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ABSTRACT 

This study investigates the degradation of Remazol Red RB-133 in batik wastewater using plasma electrolysis, an 

advanced oxidation process (AOP) that generates highly reactive hydroxyl radicals (●OH). The plasma system, operated 

at 60 °C with air injection, achieved rapid degradation 86.4% within 5 minutes and up to 99% after 60 minutes exceeding 

the performance of non-plasma techniques such as electrocoagulation. Degradation kinetics were characterized through 

UV-Vis spectroscopy and LC-MS/MS, revealing the progressive breakdown of azo chromophores and aromatic rings into 

low-molecular-weight, less toxic intermediates, which were subsequently mineralized into CO₂ and H₂O, as indicated by 

significant degradation in Chemical Oxygen Demand (COD) and Total Organic Carbon (TOC). Mass spectral analysis 

confirmed the formation and subsequent transformation of intermediate compounds, including carboxylic acids and 

inorganic ions such as SO₄²⁻, NO₃⁻, and NH₄⁺. The degradation mechanism followed a radical-based pathway comprising 

initiation, propagation, and termination stages. These findings demonstrate the high efficiency and environmental 

sustainability of plasma electrolysis for treating dye-laden wastewater and provide insights into the mechanistic pathway 

of azo dye mineralization, contributing to the advancement of water treatment technologies aligned with SDG 6. 

Keywords: plasma electrolysis; azo dye; Remazol Red RB-133; hydroxyl radical; wastewater treatment; COD; TOC; LC-

MS/MS; UV-Vis spectroscopy 

1. Introduction 

Remazol Red RB-133 is an anionic azo dye commonly found in 

textile wastewater. Its complex aromatic structure, high solubility, and 

resistance to natural degradation render it highly persistent and toxic to 

the environment[1]. Conventional wastewater treatment plants 

predominantly rely on biological degradation processes, either aerobic 

or anaerobic, which have shown limited efficacy in removing such 

recalcitrant compounds[2,3]. Attempts to improve treatment 

performance by integrating physical and chemical techniques such as 

coagulation, filtration, adsorption, or chlorination often lead to 

increased operational costs without substantially enhancing dye 

removal efficiency[4]. Plasma electrolysis, classified under Advanced 

Oxidation Processes (AOPs), has been explored as a promising 

approach for degrading persistent organic pollutants including azo 
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dyes[5]. Prior studies indicate that this method can achieve up to 95% decolorization efficiency[6]. The process 

generates reactive oxygen species, particularly hydroxyl radicals (●OH), which non-selectively oxidize 

organic molecules, transforming them into intermediate compounds and ultimately mineralizing them into CO₂, 

H₂O, and inorganic ions[7]. Figure 1 illustrated the molecular formula of Remazol Red RB-133 is 

C₂₇H₁₈ClN₇Na₄O₁₅S₅ with a molecular weight of 968.18 g/mol, underscoring its structural complexity and 

resistance to conventional biodegradation[8]. 

 

Figure 1. Remazol Red RB-133 molecular structure. 

The persistent nature of Remazol Red RB-133 in batik wastewater is a significant environmental, as 

chemical oxygen demand (COD) values have been reported as high as 13,800 mg/L, far exceeding the 

regulatory limits in Indonesia (PerMenLH No. 51/1995, which sets maximum COD at 150 mg/L and color 

concentration at 15 mg/L). Accordingly, plasma electrolysis offers an environmentally sustainable approach 

that contributes to achieving SDG 6, which emphasizes universal access to safe water and the responsible 

management of water resources. The efficiency of plasma generation and pollutant degradation is influenced 

by key process variables such as input power, Na₂CO₃ electrolyte concentration, air injection, and time 

operation which can enhance the production of ●OH radicals.  

 

Figure 2. State of the art and research gap of the research. 

Shown in Figure 2, although plasma electrolysis effectively decolorized Remazol Red RB-133, the 

formation of aromatic intermediate compounds suggests incomplete mineralization. This highlights the need 
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for extended treatment or combined methods to achieve full degradation and detoxification of the wastewater. 

The identification of intermediates also contributes to understanding the degradation pathway of azo dyes 

under plasma-based AOPs. This study aims to investigate the performance of Remazol Red RB-133 

degradation and identify the resulting intermediate compounds formed during the plasma electrolysis process. 

