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In the article, some particularities of application of various methods for cleaning waste waters 

from petroleum and petroleum products are discussed. There has been considered a possibility 

of removing petroleum and petroleum products from industrial waste water under the action of 

a new coagulating composition on the basis of water-soluble nitrogen-containing oligomer and 

two types inorganic sulphate salts (normal and double). It was revealed that the double sulphate 

salt is more preferable than the normal salt. An optimal molar ratio of the composition 

components was determined 
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Petroleum and petroleum products (gasoline, kerosene, lubricating oils, etc.) are widely 

used in national economy including industry. During this usage some part of petroleum and 

petroleum products gets into atmosphere, hydrosphere and soil. It becomes a reason of 

environmental pollution as a result  of which an ecological balance turns out to be disordered 

that causes an appearance of a number of negative consequences. Petroleum and petroleum 

products after getting into atmosphere and soil, increase a level of hydrosphere pollution still 

more. 

Waste water of petroleum refineries gets polluted with petroleum. Some part of this water 

circulates and, after cleaning, it is returned to the process of production whereas the main part of 

this water is sent to the nearest water basins. Cleaning of industrial waters with the purpose of 

their reuse is the main problem of such enterprises. Despite the fact that many petroleum 

refineries function according to wasteless technologies, during refining, transportation, collection 

and storage of residual petroleum products numerous cases of pollution occur. During petroleum 

refining, in the process of its desalination, a huge amount of water is used and, in this water, 

along with salts, petroleum is partially dissolved as well. The polluted water becomes enriched 

with salts and petroleum. 

Cleaning of industrial waters from petroleum and petroleum products is one of the difficult 

technological and scientific tasks. In these waters, beside various salts (depending on the origin 

of petroleum), petroleum and petroleum products, everyday life wastes of these enterprises are 

contained, too. Cleaning of such a complex and mixed system is possible with a help of different 

multi-stage methods. It should be mentioned that composition of waste water for each oil 

refinery is distinctive from others. That is why cleaning of waste waters of industrial enterprises 
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from petroleum and petroleum products may be technologically different from each other. This 

technological scheme varies depending on flow rate of petroleum, petroleum products and other 

contaminants, a maximum level of the admitted norm. 

Flotation, coagulation, adsorption and their combined variants are the most widely spread 

methods of cleaning industrial waste waters polluted with petroleum and petroleum products. In 

spite of a wide spreading of flotation and coagulation methods, there exist a lot of different 

factors impacting effectiveness of water cleaning process that cause a large expenditure. 

In industrial waters, petroleum and petroleum products may be present in a free, dispersed 

and emulsified states at the amount up to 1000 mg/l. Undispersed petroleum rises to the water 

surface or covering  the surface of equipment contaminates it. From the water surface petroleum 

is removed by a mechanical method or in the way of overflow. Unemulsified dispersed 

petroleum is removed with a help of hydrocyclones and gravitational filters. Use of filters is 

accompanied by a high pressure drop but, in the meantime, satisfactory results were obtained 

from application of microfiltration/ultrafiltration methods. 

Through adding chemical reagents dimensions of tiny droplets are increased and they are 

liquidated more effectively. 

When surfactants are present in initial water, petroleum exists in emulsified state. 

Surfactant molecules are adsorbed on the water-petroleum interface and lower an interfacial 

tension. Separation of the petroleum from the waste water only by a gravitational force is very 

difficult. When water polluted with petroleum is cleaned by a standard method, a chemical 

destruction of the emulsion occurs and, further, under the action of gravitation force, 

sedimentation takes place. Such cleaning is distinctive by expensiveness due to the fact that after 

a chemical treatment the water requires an additional stage of cleaning. 

Because of low exploitation expences, a short duration of the cleaning process, a small 

volume of the cleaning installations and, respectively, a small area for mounting an equipment, 

flotation is an effective method. At the last stage, the suspended particles of petroleum, adhering 

to the air bubbles, become separated from the water. For an effective flotation, it is necessary to 

carry out chemical preliminary cleaning in order to increase dimensions of particles up to 60 µm. 

Thereby, adhesion of oily particles to air particles is enhanced and favourable conditions arise 

for flotation. In the case of the dissolved oil, a necessity arises for use of biodestruction or 

sorption methods for treatment of waste waters. 

At chemical treatment, effectiveness of separation is increased at the expense of change 

and an augmentation of the particles dimensions. Charging of the surface of oil particles 

promotes an increase of their dimensions and this increases a probability of coalescence of the 

particles with air bubbles. 

Coagulation and flocculation lower an energetic barrier between oil particles and air 

bubbles. To maintain an interaction between these particles is the main condition of effective 

cleaning of water from oil. Overall effectiveness of coagulation depends on amount of reagent, 

value of pH, ionic strength of water and kind of organic compounds. 

