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1. Introduction – Nowadays, most of harmful contaminants are based on antineoplastic agents, mainly 

because of their carcinogenic and mutagenic properties and also due to their high persistence, which 

makes conventional treatments carried out by wastewater treatment plants 

inefficient on their removal. That is one of the reasons why advanced 

oxidation processes (AOPs) have been extensively used for the degradation 

of pharmaceutical compounds. Among them, the Fenton process has been 

widely studied. This process is based on the reaction between Fe2+ and H2O2 

to generate hydroxyl radicals (•OH), that will ultimately degrade the 

contaminant because of its high oxidation potential. To facilitate the 

handling of the process, and the reuse of the catalysts, heterogeneous 

Fenton catalysts are being progressively optimized, favouring also the use 

radiation (photoFenton process), to accelerate the regeneration/reduction of 

Fe3+ into Fe2+ and restart the normal cycle of the Fenton reaction. However, 

most of the catalysts employed are based on iron compounds, whose stability and activity greatly depend 

on the pH value of the reaction medium. For that reason, bimetallic catalysts based on iron and copper 

have been specially researched in the last decade. The main objective of this work is the synthesis of 

bimetallic Fe/Cu catalysts based on graphene derivatives for the degradation of the cytostatic 

antineoplastic agent, cyclophosphamide (CP), with the photoFenton process using UV-Vis irradiation, 

studying the effect of pH on the pollutant degradation and the stability of the catalysts. 

 

2. Experimental – Three catalysts were synthesized varying the molar proportion Fe/Cu (i.e., Fe40Cu60, 

Fe20Cu80 and Fe10Cu90) following a method based on chemical reduction. These catalysts were also 

synthetized with a 0.2% wt. on reduced graphene oxide (rGO), using the polyol process. All the catalysts 

were characterized, and their performance was evaluated for the degradation of CP at acidic, natural and 

alkaline pH values, to study the influence of this parameter on the CP degradation and the leaching of the 

active phase.  

 

3. Results and Discussion – A SEM image of unsupported Fe40Cu60 catalyst is shown in Figure 1. The 

morphology of this catalyst seems to consist in spherical nanoparticles which form aggregated with each 

other. All the catalysts were tested on the degradation of a 20 ppm CP aqueous solution. A CP 

degradation of around 70-75% was achieved with all the prepared catalysts in 60 min under UV-Vis 

irradiation. The catalytic performance enhanced with the increase in Cu content in the catalysts, while the 

presence of rGO increases the catalyst stability, exhibiting the best catalytic performance even at natural 

pH. 

 

4. Conclusions  

Fe/Cu bimetallic catalysts (supported and unsupported) were synthesized for the degradation of the CP 

pharmaceutical compound. These materials were doped with a 0.2% rGO. Although doped catalysts 

showed almost the same efficiency on the degradation compared to unsupported ones, their stability 

towards leaching was better, reaching around a 70-75% of CP degradation even at natural pH. 
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Image 1. SEM image of Fe40Cu60  

catalyst. 
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