The novelty of this study lies in addressing the high ecological and health risks posed by persistent pollutants 

such as Remazol Red RB-133, as well as the limitations of conventional treatment technologies. These 

challenges underscore the urgent need for innovative, efficient, and environmentally sustainable approaches. 

This study presents an innovative utilization of plasma electrolysis technology for the degradation of Remazol 

Red RB-133 in textile wastewater, with the objective of advancing sustainable approaches to industrial effluent 

treatment and contributing to the development of environmentally responsible wastewater management 

strategies. 

2. Materials and methods 

2.1. Material 

Sodium Carbonate (Na₂CO3) with Merck number 1.06392.1000, white crystalline solid with a molecular 

weight of 142.04 g/mol (anhydrous), used as a salt in the electrolyte solution. Remazol Red RB-133 

(C₂₇H₁₈ClN₇Na₅O₁₈S₆) with Merck Number 1.12221.0025 is a synthetic textile dye in the form of a red powder 

with a molecular weight of 968.18 g/mol. It is commonly used as a model pollutant in studies on azo dye 

degradation. Distilled water (aquadest) was used as the solvent. 

2.2. Methods 

2.2.1. Plasma electrolysis experimental design 

The schematic diagram of the experimental setup is presented in Figure 3.  

 

Figure 3. Plasma electrolysis reactor. 

Based on Figure 3, the system consists of a cylindrical plasma electrolysis reactor constructed from 

borosilicate glass (Pyrex) with a total volume capacity of 1.2 liters. The reactor is equipped with two electrodes: 

a tungsten rod (Ø 2 mm, Alfa Aesar) serving as the anode, and a stainlesssteel rod (grade 316, Ø 5 mm, 

McMaster) as the cathode. The anode was encased in a glass sheath with 5 mm of its length exposed and 
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immersed in the electrolyte solution. Both electrodes were connected to a programmable DC power supply 

(GWINSTEK GPR-1000HD), with adjustable output ranging from 0 to 1000 V and a maximum current of 5 

A. The electrolyte used in all experimental runs was a 0.02 M solution of Na₂CO3 with Merck number 

1.06392.1000. Temperature monitoring was performed using a digital thermometer (KIRAY 300, France) with 

±1°C accuracy. Electrical parameters were measured using a digital multimeter (UNI-T 61E), while voltage 

readings were cross-validated with a benchtop voltmeter (HIOKI 3239-50) at 700V. A flow meter (OMEGA 

FL-3400) was used to monitor air injection flow rates at 0.08 L/men during plasma generation. The setup also 

included a diode bridge rectifier, a ceramic capacitor (100 µF, Vishay), and insulated wiring to ensure electrical 

safety and signal stability[16]. 

2.2.2. Procedure 

In this investigation, Remazol Red RB-133 (C₂₇H₁₈ClN₇Na₅O₁₈S₆), a representative synthetic azo dye with 

a molecular weight of 968.18 g/mol (Merck catalogue no. 1.12221.0025), was employed as the target 

contaminant at an initial concentration of 200 ppm to evaluate the effectiveness of the plasma electrolysis 

treatment process. The degradation process was monitored by measuring changes in dye concentration using 

a UV-Visible spectrophotometer (Shimadzu UV-1800, Japan). The degradation efficiency was calculated 

based on the relative concentration decline over time using the equation[17]: 

𝐷𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 𝑅𝑒𝑚𝑎𝑧𝑜𝑙 𝑅𝑒𝑑 𝑅𝐵 − 133 =
𝐶0−𝐶𝑡

𝐶0
 𝑥 100%    (1) 

To investigate the transformation products generated during plasma electrolysis, the treated samples were 

analyzed using Liquid Chromatography–Mass Spectrometry (LC-MS/MS). Chromatographic separation was 

carried out on an ACQUITY UPLC® H-Class system (Waters, USA), which was fitted with an HSS C18 

column (1.8 µm; 2.1 × 100 mm) and maintained at 50 °C. A gradient elution method was applied, in which 

mobile phase A consisted of water with 5 mM ammonium formate and mobile phase B comprised acetonitrile 

containing 0.05% formic acid, delivered at a flow rate of 0.2 mL/min. Prior to injection, samples were filtered 

through a 0.2 µm syringe filter, and an injection volume of 5 µL was used. Mass detection was performed 

using a Xevo G2-S QTof mass spectrometer (Waters, USA), operated in positive electrospray ionization (ESI) 

mode, with a scanning range of 50–1300 m/z. Additional instrumental settings included a source temperature 

of 100 °C, desolvation temperature of 350 °C, gas flow rate of 793 L/h, and a collision energy ramp of 25–

