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Introduction and Background 

Catechol is a priority phenolic pollutant frequently detected in industrial and natural waters, exhibiting 

high toxicity and resistance to conventional treatment methods. Homogeneous catalytic oxidation processes 

represent an efficient alternative for the abatement of such recalcitrant organic contaminants. The objective of 

this study is to evaluate the efficiency and kinetics of the homogeneous oxidation of catechol in aqueous 

solution under controlled experimental conditions. 

Methodology 

The oxidation experiments were performed in a batch reactor using a homogeneous catalytic system 

based on ferrous ions and hydrogen peroxide. The effects of operational parameters, including initial catechol 

concentration (50 mg/L), oxidant dosage, catalyst concentration, and pH, were systematically evaluated. 

Catechol removal was monitored spectrophotometrically, while mineralization was assessed through chemical 

oxygen demand (COD) measurements. Reaction kinetics were analyzed using a pseudo-first-order models. 

Results 

The results demonstrated a rapid degradation of catechol, with removal efficiencies exceeding 60% 

within the first 200 minutes under optimal conditions. The highest oxidation rate was observed at acidic pH, 

confirming the strong dependence of the process on the reaction medium. Increasing the hydrogen peroxide 

concentration enhanced catechol conversion up to an optimum value, beyond which a scavenging effect was 

observed. The apparent rate constant increased from 1.2 × 10-3 s-1 to 6.8 × 10-3 s-1 with increasing catalyst 

concentration. COD removal reached up to 55%, indicating partial mineralization and the formation of 

intermediate oxidation products. Kinetic analysis confirmed that the oxidation process followed pseudo-first-

order behavior with respect to catechol concentration. 

Conclusions and Implications 

The homogeneous oxidation process proved to be highly effective for catechol degradation in aqueous 

solution, offering fast reaction rates and high removal efficiencies. These findings highlight the potential of 

homogeneous catalytic oxidation as a viable treatment option for phenolic wastewater and provide a scientific 

basis for further optimization and scale-up of advanced oxidation processes for industrial applications. 
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