Modular Multi-Phase Treatment Strategy
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ENGLISH ¢
Scalable and Scientifically Engineered Remediation Architecture

The tri-phasic nano-catalytic remediation system is a modularly structured, highly adaptable technological
platform designed for phased and site-specific deployment. Its advanced engineering facilitates precision
treatment of complex hydrocarbon contamination matrices, accommodating a wide range of physical and
chemical heterogeneities. This flexibility underpins not only operational scalability but also fosters empirical

.confidence through demonstrable remediation efficacy under controlled and field conditions

Phased Mechanistic Implementation Pathway -

Phase I - Superficial Bio-Oxygenative Activation

Stable gaseous nanobubbles—composed of air or molecular oxygen—are systematically introduced into
surface soil moisture strata. This enhances dissolved oxygen availability in the rhizosphere, stimulating
.indigenous aerobic microbiota and initiating oxidative biodegradation of labile hydrocarbon fractions
,Empirical data confirm that this oxygenation process, even in the absence of exogenous catalytic agents
.markedly elevates microbial respiration and soil biological turnover

Phase II - Catalysis-Driven Subsurface Penetration

Following initial microbial activation, a colloidally stable dispersion of reactive nanogases and engineered
-catalytic powders is deployed into the subsoil horizon. This intermediate phase is pivotal in targeting semi
volatile and recalcitrant compounds—such as asphaltenes and polyaromatic hydrocarbons—via enhanced
.electron transfer, leading to their accelerated oxidative cleavage

Phase III - Energy-Coupled Molecular Disintegration
In geochemical zones exhibiting high contaminant resistance, energy-assisted mechanisms are integrated
into the catalytic process. These include ultraviolet photolysis, magnetic induction, pulsed electric field
application, and acoustic cavitation. Each modality facilitates radical generation, lowers activation
thresholds, and augments electron mobility within the remediation matrix—culminating in the complete
.molecular breakdown of complex pollutant structures

Deployment of these phases may proceed sequentially or in tailored combination, governed by granular
.site diagnostics, hydrocarbon speciation, environmental constraints, and required intervention timelines
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