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Preparation of fluorine-coated silica coating for

efficient oil/water separation membranes
Abstract

Oily wastewater is still a serious challenge in many industries including crude oil
production, lubricant, petrochemical industry, oil refinery, cooling agents, metallurgical,
flood washing, and metal, food, and textile processing. It is generally recognized that
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oil exists in several forms in the oily wastewater as it is classified into free oil (oil
droplet size > 150 um), dispersed oil (20 um < oil droplet size < 150 pum) and
emulsified oil (oil droplet size < 20 um). The maximum total oil and grease
concentrations in the released waters should be within 10-15 mg/L, according to
environmental guidelines. Accordingly, oil-water separation is a worldwide issue due
to the increasing industrial oily wastewaters and polluted oceanic waters, as well as the
frequent oil spill accidents.

In this study, a novel effective and reusable membrane for oil-water separation
process is introduced based on fluorine-coated silica nanoparticles onto fabrics. An
efficient microwave method is capable of growing silica nanoparticles under
microwave irradiation. Commercial F-containing copolymer is adopted to chemically
modify the surface of silica particles, inducing super water repellency. A typical fabric
serves as substrate, which are uniformly coated with different surface loadings of
resulting silica nanoparticles. Herein the silica concentration is chosen as a key factor
in tuning the efficiency of oil-water separation in the modified fabrics. On the basis of
experimental results, the F-coated fabrics display not only super hydrophobicity
toward daily-used droplets (e.g., water, milk, red wine, and so on) but also excellent
oil-water separation performance with high efficiency of > 93.5 wt.%. The coating
method provides a straightforward way to enhance oil-water separation efficiency with
simplicity, effectiveness, and reusability.

Keywords: Water repellency, Fluorine copolymer, Oil-water separation, Silica
nanoparticles
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Fig. 1.  \ariation of contact angle (including water, milk, and soy sauce droplets)
with concentration of fluorine-containing resin on the treated fabrics.

(a) o . i

Sl

W2~ %7 i3 i i Bk A 5 0.05 WLObhsR A 1+ 1 (a)k ~ (b) % 4 fr(C) b -

Fig. 2. Different liquid droplets sat on the fabrics with 0.05 wt.% F content: (a) water,
(b) milk, and (c) soy sauce.
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Fig. 3.  Photographs illustrating the oil-water separation efficiency of the treated
fabrics with different F contents: (a) 0.025 wt.%, (b) 0.05 wt.%, and (c) 0.075 wt.%.
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Fig. 4. Variation of oil-water separation efficiency with F content on the treated fabrics.
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