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The amplitude 1s small!

In fact, although the influence of different impedance amplitudes on the impedance of
the full cell has been studied, there has been little research on the positive and negative

half cells.
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2.1 Making half-cells
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2.2 The relation of OCV among the full cell and half-cells

EVS35

0SL2022

0CV(S0C) = U ((Xg1000 = Xe0%) SOC + Xe,00) = Ua (g 1005 — Xaon ) SOC + xa,o%)

/

Cathode half-cell

KAnode half-cell

~

70uA CC charge&discharge
2.8V~4.3V
0.01V~-2V

%

)

o i

K The full cell

<

50mA(0.05C) CC charge&discharge

3V~4.2V

%

I1. Experiment design

The genetic
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2.3 The anode impedance under different AC amplitudes 0312022

/ : EIS condition:
#

The excitation frequency range is from 0.002Hz~1000kHz and
the excitation current amplitudes are 0.01mA, 0.05mA, 0.1mA,
0.5mA, 1mA, 2 mA and 3 mA.

Different SOC:

The EIS tests with different current amplitudes are conducted on
the half cells at the specified SOC, 1.e., 20%, 50%, 80%.

Half cell :
Different temperature:

The experiences are carried out at -10°C and the results at 25°C

/ are also investigated for comparison.
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2.1 The results at 25°C 0SL2022

The results can be divided into two categories: the
current amplitudes of 0.01mA, 0.05mA and 0.ImA
(I) and the current amplitudes of 0.5mA, ImA,
2mA and 3mA (II).
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The phase: The results are similar to 0.137V
EIS, the real parts and phases of anode half cell measured at 25 °C and and 0.109V.

different AC amplitudes: a,b,c: 0.137V; d,e,f :0.109V; g,h,1 :0.076V. The arcs gradually shrink with the increase of
AC amplitude.
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2.2 The results at -10°C
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EIS, the real parts and phases of anode half cell measured at -10 °C and
different AC amplitudes: a,b,c: 0.137V; d,e,f :0.109V; g,h,1 :0.076V.
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2.3 Frequency variation of impedance spectra
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At low temperature and high lithiation state, the impedance arcs of the medium and low frequency (<100Hz)
shrink severely with the increase of AC amplitude.
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Summary of the results: 0SL2022

The main phenomenon of the above experimental results is that when the frequency is bigger
than a certain frequency x (1Hz<x<100Hz), the impedance arc will shrink with the increase
of the AC amplitude. The experimental results are in good agreement at low temperature.
However, the phenomenon is obvious only when the AC amplitude is bigger than a certain
value 0.5mV at room temperature.

Temperature SOC
The temperature rise of the The SOC change is approximately
coin cell can be ignored +1.13% at the maximum AC amplitude
because of the strong (3mA) and 0.01Hz. It shows that the
convection of the thermal influence of SOC can be ignored.
chamber.
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1V. Discussion
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Charge-transfer process!!]

The high current rate can reduce the charge-transfer impedance, which lead to arc shrinkage.
Lithium planting!?!

The lithium planting also can reduce the impedance, which also lead to arc shrinkage.
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It proves that lithium planting leads to the
shrinkage of medium-frequency impedance arc.
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@ Firstly, the impedance arc will shrink with the increase of the AC amplitude at low temperature.
However, the phenomenon is obvious only when the AC amplitude is bigger than a certain
value 0.5mV at room temperature.

@ Secondly, the intersection frequencies of different impedance arcs at low temperature vary with
the AC amplitude. But they are nearly unchanged at room temperature.

@ Lastly, the shrinkage of anode impedance arc is related to lithium plating, especially at low
temperature.
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