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Core Mechanism of Action ENGLISH (Doctoral-Level)
Our tri-phasic remediation platform operates through the deliberate integration of three synergistic and
reactive phases: (1) gas-phase nanobubbles with high oxidative capacity, (2) a liquid-phase medium for
directed mass transport, and (3) catalytically active solid-phase nanoparticles. Once injected into
contaminated geological matrices, these components coalesce into a reactive nanoscale colloidal cloud
.capable of initiating multi-pathway in situ redox reactions

Nanobubbles act as submicron-scale chemical microreactors, substantially increasing the interfacial surface
area across gas-solid and gas-liquid domains. Catalysts—typically engineered metal oxides or nanozymes
facilitate electron transfer, enhance the formation of reactive oxygen species (ROS), and selectively—
activate the molecular structure of persistent pollutants. These processes are further intensified by external
energy sources, including ultraviolet irradiation (UV-A/C), magnetic field alignment (to enhance spin and

.charge orientation), and electrochemical potential gradients (to drive interfacial electron flow)

The result is localized mineralization and decomposition of recalcitrant organic contaminants such as
aliphatic and aromatic hydrocarbons, phenolic derivatives, organosulfur compounds, and similar pollutants
converting them into environmentally benign products like carbon dioxide (CO,), water (H,0), and stable—

.mineral salts
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