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Abstract. The adsorption method of after-treatment of 
wastewater from the production of vegetable oils was 
investigated. The reasons of choice the activated carbon 
as adsorbent was justified. The statics and the kinetics of 
the adsorption process by activated carbon the organic 
component from the wastewater of oil production after 
extraction cleaning was investigated. The experimental 
data based on the theory of Freundlich and Langmuir 
were processed and the main constants of the process 
were defined.  
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Statement of the problem 

Today the problem of wastewater treatment of the edible 
oil’s production, along with the quality of the final product of 
production is an important task. It is also conditioned by the 
introduction of more modern and efficient technological 
processes, and the development of new approaches to the 
organization of non-waste or low-cost resource and energy-
saving technologies. All this justifies a more serious attitude 
to the problems of the disposal of waste products [3, 4]. 

The production of edible oil’s increases year by year in 
proportion to the demand, more and more enterprises of this 
profile emerge, thus the total amount of emissions including 
wastewater increasing. For Ukraine, the topic of wastewater 
from the production of oils is relevant because our country 
occupies the first place in the world ranking of growing 
sunflowers, consequently, the production of oil. As Ukraine 
is one of the major sunflower producers and their processors, 
the issue of wastewater treatment of the oil’s production is 
very relevant today. 

In the process of vegetable oil’s production, a large 
amount of wastewater arises in the form of emulsions. Such 
systems are stable over a long period of time. They are not 
destroyed by the mechanical method [5, 6]. They are poorly 
biodegradable due to large volumes of wastewater and a 
significant amount of organic components in them [2–4]. In 

such circumstances, it is appropriate to use liquid extraction 
to clean such wastewater [1, 7]. The feasibility of using 
extraction for wastewater treatment is determined by the 
concentration of organic impurities in them. In the general 
case, for most substances, it can be assumed that at the 
concentrations of more than 3-4 g/l, it is more expedient to 
withdraw them by extraction than adsorption. At 
concentrations, less than 1 g/l the extraction should be used 
in special cases. 

The absolutely insoluble liquids are absent in water, 
that’s why in the process of extraction , the part of the 
extractant dissolves in wastewater and becomes a new 
pollutant. Therefore, it is necessary to remove the 
extractant from the conditionally purified water. This 
also needs to be done to reduce the consumption of the 
extractant. In addition, extraction cleaning is not always 
appropriate to achieve high purification efficiency. In 
these cases, the adsorption method of purification is 
used. The advantage of the method is the high 
efficiency, – and the possibility of purification of 
wastewater, which contains several substances and 
recovery from these substances.   

 
The analysis of recent researches and 
publications 

In most enterprises of oil production in Ukraine, 
industrial effluents cannot be purified and hundreds of 
tons of pollutants are dumped into water bodies. 
Treatment facilities, as a rule, have been built long ago 
and are designed according to the requirements of 
domestic wastewater treatment. Such facilities partially 
reduce the size of the general BOD (biochemical oxygen 
demand), or just pass through wastewater, and at worst 
case, rots in them and further poisoning before dumping 
into water bodies. Such industrial wastewater is mostly 
contaminated with organic substances, as the result 
treatment facilities are unable to clean them up to the level 
of sanitary requirements. Significant environmental hazards 
create pollution of surface water with organic substances 
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from wastewater of edible oil’s production. These 
substances, getting into the body of water, contribute to 
contamination with pathogens, algal bloom and, - have a 
negative impact on flora and fauna. For many companies, 
proper treatment of wastewater is a serious problem. 
Increasingly, companies have the problem of finding 
treatment facilities efficient and reliable in use, which 
guarantee a stable, high quality of cleaning. 

The literature contains data about liquid-extraction 
wastewater treatment, which significantly reduces the 
level of pollution of wastewater from the vegetable oil’s 
production, but there is always a certain amount of 
extractant. Therefore, to resolve the problem, it is 
advisable to use adsorption purification. 

The aim of this work is to study the statics and 
kinetics of adsorption purification of wastewater at 
companies of vegetable oil’s production. 

 
Theoretical part 

The adsorption method is used for the deep 
purification of wastewater from dissolved organic 
substances, as well as in local installations if the 
concentration of these substances in water is low or they 
are highly toxic. The most universal from adsorbents is 
activated carbon, but it must have certain properties. 

The activated carbon, as a rule, poorly interacts with 
water molecules and well – with molecules of organic 
substances. It has a relatively coarse pore with an effective 
radius in the range of 0.8–5.0 mm, or 8–50 A, so its surface 
is available for large and complex organic molecules. With 
a small time of contact with wastewater, activated carbon 
has a large adsorptive capacity, high selectivity, and low 
containment during regeneration. Actually, the latter 
condition ensures limited costs for the adsorbent 
regeneration. Coal is mechanically strong, quickly getting 
wet with water, has a definite granulometric composition. 
In the process of purification, fine-grained adsorbents with 
particles of 0.25–0.5 mm in size and less highly dispersed 
coal with particles of 40 microns are used. 

It is important that coal has a small catalytic activity 
in relation to oxidation, condensation, and other 
reactions, because some organic substances that are 
contained in wastewater tend to oxidizing and gumming. 
These processes are accelerated by catalysts. After 
gumming, the substances clog the pores of the 
adsorbent, which complicates its low-temperature 
regeneration. Finally, activated carbon has a low cost, 
and does not decrease its adsorption capacity after 
regeneration, which guarantees a large number of cycles 
of operation. The raw material for the manufacture of 
activated carbon can be any carbonaceous material: coal, 
wood, polymers, food waste and pulp and paper 
industries and others. 

The adsorption capacity of activated carbon is a 
consequence of a highly developed surface and high 
porosity. If there are several components in wastewater, 

then for determining the possibility of their joint 
adsorption for each substance, find the values of the 
standard differential free energy ΔF˚ and determine the 
difference between the maximum and minimum values. 
Assuming ∆F˚max – ∆F˚min <0.5 kJ / mole, the joint 
adsorption of all components is possible. If this 
condition is not respected, the treatment is carried out 
sequentially in several stages. 

The rate of adsorption process depends on the 
concentration of the pollutant in wastewater, the nature 
and the structure of pollutants, the temperature of 
wastewater, the type, and properties of activated carbon. 
Usually, the adsorption process consists of three stages: 
the transfer of pollutants from  wastewater to the surface 
of the adsorbent grains (external diffusion area), the 
adsorption process, the transfer of pollutants inside the 
grains of the adsorbent (the internal diffusion area). It is 
believed that the speed of adsorption is large and does 
not limit the overall speed of the process. Therefore, the 
limiting stage may be external or internal diffusion. In 
some cases, the process is limited by both these stages. 

 
 

 
Fig. 1. Determination of Langmuir and Freundlich  

adsorption isotherms constants 
 

In the external diffusion area, the rate of mass 
transfer is mainly determined by the turbulence intensity 
of the stream, which depends on the rate of wastewater. 
In the medium diffusion area, the intensity of the mass 
transfer depends on the type and the pores size of 
adsorbent, the shape and diameter of its grains, the size 
of the adsorbent molecules, and the mass transfer 
coefficient. All these circumstances determine the 
conditions in which adsorption treatment of wastewater 
goes with optimal speed. The process should be carried 
out in such hydrodynamic regimes, that it is limited in 
the internal diffusion area, the resistance of which can 
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