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Abstract. In this work, we report polyurethane foam, sunflower husk and rice husk ash prepared via a
thermal treatment process used as oil sorbents for oil spill cleanup. The oil sorbent was studied on the
basis of microstructure and morphology using optical digital microscopy and scanning electron
microscopy (SEM). The results of the SEM and optical microscopy studies strongly indicate that
thermal treatment is a suitable method to improve structure of husk particles regarding porosity
compared to virgin samples. The dependence of the sorption capacity of the sorbents on the amount of
sorbent, sorption time and the thickness of the oil film, as well as the number of cycles of the sorbents
were investigated.

Introduction

Oil pollution has become one of the most serious global environmental issues during the last 30 years;
it exists in different forms and is generated by various sources. The major sources of oil pollution in
the ocean and other waterways include the runoff of oil and fuel from land-based sources, accidental
spills from tankers, and oil drilling accidents [1]. This can cause major environmental problems due
to the toxicity of many compounds in oil to aquatic organisms, birds and humans [2-4]. Thus,
clean-up of oil spills from the water surface is an important task.

In recent years, there has been a growing interest in the production of adsorbents from agricultural
wastes for oil spills clean-up such [2-6]. The adsorbents on the base of agricultural wastes are widely
used in various processes including the purification and recovery of valuable substances from liquid
and gaseous media [7-14].

The advantages of oil adsorbents obtained from agricultural wastes are their ecological safeness,
origin from a broad source of raw materials, floatability after oil sorption, high hydrophobicity, low
costs and porous structure after thermal treatment that provides a high sorption capacity.

The aim of the present study was to investigate the oil sorbent efficiency of thermally treated
agricultural wastes for the removal of gasoline from the water surface and the physicochemical
characteristics of the obtained adsorbents.

Materials and methods

The samples were carbonized according to the procedure developed at the Laboratory of Oxidation
Hydrocarbon raw material in the Institute of Combustion Problems (Almaty).

The microstructures and microanalysis of adsorbents were investigated with an SEM (Quanta 3D
2001, USA) at an accelerated voltage of 20 kV and a pressure of 0.003 Pa (performed by National
Nanotechnological Laboratory of Open Type of Kazakh National University). The surface appearance
of thermally treated rice husk was also observed in Optical Digital Microscopy (Leica DM 6000 M).

For creating an oil film in the laboratory was poured into a Petri dish about 40 ml of water with a
salt concentration of 17-20 g/l (seawater) is dropped on the surface of which a few drops of gasoline.
As the formation of an oil slick determined diameter and thickness of the resulting film.
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Results and discussion

The effect of contact time on the sorption capacity of sorbents was studied. The results as shown in
figure 1 explains the effect of sorption time on oil uptake and as expected, sorption capacity increases
with the contact time from the first 1 mins. One can see comparing the obtained experimental data that
the highest sorption ability is exhibited by carbonizate rice husk, while the lowest is exhibited by
polyurethane foam, which is likely to be connected with high porosity of rice husk. The time to reach
equilibrium for oil on carbonizate rice husk was 4 min and absorbed approximately 0,5 g/g of
gasoline.
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Fig. 1 Effect of contact time on sorption of gasoline on sorbents

The sorption capacity of agricultural wastes without polymers was investigated. Figure 2 shows the
dependence of sorption capacity on the amount of the sorbents. With the increasing of amount of the
sorbents the sorbed oil is gradually increasing. After reaching optimal sorption time (4 hours), the rate
of active sorption significantly reduced, due to the oil saturation of sorbents, on the one hand the
beginning of desorption process.

We investigated the dependence of the sorption capacity of the sorbents on the thickness of the oil
film. As seen in Figure 3 increasing the thickness of the oil film increases sorption capacity of the
sorbents.
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Fig. 2 The mass effect on oil sorption capacity of Fig. 3 The film thickness effect on oil
the sorbents sorption capacity of sorbents

The photographs in Figure 4 depict the microstructure of virgin and carbonizate rice husk. The
SEM image of virgin rice husks (Figure 4 a) shows spherical silica particles of varying form on the
organic matrix that consists of cellulose, hemicelluloses and lignin. Furthermore, it is visible that
virgin rice husks are compact and do not contain any pore.
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The external wall of carbonizate rice husk shows the occurrence of a large number of button-like
structures, which were not found in the virgin rice husk particles (Figure 4 b). The emerging of
button-like structures may be caused by the fast removal of volatile organic components from the
particle. The particles underwent drastic changes in this process of high—temperature treatment.
Figure 4 (c) shows the optical microscopy images of the carbonizate rice husk. In figure 4 (c) some
particles of carbon and amorphous silica can be seen
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Fig. 4 Microstructure of virgin (a) and carbonizated rice husk (b, ¢)

High oil sorption ability is determined by the porous structure of adsorbents, as well as by the
physical and chemical interactions of their functional groups with the crude oil components. One can
see in SEM and optical microscopy images that thermal treatment allows to obtain a drastically
modified structure with higher porosity compared to the virgin husk samples.

Figure 5. shows the sorption of oil using styrofoam + carbonizate rice husk. The sorption can be
accelerated by moving the carbonizate rice husk over the hydrophobic spot. The carbonizate rice husk
absorbs more than 95% of the oil on the water surface in less than 15 s [15].
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Fig. 5 Sorption of oil using styrofoam + carbonizate rice husk (SCRH-400)

Summary

In conclusion, this study demonstrates the possibility to obtain effective oil adsorbents from rice
husks, which are currently considered to be an agricultural waste.
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