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Abstract  

Advanced oxidation process is an efficient and innovative method for the complete removal of organic 

pollutants, which works by using active species, especially hydroxyl radicals. In this process, different 

oxidation mechanisms are used. Direct electrical discharge on the surface and inside the liquid is a more 

complex and effective process than electrical discharge on gases. In this process, the electronic current is 

transferred by surface and water ions and produces plasma, which leads to chemical and physical effects 

such as the production of radicals and ultraviolet light. In this study, wastewater from textile industries 

was selected as the target wastewater. The removal of methylene blue as one of the important and toxic 

dyes in this type of wastewater was investigated under the influence of atmospheric pressure plasma. The 

electrodes used to generate plasma were made of 316 stainless steel. The experiment was carried out for a 

duration of 2.5 to 60 minutes. In the conducted analyses, optimal pH, suitable injected gas into the 

reactor, chemical oxygen demand, effective voltage (V), and distance between electrodes (d) were also 

studied. The results showed that corona pulse plasma had a high efficiency in dye removal, with over 

99% color removal achieved in less than 10 minutes using injected oxygen gas into the system at a pH of 

8 and an effective voltage of 130 kV. Additionally, the highest reduction in COD value in the corona 

pulse method for real textile wastewater reached from 1760 to 200 mg/L, and complete color removal was 

achieved, reducing its color from 2500 Pt/CO to 75 Pt/CO, indicating the extraordinary impact of this 

method. 
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1. Introduction 
Artificial dyes are a group of organic pollutants 

that are widely used in textile, papermaking, 

printing, leather, tanning, cosmetics, plastic and 

food industries. Due to the lack of proper fixation 

of dye molecules on the fibers and the 

inefficiency of the dyeing units, about 10-20 % of 

these dyes enter the industrial wastewater. 

Wastewater from textile and dyeing industries is 

one of the challenging effluents due to the fact 

that they contain chemicals, suspended 

substances, colored and toxic compounds. To 

decompose them and not just their isolation, 

methods such as biological treatment, chemical 

oxidation or advanced oxidation processes1 can 

be used (Huang et al., 2012; Tahmasebi et al., 

2024; Rahimpour et al., 2019). Advanced 

oxidation as a process of producing hydroxyl 

radicals can be realized by plasma technology. 

Compared to other AOPs, atmospheric cold 

plasma technology uses the optimal energy 

without adding chemicals. The reactive species 

produced in plasma technology depend on the 

type of gas and operating conditions applied.  

 

2. Material and methods 
The methylene blue dye solution was kept in a 

Teflon reactor with a diameter and height of 15 

cm, which was completely cut by a lathe to a 

diameter of 13 cm and a height of 12 cm. The 

remaining middle part of this Teflon, with a 

thickness of 1 cm, was pierced by drills for 

aeration. Then, another Teflon with a diameter of 

15 cm and a height of 5 cm was used, which was 

cut by a lathe to a diameter of 13 cm and a height 

of 3 cm. The plate electrode placed between two 

teflon parts was made of 316 steel mesh. 

An AUTOTRANS DC PULSE auto trans with 

a performance range of 0-300 volts and a Tesla 

coil type was used in all stages of the tests. After 

receiving the input voltage and passing through 

the spark gap it was amplified the desired voltage 

on the kilovolt scale of 100-150 kV, current in the 

milliampere scale and the discharge frequency of 

MHZ were obtained. The voltage supplied by the 

power supply was transferred to the spark gap and 

from there it reached the Tesla coil, and finally, it 

was transferred from the Tesla coil to the 

electrodes. 

The desired wastewater was prepared by 

dissolving the required amount of methylene blue 

with distilled water to reach the initial 

concentration of 50 ppm in a solution with pH=6. 

To adjust the pH, 0.1 M HCL hydrochloric acid 

and 0.1 M NaOH sodium hydroxide were used. 

 
1 Advanced Oxidation Processes (AOPs)

The volume of the solution in each test was 50 

mL that was stirred during treatment with plasma 

and different gases. After checking the results and 

finding the suitable gas for the process, all 

experiments continued with O2 gas. 
 

3. Results and discussion 
 In the rod structure, by applying voltage to the 

system, an electric field is formed around the 

anode rod electrode, and with the increase in 

voltage, the formed plasma moves towards the 

plate electrode. When the breakdown phase 

occurs, an additional nonlinear load enters the 

plasma circuit, after the breakdown phase, 

electrical discharge occurs. The electrical 

characteristics of the discharge depend on 

parameters such as the discharge voltage and 

frequency and the distance between the 

electrodes. The decolorization rate of methylene 

blue solution in the presence of O2 gas by plasma 

method happened very quickly in the first 5 

minutes and reached more than 60%; But in the 

following, the slope of the graph decreased due to 

the speed of color removal. Reaching its 

maximum value, and according to the graph of 

decolorization and the refined sample, a constant 

maximum value was observed after about 13 

minutes, which was a sign of the completion of 

the color removal process with the lowest 

possible positive slope.  

In the pulsed plasma discharge system, the 

injection of gas containing O2 causes the 

production of O3 and other active species based 

on -O, which produces OH, significantly 

increasing the rate of degradation of organic 

compounds. It was determined by comparing 

different feed gases such as O2, N2, CO2. 

