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Abstract

SiO negative electrode is an attractive candidate for high—energy-density Lithium lon batteries, but it has problems
of (1) capacity fading due to the electrical isolation of SiO and Li consumption derived from the formation of SEI,
and (2) gas generation due to the decomposition of electrolyte solution including such as fluoroethylene carbonate
(FEC) solvent. To solve these problems, new binder and electrolyte were applied to the cell with SiO negative elec-
trode. The cell with the new binder showed a high energy density of 322 Wh kg™ with the specific discharge ca-
pacity of 1000 mAh g! based on the negative electrode and an energy retention of 84 % after 500 charge-dis-
charge cycles. Application of the electrolyte with 1,3-propene sultone (PRS) additive suppressed the gas
generation caused by the FEC decomposition, but, decreased the discharge capacity retention during the cycles due
to Li consumption. By using the new electrolyte, the suppression of the gas generation and the improvement of cy-

cle life performance were effectively achieved.
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Table. 1 Cell designs of SIO/NCM cells.
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CellNo.  Binder Electrolyte Voltage /V Purpose

1 PAA Electrolyte with FEC 2.5-45 Binder evaluation

2 Binder A Electrolyte with FEC 2.5-45 Binder evaluation

3 Binder A Electrolyte with FEC 2.5-45 High energy density

4 Binder A Electrolyte with FEC 2.5-4.4 PRS evaluation

5 Binder A Electrolyte with FEC and 2 mass% PRS 2.5-44 PRS evaluation

6 Binder A Electrolyte with FEC and 5 mass% PRS 2.5-44 PRS evaluation

7 Binder A Electrolyte B 2.5-44 Suppression of cell swelling
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Fig. 1 Changes in discharge capacity retention of

SiO/NCM cells with PAA or binder A during charge
and discharge cycles at 25 °C.
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Fig. 2 Changes in (a) energy density and cell volume and (b) discharge curves of SiO/NCM cells with the initial
energy density of 322 Wh kg™'(cell 3) during charge and discharge cycles at 25°C.
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Fig. 3 Changes in (a) cell volume and (b) discharge capacity retention of SiO/NCM cells with or without PRS
during charge and discharge cycles at 25 °C.
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Fig. 4 Changes in (a) discharge capacity and specific capacity (positive electrode) of SiO/NCM cells without PRS
(cell 4), recovery and residual capacity of (b) negative electrode and (c) positive electrode disassembled from the
cell 4 during charge and discharge cycles at 25 °C.
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Fig.5 Changes in (a) specific capacity (positive elec-
trode) of SiO/NCM cells with or without PRS and

(b) residual capacity of positive electrode disassem-
bled from the cells during charge and discharge
cycles at 25°C.
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Fig. 6 Changes in standardized value or (a)thickness and (b)mass of active material composite layer of negative
electrodes of SIO/NCM cells with or without PRS during charge and discharge cycles at 25°C.

% The ratio is standardized per initial value.
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Fig.7 Changes in (a)standardized value of the volume ratio of FEC to chain carbonate and (b) mass ratio of PRS to
the other electrolyte contents of SIO/NCM cells with or without PRS during charge and discharge cycles at 25 °C.

% 1 The ratio is standardized per initial value.

% 2 Enough amount of electrolyte to be analyzed can not be obtained from the cell after 500 cycles.
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Fig. 8 Relation between capacity retention and cell
volume change of SiO/NCM cells at 500th cycle vs.
initial cycle at 25 °C.
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