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Lithium-ion batteries (LIBs) are pivotal to 
modern energy storage systems, powering 
everything from portable electronics to electric 
vehicles and grid infrastructures. With rising 
global energy demands and sustainability 
concerns, the development of next-generation 
LIBs hinges on the discovery and application 
of advanced materials that can enhance energy 
density, safety, cycle life, and environmental 
compatibility.

This review synthesizes findings from over a 
d e c a d e  o f  r e s e a r c h  o n  L I B  m a t e r i a l 
innovations. A comprehensive analysis of 
recent studies, including those focusing on 
e l ec t rode  compos i t ions ,  e l ec t ro ly t e s , 
separators, and nanostructured materials, was 
undertaken.  The methodology includes 
comparative assessments of anode and cathode 
chemis t r ies ,  e lec t ro ly te  per formance , 
nanocomposite integration, and life cycle 
environmental impact studies

Silicon anodes achieved very high capacities — up to 
1,398.45 mAh g⁻¹, retaining 1,248.76 mAh g⁻¹ after 500 
cycles, but face expansion and emission challenges.
Nickel-rich, cobalt-free cathodes showed ~200 mAh g⁻¹ 
capacity with 72 % retention after 300 cycles, offering 
30–40 % cost reduction over Co-based types.
Vanadium oxides delivered ~400–450 mAh g⁻¹ capacity 
and 80 % stabil i ty after  200 cycles,  combining 
performance with low cost and abundance.
Spinel LiMn₂O₄ gave 94.5 mAh g⁻¹ capacity and 95.9 % 
retention after 100 cycles, proving excellent rate 
capability and thermal stability.
Composite polymer electrolytes (CPEs) reached 130 
mAh g⁻¹ at 1 C, with 98 % retention after 100 cycles and 
enhanced safety at ≤150 °C.
Post-lithium systems (Na, Mg, Ca) showed lower 
diffusion (10⁻¹²–10⁻¹³ cm² s⁻¹) but high sustainability and 
material abundance.

The development of high-performance LIBs is closely tied to 
breakthroughs in materials science. While significant progress 
has been made in enhancing energy density, thermal stability, 
and cycle life, issues of cost, safety, and environmental impact 
remain. The future of LIBs will be defined by the integration of 
silicon-based anodes, cobalt-free cathodes, safer solid-state 
electrolytes, and scalable nanomaterial applications. 
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