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Abstract : Silicon (Si) has been investigated as promising negative-electrode (anode) materials
because its theoretical specific capacity of 4200 mAh/g for Liy,Si is far higher than that of car-
bonaceous anodes in current commercial products. However, in practice, the application of Si to
Li-ion batteries is still quite challenging because Si suffers from severe volume expansion and
contraction and lead to a continuous solid electrolyte interphase (SEI)-filming process by cracking
of Si. This process consumes the limited Li" source, builds up thick and unstable SEI layer on
the Si active materials, and will eventually disable the cell. Since unstable SEI reduces electro-
chemical performance and thermal stability of the Si anode, the surface chemistry of the anode
should be modified by using a functional additive. It is found that lithium bis(oxalato)borate
(LiBOB) as an additive effectively protected the Si anode surface, improved capacity retention
when stored at 60°C, and alleviated exothermic thermal reactions of fully lithiated Si anode.
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Fig. 1. Chemical structure of the binder used for Si
anodes.
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Fig. 2. Chemical structure of organic solvents and an
additive used in this work.
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Fig. 3. Schematic illustration for SEI break-down and
delithiation of LixSi when stored at 60°C.

400

—@—ref
350 *—ref+ LIBOB 1%

300- ed
250- /,;g/ -
200{ @—%

OCV (mV)

150
100
50-
o T T T T T L} T T T LU U
01 2 3 45 6 7 8 9 1 11 12
Storage time (day)

Fig. 4. OCV change of fully lithiated Si anodes at 60°C.
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Fig. 5. dQ/dV graph of Si anodes at precycle.
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Fig. 6. Li extraction capacity of fully lithiated Si anodes
before and after storing at 60°C. (a) reference electrolyte,
(b) 1% LiBOB-added electrolyte.
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Fig. 7. ATR-FTIR spectra of Si anodes surface (a) before cycling and after cycled in (b) reference electrolyte, (c) 1%
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Fig. 8. C1s and B1s XPS spectra of Si anodes cycled in (a) reference electrolyte, (b) 1% LiBOB-added electrolyte.
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Fig. 9. DSC heating curves of fully lithiated Si anodes in presence of the electrolyte. (a) reference electrolyte, (b) 1%
LiBOB-added electrolyte. Dashed line: in absence of the electrolyte, solid line: in presence of the electrolyte.
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