-MODES OF APPLICATION - Tri-Phase Nano
Catalytic Remediation System

ENGLISH (Doctoral-Level) ¢

Operational Modalities

The tri-phase nanocatalytic remediation system has been meticulously designed for adaptive deployment in
.three primary operational modes. Each configuration is optimized for unique environmental matrices—gas
Jliquid, and semi-solid—and tailored to interact efficiently with site-specific contaminant classes

:Nano-Mist Dispersion (Quasi-Gas Phase)

An ultra-fine aerosol composed of nanobubbles and catalytic nanoparticles, dispersed in a
pressurized gas carrier. This mode excels in treating airborne and surface-bound volatile organic
compounds (VOCs) and gaseous pollutants such as hydrogen sulfide (H,S) and methane. Enhanced
.interface kinetics between gas and contaminant surfaces enables swift oxidative neutralization

:Injectable Nanofluid (Quasi-Liquid Phase)

A stabilized colloidal formulation of nanobubbles, dispersed catalysts, and a tailored carrier liquid for
subsurface injection. Designed to infiltrate both vadose and saturated zones, it facilitates deep in
situ breakdown of hydrocarbon contaminants while stimulating indigenous microbial communities
through oxygen enrichment and catalytic activation. Rheological tuning enables adaptation to
.diverse soil structures

:Catalytic Nanogel (Quasi-Solid Phase)

A viscoelastic gel matrix embedded with immobilized catalysts and slow-release nanobubbles, ideal
for targeted and sustained remediation. This mode provides long residence time, gradual radical
delivery, and persistent oxidative action. Recommended for passive remediation zones, including
.wetland methane control, livestock effluents, and isolated pollution hotspots

,Each modality is selected based on dynamic site diagnostics—pollutant chemistry, geochemistry
.temperature, and moisture—ensuring high degradation efficiency with minimal ecological disruption
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