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1. Introduction –Diclofenac (DCF) and naproxen (NAP) are two organic pollutants most detected in

water around the globe. In this sense, the object of study was the removal of those pollutants in real

influents and ultrapure water using catalytic wet peroxide oxidation

(CWPO) with magnetite on multi-walled carbon nanotubes (MWCNTs).

So, the operating conditions (pH, temperature and hydrogen peroxide) of

CWPO process of NAP and DCF in ultrapure water were evaluated by

response surface methodology (RSM) coupled with Box Behnken Design

(BBD). Furthermore, proof of concepts of CWPO using different water

matrices (surface water (SW), hospital wastewater (HW) and wastewater

treatment plant (WWTP)) without spiked NAP and DCF were 

performed. Additional to this study, the mechanism of degradation of 

both pollutants was predicted. From all the results of this study, CWPO 

process was successfully proved to remove DCF and NAP. 

2. Experimental - The catalyst was prepared following the methods of 

co-precipitation and hydrothermal treatment. Batch CWPO experiments were carried out in a glass flask 

containing a NAP-DCF solution with magnetic stirring. Temperature and pH were adjusted to the 

required value; then, the catalyst, and the required H2O2 dose both were added (Considered as zero min). 

Real influents were started in the same way. After 3h of reaction, the catalyst was separated using a 

magnet to after being washed and dried. At regular time intervals, NAP-DCF samples were collected, 

filtered and analyzed. Dissolved iron was measured by o-phenanthroline method. H2O2 concentration was 

measured at 410 nm. 

3. Results and Discussion -The optimized operating parameters in CWPO of NAP-DCF in ultrapure by

RSM-BBD were: 3 mM H2O2 dosage, 60°C and pH 6.5., with efficiencies of 57 % for DCF and 20% for

NAP. The pathway reaction showed to follow two mechanisms reactions to every pollutant. The

recyclability demonstrated an average of 60% for DCF and 20% for NAP. DMPO-OH signal in

Fe3O4/MWCNTs-H2O2, indicated that •OH were responsible for NAP-DCF degradation (Figure I). The

CWPO processes of SW showed to be very effective in TOC removal (~50%). Meanwhile, HW and

WWTP matrices showed lower degradation. Low TOC efficiencies for hospital wastewater can be

attributed to the high content of aromatic and some metallic compounds that act as scavengers of H2O2.

Finally, the aromaticity of the treated real effluents was successful. CWPO effluents of real matrices

showed a reduction in their initial toxicities.

4. Conclusions - The Fe3O4/MWCNTs catalyst showed to be magnetic and active in CWPO reaction.

Using RSM coupled with BBD design, a quadratic polynomial equation was obtained, for NAP and DCF

removal, by multiple regression analysis. The optimum combination (pH = 6.5, T=60°C and [H2O2] = 3

mM) made to reach NAP (18 %) and DCF (57%) removal. Related to its stability, the catalyst showed

good recyclability (~60% for DCF and ~20% for NAP). The predicted pathway reaction was proposed.
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Figure I. EPR spectra of DMPO adducts 

a) DMPO; b) DMPO with catalyst; c)

DMPO adduct formed in a reaction

mixture at 0 min and d) DMPO adduct

formed in a reaction mixture at 23 min. 
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