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Abstract: Because of its environmental and economic impact, oil contamination is a global concern, 
and the treatment of oily water leftovers a challenge to environmental scientists and technologists. 
Amid current techniques for oil treatment, sorption is popular since it is inexpensive, easy and 
effective. Non-toxicity and availability at a competitive price are important aspects in the selection of 
adsorbents. In the present investigation, the effectiveness of a commercially existing hydrophobic 
nano-silica (R 812) was examined for the removal of motor oil (HD 40) from oily water, with the 
effect of pH being analyzed for its removal efficiency. The highest removal of oil (up to 95%) was 
obtained for a pH value of 7. The results of the batch kinetic studies revealed a high level of 
correlation with first-order kinetics. The adsorption isotherm behavior was also studied for different 
adsorbent dosages at pH 7. The isotherm data were fitted with various models reported in the 
literature. The fit was mostly found to be poor. It is found here that nano-silica (R 812) with a 
surface area of 260 m2/g can effectively remove as much as 15g of motor oil per gram of the 
adsorbent at neutral pH. 
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1    Introduction 

One of the utmost challenging environmental snags today, is the removal of oil from wastewater 
(Quevedo et al., 2009).The petroleum reserves are continuously being exploited leading to ongoing oil 
pollution in marine and terrestrial environment both. It is estimated that annually 1,300,000 tons of oil 
enter the sea (National Research Council, 2003), around 53% of which comes from human activities such 
as petroleum extraction, transportation and consumption (International Petroleum Industry 
Environmental Conservation Association, 2005). The catastrophic effects of the environmental event are 
evident when considering that the highest concentration of some petrochemicals in water e.g. benzene 
are 0.005 mg/L. Just one litre of benzene can make several million gallons of water unsafe for humans 
(Eweis et al., 1998). 

As the oil mixes with water, it produces a form of emulsion that must be treated before it is discarded, 
as it is a toxic substance. Even small amounts of this oil can cause negative reactions, as it poses a 
hazard to the microorganisms involved in the biodegradation of sewage.Therefore, the effective 
separation of oil from the produced fluids prior to the disposal of effluents has long been a challenging 
technical task in the petroleum industry (He and Chen, 2003; Xia et al., 2003; Rajakovic and Skala, 
2006; Sayed and Zayed, 2006). 

There are various hydrophobic adsorbent  used in current years, such as natural sorbents: Populus 
seed fibers, Silk-floss fiber, Hollow carbon fibers of natural cotton, Kapok fiber, Silkworm cocoon waste, 
Fir fibers, Low & high micronaire raw cotton, Kenaf core, Cattail fiber, Salviniasp, Low grade raw 
cotton fibers, Cotton grass, Sugar cane bagasse, Human hair, Sugi fiber, Milkweed, Rice husk, Corn 
stalk (agriculture residue), Wheat straw, Barely straw, Chrome shavings, Sisal leaves, Cellulosic fibers, 
Modified wheat straw, Sawdust, Coconut coir, Mixed sawdust, Wool fibers, Coir fiber, Sponge gourd, 
Reed canary grass, Leaves residues, Hemp fiber, Treated bark, Hydrophobic aquaphyte – Salviniasp, 
Bentonite, Peat moss, Chitin, Raw luffa fibers, Rubber powder, Walnut shell, Protein wastes (feather, 
goat hair), Green coconut shells, Garlic and onion peel, Corn cob, Wood chips, Coconut husk, Chitosan, 
Mucorrouxii and Absidiacoerulea (Syed , 2015). 