50 V[18]. 

In addition, mineralization efficiency was assessed through Total Organic Carbon (TOC) analysis, which 

was conducted using a Shimadzu TOC-L CPH Analyzer (Japan). This analysis was carried out via high-

temperature catalytic combustion, followed by detection using a non-dispersive infrared (NDIR) sensor. The 

TOC values were used to quantitatively determine the extent of organic carbon oxidation and served as an 

indicator of the completeness of organic compound degradation. 

3. Result and discussion 

The treatment of batik wastewater using plasma electrolysis was performed at a controlled temperature 

of 60 °C, with an air injection flow rate maintained at 0.8 L/min over a 60-minute operational period. The 

degradation process occurred most rapidly during the initial phase, with a plateau observed after approximately 

15 minutes. Compared to treatments without air injection, the introduction of air significantly enhanced the 

degradation efficiency of Remazol Red. Within just 5 minutes, the degradation efficiency reached 86.42% at 

an air flow rate of 0.08 L/min, representing a 55.4% increase relative to the process without air injection. At 

30minutes, the degradation reached 97.5% for an initial dye concentration of 200ppm, indicating superior 

performance compared to several previous studies. During the first 10 minutes, the presence of injected air 

facilitated the generation of hydroxyl radicals (●OH), which play a critical role in the oxidative breakdown of 

Remazol Red. Although degradation continued between the 10 and 15minute, the rate of increase diminished 
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due to the reduced concentration of the dye. After 20minutes, the degradation rate stabilized, likely due to the 

limited availability of dye molecules in the solution. Excess ●OH radicals, in the absence of sufficient dye 

molecules, tend to recombine into hydrogen peroxide (H₂O₂), a species with a lower oxidative potential[19]. 

Moreover, ●OH radicals also react with intermediate degradation products, contributing to their further 

breakdown and eventual mineralization, as reflected by the decreasing Total Organic Carbon (TOC) 

values.The plasma electrolysis process generates highly reactive ●OH radicals with a high oxidation potential 

(2.81V). Additionally, glow-discharge plasma emits ultraviolet (UV) radiation and shock waves, which 

synergistically enhance the degradation efficiency. The degradation process follows a radical mechanism 

consisting of three main stages: initiation, propagation, and termination, wherein reactive species such as 

hydroxyl radicals (●OH) are generated, react with target compounds, and eventually stabilize or recombine[20].  

Initiation : H2O2 + hv → 2●OH      (2) 

Propagation : H2O2 + ●OH → H2O + HO2
●     (3) 

    HO2
● + H2O2 → H2O + O2 + ●OH    (4) 

Termination : ●OH + ●OH → H2O2      (5) 

    ●OH + HO2
● → H2O + O2     (6) 

    HO2
● + HO2

● → H2O2 + O2     (7) 

This is in line with previous research Zhang et al. (2024), the pH of the solution significantly influences 

the degradation pathway by modulating the reactivity and stability of hydroxyl radicals (●OH), which are 

known to be highly pH-dependent. At acidic to neutral pH (typically pH < 7), ●OH is more stable and remains 

in its radical form, thereby playing a dominant role in non-selective oxidation of organic compounds through 

hydrogen abstraction or electron transfer. In contrast, at higher pH (alkaline conditions), the reactivity of ●OH 

may be suppressed due to its rapid recombination or conversion into less reactive species such as superoxide 

(O₂⁻•) or hydroperoxide anion (HO₂⁻), altering the degradation pathway. Moreover, under alkaline conditions, 

other radicals such as O₂⁻• may become more prominent, which follow different reaction mechanisms. 

Consequently, the dominant degradation mechanism may shift from hydroxyl radical-based oxidation at low 

pH to other radical or non-radical mechanisms at high pH, thus affecting the efficiency, selectivity, and 

intermediate products of the overall degradation process[21]. 

In addition to color removal, the effectiveness of this process is also demonstrated by reductions of COD 

and TOC, as shown in Figure 4. 

