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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.

Key words lithium-ion batteries; cathode materials; lithium cobalt nickel manganese oxide;

electrochemical impedance spectroscopy
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3 v L
���
ENhddE^
�F4Z|s�Xg 4435�Zij�W�Z(%=- LiMn2O4 �����<Kj��)f��P! [6].\b��p�FOR
�eeF#
(%=-ny=-��?�&� 278mAh·g−1, 80�&q
160mAh·g−1, �ÆK\�� LiCoO2 /�J�D�hJ [7,8],  J=-��<>�lK�$��ip��u�x~~b�smZi=-=�j�Wj�H��gi{4sV'��p�?`�pq�j�W���8x��	�Z�R
�_�Of�:~�!H�0h�sm!^a~G5\~+LZi)j�W�ZR
n'_�Of�CF�!(�yj��O�j�W�&Y!�{4�
2 '?p�
2.1 ~u{J"

(1) N^�Z�Lh(%9�� LiCo1/3Ni1/3Mn1/3O2: k���kjCk� (PVDF)=87:8:5 h$�����,x - 6�bw�s (NMP), a{5�U9P(%%k�I%9��4S�l6�%	VU (CMC): k k��5D (SBR)=90:3:7 h$��R�a{5�U9PI%%k�~ φ=10mm f�(I%k�a 120◦C%	L� 12h �~�(%%k��K�:� 0.02g,

LiCo1/3Ni1/3Mn1/3O2 �$+K � 0.83m2/g, ��%=�K�:?&Rn$+K /\�~�%K � 166cm2. ���0(3! <1% �%	Gj1YLP 2032 D
>N^�Z�I%�4S�WQ�Bm� Celgard 2300 k.�Q��Sd�
1mol·L−1LiPF6/EC+ DMC+EMC(1:1:1 :&$) ��~�d�

(2) 80�Z�LhC+M9��(�I%k	WQ (Celgard 2300)t��fz9P�ZA��Gj1=^P�IDj�W�Z (Dv�18650,-/�&�1800mAh),(%�K�:� 11.36g,/\��%K � 1.37×105cm2.

2.2 ~us)C 18650 D80�Z�jA�q BS9300 �.1n�Z9CL6+[H 0.5C �5+U��U+5_>�CF�C 2032 
>�Z� PCBT-138-32DDV��ZCFh+n 20mA/g ��5[H�5+U��U+5_>�CF�_>��U:�u�
2.75∼4.3V +8�C 2032 DN^�Z| 18650 D80�Z�I%�(�%|�$�%�(%�Zi�%�~��

R^a� (GAMRY INSTRUMENTS)[HG5\~CF�4xCv 5mV, n<:�� 5mHz∼100kHz.

3 ��	,�
3.1 ~u��{D8z 1 a?� LiCo1/3Ni1/3Mn1/3O2 �%� 18◦C!CF�G5\~zu'y�=�9 (C&��
4.15VvsI%), z 1(a) � 1(b) B-� 2032DN^�Z� 18650 D�Z_� 3 ZS�2y��Of(%�G5\~zu�z 1(a)�G5\~u�#9B^P�Sn���H0Ds�jeeF_��G~�%+K_��n'��8�Lf\~|j�Wrt+�Q�\~�=n��v+)jeeF_���5�
_�tV|VK�~�
n
9B�\ 45◦�--D�j�W�eo��=��& [9,10] uz��yG5\~uz�~z 1(c) =��=�9[H^~�^~Rp>z 1(a), �~ Rs � 9.36Ω, Rf �
28.64Ω, Rct � 83.70Ω.z 1(b) �G5\~zu�U9B^P�
U7+Sn9B��-� 18650 D�Z�O~uz�Sn
K:�U_��(x�%=-+�Q\~|Lf\~�=n
KtU_����yj�\~|VK���
n
\ 45◦C �--(xj�W�&\~�($ 2032 D�Z�\~zu�)Sn�O~F`Ds� 18650 D�Z��ZAD�(%�WQ�I%t�a5�z 1(b) �G5\~zu�~z
1(d) ��=�9^~�^~�~ Rs � 0.05Ω, Rf �
0.009Ω, Rct � 0.023Ω, O~� 3×10−4H. �)8dO~�{4��KCFu?~ 2032 D�ZCF�~`> (1)�/\G��5H!�> (1)= i0 DG��5�R D{oJO�n�Kg�WO (n=1),

T | F B-��!|5�
JO�S D�%K �
18650D�Z��%K � 1.37×105cm2, 2032D�Z��%K � 166cm2[5,10]. ~> (2) �/\
j�W�&�O D[5,10], > (2) = D �j�W�&�O� σw � Warburg �O (� -Z ′′

∼ ω−1/2 az�--?<���y=Hn< ω = 2πf, f �n<), Vm�_���R0o (\n XRD aC_VJO��� 20.25cm3), x �_��=j�W��!� E�0(x�q���� dE/dx �Æ=���-=
x g�?<���m/� 0.84V/mol. �> (1) �
(2) /\�~S� 3 ��� 2032D�Z�t%�yG��5H!� 1.80×10−6A/cm2, j�W��\�O� 1.36× 10−16cm2/s; 18650D�Zt%�yG�
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444 � � ; + P � 22 s�5H!� 7.45×10−6A/cm2, j�W��&�O�
3.39×10−14cm2/s. �m�>�Z�R
(t%j�W��&�O��yj�Y!��'H�{4�
18650 D�ZYt%j�W��&Y!|�yj�Y!�$K��dv>=-^P�18650D�Z�_>�$�&|S�K\`��2032DN^�Z�

j0 =
i0

S
=

RT

nFRctS
(1)

D =
1

2

[( Vm

FSσw

)(dE

dx

)]2

(2)

