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-Advanced Functional and Environmental Merits of the Homogeneous Tri-Phase Nano
Catalytic Remediation Platform

Enhanced Deconstruction of Recalcitrant Hydrocarbon Contaminants

By harnessing nanoscale catalytic oxidation and supersaturated reactive nanobubbles, the platform
rapidly fragments persistent hydrocarbon chains—including high-molecular-weight alkanes and
polyaromatic compounds—via radical-driven oxidative cleavage that exceeds the capabilities of
.conventional remediation techniques

Accelerated Remediation Through Multiphase Interfacial Kinetics
The tri-phase system enables simultaneous reactions at multiple depths and heterogeneous soil
.layers, reducing total remediation time by 50-70% compared to traditional methods

Non-Invasive In Situ Application
Injectable nano-dispersions and catalytic gels permit localized, in-place decontamination without the
.need for excavation, minimizing environmental disruption and operational costs

Concurrent Biostimulation via Targeted Oxygen Delivery
Oxygen-rich nanobubbles stimulate indigenous aerobic microbes, enhancing natural biodegradation
.alongside catalyst-facilitated chemical oxidation

Energy-Efficient Operation Under Ambient Conditions
The platform operates effectively at environmental temperatures and pressures, eliminating the
.need for heating or pressure systems and thereby reducing energy demands and emissions

Prevention of Secondary Toxic Gas Emissions
,In situ-generated reactive oxygen species oxidize volatile toxins like H,S and methane before release
.protecting both air quality and public health

Residue-Free and Environmentally Safe
,The process avoids toxic sludge formation; all inputs are selected for their non-toxic, biodegradable
.or recyclable properties

Flexible Deployment Modalities
The system is adaptable as nanomist aerosols, injectable fluids, or reactive gels, tailored to match
.contaminant profile and site characteristics



Real-Time Environmental Parameter Adjustment
Gas type, nanobubble size, catalyst composition, and concentration are tunable in real time
.according to soil pH, porosity, moisture, and pollutant chemistry

Green Design and Regulatory Compatibility
Incorporates biodegradable or recyclable catalysts and tunable particle sizes (nano to millimeter
.scale) to comply with diverse environmental standards

Simultaneous Soil and Water Decontamination
-Ideal for interfacial zones—such as coastal soils, marshes, and wetlands—the homogeneous tri
.phase structure enables unified treatment across both terrestrial and aquatic matrices
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