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Introduction

Mechanochemistry has gained substantial attention
over the past two decades as an alternative and
environmentally friendly approach for material
synthesis. Unlike traditional chemical methods that
rely heavily on solvents and high temperatures,
mechanochemistry uses mechanical energy, such as
grinding or milling, to initiate chemical reactions in
the solid state. This solvent-free approach not only
reduces chemical waste but also aligns with the
principles of green chemistry [1].

The roots of mechanochemistry date back to the
early 19th century, but it has only recently been
recognized as a legitimate technique in modern
chemistry. The fundamental principle involves
using mechanical forces—such as compression,
shear, or friction—to alter the potential energy
surface of a system, thereby facilitating bond
formation or breaking. Ball milling is the most
common method used in mechanochemical
synthesis, although techniques like twin-screw
extrusion are also being explored [2].

Mechanochemical  synthesis  offers  several
advantages over conventional methods. First, it
minimizes or eliminates the use of toxic solvents,
significantly reducing the environmental impact.
Second, it often enables faster reaction rates and
higher yields. Third, it allows for the synthesis of
metastable or otherwise inaccessible compounds.
This makes mechanochemistry particularly
valuable in the synthesis of advanced materials like
metal-organic frameworks (MOFs), perovskites,
and nanocomposites [3].

Mechanochemistry has proven to be highly
effective in the development of advanced materials
with applications in electronics, energy storage,

catalysis, and environmental remediation. For
instance, it has been used to synthesize lithium-ion
battery cathodes, high-surface-area catalysts, and
semiconductor materials. These materials often
exhibit superior properties due to the unique
microstructures  formed  during  mechanical
processing [4].

One of the most compelling aspects of
mechanochemistry is its alignment with the 12
principles of green chemistry. By eliminating
solvents and reducing energy input,
mechanochemical methods decrease the overall
environmental footprint of chemical processes.
Moreover, the closed systems used in ball milling
reduce the risk of chemical exposure and
emissions, making these processes safer and more
sustainable [5].

Conclusion

Mechanochemical synthesis offers a transformative
approach to the preparation of advanced materials,
combining environmental sustainability with
chemical innovation. As challenges related to
scale-up and mechanistic understanding are
addressed, mechanochemistry is poised to play a
critical role in the future of material science and
industrial chemistry. Its promise of greener, faster,
and more efficient synthesis methods aligns
perfectly with the global push toward sustainable
development.
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