 

Figure 4. Degradation of Remazol Red RB-133, COD, TOC and Generating of Hydroxyl Radicals. 
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Figure 4 illustrated that Remazol Red degradation proceeded rapidly during the first 10 minutes, after 

which the rate slowed due to the significantly reduced residual dye concentration. Nonetheless, the ongoing 

plasma electrolysis continued to generate ●OH radicals capable of oxidizing soluble intermediate compounds, 

as evidenced by the continuous decline in COD levels[22]. The decreasing TOC further indicates that 

mineralization proceeded effectively. COD and TOC serve as indicators of the amount of oxygen required to 

oxidize organic matter in water samples into CO₂ and H₂O. These values are critical for assessing organic 

pollution levels in water and must comply with environmental quality standards. The degradation process was 

highly effective, with Remazol Red concentrations decreasing by 97.5% at 30 minutes and 98.99% at 60 

minutes. The findings of this study are consistent with those reported by Sukreni et al. (2019), who achieved 

approximately 86% degradation of Remazol Red RB-133 within the first 5 minutes of plasma electrolysis[23]. 

Moreover, the results align with the work of Farawan et al., (2019), which demonstrated up to 99% degradation 

of the same dye after 30 minutes of treatment. COD decreased by 54.3% and 67.03%, while TOC decreased 

by 35.2% and 51.7% at 30 and 60minutes, respectively[24]. The concurrent decrease in COD, TOC, and pH 

suggests complete oxidation of organic compounds into CO₂ and H₂O. Dissolved carbon was likely converted 

into inorganic carbon species such as carbonate in the aqueous phase or released as gaseous CO₂, depending 

on the pH. pH is a crucial factor in wastewater treatment. Several studies have shown that degradation rates 

improve at lower pH values due to the increased of ●OH and H₂O₂[25]. Additionally, ●OH radicals exhibit 

higher oxidation potentials at acidic pH (2.70 V at pH 3) compared to alkaline conditions (2.34 V at pH 9).   

Although significant decolorization of Remazol Red occurred during the degradation process, the extent 

of color removal was not directly proportional to the reduction in COD and TOC[26]. This indicates that the azo 

chromophore group (-N=N-) responsible for the red color was successfully degraded, while lower-molecular-

weight intermediates were still present in the Na2CO3 solution. 

 

 
Figure 5. Visual discoloration of the Remazol Red RB-133 solution observed at sequential time intervals: (a) 0 minutes, (b) 5 minutes, 

(c) 10 minutes, (d) 20 minutes, (e) 30 minutes, and (f) 60 minutes. 

The visual transformation of color during the plasma electrolysis process is presented in Figure 5, where 

the initial red hue of the Remazol Red RB-133 solution gradually fades, with the solution appearing nearly 

transparent by the 30th minute. The observed discoloration is primarily attributed to the cleavage of the azo 

bond (-N=N-) within the chromophoric group, leading to the formation of colorless intermediate compounds[23]. 

Subsequent degradation pathways involve the breakdown of aromatic rings and other cyclic and aliphatic 

structures, producing various intermediate species[27]. These intermediates are further oxidized into low-

molecular-weight compounds such as carboxylic acids, which are ultimately mineralized into carbon dioxide 

(CO₂). The diminishing absorbance in the visible region of the UV-Vis spectrum confirms the continuous 

decrease in the concentration of Remazol Red RB-133 over time. 
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Figure 6. Mass spectral profile of Remazol Red RB-133 at the initial stage (t = 0 minutes). 

 

 

Figure 7. Mass spectrometric analysis of Remazol Red RB-133 at t = 5 minutes. 

 

 

Figure 8. Mass spectrum illustrating degradation products of Remazol Red RB-133 at the 10-minute. 

 

 

Figure 9. Mass fragmentation pattern of Remazol Red RB-133 observed at 20 minutes. 

 

 

Figure 10. Mass spectral profile of Remazol Red RB-133 following 30 minutes of degradation. 
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Figure 11. Mass spectrum indicating degradation products of Remazol Red RB-133 at 60-minute. 

