
� 48�    � 4�                                   ��������	                                 Vol.48, No.4 

2019�      4�                        RARE METAL MATERIALS AND ENGINEERING                        April 2019 

 

�����2018-04-25 

���	����	
��
�51407166��������
����DG71-16-006� 


��
�������1988 ��������� 
�!"#$%&'(%)*+,��-./01�23 100192��45

010-82813028�E-mail: wangkangkang@epri.sgcc.com.cn 

 

��������	
 Arrhenius ��
� 

 

�����  ���  ���		�
  ���
����� 

(��� 
�!"# $%&'(%)*+,��-./01�23 100192) 

 

�  ��6789:;<= 18650>?@AB�LFP��CDEFGH(NCA)�CI�JKLMN�OP8 2Q�CL

R;S%T=UV9:;<LW�XY�CZ*�[�\]^_�`abc�defgh8�CLij�\k(R

s

)lm

�\k(R

f

)D�nop�\k(R

ct

)�qrs8t�\';<Luvwx�yz{| LFP�CLij�\Dm�\}–10~25 

~;<���� Arrheniuswx��nop�\}–10~50 ~;<���� Arrheniuswx�NCA�CLm�\D�no

p�\} 0~50 ~;<���� Arrhenius wxT=OrsUV;<L������x�{|�LFP �CL�����

p���R;MNP��NCA�CL���������9:;<MNP�T 

����?@AB�C��[�\]�Arrheniuswx�����x� 

�������TM911        ������A        �����1002-185X(2019)04-1208-05 

 

� 20 �� 90 �����	
��
�����

�����������������	
��
�

� !"�#�$�%&'()*+	,LiCoO

2

-.

/01���2�	34�
�5678�9:;<

=<>?*@ABCDE�FG"�HIJKL�MN

O� !"�'PQRST+U	,LiFePO

4

, LFP-9

:VW�BCXYZ�[\J]^Y_.`a"�/b

c�5678'Ddef78(LiNi

0.80

Co

0.15

Al

0.05

O

2

�

NCA)gh� LiCoO

2

i<BCVW�HIJj�kl

D^Y_�.ma2no�kl/D�5678�p

.q�rsD]ltu�v�
�wxyz' 

{|	
��
�}~����D]ltu

[1-3]

���HI

[4-6]

��\��u��	
��
�]lt

u�HI���i<����

[7,8]

�wx������


�������h��678��6���v��

������^'������,EIS-�� ¡¢�

���£���¤¥�.}~������wx�¦'

§¨©ª,Nyquist-«.ma/¬����­®¯°

«�±«² 5 ³´µB�´¶�·¸�·¹º»¼�

g�½¾[9-11]������³´��¿ÀÁÂÃÄ

ÅÆÄ'ma�����}~wx���6£��v

�

[12]

��
ÇÈÉ­

[13]

���)Ê´Ë

[11-14]

�5XÌ

678ªJ}~

[15-17]

^'Í��	
��
�¼³ª

JÎÏÐ�u�ªÑ�ÒÓÔg�}~�Li

+

�ÕgÖ

×ØÙÚ�u���uMÄÅ' 

Û�Ü�C}~� 18650 ST+U	�
,LFP/ 

Gr�ÝÞ�ß 3.2 V�ÝÞkl 1350 mAh-�Dde

f�
,NCA/Gr�ÝÞ�ß 3.7 V�ÝÞkl 3400 

mAh-�}~�à�áâÃMã\��uä�åæ�

[\� EIS ­®�ç�´Ë\��u�	
��
�

��J]���ÎÏ����èË�
ªJé�u�

ê� ë���ìíîïðñ�u��
�Ò���

�
�HI"��òó�
�"�ÇÈi<ô6ÀÁ' 

��������

"�õö�÷øs,ùú�S4800-�5678

LFP� NCAáâMã´ûüÙ�ýþ��' 

� LFP�
� NCA�
´��–10�0�25�50 �

4 �\��u��ä�	Ñ�
tu	
-	ß-��-

	
åæ�[\'	�[\J]­®"�
�­®ø

s�DV�	��������­®"� BioLogic�

�� VMP3��������ß��� 10 mV��Ù

�� 100 kHz ~0.01 Hz' 

