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Abstract

The spill of oils and petrochemicals in water environments can cause great ecological system damage, leads to pollution and energy waste and threatens human health. Fast and economic techniques to remove the oil from the water, such as burning of the oil and the use of dispersants, cause collateral pollution. Other traditional techniques such as oil skimmers, air flotation, and centrifugation are limited by low separation efficiency, cumbersome equipment and high cost. We have developed a kit to efficiently clean up oil from water surfaces: hydrophobic/oleophilic membranes and two types of oil selective sorbents. These materials are based on carbonaceous nanoparticles (NPs) produced via RF plasma polymerization of commercial grade acetylene. The NPs are hydrophobic and form a highly porous nanostructure that can be used as a nanosponge adsorbing up to 30 g/g (ASTM 726-12) of oil. The NPs can also be deposited over a wide variety of permeable substrates such as polypropylene non woven fabrics, creating a hierarchical rough surface that works as an oil selective membrane. It is able to resist water pressure up to tens of centimeters and to successfully separate oil from water in continuous gravity driven separation tests. Studies show that it is possible to optimize the permeability-water pressure resistance compromise properties of the membranes according to the application needs. The combination of these selective membranes and highly adsorbent commercial polymeric fiber filling leads to low weight, low production cost pillow type sorbents which repel water while achieving up to a 50 g/g sorbency. These sorbents also allow the recovery of up to 80% of the adsorbed oil and can be reused. Given the availability of RF plasma equipment on industrial scale, the materials reported here could be large scale produced.
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ABSTRACT
Selective sorbents are used in mixtures of liquids to extract only some of them. In this work, light weighted sorbents were produced by the combination of a porous polypropylene membrane treated in a radio-frequency plasma reactor and various polymeric fills. A submersion test was performed to characterize the sorbents, which consist in their submersion in the liquid and a posterior draining by gravity. A maximum absorbance of 50 was achieved for a fill density of 4.7 kg/m3, dropping with increasing values.

1. INTRODUCTION
Oil-spills in water encouraged the scientific community to explore several methods for their recovery. Sorbents had been proposed for more than 50 years for this purpose (Schatzberg, 1971) being polypropylene the market's choice, regarding its low cost and relative high oleophilicity. Nevertheless, many other materials are being tested for absorption purposes (Dong et al., 2016). In this work, sorbents were produced by means of two components: an oleophilic and hydrophobic membrane of selective permeability along with a sorbent polymeric fill. The membrane was made using plasma polymerization technology, which  is used for the synthesis and deposition of nanoparticles over porous substrates (Goyanes et al., 2016), increasing dramatically its specific surface area and reducing water wetting.
2. MATERIALS AND METHODS
The sorbent membrane was a polypropylene nonwoven fabric of 13.84 g/m2 surface density treated in a radio-frequency plasma reactor, according to a patent pending of the group (Goyanes et al., 2016). This treatment covers the fabric with polymeric hydrophobic and oleophilic nanoparticles, 90% of them less than 100 nm size, forming a mesoporous structure.
Afterwards, the membrane was folded and filled with polymeric fibers, forming selective and absorbent low weight wipes (the sorbent) of approximately 50 cm2 area and less than 400 g/m2. Many volumetric densities of a given  fill were evaluated, using a material protected by industrial secret.
Sorbents efficiency was tested according to norm ASTM 726-12. It consists in the submersion of the sorbent in the fluid to be absorbed (crude oil, motor oil and sunflower oil) and measure of the retained weight after 30 seconds of rising the wipe. Fluid loss over time was measured with a digital scale, from where the hydrodynamics of the draining process can be obtained.
3. RESULTS AND DISCUSSION 
Gravity draining of different combinations of membranes and polymeric fills were studied. Figure 1 shows the effect of the fill density and a photograph of the final wipe. Absorbance increases by lowering the fill density, achieving a maximum of 50 at 30 seconds (time according to the norm) for 4.7 kg/m3. Lower densities may improve absorbance, but result in a considerably loss of mechanical stability of the wipes.

Efficiency of the sorbent varies with the fluid to be absorbed, showing a strong dependence on its viscosity.
4. CONCLUSION
Selective oil absorbent wipes were successfully produced, achieving a maximum absorbance of 50 for sunflower oil and a fill of 4.7 kg/m3.
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