Figure 6 presents the chromatogram of the Remazol Red solution at the initial condition (t = 0 minutes), 

exhibiting a dominant peak with the highest intensity at a retention time (Rt) of 17.45 minutes. This peak 

corresponds to the parent compound, Remazol Red. The degradation of Remazol Red RB-133 was monitored 

through UV-Visible (UV-Vis) spectroscopy by observing changes in the absorbance spectrum over time. The 

dye exhibits a characteristic absorbance peak in the visible region, typically centered around λ_max ≈ 530–

550 nm, which corresponds to the azo (-N=N-) chromophore group responsible for the compound’s intense 

red coloration. As the plasma electrolysis process progresses, the intensity of this peak gradually diminishes, 

as illustrated in Figures 7-11. Progressive Degradation (t = 5 to 30minutes), as the plasma electrolysis process 

proceeds: The absorbance intensity at λ_max decreases steadily, suggesting the breakdown of the azo bond 

and the gradual loss of conjugated π-electron systems. New absorbance peaks emerge in the lower UV region 

(200–350nm), typically associated with smaller aromatic or aliphatic intermediate compounds. This spectral 

shift indicates that the parent dye is being converted into intermediate species with lower molecular weights 

and different electronic structures. By the 60minute, the peak at λ_max is significantly diminished or 

disappears entirely, indicating near-complete decolorization and degradation of Remazol Red. The remaining 

spectral features in the UV region suggest the presence of non-colored, low-toxicity by-products such as 

carboxylic acids and short-chain organic fragments[28]. 

This decline in intensity signifies the progressive degradation of the parent dye compound. The emergence 

of new peaks at lower retention times indicates the formation of intermediate degradation products, which are 

presumed to possess lower molecular weights, higher polarity, and reduced toxicity compared to the original 

Remazol Red RB-133 molecule. These intermediates are indicative of cleavage reactions occurring during the 

degradation process. The elemental composition of azo dyes particularly sulfur, chlorine, and 

nitrogencontributes to the formation of water-soluble ionic species during degradation). Sulfur is oxidized into 

sulfate ions (SO₄²⁻), although the rate of sulfate formation is generally slower than the rate of decolorization. 

Nitrogen-containing moieties, on the other hand, are transformed into ammonium (NH₄⁺), nitrate (NO₃⁻), and 

eventually molecular nitrogen (N₂). Ammonium ions undergo further oxidation to nitrate, followed by the 

release of nitrogen gas, completing the nitrogen mineralization pathway[29]. 

4. Conclusion 

This study demonstrates the effectiveness of plasma electrolysis as a sustainable and high-performance 

technology for the degradation of Remazol Red RB-133 in textile wastewater. The process exhibited rapid and 

efficient dye removal, achieving over 97% degradation within 30 minutes and 99% at 60 minutes under 

optimized conditions with air injection. Spectroscopic and chromatographic analyses confirmed the cleavage 

of the azo bond and the stepwise formation of low-molecular-weight intermediates, which were ultimately 

mineralized into inorganic end products such as CO₂, NO₃⁻, and SO₄²⁻. This study acknowledges several 

limitations that warrant consideration. First, the identification of reactive oxygen species (ROS) such as 

hydroxyl radicals (●OH), superoxide anions (O₂•⁻), and ozone (O₃) involved in the plasma-assisted oxidation 

process was not directly confirmed using Electron Spin Resonance (ESR) spectroscopy due to the 

unavailability of suitable instrumentation. Consequently, the presence and role of specific radical species were 
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inferred indirectly through theoretical references and degradation behavior. Second, the potential contribution 

of nanobubbles to reactive species generation was not experimentally evaluated. These limitations suggest that 

conclusions regarding the underlying degradation mechanisms should be interpreted with caution. The 

progressive decrease in COD and TOC values supports the occurrence of complete mineralization beyond 

mere decolorization. Compared to conventional treatment methods, such as electrocoagulation, plasma 

electrolysis offers superior degradation efficiency, reduced processing time, and minimal secondary pollution. 

The study not only validates plasma electrolysis as a viable method for industrial wastewater treatment but 

also provides mechanistic insights into the degradation pathway of azo dyes. These results affirm the potential 

of plasma-based AOPs to address environmental challenges related to persistent organic pollutants and support 

their broader implementation in sustainable water management strategies. 

