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INTRODUCTION & AIM RESULTS & DISCUSSION

D . . , Silicon anodes achieved very high capacities — up to
Lithium-1on batteries (LIBs) are pivotal to | 398 45 mAn o1 retaining 1,248.76 mAh g after 500

modern energy storage systems, powering cycles, but face expansion and emission challenges.

everything fr()m portable electrgnics 1o electric NiCkCl-I’iCh, cobalt-free cathodes showed ~200 mAh g_l

vehicles and grid infrastructures. With rising gglﬁ%ig chggtl;%h;’?ﬁl‘geélgncifgszggy%yezles, offering
0 - .

global energy demands and sustainabil.ity Vanadium oxides delivered ~400—450 mAh g' capacity
concerns, the development of next-generation and 80 % stability after 200 cycles, combining
LIBs hinges on the discovery and application performance with low cost and abundance.
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of advanced materials that can enhance energy SPnel LiMnz20. gave 94.5 mAh g™ capacity and 95.9 %

. . . retention after 100 cycles, proving excellent rate
density, safety, cycle life, and environmental capability and thermal stability.

compatibility. Composite polymer electrolytes (CPEs) reached 130
mAh g™' at 1 C, with 98 % retention after 100 cycles and

METHOD enhanced safety at <150 °C.

This review synthesizes findings from over a Post-lithium systems (Na, Mg, Ca) showed lower
decade of research on LIB material Oiiusion (10510 cm®s ) but high sustamability and

. . . . material abundance.
innovations. A comprehensive analysis of
: : : : CONCLUSION
recent studies, including those focusing on , , ,
The development of high-performance LIBs 1s closely tied to

clectrode ¢ (C)lmp ositions, de lec tr.Oll ytes, breakthroughs in materials science. While significant progress
separators, and nanostructured materials, was has been made 1in enhancing energy density, thermal stability,

undert alf en. The methodology includes 4,4 cycle life, issues of cost, safety, and environmental impact
comparative assessments of anode and cathode remain. The future of LIBs will be defined by the integration of

chemistries, electrolyte performance, silicon-based anodes, cobalt-free cathodes, safer solid-state
nanocomposite integration, and life cycle -electrolytes, and scalable nanomaterial applications.

environmental impact studies REFERENCES

References
Performance Comparison [1] Liang, C., Gao, M., Pan, H., Liu, Y., & Yan, M. (2013). Lithium alloys and metal
oxides as high-capacity anode materials for lithium-ion batteries. Journal of Alloys
Material/ﬂvstem Spggi'ﬁc [:Yclmg Rate Remarks and Compounds, 575, 246-256. httpS//dOlOI'g/lOlOl6/] Jallcom201304001
Capacity Stability Performance [2] Borthakur, B., & Borthakur, P. P. (2024). The role of thermal analysis in engine fin
(mAh g”) design: Insights and perspectives. Recent Patents on Engineering, 18(8), 153—-161.
B https://doi.org/10.2174/0118722121266385230926130027
Silicon Anodes 1,398.45 1,248.76 1,139.3 mAh | High volume [3] Borthakur, P. P. (2025). Nanoparticle enhanced biodiesel blends: Recent insights
mﬁhg_‘l(SD[] 5_13'[1“[][]”1.!{'\. Expanﬁ{]nmiﬁgated and deVelopmentS. HYbrld AdVaIlCCS, 10, 100442.
o 3 ¥ . https://doi.org/10.1016/j.hybadv.2025.100442
cycles) g by composites
[4] Sonowal, K., Borthakur, P. P., Baruah, E., & Boro, P. R. (2025). Engineering TiO2
Nickel-Rich — 72% after High-voltage | Cobalt-free and nanoparticles: Properties, synthesis and applications in modern industries. In
1 ) : Emerging frontiers in mechanical engineering research: Multidisciplinary research
Chthodes M cyces stability costetipetive perspectives (Vol. 1, pp. 49-71). Aikinik Publisher.
Vanadium Oxides | ~400 Promising Ongoing Abundant and low- [5] Pathak, K., Ahmad, M. Z., Sahariah, J. J., Sahariah, M., Konwar, S., Talukdar, B.,
optimization | cost Das, A., Borthakur, P. P., & Gogoi, A. (2025). Bioinspired nanocarriers for advanced
drug delivery. Nano Express, 6(3), 032001. https://doi.org/10.1088/2632-959X/ad{tof
Spinel LiMn,04 94.5 95.9% after | High power | Eco-friendly [6] Boro, P. R., Borthakur, P. P., Baruah, E., Deka, R., & Sonowal, K. (2025). A
100 cycles rates review of properties, synthesis procedure, characterization and application for silicon
oxide nanoparticles. In Emerging frontiers in mechanical engineering research:
Composite Polymer | 130at 1C | 98% after Good Enhanced safety Multidisciplinary research perspectives (Vol. 1, pp. 73-99). Aikinik Publication.
Electrolytes 100 cycles and flexibility [7] Wu, Z., & Kong, D. (2018). Comparative life cycle assessment of lithium-ion
batteries with lithium metal, silicon nanowire, and graphite anodes. Clean

Technologies and Environmental Policy, 20(6), 1233-1244.

https://sciforum.net/event/IOCM2025