Organic polymers (synthetic): Fabricated polystyrene (PS) fibers, Nano-porous polystyrene fibers, 
Composite of polypropylene fiber and waste tire powder, PBMA/SiO2 coated kapok fiber, Coated kapok 
fiber, Polydimethylsiloxane treated mesoporous grapheme, Super hydrophobic kapok fiber, 
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Polypropylene fiber cut, Polyurethane sponge, Oil Superabsorbent Polymer (Oil–SAP), Macroporous 
rubber gels (organogels), Acetylated kapok fibers (PAKF), Polyester sponge , Cellulose aerogel of paper 
waste, Graphite/isobutylene-isoprene rubber (IIR), Butyl Rubber, Ternary polyacrylate copolymer resin, 
Hydrophobic cotton fibers, Butyl acrylate grafted polypropylene fiber, Polypropylene, Ethanol grafted 
polyacrylonitrile, Wool-based nonwoven material, Nano-porous polydivinylbenzene (PDVB), 
Polydimethysiloxane coated (PDMS) silica nano-particles, Nonwoven polypropylene, Foams of 
polyurethane or polyether, Polyurethane foams, Organo-clays, Surface treated hydrophobic aerogel 
granules, Fatty acid grafted sawdust (oleic, stearic, decanoic), Vegetable oil grafted sawdust (mustard, 
castor), Cyclopean-tadiene oligomers (CPDO) poly(dimethylsiloxane) (PDMS), Glycerol modified 
vermiculite, Organic/mineral powder, Amberlite XAD-4 , Magnetic polymer nanocomposites, Hydrogel 
of chitosan (polyacrylamide), Waste tire powder, Hexadecyltrimethylammonium modified fly ash, 
Dodecyl benzene sulphonic treated MgCO3, CaCO3, Sodium oleate modified high calcium fly ash, Palm 
leaves (modified), X-type zeolite (propyl, esterification), Magnetically super hydrophobic bulk material, 
Polyester fiber, Surfactant modified barely straw, Polyethylene, Hybrid-modified resin, Bromide 
modified polystyrene resin, Dodecyl benzene sulphonic treated CaO, MgO and Yellow horn shell residues 
(Syed , 2015). 

Mineral materials (inorganic): CNT sponge, Carbon nano-tube sponges, Exfoliated graphite, 
Carbonized fir fibers, Exfoliated vermiculite /carbon nanotube (EV/CNT-fluffy), Acetylated cellulose 
fibers (corn straw), Vertically aligned carbon nanotubes, Magnetic carbon nanotube sponges (Me-CNT 
sponge), Exfoliated vermiculite /carbon nanotube (EV/CNT-90), Carbonized pith bagasse , Nano-wire, 
Peat (PT-1), Hydrophobic silica aerogels, Expanded Perlite, Carbonized rice husks, Black rice husk ash, 
Amorphous silica, Silica xerogels, White rice husks ash, Hydrophobic aerogel, Chemically treated and 
untreated sludge of petroleum refineries, Loof ash skeleton, Sepiolite, Hydrophobized vermiculite 
(carnauba wax), Hard coal, Hydrophobic nano silica, Na-bentonite, Expanded vermiculite, Activated 
carbon, Talc, Fly ash, PTMA & ODTMA montmorillonite, Eggshell, Zeolites, Bentonite and Sand 
(Syed , 2015; Brandão, et al., 2010; Annunciadoet al., 2005; Gammounet al., 2007;Lim and Huang, 2007; 
Cambiellaet al., 2006;Husseinet al., 2008;Viraraghavan and Moazed, 2003; Ahmad et al., 2005; 
Banerjeeet al., 2006; Ahmad et al., 2005;Mysore et al., 2005; Radeticet al., 2003; Ceylan et al., 2009; 
Haussard et al., 2003; Linet al., 2010; Bastani et al., 2006; Wei et al., 2003;Zunanet al., 1995;Elliset al., 
1995;Choiet al., 1993;Viraraghavan and Mathavan, 1990;Brown,1992;Webb,1991;Barrer,1989; Krasznai 
and Takats, 1982). 

When developing an effective treatment method, it is necessary to choose an appropriate absorbing 
material to process the wastewater contaminated with oil. One of the most commonly used materials is 
activated carbon, an active, inorganic adsorbent, as it provides a large surface area, and has a large 
proportion of micro-pores. These particular factors make it particularly effective at adsorbing odours 
and vapours and breaking down or removing organic compounds such as oil.However, the high price, 
deprived mechanical strength, poor adsorption selectivity, and inefficient regeneration of activated 
carbon limit its usage in many applications (Reynolds and Richards, 1996; Zhou et al.). Moreover, the 
emulsified oil can blind pore spaces during operation, thereby seriously undermining its oil removal 
efficacy (Alther, 1995; Rajakovic-Ognjanovic et al., 2008). 

Efforts worldwide are underway for developing various types of sorption material for the cost-effective 
removal of different kinds of oil contaminants from the oily water. Towards this end, the present study 
aims to examine the effectiveness of the hydrophobic nano-silica as a sorbent in treating the water 
contaminated with the motor oil. The strategy here is to employ commercially available nanosilica, 
which provides tremendous surface area owing to its nanometric dimension, for the physical adsorption 
of the motor oil. The selected nanomaterial (R 812) has an average primary particle size of 7-nm and a 
surface area of 260-m2/g. It is also important to consider the toxicity of sorbents when choosing one to 
apply. One compound with seemingly minimal or non-existent health implications is nano-silica (silicon 
dioxide), which is chemically inert.  

2    Materials and Methods 

2.1   Materials 
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