EXPERIMENTAL RESULTS AND MODELING - iliill - gjluJao g @ l4siyloji aylii
daloillg duapaill

¢ ENGLISH:
Experimental Framework & Computational Simulation

To validate and demonstrate the efficacy of the tri-phasic nano-catalytic remediation platform, a
combination of pilot-scale field tests and advanced numerical modeling was conducted.

Diffusion-Reaction Modeling

The transport and reaction of reactive gas nanobubbles within contaminated soil matrices was modeled
using the advection-diffusion-reaction equation:

8C/at=D 82C/ax*-v 3C/Ix-kC

+ C(x,t): Concentration of pollutant

« D: Diffusion coefficient (cm?/s)

« v: Velocity of nanobubble front (cm/s)

* k: First-order degradation rate constant (1/s)

Boundary conditions: - C(x=0, t) = C, (initial surface concentration) - C(x—>o,t) >0-t>0

Numerical simulation using finite difference method showed effective pollutant penetration and
degradation, especially in moist sandy loam soils under nanobubble injection.

Diffusion Profile

Designed Experiments (DOE)

A parametric sensitivity analysis was conducted with the following configuration:

RUN Contaminant Injection Depth Flow Rate (L/ Reaction Time Biodegradation
Type (cm) min) (hr) %
H

1 eavy 30 1.0 12 58.2
Hydrocarbon

2 Light Oil 50 2.0 8 735

3 Phenol/PAH 40 1.5 10 65.1

4 Mixed (Oil+VOC) 60 2.2 14 80.3



(CSV data included in downloadable format)

Download Full Table

Pilot Projects Review

Comparative analysis of global pilot projects and the proposed platform:
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