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The lithium pre-doping for the silicon anode was carried out
by the electrochemical method under the pressurizing.
Comparison to the LiFePO4 cathode/Silicon anode cell, the
cell using the lithium pre-doped silicon anode showed the
high initial charge-discharge efficiency over about 99%. The
cycling stability for the cell was improved by using the pre-
doped silicon anode. The capacity retention ratio after 450
cycles atthe 1CA/1CA was about 5% for the cell using the
silicon anode, whereas that increased up to 99.2% for the

cell using the pre-doped silicon one.

1. Introduction

Lithium-ion batteries (LIBs) have become widely used as power sources for a broad
range of applications from small mobile devices to large-scale equipment. Recently,
they have also been adopted as power sources for drones used in pesticide spraying
and surveying. Drones require high current during take-off and directional movements,
which shortens their flight time. Therefore, there is strong demand for longer flight
duration, prompting the development of batteries with both high capacity and high
output.

Among negative electrode materials, silicon has attracted attention due to its higher
capacity compared to graphite by forming an alloy with lithium. The high capacity of
silicon allows for a thinner active material layer, which in turn enables high output
performance of the battery'. However, silicon anodes exhibit larger initial irreversible
capacity than graphite anodes, and designing batteries in the same way as those with
graphite does not fully realize the high capacity potential. Therefore, canceling out this
irreversible capacity is crucial, and various lithium pre-doping methods have been
reported™.

In this study, we developed a high-efficiency silicon anode using an electrochemical
pre-doping method under pressurization®. Furthermore, we fabricated LiFePO,
cathode/silicon anode cells using the pre-doped anodes and evaluated their battery
performance.



2. Experimental MethodSilicon powder (Silgrain® e-Si 409), conductive agent (acetylene
black), and binder (polyacrylic acid) were mixed in a weight ratio of 75:13:12 to prepare
a slurry for the silicon anode. The slurry was coated and dried on a copper foil with a
thickness of approximately 10 pym to obtain the silicon anode sheet.This electrode and
lithium metal foil were assembled with a separator in between, followed by
impregnation of electrolyte into the separator. The layered assembly of
electrode/separator/Li metal was then pressurized while performing constant current
electrochemical pre-doping at 125 mA/g. The doping amount was controlled by electric
charge and set to 50% of the theoretical capacity of silicon (assumed to be

2500 mAh/g).Coin cells were fabricated using these pre-doped silicon anodes and
LiFePO, cathodes. For comparison, cells with non-doped silicon anodes were also
prepared.

3. Results and DiscussionFigure 1 shows the initial charge-discharge characteristics of
LiFePO, cathode/silicon anode coin cells. The cell using the pre-doped silicon anode
exhibited a discharge capacity of approximately 150 mAh/g, which is close to the
theoretical capacity of LiFePO,. In contrast, the cell with non-doped silicon anode
showed a discharge capacity of 125 mAh/g, about 16% lower than the former. The initial
charge-discharge efficiency was 99.1% for the pre-doped cell and 85.5% for the non-
doped one.In the half-cell configuration with the non-doped silicon anode and Li metal,
the initial efficiency was 85%, consistent with the full-cell result. The lower capacity
and efficiency of the non-doped cell are attributed to the irreversible capacity of the
silicon anode.Figure 2 shows the cycling performance of the cells. The pre-doped cell
retained 99.2% of its initial capacity after 450 cycles, demonstrating excellent cycling
stability despite using a silicon anode. On the other hand, the non-doped cell showed
continuous capacity fading, decreasing to 5% of its initial capacity after 400 cycles.In
the presentation, we will also report on the correlation between pre-doping level and
cell performance.
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