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ABSTRACT
The management of End-of-Life Tyres (ELTs) and jackfruit peel (JP) represents a critical global
challenge due to their resistance to biological degradation and large-scale generation
respectively. ELTs, with an annual global production exceeding 1.5 billion tons, and the vast
quantities of discarded JP in jackfruit-producing countries highlight the need for sustainable
and eco-friendly solutions for their disposal. This study investigates the co-pyrolysis of ELTs
and JP to produce multifunctional materials for environmental remediation, specifically

focusing on wastewater treatment.

The presence of zinc (Zn) in ELTs, known to enhance catalytic activity, was utilized in the
preparation of a heterogeneous Fenton catalyst. The iron-loaded ELT-JP char exhibited high
degradation efficiencies for both dyes (Methylene Blue and Acid Red 1) and micropollutants
(Cafteine and Tetracycline) through Fenton oxidation. The degradation efficiency was
significantly influenced by parameters such as pH, catalyst dosage, and H>O» concentration.
Using Response Surface Methodology (RSM), these parameters were systematically optimized

to achieve over 90% degradation under optimal conditions.

In parallel, activated carbon was produced from the co-pyrolyzed ELT-JP char with a specific
focus on reducing KOH usage to enhance cost efficiency while maintaining high adsorption
performance. The production process was studied using both microwave pyrolysis and
conventional heating methods, with microwave pyrolysis demonstrating superior outcomes in
terms of yield, BET specific surface area, and energy efficiency. The activated carbon was
applied for the adsorption of dyes and micropollutants, with key parameters such as pH, initial
pollutant concentration, adsorbent dosage, and temperature being optimized using RSM.

Adsorption studies indicated that the activated carbon prepared using microwave pyrolysis was

vil



highly effective, achieving removal efficiencies comparable to those prepared via conventional

methods but with reduced energy and material costs.

The synergistic combination of ELTs and JP in the co-pyrolysis process resulted in materials
with enhanced properties. The catalytic role of Zn in ELTs improved the activity of the
heterogeneous Fenton catalyst, while the high BET specific surface area of the activated carbon
ensured efficient adsorption. A comparative cost analysis of the preparation methods further

underscored the feasibility of microwave pyrolysis for large-scale applications.

This work demonstrates a novel approach to valorising ELTs and JP, converting these waste
materials into value-added products for wastewater treatment. The dual application of the
synthesized materials—heterogeneous Fenton catalysts for degradation and activated carbon
for adsorption—provides a comprehensive solution for the removal of dyes and
micropollutants. By integrating sustainable production techniques, systematic optimization
using RSM, and cost-effectiveness analysis, the study offers a scalable and eco-friendly model
for addressing global waste and wastewater management challenges. The findings align with
circular economy principles, promoting the reuse of waste materials while addressing critical

environmental concerns.
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