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Abstract 
Mechanical recovery of oil by oil sorbents is one of the most important countermeasures in marine oil-

spill response. The preparation of oil-sorbents from agricultural waste increases economic return and 
reduces pollution. The sorption capacities of  the carbonized rice husks and the apricot stone compared in 
relation to different petroleum products. Sorption capacity showed strong dependence on the particle size 
of sorbent and oil film thickness. The phase composition, microstructure and morphology of  the 
composite material C/SiO2, prepared by carbonize of  rice husks were investigated by X-ray diffraction 
analysis, FTIR spectrometry and scanning election microscope (SEM).  

 
 
 

Introduction 
 
Spills of oil on land and waters (marine, rivers, 

lakes and groundwater) as a result of oil transport-
tation and storage cause serious environmental 
pollution and consequently call for prompt action to 
be taken. The spilled oil conducts to an undesirable 
taste and odor of drinking water and causes serious 
environmental damage. Contaminated oily waters 
cannot be used for municipal water supply, for 
industry, nor for irrigation. Increasing environ-
mental concerns, especially after several hazardous 
accidental oil spills in the past decades renewed the 
interest for investigation of cleanup methods. 
Physical, chemical and biological processes can be 
used to remove oil spill from water surface or to 
decompose it in situ. In case of marine oil spills 
pollution, dispersants, booms and skimmers [1] can 
be used as clean-up methods to remove oil slicks 
from water surface. Likewise, the application of 
sorbent materials is an attractive method for 
combating of oil spill pollution mainly due to the 
lower costs and high effectiveness. In this respect, 
using of low-cost materials is very important. The 
low-cost  sorbents are defined as materials which  
 
 
 

 
are abundant in nature or as by-products or waste 
materials from another industry that require usually 
little processing [2]. Different types of sorbents 
such as organic, inorganic and synthetic materials 
have been successfully used for oil spill sorption [3, 
4]. However, only natural organic sorbents such as: 
kapok, peat moss, straw, hay, rice husk, sawdust, 
ground corncobs, feathers, and other readily 
available carbon-based products are considered as 
efficient low-cost materials for oil spill clean-up. 
The major factors promoting application of organic 
products are: biodegradability, using of renewable 
resources, waste recycling of life cycle extension, 
lower cost per unit, lower impact on ecosystem if 
released or lost during clean-up operations, and 
public perception that the products are 
environmental friendly [5]. To address different 
local environmental issues, the regional available 
rice husk was prepared correspondingly as a low-
cost sorbent for oil spill and heavy metals sorption. 
The application of rice husk based sorbents for the 
removal of heavy metals ions from wastewater 
were investigated [6]. 

Production of sorbent on base of the rice husk is 
quite economical and settles the ecological 
problems connected with purification of the water 
surfaces and industrial waste water and utilization 
of agricultural. 
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The aim of the present paper is obtaining and 
characterization of rice husks adsorbent material as 
well as the investigation of its efficiency for 
removal of crude oil and petroleum products from 
aqueous medium. 
 
Experimental part 
 
Sample preparation 
 

The investigations were carrying out with rice 
husks obtained by rice threshing of Kazakhstan 
variety rice grown in Kyzylorda region. Rice husks 
were placed in a crucible, carbonized in air in a 
muffle furnace (furnace 1000, Russia) at 300, 400, 
500, 600, 700 and 800 °C for 1-5 h and cooled to 
room temperature in a desiccator. Also carbonized 
apricot stone was obtained with this method. 

The furnace temperature was increased linearly 
from room temperature to the desired carbonize 
temperature over 1 h and then was maintained at 
the desired temperature for 1–5 h. The hold time is 
defined as the carbonize time. Samples were placed 
in glass screw-cap bottles and stored at room 
temperature until evaluation. 
  
Methods for determination of the adsorbent's 
sorption capacity 

 
The sorption capacity of the prepared materials 

were evaluated in case of typical oil products 
possess different density: gasoline Ai-80 ({=0.734 
g/cm3); diesel fuel ({=0.818 g/cm3); industrial oil 
({=0.886 g/cm3); heavy crude oil ({=0.937 g/cm3) 
and light crude oil ({=0.792 g/cm3). 

The oil adsorption properties of the samples 
were evaluated using a simple, easily reproduced, 
and easily applied procedure. 1 g of sample 
enclosed in a pack made of unwoven polypropylene 
fabric of thickness 0.1 mm was dipped into the 
heavy oil for 5 min without stirring. The size of the 
pack was 70 mm x 80 mm. The bulk density of the 
fabric was 0.20 g/cm3, and the diameter of the 
polypropylene fiber was 20 mm. The oil-adsorbed 
sample was then suspended for 5 min to allow the 
excess of oil to drip away. The dipping and 
dripping stages were conducted at 22-24 °C and a 
relative humidity of 45-55%. The weight of the oil 
adsorbed by the unwoven fabric with and without 
samples was measured; the difference between the 
two weights was taken to indicate the oil adsorption 
capacity. 
  

Analyses 
 

The phase composition was determined by a 
Russian Dron 3 diffractometer using CuKa 
radiation. The voltage of diffractometer’s generator 
is 30 kV and diffraction angle 10°-60° 2| angle. 
The infrared spectra were recorded on a Nicolet-
5700 FTIR spectrometer in a tablet of KBr.  

The measurement of the specific surface area by 
the BET method was carried out on an analyzer to 
specific surface SORBTOMETR apparatus.  

The microstructures and microanalysis of rice 
husks and apricot stone were investigated with a 
SEM (Quanta 3D 200i, USA) at an accelerated 
voltage 20 kV and pressure 0.003 Pa. Prepared by 
Open Type National Nanotechnological Laboratory 
of Kazakh National University. 
 
Results and Discussion 
 
Effect of particle size and oil film thickness on the 
sorption capacity of carbonized materials  
 

Figure 1 shows that decreasing of the average 
particle size increases its oil sorption capacity, 
where optimum are obtained at average particle size 
of 1 mm for rice husk and 0.5 mm for apricot stone, 
but the oil sorption decreases back again.   

Adsorption is a surface phenomenon that is 
directly related to specific surface area. So 
increasing the specific surface area, the adsorption 
will increase. Also specific surface area affects the 
absorption of the material to a certain extent. 

The oil sorption capacity and specific surface 
area of the rice husks carbonized at 300-800 °C for 
1 h are shown in table 1. Specific surface area and 
oil sorption capacity increase with growth of the 
carbonize temperature, but weight yield decreases. 
As the specific surface area increases, it increases 
the capillaries that are being formed and hence 
enhance the absorption. 

Depending on the kind of absorbent, the holding 
areas can be divided into two zones: 

a) Area between the particles/fibers: The oil held 
between the particles is due to the formation of 
capillaries, this kind of absorption (most commonly 
found) is called Capillary absorption. 

b) Area within the particles/fibers: some 
materials have a very unique structure with tiny 
micro-pores and they serve as a trap zones for 
fluids [7]. This kind of absorption mechanism is 
called Micro-porous absorption. Rice husk absorbs 
oil both through capillaries and the micro-pores 
presenting in its structure Fig. 6. 
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