Forced flotation is the process where, for improving separation of the particles possessing 

natural flotation ability (but having an insufficient rate of separation), various external means (air 

or air with various reagents) are used. An application of the forced flotation enables to lower 
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contents of oil and oil products down to 200 mg/l that does not correspond to the required level 

of treatment. In literature [1], there is information that high rates of mixing contribute to 

destruction of the formed flocks of the coagulating reagent and petroleum products. 

Effectiveness of water treatment is mainly stipulated by coagulation of the particles of 

petroleum and petroleum products. These particles are charged negatively as a result of sorption 

of hydroxyl ions or surfactants. Introduction of the positively charged particles into the system 

brings about changes in negative charge of the oil particles that promote their coalescense and 

lead to adherence between coagulated oil particles and air bubbles, the surface of the latters 

being charged negatively. During a long time, lime was considered as a perspective coagulant. 

However, its application is limited due to a rise of pH and hardness of water as well as formation 

of a large amount of slime. 

Hydrophobic polymers have a high surface energy, amorphous structure and they possess a 

positive charge. This maintains their adsorption on the negatively charged oil particles that 

transforms them into an insoluble state. 

At large installations on collection and preparation of petroleum which are exploited now, 

with the purpose of treatment of waste waters containing petroleum and petroleum products, the 

following methods are used: a gravitation method (settling, hydrocyclones, centrifugation); a 

mechanical method of separation through filtration; methods for enlargement of drops 

(coagulation, flotation, drop-formers of hydrodynamic type and others); adsorption using liquid 

filters [2]. 

Flotation may be considered as one of the main and productive methods for treatment of 

the waste waters containing petroleum and petroleum products [3]. In this method, waste water is 

intensively bubbled with air and then sent to flotation. However, flotation does not always enable 

to remove an essential part of petroleum (or petroleum products). In this case, biological 

treatment of these waste waters with a use of microorganisms turns out to be useless. Namely 

due to this reason, at the stage of flotation, coagulants are used, which destroying emulsion of 

petroleum in water, promote a more effective removal of petroleum and petroleum products from 

industrial waste waters. 

The problem of treatment of waste waters of petroleum refineries remains to be actual 

because, for a long time, petroleum will still be one of the main kinds of raw materials as a 

source of energy and many valuable products. That is why obtaining and study of novel 

representatives of coagulants capable to effectively remove emulsive petroleum (or petroleum 

products) from waste waters of oil refineries meet requirements of modern stage of development 

of oil industry. 

Treatment of the industrial waste waters of Baku Oil Refinery (BOR) named after Heydar 

Aliyev, which is the largest enterprise of such a profile in Caucasus, with the aim of removing 

emulsified petroleum from them is carried out by flotation method. The treated water is partially 

used for technical needs of the same enterprise. The other part of the treated water enters the sea 

under the conditions of observing the existing admissible norm for petroleum and petroleum 

products, i.e. 25 mg/l. 
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Systematical and purposeful investigations conducted in the laboratory of surfactants of 

Institute of Petrochemical Processes of Azerbaijan NAS enabled to create a new coagulating 

reagent for treatment of industrial waste waters of BOR for removing emulsified petroleum. This 

reagent consists of two components, the first having an organic nature (oligomer containing 

nitrogen and possessing water-solubility) and the second being an inorganic salt (sulphate salt of 

two kinds - normal and double). Monitoring of the mentioned waste waters allowed to make a 

conclusion that they belong to alkaline waters because pH has values in the range 7.5-10.5 

(Table 1 and 2). These waters have colouring from opaque-brown to black. Analysis of these 

waste waters using a usual procedure involving extraction of petroleum and petroleum products 

by n-hexane points to the interval of their contents 42.5-140.0 mg/l. Experimentally it was shown 

that upon adding 0.5-1.0 ml of 20 % wt. aqueous solution of the above-mentioned reagent to 0.5 

l of  the industrial waste water polluted with petroleum an essential clarification of water is 

observed. Contaminants of petroleum origin are separated as an upper layer. The final 

concentration of petroleum and petroleum products is fixed at the level 10-11 mg/l which is 

rather lower than the admissible norm (25 mg/l). 

The results of the laboratory tests on removal of the emulsified petroleum from the 

industrial waste waters of BOR with an aid of the proposed coagulant containing nitrogen-

containing water-soluble oligomer and inorganic normal sulphate salt are presented in Table 1.  

