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INTRODUCTION & AIM RESULTS & DISCUSSION
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High Surface Area and Short Diffusion Paths *High surface area metal oxides improved lithium storage by increasing
. . : electrode—electrolyte contact and reducing ion diffusion distances.
* High surface-to-volume ratio in metal oxides

» Larger interfacial area for electrochemical reactions *NiO, CuO, and ZnO-based materials demonstrated high theoretical
» Shortened lithium-ion diffusion paths capacities (>700 mAh/g), outperforming traditional graphite anodes.

* Improves high-rate performance and energy density *Binary oxides like NiCuO showed synergistic effects that enhanced
Enhanced Electrochemical Properties g?apbaillci:tl;)./ retention and improved cycle life due to better structural

« TMOs (NIO, CuQO, ZnO) have high theoretical capacities
«Carbon nanocomposite integration (e.g., CNT/metal oxide hybrids)

* Binary oxi(.jes (e.g., NiCUO)_enhance performang:e & stabi!ity significantly increased electrical conductlwty and reduced mternal
« Layered Li-based TMOs (Ni, Co, Mn) provide high capacity & resistance.

stability _ ] ] Layered Li(Ni,Co,Mn)O: systems offered stable voltage profiles with

Nanocomposites with Carbon-Based Materials minimal capacity fading after extended cycles.

« Carbon nanotubes (CNTs) boost conductivity Solid-State Batteries (SSBs)

 Enhance structural robustness of metal oxides LLZO-based solid electrolytes maintained high ionic conductivity

- Lead to better rate capability and cycle life (~1O‘d3 S/cm) and were chemically compatible with high-voltage
cathodes.

 Refs: Ma et al., 2010; Febrian et al., 2021

*LiINbO: coatings on cathodes reduced interfacial impedance,
METHOD enhancing charge/discharge rates and enabling stable cycling at room

temperature.

Methodology: Solid-State Batteries (SSBs) 2D metal oxide materials (e.g., nanosheets) improved ion transport
across solid-solid interfaces, contributing to higher energy densities.
Solid Electrolytes _ _
Comparative Observations

Employed oxide-based solid electrolytes such as garnet-type
Li- Ea3y Zr. O: 2 (LLZO). Y ) yP L IBs with metal oxide nanostructures demonstrated up to 30-50%

Improved energy density compared to conventional electrodes.
*Offers high ionic conductivity and chemical stability. -SSBs showed better safety and longer lifespan, though still facing
o _ - challenges in interfacial engineering and manufacturing scalability.
cEnsures robust lithium-ion transport under high energy densities.

*Overall, metal oxide nanomaterials proved effective across both

*Integrated sulfide-based electrolytes with ionic conductivity comparable battery types for boosting energy performance and structural stability.
to liquids. W

-Enables the use of high-voltage cathode materials. Metal oxide nanomaterials play a pivotal role in enhancing the energy
density and performance of both lithium-ion batteries (LIBs) and solid-

state batteries (SSBs).

oSupports fast ion transport while maintaining structural integrity.

Interfacial Stability Transition metal oxides (e.g., NiO, CuO, ZnO) and binary oxides (e.g.,

-Addressed interfacial resistance by applying LINbOs coatings on NiCuO) offer high theoretical capacities and better cycling stability.

cathode surfaces. Incorporation of carbon nanostructures (like CNTs) enhances electrical

_ _ - conductivity and mechanical robustness of electrodes.
cEnhances interfacial contact and stability.

In SSBs, oxide-based and sulfide-based solid electrolytes deliver high
oImproves initial discharge capacity and electrochemical cycling lonic conductivity and thermal stability.
erformance.
P Interface engineering techniques, such as LiINbOs coatings, reduce
t

Evaluated coating performance using electrochemical impedance

spectroscopy and cycling tests. REFERENCES
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