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Abstract. Wastewater containing emulsified petroleum products poses a serious threat to the environment. 
Hydrocarbons change the physicochemical properties of the environment, poison the body of living 
organisms, and envelop their bodies, leading to the suppression of biocenosis and degradation of ecosystems. 
In this regard, polysulfonamide membranes for water purification from emulsified oil have been studied. 
To increase resistance to oiling and improve performance, the filters were treated with corona discharge 
at a voltage of U = 5–35 kV for 1–5 minutes. As a result of corona treatment, the efficiency increased 
from 74.9 to 84.5%, while productivity increased by up to 11 times. This circumstance is explained 
by a change in the contact properties of the surface of the modified membranes, as shown by the results 
of this study.

Keywords: wastewater, petroleum products, polysulfonamide membranes, industrial oil, corona treatment, 
emulsion

Oil and petroleum products are fundamental components of the economic security of any state. At the 
same time, excessive intake of hydrocarbons into the environment leads to a decrease in the stability 
of ecosystems and pollution of the biosphere, as a result of which living organisms die, soil fertility de-
creases, water becomes unsuitable for drinking and fish farming, and air contributes to environmental 
diseases of the cardiovascular and respiratory systems. In the end, the person himself is exposed to the 
negative effects of adverse environmental factors, as a result of which the quality of life and work capa-
city decrease. The solution to this issue is the use of energy- and resource-saving technologies (Alta-
pova et al. 2017; Dryakhlov et al. 2015; Fedotova et al. 2016; Zainullin, Abzalova 2019; Zainullin, Shaigal-
lyamova 2019; Zainullin et al. 2005). 

In this context, the use of membrane technologies for water purification from hydrocarbons is relevant. 
The advantages of polymer membranes include high efficiency, a wide range of sizes for cleaning con-
taminants (from ions to suspended solids), and a relatively small area occupied by equipment, which is 
important in industrial settings. The disadvantage is the concentration polarization of hydrocarbons 
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on the filter surface during separation, which leads to oiling of the membrane and a decrease in the 
performance of emulsion cleaning. To address this issue, the treatment of membranes with corona dis-
charge is proposed.

In recent decades, the corona discharge has attracted increasing attention in both scientific and 
practical circles due to its unique properties and potential applications. A corona discharge is an electric 
discharge that occurs in a gas when the voltage exceeds a certain threshold, but does not reach the 
level necessary to create a full arc discharge. This phenomenon is widely studied in the context of elec-
trophysics, materials science, and energy technologies.

Processing of polymer materials using corona discharge is a promising method that allows modifying 
their surfaces to improve adhesion, hydrophilicity, and other performance characteristics. Modern 
technologies require highly efficient approaches to polymer processing due to the growing needs of ma-
terials science and engineering. Corona discharge, as a physical process, ensures the creation of active 
centers on the surface of polymers, which opens up new possibilities for their functionalization.

When exposed to corona discharge, charged particles are formed, initiating a physical and chemical 
modification on the surface of the treated material to impart the necessary characteristics, as in the case 
of membranes, to increase wettability. The AC corona is characterized by the groups O–, HOO–, H2O2, 
and O3. At higher humidity levels, the concentration of OH groups increases, while O– and O3 – con-
centrations decrease. CO3 ions are also formed during negative corona discharge.

Modification of polymer membranes by corona discharge is an effective method of modifying and 
improving their surface properties, which significantly improves their functionality and applicability 
in various industries.

The key advantages of this method include:
1. Increased adhesion. Corona discharge increases the wettability of the membrane surface, which 

contributes to the repulsion of the hydrocarbon phase and increases selectivity to water.
2. Improved separation efficiency. Corona discharge can increase the permeability of membranes 

to gases and liquids, which is particularly beneficial in wastewater treatment.
3. Antibacterial properties. Corona discharge facilitates the formation of functional groups with 

antimicrobial activity, which can enhance operational characteristics of the membrane.
Experimental studies (Shaikhiev et al. 2015; 2016a; 2016b; 2020a; 2020b; 2021) show that pro-

cessing parameters such as discharge power, exposure time, and distance to the surface signifi-
cantly affect the final properties of membranes. Properly optimizing these parameters is crucial 
to achieving the desired balance between improving the properties and maintaining the initial 
characteristics of polymers.