������	
�

���������	
���

2 �5678�þ���ý¯���  ! 5~15 

µm M^��« 1aX1c "#'�ðDüÙä�$³� 



� 4�                              ���b5B���C\]��L ArrheniusuSrs                           �1209� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 1  ���� LFPD NCAL SEM�� 

Fig.1  SEM images of LFP (a, b) and NCA (c, d) cathode materials 

 

 �����%&�ý� ² !'()*�M +

� ,ôµB��« 1bX1d')*� -At./�

<012Ã78��ôtu�FG� �)*345

6Ãåæ�7
�8�9
�<:��D�
�üÙ

J]' 

�����
������������

LFP � NCA �
� 4 ��uä´�� 1300 �

2800 mA �
7�[\J]�« 2 "#';� 25 �

�D� 50 �7�2��
å�klê�g�<=�>

:. LFP�
[\ 100?@kl�AÙB� 95%�C

DE� LFP 5678YZ�[\J]��G 50 �7

LFP �
å�klFD�ÝÞkl��
[\G 100

?7å�klHI 1423.3 mAh�HD�ÝÞkl'V

�–10 �7�å�klJKÄ��80?[\@kl�

AÙ 42%'Í� NCA�
[\J]LL�4��u�

�äå�kl�M�JK'V�–10 �7�å�kl

N�KO�[\ 40 ?@P�=Ñ�80 ?[\@kl

�AÙ 64%'C¿Ä�NCA�
�V�J]Y� LFP

�
' 

������� Nyquist��� 

« 3aX3b´�QMÃ 4�\��u 2��
�R

?S�)Ê,SOC≈100%-� Nyquist«'LFP�
�

�TU�D��V�WXY´MÄ��C.²�

–10~50 ��uY-�2�WX�¿�¼³��ã7í

��¯°

[7]

'éZ�u[D�V�WX\!Z�ZO� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  LFPD NCA�CUV;<�L�9S% 

Fig.2  Plots of cycling performance of LFP (a) and NCA (b) 

batteries at various temperatures 
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� 3  LFP�CD NCA�C}W�XYUV;<L Nyquist� 

Fig.3  Nyquist curves of LFP (a) and NCA (b) batteries at 

various temperatures at full-charged state 
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� 4  LFPD NCA�CLbc�d� 

Fig.4  Equivalent circuits of LFP (a) and NCA (b) batteries 
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Table 1  Values of the elements fitted by equivalent circuits 
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� 5  LFP
�
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Fig.5  Arrhenius relationship between interface characteristics 

parameters and temperatures for LFP battery 
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Fig.6  Arrhenius relationship between interface characteristics 

parameters and temperatures for NCA battery 
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for LFP battery (a) and NCA battery (b) 
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Impedance Parameters Arrhenius Properties Analysis for Lithium Ion Batteries 

 

Wang Kangkang, Gao Fei, Yang Kai, Geng Mengmeng, Liu Hao, Fan Maosong, Zhang Mingjie 

(State Key Laboratory of Operation and Control of Renewable Energy & Storage Systems, 

China Electric Power Research Institute, Beijing 100192, China) 

 

Abstract: The influence of ambient temperatures on charging capacities of 18650 type LFP and NCA batteries were investigated, and the 

performance in low temperature was compared. The electrochemical impedance measurements were taken at various temperatures, the 

values of ohm, film and charge transfer resistances were confirmed according to equivalent circuits. The results show that as for LFP 

batteries, the ohmic resistance and film resistance are well meet the Arrhenius relations in the range of –10~25 , � however, in a wider 

range of –10~50 � charge transfer resistance is well meet. However, as for NCA batteries, the film resistance and charge transfer 

resistance are complied with Arrhenius relations in range of 0~50 . The comparison�  analyses of solid phase ion diffusion coefficient at 

different temperatures indicate that the ion diffusion rate of LFP battery is obviously affected by low temperatures, nevertheless, slightly 

affected for the NCA battery. 
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 battery; electrochemical impedance; Arrhenius relation; ion diffusion coefficient 
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