Akcnowledgment 

The authors express their sincere gratitude to the Directorate of Research, Technology, and Community 

Service, Directorate General of Higher Education, Research, and Technology, Ministry of Education, Culture, 

Research, and Technology of the Republic of Indonesia for the financial support provided through the 

Fundamental Research scheme, fiscal year 2025, under Contract Number 089/C3/DT.05.00/PL/2025. 

Author contributions 

Conceptualization and Supervision: Harianingsih, Nur Qudus; Data Curation: Nabila Khoirunisa, Kristian 

Saputra; Manuscript Preparation and Writing: Catur Rini Widyastuti; Review and Editing: Nuni Widiarti. 

Conflict of interest 

The authors declare no conflict of interest. 

References 

1. Da Silva LT, Crisóstomo JV, da Silva LP, Monteiro ND, Oliveira JT, do Nascimento HO, Longhinotti E, Romero 

FB, de Oliveira AG, do Nascimento RF. Influence study of cationic surfactant, temperature, and current on the 

electrocoagulation process for removal of Remazol Red RB 133 by central composite design and response surface 

methodology. Journal of SolidState Electrochemistry 2024; 22, 1-27. https://doi.org/10.1007/s10008-024-05959-7 
2. Kusworo TD, Kumoro AC, Aryanti N, Hasbullah H, Chaesarifa DR, Fauzan MD, Dalanta F. Developing a robust 

photocatalytic and antifouling performance of PVDF membrane using spinel NiFe2O4/GO photocatalyst for 

efficient industrial dye wastewater treatment. Journal of Environmental Chemical Engineering 2023; 11(2), 

109449. https://doi.org/10.1016/j.jece.2023.109449 

3. Anowar Hossain M. Simulation of chromatic and achromatic assessments for camouflage textiles and combat 

background. The Journal of Defense Modeling and Simulation 2023; 20(3), 317-32. 

https://doi.org/10.1177/15485129211067759 

4. Harianingsih, Syarfina Farisah, Eva Karamah, and Nelson Saksono. Air plasma electrolysis method for synthesis 

of liquid nitrate fertilizer with K2HPO4 and K2SO4 electrolytes. Int J Plasma Environ Sci Technol 2021; 15(1), 

e01005.https://doi.org/10.34343/ijpest.2021.15.e01005 

5. Farawan, Bening, Riedo Devara Yusharyahya, Misri Gozan, and Nelson Saksono. A novel air plasma electrolysis 

with direct air injection in plasma zone to produce nitrate in degradation of organic textile dye. Environmental 

Progress & Sustainable Energy 2021; 40 (6), e13691. https://doi.org/10.1002/ep.13691  

6. Karamah, Eva Fathul, Nelson Saksono, and Zainal Zakaria. The effect of power on nitrate synthesis and the 

emission intensities of reactive species using anodic plasma electrolysis. ASEAN Journal of Chemical 

Engineering. 2022;316-325.https://doi.org/10.22146/ajche.76790 

7. Farawan, Bening, Ilma Darojatin, and Nelson Saksono. Simultaneous degradation of phenol-Cr (VI) wastewater 

on air injection plasma electrolysis using titanium anode. Chemical Engineering and Processing-Process 

Intensification 2022; 172, 108769. https://doi.org/10.1016/j.cep.2021.108769 

8. Rafaie HA, Shohaimi NA, Ramli NI, Ishak ZI, Rosmi MS, Mohamed MA, Hir ZA. Application of hybrid 

polymeric materials as photocatalyst in textile wastewater. InPolymer Technology in Dye-containing Wastewater: 

Singapore: Springer Nature Singapore 2022; 1, 101-143. https://doi.org/10.1007/978-981-19-1516-1_5 

9. Rekha HB, dan Murthy UN. Electrochemical Degradation of Remazol Red RB 133 Using Sacrificial Electrodes. 

International Journal of Science and Technology 2018; 106-28. https://dx.doi.org/10.20319/mijst.2018.41.106128 

https://doi.org/10.1007/s10008-024-05959-7
https://doi.org/10.1016/j.jece.2023.109449
https://doi.org/10.1177/15485129211067759
https://doi.org/10.34343/ijpest.2021.15.e01005
https://doi.org/10.1002/ep.13691
https://doi.org/10.22146/ajche.76790
https://doi.org/10.1016/j.cep.2021.108769
https://doi.org/10.1007/978-981-19-1516-1_5
https://dx.doi.org/10.20319/mijst.2018.41.106128


