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From Dual Waste to Resources: A Quinary Nanocomposite
from Walnut Shells and Spent Catalyst for Refinery and
Cooling Tower Wastewater Treatment and Brick
Manufacturing)

Abstract:

Industrial wastewater, especially from oil refineries and cooling towers,
poses increasing environmental challenges requiring advanced solutions
beyond conventional methods. This study presents an enhanced five-
component nanophotocatalyst TiO,/Fe;0,/BiV0O,/ZnO/AC (TFBAZ)
combining efficient charge separation under visible light, rapid magnetic
recovery, anti-biofilm properties, and highly porous activated carbon from
walnut shells for improved adsorption. The system integrates advanced
treatment including optimized coagulation (ferric chloride, lime, bentonite,
polyacrylamide), deep filtration, anion exchange, and photocatalytic
oxidation. It achieved excellent removal of phenols (99%), oils and grease
(99.5%), and (chemical oxygen demined) COD (98%) in refinery
wastewater, with similar reductions in cooling tower water within 180
minutes. The process operates efficiently under natural sunlight, enhancing
economic viability. The study applies circular economy principles by
converting treatment sludge into compliant building bricks and using
walnut shells and spent catalyst ((V,Os) in catalyst synthesis, offering a
sustainable solution for hazardous industrial waste.

Keywords: Advanced Oxidation Processes; Bismuth Vanadate; circular
Economy; Chemical oxygen demined; Cooling Tower Blowdown; Petroleum
Refinery Wastewater; Phenol Degradation; Magnetic Nanocomposite; Zinc

Oxide.
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