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Fig.1 SEM images of LFP (a, b) and NCA (c, d) cathode materials
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Fig.2 Plots of cycling performance of LFP (a) and NCA (b)

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

various temperatures at full-charged state
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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

LFP NCA
7/°C -10 0 25 -10 0 25 50
Ry/mQ 51.51 46.31 34.84 31.03 63.55 59.83 36.87 35.37
Ri/mQ 34.02 24.76 10.74 73.62 59.83 8.71 2.70
Ro/mQ 179.4 90.79 24.74 7.372 100.2 51.98 51.98 15.69
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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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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 ‘C, however, in a wider
range of —10~50 °C 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 ‘C. 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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