10 

10. Ajaz M, Shakeel S, Rehman A. Microbial use for azo dye degradation—a strategy for dye bioremediation. 

International Microbiology 2020; 149-59. https://doi.org/10.1007/s10123-019-00103-2 

11. Shaima I., M, Naghmash MA, El-Molla SA. Synthesis and application of nano-hematite on the removal of 

carcinogenic textile remazol red dye from aqueous solution. Desalination and Water Treatment 2020, 70-86. 

https://doi.org/10.5004/dwt.2020.25063 

12. Hossain MA, Kayes N, Hossain M. Removal of Remazol Red RR from Aqueous Solution by Glass Supported 

Films of Synthesized ZnO Nanoparticles. ICRRD Qual. Index Res. J 2021;109-19. 

https://doi.org/10.53272/icrrd.v2i3.2 

13. Pipil H, Yadav S, Chawla H, Taneja S, Verma M, Singla N, Haritash AK. Comparison of TiO2 catalysis and 

Fenton’s treatment for rapid degradation of Remazol Red Dye in textile industry effluent. Rendiconti Lincei. 

Scienze Fisiche e Naturali 2022; 33(1),105-14. https://doi.org/10.1007/s12210-021-01040-x 

14. Luo Y, Jiang H, Ding LX, Chen S, Zou Y, Chen GF, Wang H. Selective synthesis of either nitric acid or ammonia 

from air by electrolyte regulation in a plasma electrolytic system. ACS Sustainable Chemistry & Engineering 

202;11(32),11737-44. https://pubs.acs.org/doi/10.1021/acssuschemeng.2c06506 

15. Pakprom J, Santalunai S, Charoensiri W, Ramjanthuk S, Janpangngern P, Thongsopa C, Thosdeekoraphat T, 

Santalunai N, Santalunai S. Optimizing Nitrate Fertilizer Production Using Plasma-Activated Water (PAW) 

Technology: An Analysis of Dielectric Properties. Applied Sciences 2024; 14(21), 9997. 

https://doi.org/10.3390/app14219997 

16. Tomar S, Shahadat M, Ali SW, Joshi M, Butola BS. Treatment of textile‐wastewater using green technologies. 

Green chemistry for sustainable water purification 2023; 24,129-56. https://doi.org/10.1002/9781119852322.ch6 

17. Patil DJ, Grewal HS. Auto ignition assisted synthesis of magnetic CaFe2O4: Exploring role of fuel molecule and 

amplest dye dismissal. Colloids and Surfaces A: Physicochemical and Engineering Aspects 2024; 5,134750. 

https://doi.org/10.1016/j.colsurfa.2024.134750 

18. Deng, F., Qiu, S., Olvera-vargas, H., Zhu, Y., Gao, W., Yang, J., & Ma, F. Electrocatalytic sulfathiazole 

degradation by a novel nickel-foam cathode coated with nitrogen-doped porous carbon. Electrochimica Acta, 

2019; 297, 21-30. https://doi.org/10.1016/j.electacta.2018.11.180 

19. Tsuchida, Yuto, Naoya Murakami, Tatsuya Sakakura, Yoshiyuki Takatsuji, and Tetsuya Haruyama. Drastically 

increase in atomic nitrogen production depending on the dielectric constant of beads filled in the discharge space. 

ACS omega 2021; 44(6), 29759-29764.https://pubs.acs.org/doi/10.1021/acsomega.1c04201 

20. Harianingsih, H., Widiarti, N., Sulstyawan, V. N., Kusumaningrum, M., Pangestu, I. S., Putra, M. R. F., 

Kurniawan, T. A.The Effect of Fe2+ Ions Addition on Reactive Oxygen and Nitrogen Species (RONSs) with 

Controlled Initial pH of Nitrate Synthesis using Plasma Electrolysis Reactor. Journal of Advanced Research in 

Fluid Mechanics and Thermal Sciences 2025; 125(2),170–179. https://doi.org/10.37934/arfmts.125.2.170179 

