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Abstract

Lithium-ion (Li-ion) batteries have revolutionized the energy storage landscape with
their high energy density and long cycle life compared to other commercial bat-
tery technologies, making them a popular choice for a wide range of applications.
Graphite is the primary choice for anode in commercial Li-ion batteries due to its
excellent electrochemical stability, good electronic conductivity, and low cost. How-
ever, the low theoretical specific capacity of graphite anode (=~ 372 mAh/g) has
limited its use in high-energy applications. To address this limitation, composite
anodes have emerged as a promising solution by integrating graphite with high-
capacity anode materials. Silicon has the highest theoretical specific capacity (=
4200 mAh/g), about ten times that of graphite. However, silicon suffers from sig-
nificant volume changes during the charging and discharging process, leading to
cracking and pulverization of the anode, ultimately degrading the battery perfor-

mance.

This study presents the synthesis of core-shell nanoparticles, silicon (Si) as core and
titania (TiO2) as shell: Si@QTiO,, which are then reinforced into natural graphite
to develop high-performance composite anode materials for Li-ion batteries. The
peptization technique is employed to develop TiO5 shell over silicon nanoparticles,
which can effectively control the structural degradation during cycling. The present
study reveals that the developed core-shell nanoparticles exhibit ~ 37% improvement

in capacity retention as compared to the bare silicon anode.

These core-shell nanoparticles are reinforced into the natural graphite in varying
concentrations (5%, 10%, 15% w/w) for developing Graphite/Si@TiO, composite
anode materials. Additionally, Graphite reinforced with 10% w/w bare silicon is
also developed for benchmarking the performance of the developed composite an-
odes. During electrochemical cycling, graphite composites containing 5% w/w core-
shell (GrCS5), 10% w/w core-shell (GrCS10), and 15% w/w core-shell (GrCS15)
nanoparticles exhibit initial discharge capacities of 568 mAh/g, 675 mAh/g, and
716 mAh/g, respectively, retaining ~ 76%, ~75%, and ~ 72% of their initial capac-
ity after 100 cycles. In contrast, the graphite composite containing 10% w/w bare
silicon (GrSil0) shows an initial discharge capacity of 728 mAh/g but retains only
~ 57% of the initial capacity after 100 cycles. The study identifies GrCS10 as the



optimal core-shell percentage in the natural graphite using quadrant analysis for the

development of an efficient composite anode.

Even though composite anodes demonstrate improved performance, they are prone
to degradation when undergoing repeated charging and discharging cycles which
impacts the overall battery performance. Post-cycling examination of batteries en-
hances the understanding of complex processes of the composite anodes for ad-
vancement in battery technology. Morphological and structural characterizations
of GrCS10 and GrSil0 anodes are conducted before and after cycling using field
emission scanning electron microscopy (FE-SEM), transmission electron microscopy
(TEM), Energy dispersive X-ray spectroscopy (EDS), and X-ray diffraction (XRD).
The chemical changes after cycling are recorded using X-ray photoelectron spec-
troscopy (XPS).

The FE-SEM micrographs show minimal morphological variations in GrCS10 anode
material, but significant changes are recorded in GrSil0 anode material. In case of
GrSil0 anode, a layer of distinct physical appearance is noted on the surface. The
cross-sectional FE-SEM micrographs reveal the swelling during cycling is more in
the GrSil0 anodes compared to GrCS10. Further, the corresponding EDS mapping
indicates the change in elemental composition within composite anodes after cy-
cling. The changed electrochemical behavior of the composite anodes is attributed
to the change in the composition of the solid electrolyte interphase (SEI) layer, as
confirmed by the XPS, and minor loss in crystallinity of GrCS10 anode material,
compared to GrSil0, as confirmed by the XRD. The study provides insights into the
mechanisms governing material degradation during the electrochemical processes in

the composite anodes.
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