Based on the above, further research was conducted on the separation of water-oil emulsions 
(WOE) using industrial oil grade ‘I20-A’ (3%) and the surfactant ‘Kositol 242’ (0.2%) with polysulfona-
mide (PSA) membranes with a pore size of 0.1 µm. To intensify the process and increase resistance 
to fouling, the polymer filters were subjected to corona discharge plasma for 1–5 minutes at voltages 
ranging from 5 to 35 kV. As shown by the data in the table, the modification resulted in an increase 
in the separation efficiency to approximately 90%, with productivity increasing by up to 10 times. The 
results suggest that the tested ultrafiltration membranes can be effectively used for the purification 
of wastewater containing emulsified oils, such as those found in spent lubricating and cooling fluids 
or cleaning solutions.

Atomic force microscopy (AFM) using a MultiMode V probe microscope was used to obtain images 
of the surface of both the original (untreated) and modified PSA membranes.

Infrared (IR) spectra of the examined membrane samples were obtained using an IR Fourier spec-
trometer (Infralum FT-08) over the frequency range of 600–4000 cm– 1.

The initial stage of the research involved studying the separation of WOE using PSA membranes with 
a pore size of 0.01 µm pre-treated treated with corona discharge. The corresponding productivity graphs 
over the duration of the process are presented in Figure 1, and the COD values of the permeates are 
provided in Table 1.

Based on the data in Figure 1, an increase in the performance of the modified membranes up to 11 times 
is observed, with the highest values of productivity occurring at the maximum exposure time to co-
rona discharge. At the same time, Table 1 indicates that the lowest COD value, corresponding to the 
highest efficiency of 84.5%, was achieved at τ = 5 min and U = 25 kV. This was accompanied by the 
lowest productivity, likely due to partial pore blockage. The efficiency of the initial membrane was 
74.9%.
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Fig. 1. Graphs showing the change in productivity of WOE separation using PSA membranes  
with a pore size of 0.01 µm, treated with corona discharge at a) U = 5 kV; b) U = 15 kV;  

c) U = 25 kV; d) U = 35 kV as a function of process time

(a)

(b)

(c)

(d)
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Table 1. COD values of the permeates obtained from the separation of WOE  
using corona-treated PSA membranes with a pore size of 0.01 µm

Corona treatment time, τ, min
COD values, mg O/dm³

Corona treatment voltage, U, kV
5 15 25 35

1 6480 7020 5040 7020
3 6660 6480 7020 6840
5 5760 6660 4860 7200

Permeate after emulsion separation 
with the original membrane 7880

Original/Initial emulsion 31360

Subsequently, the effect of different types of plasma on the surface structure and internal structure 
of PSA membranes was evaluated using instrumental methods. In particular, Figure 2 shows images 
of the membrane surfaces after exposure to glow and corona discharge plasma.

Fig. 2. Images of the surface of the PSA membrane: a) original; b) plasma-treated in corona discharge

Based on AFM analysis (Fig. 2), surface deformations were observed on the modified membrane, 
resulting in an increase in roughness. The height of the protrusions increased from 100 nm to 750 nm. 

Fig. 3. IR spectra of PSA membranes before and after plasma treatment

(a) (b)
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IR spectroscopy (Fig. 3) identified the following fragments of PSA: C–H, SO2, C–S, C–O, N–H, C–C, 
and CH2. Corona discharge treatment introduced oxygen-containing functional groups, which enhanced 
the hydrophilicity of the membrane surface, leading to improved operational characteristics.

Conclusions

The data obtained from this study indicate that corona discharge plasma treatment significantly im-
proves the operational characteristics of polymer membranes, specifically in terms of productivity and 
efficiency in the separation of water-oil emulsions. These improvements are attributed to changes in both 
the topography and chemical structure of the membranes, as confirmed by AFM and IR spectroscopy, 
respectively.
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