranes forming period in the range of 2.7-3.65V and interface
electrical double layer forming period in the range of 3.65-4.25V.The charge transfer rate and Li-ion
diffuse rate are)improved with temperature increasing. The charge transfer and lithium ion diffusion
activation energies are 20.48kJ/mol and 48.67kJ/mol respectively, so the lithium ion diffusion process

is the control process of the whole electrochemical reaction.
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Fig. 1 Nyquist curves and equivalent circuit of LiCo;/3Ni; ;3sMn;,302 electrodes
(a) 2032 cells full charge; (b) 18650 cells full charge; (c) Equivalent circuit of Fig. 1(a); (d) Equivalent circuit of Fig. 1(b); Rs:

electrolyte resistance; Rg:-surfaces film resistance; Rct: charge transfer resistance at the surface film-active material interface; Cf:

surface films capacitance; Cyq: interface capacitance at the surface film-active material; Zy: warburg impedance;

L: inductance impedance

1500

@
1200 F !
f_,f’
900 - A
c i
= L o
N _0.-:-"':' :u”:r i
600 F B o
;‘g“ —= =20V
300 F —0—=24V
—a— 27V
, . . —v—l3.3V

0
0 600 1200 1800 2400 3000
Z/Q

140+t ()
120+
100 F
S 80f
N 60+

40} - .-I:...-"' —" =365V

—+—=3.95V

U O —a— 425V

o™ .

0 40 80 120 160 200 240 280

Z/Q

& 2 LiCoy/3Niy/sMny ;302 HARAEAIF HL AL T B 38 0 P41 B 8%
Fig. 2 Nyquist curves of LiCo;,3Ni;/3Mn; /302 electrodes at different voltages
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