Electrospun porous silicon from disproportionated SiO, for realization of a
high-performance lithium-ion battery anode material

Silicon-based anode materials are of great importance in today’s lithium-ion battery (LIB)
industry. This paper is the first report on the electrospinning of silica-etched disproportionated
SiO as an anode material for LIBs. A thermal annealing at 950 °C in an argon ambient on ball-
milled SiO powder has been performed to obtain disproportionated SiO. A consequent HF-
etching results in a porous silicon-based structure, which has been electrospun with PAN to
prepare the electrode material. Implementing the fabricated electrode in LIB half-cell
configuration an initial Columbic efficiency of 77.49 %, first cycle specific capacity of
3396mAh/gSi and 80 % capacity retention in 132 cycles have been achieved. The rate capability
test shows a recovered capacity of 97.70 % at low current rate of 0.1 C and 54.98 % at a high
current of 3 C. The cycling performance of the electrode from silica-etched disproportionated
Si0 has also been compared with silicon nano powder-based electrode with similar fabrication
process, showing 43 % improvement in cycle life for the former electrode. These results, along
with the simplicity, cost effectiveness and scalability of the fabrication process, proposes the
electrospun porous silicon synthesized from disproportionated SiO as an excellent anode for high
performance LIBs.
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HIGHLIGHTS

* 1zt report on electrospinning of silica etched disproportionated 510 as LIB anode.

¢ The materials used are cheap, abundant and synthesiz procesz i facile and low cost.
* An average specific capacity of 2436 mAh/gs during its cvele life of 132 evcles.

+ Porous 51 structure enables excellent accessibility of electrolyte to active mass.

+ Carbon nano fibers provide low resistance paths between the silicon particles.

ARTICLE INFO ABSTRACT

Keywords: Silicon-based ancde materials are of great importanee in today’s ithium-ion battery (LIB) industry. This paper 1=
3‘-1-‘-’:9‘1 the first report on the electrospinning of silica-etched disproportionated 510 as an anode material for LIBs. A
;‘3 - thermal anncaling at 950 °C in an argon ambient on ball-milled 5i0 powder has been performed to obtain
EI:-cP:::D{u nation disproportionated 510. A consequent HF-ctching results in a porous silicon-based structure, which haz been

electrospun with PAN to prepare the electrode matenial. Implementing the fabricated electrode in LIB half-cell
configuration an initial Columbic efficiency of 7749 3, first cycle specific capacity of 3396mAh/gg and 80 %
capacity retention in 132 eycles have been achieved. The rate capability test shows a recovered capacity of 97.70
% at low current rate of 0.1 C and 54.98 % at a high eurrent of 3 C. The cycling performance of the electrode from
silica-etched dispreportionated 510 has also been compared with silicon nano powder-based electrode with
similar fabrication process, showing 43 % improvement i cycle hife for the former electrode. Theze results, along
with the simplicity, cost effectivences and scalability of the fabrication process, propoees the electrospun porous
silicon synthesized from disproportionated 510 as an excellent anode for high performance LiBs.

Lithium ion batery anode

1. Imtroduction main components of LIBs should be intensively inwvestigated and

improved to see an overall enhancement in the total battery perfor-

Today, lithium-ion batteries (LIBs) have been established as a
necessary technological advancement for supplying the energy need of
portable electronies [1-4]. A wide range of applications, such as cell
phones, laptops and especially electric vehicles, rely on LIBs as the main
type of battery used for their energy consumptien [5-9]. Upgrading the

manee [10-12]. Anode electrode is an important segment in LIBs, that
has arracted significant deal of attention in industrial and academiec
researches, aiming to propose an anode electrode with high specific
capacity, low potential level, proper electrochemical stability, and good
electrical eonduetivity [13-15]. The eustom anode material in LIB in-




