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Lithium lon Batteries with SiO Negative Electrode
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Abstract

For electric aircraft applications, high gravimetric energy density Lithium lon batteries are required. Li metal bat-
tery is a promising candidate for this application, but, has drawbacks of low life performance and large volume
change due to the formation of dendritic lithium metal. To solve these problems, we selected SiO negative elec-
trode cell. This cell, however, has a technical issue of cell swelling due to the gas generation from the electrolyte.
By optimizing electrolyte compositions, we have succeeded to develop 400 Wh kg™' SiO negative electrode cell

with long cycle life of 86% energy retention after 300 cycles and negligible cell swelling.
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Table. 1 Cell designs of SiO / NCM and Li / NCM cells.
ﬁ%I.I (l;llzgc;tartcl)\éee Electrolyte %ar\]paaty
1 Limetal ~ Conventional electrolyte 2.5

2 Sio Conventional electrolyte 2.5

3 Limetal  Conventional electrolyte  0.07

4 Sio Conventional electrolyte  0.07

5 Sio Improved electrolyte 1 5.0

6 Si0 Improved electrolyte 2 5.0
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Fig. 1 Changes in energy density of Li / NCM and SiO

/ NCM cells during charge and discharge cycles at 25
°C. Charge and discharge voltage ranges of Li / NCM
and SiO / NCM cells are 2.0 - 4.6 Vand 2.5 - 4.6V,
respectively.
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Fig. 2 Cross-section SEM images of (a) negative electrode and (b) enlarged view of Li dendrite in Li / NCM cell
after 150 times charge and discharge cycles at 25 °C.
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Fig. 3 Changes in the cell thickness and voltage of (a) Li / NCM and (b) SiO / NCM cells during first and second
charge and discharge cycles at 25 °C.
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Fig. 4 Changes in discharge capacity of Li / NCM
(Cell 3) and SiO / NCM (Cell 4) cells during charge and
discharge cycles at 25 °C.
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Fig. 5 Changes in the cell thickness of Li / NCM (Cell
3) and SiO / NCM (Cell 4) cells during 50 cycles at 25 °C.
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Fig.6 Photograph of SiO / NCM cell.
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Fig. 7 Changes in (a) energy density and (b) cell vol-
ume change of SiO / NCM cells with various electro-
lytes at 25°C. Charge voltages are 4.55 V (Cell 5 and
Cell 6) and 4.6 V (Cell 2).
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Fig.8 Charge and discharge curves of SiO / NCM cell
with the initial energy density of 400 Wh kg™ (Cell 6)
during charge and discharge cycles at 25°C.
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