Heterogeneous catalysts of Fenton reaction for degradation of organic pollutants
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Many organic pollutants in waste water are decomposed by classical procedures only slowly and with difficulties. Advanced oxidation processes (AOP) using reactive oxygen species (ROS) like •OH or •O2 (superoxide) are therefore intensively studied and also utilized. The radicals react with a broad spectrum of organic substances and can also initiate chain oxidation with oxygen. The Fenton reaction (splitting of H2O2 catalyzed by Fe++) is a classical process of generating •OH. This reaction proceeds also under the action of some other ions (Cu, Co, Ni, Mn) and can be enhanced by the presence of complexing or chelating reagents. However, toxic metal ions or ligands are introduced into environment by using soluble catalytic systems. Their removal is then the limiting term. Application of heterogeneous easily removable and reusable catalytical systems of this type appears to be prospective.

Preparation of carriers strongly binding catalytically active metal ions was the first goal of this report. As Fe(II) is oxidized during catalysis to catalytically inefficient Fe(III), also other metals (Cu, Co) were tested. They reversibly reinstate to catalytically active species of lower oxidation state in the reaction system. Chelating carriers with organic as well as inorganic matrices were prepared. Quinolin-8-ol and 8-hydro​xyquinoline-5-sulfonic acid moieties (by Mannich reaction after aminolysis with methylamine) and tris(aminoethyl)amine were introduced into macroporous poly(glycidyl methacrylate-co-ethy​lene dimethacrytale) matrix. Chelating carriers based on silica and zirconia were prepared to prevent oxidative degradation of matrix. Silica was silanized with (3-aminopropyl)trimethoxysilane and modified with ethylenediaminetetraacetic (EDTA) dianhydride or mixed trianhydride of nitrilotriacetic (NTA) acid and ethyl carbonic acids, to introduce EDTA and NTA moieties. Chelating carriers with zirconia matrix were prepared either by modification of high surface area zirconia by ethylenediaminetetraacetic acid and diethylenetriamine penta​(methylphosphonic acid) or by precipitation of zirconylchloride with ammonia in the presence of EDTA. The carriers were converted to the Fe(II), Cu(II) or Co(II) form and their properties determined. Stability of metal bonding and their efficiency in the reaction with hydrogen peroxide were investigated. The activity of the ligands in solution was compared with that of the ligands immobilized on matrix. Degradation of polycyclic aromatic hydrocarbons (anthracene, benzo[a]pyrene, chrysene, fluoranthene) and selected dyestuffs by hydrogen peroxide catalyzed with heterogeneous catalysts was also studied.
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