3.2 ~/{D8z 2 a?�4v��!FOjeeF_����jG5\~zu��z 2 �>p 2.0∼ 4.25V�

uzEA30'���jtV\n��4v/�B�#Z4v�O$�p 2.0∼2.7V �
fO$ (>z
2(a)), 0�Sn9BQ*
�	�f9B�/�
n9B��5C&~�^S����5�\~/;:�$�\4DqJaT��R8x\~�/Dj�W�6<_V=�
6a�F�R
a~#�$D��_�6�j�Wu��w+���FO[VR
o���I�KKt�_F%m00�/�WH!�_F8�d�\#t��R?�smR
6
CdCl2 R
4�`K��$>R
K'�{5j�W�
6�F�R
a~#(q�t�0����
�a`�F�R
a~#�t [11,13]. p 2.7V y

y 1 LiCo1/3Ni1/3Mn1/3O2 �#�F4Z|ys&x�<�8
Fig. 1 Nyquist curves and equivalent circuit of LiCo1/3Ni1/3Mn1/3O2 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; Rf : surfaces film resistance; Rct: charge transfer resistance at the surface film-active material interface; Cf :

surface films capacitance; Cdl: interface capacitance at the surface film-active material; Zw: warburg impedance;

L: inductance impedance

y 2 LiCo1/3Ni1/3Mn1/3O2 �#�3u�Æ �F4Z|yk
Fig. 2 Nyquist curves of LiCo1/3Ni1/3Mn1/3O2 electrodes at different voltages
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3 v L
���
ENhddE^
�F4Z|s�Xg 445;|℄=�o
	*}�g,D)�O�ENqS�)?℄=�o
	 (x 2 (a), 2(b)), ℄R�
�r�)�O�Yx;:9�,|℄�1 3.65V EN"J���)�O�Y�w�2��L&�&��oY�o
	x;�P�D�ENM" (=x
2(b)), ℄R�
�D��3�E3Y{rx2.'"JL&�&��H"�Ql	�eX9������;l	�eXJr�����	l	�`(e"�$	��J	�
� (3.80Vl�), ;l	���	l�$Wl	� [6,11], #z Aurbach ��7\PnBe3� [13].�x 2��=� 3.65∼4.25V��T9�X�Ql	���&�2L&�SL,D)�O�Y2r�
�K&.2.Jr�&��)g,D)�OewENj"J���2��r�
�&�2.wb�6v�;l	���℄R�
�1Q��eD�:9�TI�whÆY{:9��whÆW����t5�= (2) -Z�|g�T�$�N℄R�
��r.D��r�g�T�$W�3��wÆre;IB��℄R℄�Md�mQ�&":*�y�ImQ�1e;I℄Rg�T�&";�|`�g�T*7�
�g[_|:9�℄Ti��g�T��$W�3� [14].

3.3 0�xC7x 3 �2t��� LiNi1/3Co1/3Mn1/3O2 �"�E3Y{BEPn (B%�
 4.15V vs H"). >|x 1(a) ��;�7YGN.℄}���whÆ�Y Rct, �= (1) -ZE��3G� j0, wPn=) 1. �) 1 �= 18◦C 5 j0 � 1.80×10−6A·cm−2,℄R��1Q�Rct :9� j0 �r� 65◦C 5 j0 �r| 5.66×10−6A·cm−2, mQ' 3�l*�#SL���1Q9�whÆW;3���_ImQ��"6v℄o�YG�x 4B�e�o��
�Wf�

�&�whÆ�y2�E��3G� j0 �(QW;IN k N&"�rl�whÆ)i��Z��
1gj0 up lgk & 1/T _x�� [11], wPn=x 4.�,,>;���whÆ��Z� 20.48kJ/mol.o 1 |:}� 
y�E�r+

Table 1 Values obtained for simulation of the

elements in equivalent circuits

Temperature Rct j0 D
σw

/◦C /Ω /10−6A·cm−2 /10−16cm2
·s−1

18 83.71 1.80 64.09 1.36

25 72.15 2.12 42.82 3.06

35 60.95 2.62 33.57 4.96

45 47.31 3.48 25.19 8.84

55 36.11 4.70 18.53 16.36

65 30.93 5.66 15.21 24.28�_= (2) -Z�|g�T�$�N (=)
1). �) 1 �= 18◦C 5 D � 1.36×10−16cm2

·s−1,℄R��1Q� D aD�mQ� 65◦C 5�1
2.43×10−15cm2

·s−1, )L1Q��a���mQg�T�$W;��$�NB�T�$W;�eX�%�o� Arrhenius E= [15], rl� lgD &
1/T _x�,,>;���g�T�$��Z�
48.61kJ/mol. �*IPn�lz`���1Q�
LiNi1/3Co1/3Mn1/3O2 :*��whÆW;�g�T�$W;��3�g�T�$��Z"�whÆ��Zre�,�)Lg�T�$6BBw�O6v
76B���&g�T�$�y2r�w&�whÆ�y2���1Q�g�T��$&��o�o.&GK(w=��%��;=�kI���O6v"J�A�Z� LiCo1/3Ni1/3Mn1/3O2 �PazDMPa;WK�T��T℄d�f�

y 3 3u�  LiCo1/3Ni1/3Mn1/3O2 �#� Nyquist y
Fig. 3 Nyquist curves of LiNi1/3Co1/3Mn1/3O2 electrodes at different temperatures
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446 � � ; + P � 22 s

y 4 lnj0-1/T (a) { lnD-1/T (b) g�y
Fig. 4 Plots of lnj0-1/T (a) and lnD-1/T (b)

4 ��
1. ��r�� 2032 �W."�r�� 18650�WY{xr`('M{�
2. l}g�
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