21. Zhang, P., Sun, M., Liang, J., Xiong, Z., Liu, Y., Peng, J., ... & Lai, B. pH-modulated oxidation of organic 

pollutants for water decontamination: A deep insight into reactivity and oxidation pathway. Journal of hazardous 

materials 2024; 471, 134393. https://doi.org/10.1016/j.jhazmat.2024.134393 

22. Harianingsih, Arief A, Sri H, Maharani K, Amadea V., P., Faizya P., M., and Nelson S. Cathodic and Anodic 

Plasma Electrolysis on Nitrate Synthesis. ASEAN Engineering Journal 2024; 14(3), 175-

181.https://doi.org/10.11113/aej.v14.21525 

23. Sukreni, T., Bismo, S., & Saksono, N. Effect of low flow rate of air injection on remazol red degradation in 

contact glow discharge electrolysis reactor. J. Environ. Sci. Technol 2019; 12(5), 197-204. 

https://doi.org/10.3923/jest.2019.197.204 

24. Farawan, B., Yusharyahya, R. D., Gozan, M., & Saksono, N. A novel air plasma electrolysis with direct air 

injection in plasma zone to produce nitrate in degradation of organic textile dye. Environmental Progress & 

Sustainable Energy 2021; 40(6), e13691. https://doi.org/10.1002/ep.13691 

25. Harianingsih, Harianingsih, Woro Dyah Pita Rengga, Maharani Kusumaningrum, Nadya Alfa Cahaya Imani, 

Nelson Saksono, and Zainal Zakaria. The Effect of Air Injection for Formation of Radicals in Liquid Glow 

Discharge Plasma Electrolysis with K2SO4 Solution. Reaktor 2023; 23(2), 37-43. 

https://doi.org/10.14710/reaktor.23.2.37-43 

26. Thanavel, M., Bankole, P. O., Selvam, R., Govindwar, S. P., & Sadasivam, S. K. Synergistic effect of biological 

and advanced oxidation process treatment in the biodegradation of Remazol yellow RR dye. Scientific reports 

2020; 10(1), 20234. https://doi.org/10.1038/s41598-020-77376-5 

27. Harianingsih, Harianingsih, Vera Noviana Sulistyawan, Maharani Kusumaningrum, Nuni Widiarti, Indra Sakti 

Pangestu, Muhammad Rizky Fahrizal Putra, Afifah Ritmadanti, and Tonni Agustiono Kurniawan. The Effect of 

Air Injection Flowrate on Nitrate Synthesis with The Addition of Fe2+ Ions Using Plasma Electrolysis. In E3S 

Web of Conferences 2024; 576, 06017. https://doi.org/10.1051/e3sconf/202457606017 

28. Saksono, Nelson, Harianingsih, Bening Farawan, Veny Luvita, and Zainal Zakaria. Reaction pathway of nitrate 

and ammonia formation in the plasma electrolysis process with nitrogen and oxygen gas injection. Journal of 

Applied Electrochemistry 2023; 53, 1183-1191.https://doi.org/10.1007/s10800-023-01849-4 

29. Saksono, Nelson, Patresia Suryawinata, Zainal Zakaria, and Bening Farawan. Fixation of air nitrogen to ammonia 

and nitrate using cathodic plasma and anodic plasma in the air plasma electrolysis method. Environmental 

Progress & Sustainable Energy 2024; 43, e14331.https://doi.org/10.1002/ep.14331 

https://doi.org/10.1007/s10123-019-00103-2
https://doi.org/10.5004/dwt.2020.25063
https://doi.org/10.53272/icrrd.v2i3.2
https://doi.org/10.1007/s12210-021-01040-x
https://pubs.acs.org/doi/10.1021/acssuschemeng.2c06506?goto=supporting-info
https://doi.org/10.3390/app14219997
https://doi.org/10.1002/9781119852322.ch6
https://doi.org/10.1016/j.colsurfa.2024.134750
https://doi.org/10.1016/j.electacta.2018.11.180
https://pubs.acs.org/doi/10.1021/acsomega.1c04201
https://doi.org/10.37934/arfmts.125.2.170179
https://doi.org/10.1016/j.jhazmat.2024.134393
https://doi.org/10.11113/aej.v14.21525
https://doi.org/10.3923/jest.2019.197.204
https://doi.org/10.1002/ep.13691
https://doi.org/10.14710/reaktor.23.2.37-43
https://doi.org/10.1038/s41598-020-77376-5
https://doi.org/10.1051/e3sconf/202457606017
https://doi.org/10.1007/s10800-023-01849-4
https://doi.org/10.1002/ep.14331