Table 1. Results of laboratory tests of the reagent based on water-soluble nitrogen-

containing oligomer and inorganic normal sulphate salt for coagulating activity 

with regard to petroleum and petroleum products in the waste waters of BOR 

named after Heydar Aliyev; volume of the waste water - 0.5 l; volume of the 

used 20 % wt. aqueous solution of the reagent - 1.0 ml 

№ 

Contents of petroleum and 
petroleum products in the 

waste water before treatment, 
mg/l 

pH of the waste 
water 

 

Ratio of oligomeric and 
salt components of  the 

reagent, mol/mol 

Contents of petroleum and 
petroleum products in the 

waste water after  treatment, 
mg/l 

1 55.5 10.0 1:3 19.0 

2 55.5 10.0 1:4 20.0 

3 55.5 10.0 1:5 16.0 

4 55.0 7.5 1:4 17.0 

5 55.0 7.5 1:5 22.5 

6* 55.0 7.5 1:5 22.0 

*The conditions of Experiments 5 and 6 are the same. 

From these data it is evident that, for the waste waters of high alkalinity (pH=10.0), as the 

optimal coagulant, the one with the components ratio 1:5 should be admitted.  When using this 

reagent, the contents of petroleum and petroleum products may be lowered down to 16.0 mg/l. In 

the case of the waste waters of weakly-alkaline nature (pH=7.5), the optimal variant is the ratio 

of the components 1:4. After treatment of such a water with this reagent, the contents of 

petroleum and petroleum products turned out to be at the level of 17.0 mg/l. 
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Table 2. Results of laboratory tests of the reagent based on water-soluble nitrogen-

containing oligomer and inorganic double sulphate salt for coagulating activity 

with regard to petroleum and petroleum products in the waste waters of BOR 

named after Heydar Aliyev; volume of the waste water - 0.5 l 

№ 

Contents of petroleum 
and petroleum products 

in the waste water before 
treatment, mg/l 

pH of the 
waste water 

Ratio of oligo-
meric and salt 
components of  

the reagent, 
mol/mol 

Volume of 20 % wt. 
aqueous solution of 

the reagent, ml 

Contents of petroleum 
and petroleum 

products in the waste 
water after  treatment, 

mg/l 

1 56.75 10.0 1:2 1.0 11.0 

2 140.00 8.0-8.5 1:4 1.0 10.0 

3 140.00 8.0-8.5 1:4 0.5 11.0 

In the Tab. 2, the results of the laboratory tests of the worked-out coagulating reagents 

based on the same nitrogen-containing oligomer and double sulphate salt are given. From these 

data, it is seen that the double sulphate salt is a more effective component of the coagulating 

reagent in comparison with the normal salt. A good degree of treatment is registered for both 

waste water of a relatively low level of petroleum pollution (56.75 mg/l) and waste water having 

a  comparatively high degree of the shown kind of contamination (140.00 mg/l). The residual 

contents of petroleum and petroleum products in the waste water after treatment equals 10-11 

mg/l. It should be mentioned that in the first case, molar ratio of the reagent components is 1:2 

and in the second case ~1:4. In the last case, doubling of the volume of the applied reagent 

contributes to a decrease of the residual contents of petroleum and petroleum products in the 

waste water by 1 mg/l. 
There have been conducted investigations for clearing out an influence of the chain length 

and, therefore, the number of nitrogen atoms in the molecule on coagulating effectiveness of the 
reagent in regard of the emulsified petroleum. Instead of the above-mentioned oligomeric 
component, into the composition of the reagent, analogous compounds containing two (coded as 
N 2) and three (N 3) nitrogen atoms were separately entered. The results of the respective tests 
are shown in Tab. 3. 

Table 3.  Results of laboratory tests of the reagent based on N 2 (or N 3) and inorganic 

double sulphate salt for coagulating activity with regard to petroleum and 

petroleum products in the waste waters of BOR named after Heydar Aliyev; the 

contents of petroleum and petroleum products in the waste water before 

treatment - 56.75 mg/l; pH of the waste water ~10.0-10.5; volume of the waste 

water - 0.5 l 

№ 
Nitrogen-containing 

component 

Molar ratio of nitrogen-containing 
and salt components in the reagent, 

mol/mol 

Contents of petroleum and 
petroleum products in the 

waste water after  treatment, 
mg/l 

1 N 2 1:1 no effect 

2 N 2 1:2 no effect 

3 N 3 1:1 25 

4 N 3 1:2 36 
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Cont.table 3. 
5 N 3 1:3 no effect 

6 
Nitrogen-containing 

oligomer 
1:2 11 

From the data of Tab. 3, it becomes clear that, in the case of presence of three nitrogen 

atoms in the nitrogen-containing component, the coagulating effectiveness of the described 

reagent is lower than the one observed when using the nitrogen-containing oligomer. Herewith, 

only equimolar ratio of the reagent components ensures treatment of the waste water down to the 

admitted norm (25 mg/l). Two-fold excess of the salt component with regard to N 3 enables to 

treat the  waste water only down to 36 mg/l that exceeds the admittable level. In the case of 

three-fold excess of the salt in comparison with N 3, effect of coagulation is not observed. A use 

of N 2 at both ratios of components (1:1 and 1:2) does not bring about a phenomenon of 

coagulation. 
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