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ABSTRACT

Applied sonochemistry is emerging as a transformative approach for sustainable
industrial processes, leveraging ultrasonic waves to enhance chemical reactions
through acoustic cavitation, leading to significant advancements across various
sectors while minimizing environmental impact. This technique not only improves
efficiency but also reduces the use of harmful chemicals, making it a cornerstone
of green chemistry initiatives making it a valuable tool in sustainable chemistry.
This method has been successfully employed to recover valuable metals like zinc,
lead, and silver from industrial residues, achieving extraction rates of 76.13% for
zinc and 96.2% for silver. Sonochemistry facilitates the recovery of metals while
simultaneously reducing toxic waste, contributing to sustainable resource man-
agement. This specialized field enhances reaction rates and selectivity through
ultrasound, allowing for milder reaction conditions and improved efficiency. It
aligns with several United Nations Sustainable Development Goals, particularly in
environmental remediation. The integration of nanotechnology with sonochemistry
has shown promise in improving energy transfer and catalytic activity, paving the
way for advanced sustainable processes. Sonoprocesses in textile processing reduce
water and energy consumption while minimizing hazardous waste, promoting eco-
friendly methodologies in an industry known for its environmental impact. While
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sonochemistry presents numerous advantages, challenges such as energy efficiency
and reaction control remain. Addressing these issues is crucial for maximizing the
potential of sonochemistry in sustainable industrial applications.

1. INTRODUCTION
1.1 Definition and Scope of Sonochemistry

Sonochemistry is a branch of chemistry that deals with the study of chemical
and physical transformations induced by ultrasound waves. It involves the use of
high-frequency sound waves (typically in the range of 20 kHz to several MHz) to
initiate or accelerate chemical reactions. These ultrasonic waves generate acoustic
cavitation— a phenomenon where microscopic gas bubbles form, grow, and collapse
violently in a liquid medium, releasing intense localized energy (Rosales Pérez &
Esquivel Escalante, 2024). This energy manifests as extreme temperature (several
thousand Kelvin) and pressure (hundreds of atmospheres) conditions, enabling
chemical transformations that might otherwise require high-energy inputs (Figure1).
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