Most of the degraded organic compounds are 

converted into CO2 gas, which is released from 

the aqueous solution reactor. After about 10 

minutes of plasma treatment, the degradation 

percentage reached more than 90%. Also, the 

turbidity value of samples treated with plasma 

and with the help of O2 gas, the turbidity value 

was about 50 NTU that finally reached something 

less than 0.5 NTU, which means about 99% 

percent reduction in a short time. 

During the electrode design process, the main 

goals to consider are a large electrical discharge 

area and good compatibility with the reactor. 

Usually, in pulsed discharge systems, 316 steel 

conductors are used as electrodes, so that in 

addition to the strength and the strength of the 

steel, they can be used in the purification 

applications of textiles, food, and other industries 

that require anti-corrosion and anti-bacterial 

materials. 
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Plasma oxidation is determined as the 

dependence of the overall degradation rate of 

organic materials on the input energy in a certain 

range. To meet the requirements of the test, the 

input energy can be changed by changing both the 

voltage and the applied frequency to the 

discharge system. The higher the electron density, 

the higher the production of OH,  O, HO2, H2O2, 

O3. As the voltage increases, the electric field near 

the anode (rod) electrode increases; in this part, 

the electrons in the field receive more energy, the 

amount of ionization increases and the intensity 

of the plasma in the discharge channel near the 

solution increases. As a result, a more active 

species is produced and the amount of 

decolorization has also increased (Guo et al., 

2019). 

The pH of the solution significantly affects the 

chemical properties of the plasma during the 

electrical discharge process. Optical emission 

spectrum analyses show that the intensity of OH. 

radiation produced by pulsed corona discharge is 

dependent on pH and when neutral conditions of 

pH=7 and alkaline conditions of pH>7 are used, 

the amount of hydroxyl radicals increases. Also, 

the formation of hydrogen peroxide, whether in 

the gas phase or in the liquid phase, depends on 

the pH of the solution. 

The volumetric electric discharge reactor with 

gas-liquid and in-liquid treatment was studied and 

the temperature changes during the process at 

different pHs and in different gases did not 

change significantly and, according to the 

temperature diagram in Fig. 1, remained in the 

range of 24-27 0C. 

The concentration of organic matter in the 

solution was evaluated with the COD1 index. The 

results obtained from the value of the absorption 

wavelength were expressed using this index in 

terms of COD for treatment with Tesla plasma 

 
1 Chemical Oxygen Demand (COD) 

and with the help of oxygen gas, and the 

reduction of COD in oxygen gas was expressed 

more than other gases. 

 

 

 
Fig. 1. The graph of temperature changes during 

the purification process using plasma with the 
help of different gases 

 

4. Conclusion 
Plasma is introduced as an effective tool by 

eliminating and reducing the production of 

secondary waste, which is unavoidable but 

controllable. The complete mineralization of 

organic pollutants, which can be measured by 

examining the changes in the COD of wastewater 

during treatment, is the solution to the concern of 

secondary pollutants. Ease of controllability is 

one of the salient features of plasma, especially 

pulsed corona plasma (Tesla), which offers an 

advantage over other advanced oxidation 

methods. Each kilo of fibers in textile industry 

can produce between 32 and 62 liters of 

wastewater. New research will be done to 

improve plasma efficiency, reduce costs, increase 

flexibility, reduce energy consumption, increase 

speed and improve the environment. 
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Fig. 3. Specifications of the diameter and length of the 
teflon laboratory system used in purification using cold 

atmospheric plasma in the presence of different gas 
concentrations and at different times and the 

standard pH of this process 

pH 

 kV

MHZ

ZinserL/min

pHpHSensoDirect 150



             dx.doi.org/10.22093/wwj.2024.443843.3399 

 
                                                             Water and Wastewater 

                                      Vol. 35, No. 2, 2024 

 
 

Fig. 4. Plasma formed at the gas-liquid interface in the laboratory in a teflon container with the help of a
316 steel electrode in the presence of several different gases 
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Fig. 6. The graph of the decolorization of Methylene 
Blue with an initial concentration of 50ppm using 

Corona pulse plasma in the presence of O2 gas 
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solution under the influence of corona plasma at 
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Fig. 8. Comparison graph of COD changes with the 
initial amount of 400 mg/L of Methylene Blue color with 

the passage of time up to more than 10 minutes for
CO2, N2, O2 gases 

 COD 

2CO2N2O 

 
Fig. 9. Comparison of the color changes of Methylene 

Blue samples with the passage of time up to 20 minutes 
with the help of CO2, N2, O2 gases 
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Fig. 10. The graph of changes in turbidity with the 

passage of time of plasma treatment in the
presence of O2 gas 
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Fig. 11. The graph of the amount of methylene blue 
color removal by changing the distance of the electrode 

from the solution surface in the presence of O2 gas 
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Fig. 12. Methylene blue removal rate diagram with 

voltage changes from 100 to 150 kV in the 
presence of O2 gas 
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Fig. 13. The graph of the decolorization rate of 

methylene blue at different pH values from 4 to 9
using pulsed corona with the help of O2 gas
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Fig. 14. The graph of temperature changes during the 

purification process using plasma with the help of 
different gases 
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Fig. 16. The amount of decolorization of the real effluent 

sample from the textile wastewater prepared from 
the textile industry 
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