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Introduction

Among pharmaceutical products (PPs) that are commonly found in aquatic environments, Diclofenac sodium (DCF) was identified as a recalcitrant compound to conventional wastewater treatments showing a low biodegradability. Indeed, the removalpercentage of this non-steroidal pharmaceutical substance during wastewater treatment processes typicallyranges from 21% to 40% [6], which explains its presencein surface water, groundwater and even in drinking water [1][2][3]. DCF is, together with the synthetic hormone17a-ethinylestradiol, one of the few pharmaceutical compoundsthat had proven to be ecotoxic, and it affects bothaquatic and terrestrial ecosystems [4][5]. Adsorption is the most appropriate easy way to remove both inorganic and organic micropollutants. Clay minerals were for a long time known for their outstanding adsorption properties. However, although being used in drinking water treatment, these layered materials turn out to be ineffective for the sequestration of persistent nonpolar hydrophobic contaminants and/or negatively charged organic species such as DCF [6][7][8]. Surfactants used as chemical modifier for the preparation of organoclays or as micelle in solution generate an appropriate hydrophobic environment for the adsorption of emerging micropollutants. Indeed, the intercalation of cationic surfactants, through ion exchange with the inorganic cations, switches the chemical nature of the starting layered material from hydrophilic to hydrophobic. Moreover, the resulting organoclay composite layered materials show a wide opening of their interlayer space that significantly improve the adsorption of numerous organic compounds [8]. Nevertheless, the improvement of the sequestration mainly depends on both the chemical nature and the structural organization of the intercalated surfactants. Thus, surfactants showing a long alkyl chains such as hexadecyltrimethylammonium (HDTMA) create an appropriate organic environment within the inorganic frame for the adsorption of alkanes whereas modifiers such as benzyl decyltrimethylammonium (BDTA) show an excellent affinity with aromatic compounds [8]. The aim of this work is to the study the adsorption of DCF onto different organoclays showing different arrangements and chemical nature under several temperature and pH environmental conditions and with the use as well of surfactant micelle organoclay complexes.

Methods

A Na exchanged montmorillonite (Mt) was used as a starting layered material for the preparation of organoclays synthesized with BDTAand HDTMAcationic surfactants. The adsorption of the surfactants was performed at amount of 0.4, 1 and 4 times the cation exchange capacity (CEC), leading to the intercalation of a lateral monolayer, lateral bilayers and paraffin (or normal bilayer) surfactant arrangement within the interlayer space of BDTA-Mt and HDTMA-Mt organoclays. The environmental adsorptionproperties for DCFof the whole prepared absorbents (including the starting Na-Mt) as well as organoclay and cationic surfactant micelle complexes were characterized by a set of complementary techniques: Xray diffraction (XRD), gas chromatography coupled with mass spectroscopy (GC/MS), Fourier transform infrared (FTIR) spectroscopy.

Results and discussion

The equilibrium adsorption isotherms obtained byGC/MSand the derivative data determined through the fitting procedure by using Langmuir, Freundlich and Dubinin-Radushkevitch equation models explicitly highlight that the magnitude of the adsorption of DCF was correlated to the density of surfactant. The supplementary FTIR and XRD results support the proper adsorption and intercalation of DCF within the interlayer space of the organoclays. However, as expected for the starting raw clay mineral, no or traces of DCF adsorption was observed due to the antagonist charges of both DCF and Na-Mt. In contrast, organoclay composite layered materials show in one hand a sufficient hydrophobic environment and on another hand once surfactant is intercalated at high concentration (i.e. > 1 CEC), display an excess of positively charged surfactant sites that contribute to the adsorption of DCF. In other words, DCF could be adsorbed through two mechanisms: weak molecular interaction with the hydrocarbon chains of surfactants and due to strong electrostatic interaction with surfactantsfor organoclays prepared with surfactants at 4 times the CEC. Moreover, positively charged micelle surfactants form with DCF ionic complexes in solution that could be totally intercalated through molecular interaction into organoclays, which is confirmed by both XRD and FTIR results.

Conclusion

Organoclaysshowed their particular adsorption properties for DCF. The adsorption was enhanced as the density of surfactant was increased within the interlayer space of the hybrid materials highlighting electrostatic interaction between DCF and surfactant. The combination of both organoclay and surfactant micelle in solution allowed a total adsorption of DCF and may represent a powerful way for the treatment of wastewater.