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INTRODUCTION & AIM RESULTS & DISCUSSION

Mechanistic Insights: Mass Transport & Adsorption Kinetics on MWCNTs

Phenol remediation from contaminated effluents presents a
critical industrial challenge due to its acute toxicity even at

A. Nanoscale Architecture Advantage B. Effluent Polishing Dynamics
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(dext — 50 nm) parameterlzed Wlth pUbIIShed experlmental Particle Diameter, d, (nm) Phenol Concentration, C; (mg/L)
equilibrium data under neutral pH conditions at 298 K [1, 4, 5].

METHOD

Kinetically Controlled Regime
Thiele Modulus ¢ < 1
Effectiveness Factorn = 1.0

Experimental Data MWCNTs Parameters
Neutral pH, 298 K deyr = 50 nm

Theoretical Validation Nanoscale Advantage
Dependence ¢ oc C;0-2° 10°x reduction in diffusional
numerically validated limitations vs. macroscopic

Mathematical Model

Effective Pore Diffusivity

D, = 4.82 x 10710 m:'z/s Effluent Polishing Operational Adjustment

5 — 1 mg/L increases Requires proportional increases
relative resistance by +49.5% In contact time or dosage

Evaluated Scenarios

Optimization Insights
Significantly reduced contact times

. . . .. (3) Parametric Analysis for phenol remediation using nano-adsorbents
(1) Physical Adsorption (2) Kinetics T —— g

Modified Fick's 2nd Law 0.5-order reaction : )
| Cs: 1-5 mg/L CONCLUSION

This phenomenological analysis provides fundamental
mass transport insights for optimizing phenol remediation
systems using nano-adsorbents.
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