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ABSTRAK 

PLASMA POINT-TO-LIQUID UNTUK MENDEGRADASI METILEN BIRU  

(Oleh: Muhammad Eizi Nugroho; Pembimbing: Dr. Suryajaya, S.Si., M.Sc.Tech.; 

Rahmad Oktafiansyah, S.Si., M.Si., 2026; 77 halaman). 

 

Penelitian ini bertujuan untuk menganalisis efektivitas plasma non-termal 

dengan konfigurasi plasma point-to-liquid dalam mendegradasi metilen biru serta 

mengkaji pengaruh tegangan, jarak elektroda, durasi kontak plasma, dan volume 

larutan terhadap efisiensi degradasi. Plasma dibangkitkan menggunakan rangkaian 

Zero Voltage Switching (ZVS) dan transformator flyback dengan variasi tegangan 

12 V, 20 V, dan 28 V. Variasi jarak elektroda yang digunakan yaitu 0,5 cm dan 1 

cm, sedangkan volume larutan metilen biru divariasikan sebesar 20 mL, 40 mL, 60 

mL, 80 mL, dan 100 mL dengan waktu perlakuan 3-15 menit. Analisis degradasi 

dilakukan menggunakan spektrofotometer UV-Vis pada panjang gelombang 

maksimum 664 nm. Hasil penelitian menunjukkan bahwa efisiensi degradasi 

meningkat seiring bertambahnya tegangan dan durasi kontak plasma, namun 

menurun dengan bertambahnya volume larutan dan jarak elektroda. Kondisi 

optimum diperoleh pada tegangan 28 V, jarak elektroda 0,5 cm, volume larutan 20 

mL, dan waktu perlakuan 15 menit dengan efisiensi degradasi mencapai hampir 

100%. Analisis kinetika menunjukkan bahwa proses degradasi mengikuti model 

pseudo-first-order dengan nilai konstanta laju reaksi (k) yang meningkat pada 

tegangan tinggi dan volume larutan kecil. Penurunan efisiensi pada volume besar 

disebabkan oleh terbatasnya interaksi plasma pada permukaan larutan sehingga 

distribusi spesies reaktif ke seluruh larutan menjadi kurang optimal. Mekanisme 

degradasi berlangsung melalui pembentukan Reactive Oxygen Species (ROS) dan 

Reactive Nitrogen Species (RNS) seperti radikal hidroksil (•OH), ozon (O₃), dan 

hidrogen peroksida (H₂O₂) yang mengoksidasi struktur molekul metilen biru hingga 

terdegradasi menjadi senyawa yang lebih sederhana. Hasil penelitian ini 

menunjukkan bahwa sistem plasma point-to-liquid berpotensi sebagai metode 

pengolahan limbah cair berbasis zat warna yang efektif, cepat, dan ramah 

lingkungan. 

Kata Kunci: Plasma non-termal, Plasma point-to-liquid, Metilen biru  
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ABSTRACT 

POINT-TO-LIQUID PLASMA FOR METHYLENE BLUE DEGRADATION 

(By: Muhammad Eizi Nugroho; Advisors: Dr. Suryajaya, S.Si., M.Sc.Tech.; 

Rahmad Oktafiansyah, S.Si., M.Si.; 2026; xx pages). 

 

This study aimed to analyze the effectiveness of non-thermal plasma with a 

point-to-liquid configuration for methylene blue degradation and to investigate the 

effects of applied voltage, electrode distance, plasma contact duration, and solution 

volume on degradation efficiency. Plasma was generated using a Zero Voltage 

Switching (ZVS) circuit combined with a flyback transformer under voltage 

variations of 12 V, 20 V, and 28 V. The electrode distances were varied at 0.5 cm 

and 1 cm, while the methylene blue solution volumes were adjusted to 20 mL, 40 

mL, 60 mL, 80 mL, and 100 mL with treatment durations ranging from 3 to 15 

minutes. Degradation analysis was conducted using a UV-Vis spectrophotometer 

at the maximum wavelength of 664 nm. The results showed that degradation 

efficiency increased with increasing applied voltage and plasma contact duration, 

but decreased with increasing solution volume and electrode distance. The optimum 

condition was obtained at 28 V, 0.5 cm electrode distance, 20 mL solution volume, 

and 15 minutes treatment time, achieving nearly 100% degradation efficiency. 

Kinetic analysis indicated that the degradation process followed a pseudo-first-

order model, where the reaction rate constant (k) increased at higher voltages and 

smaller solution volumes. The decrease in efficiency at larger volumes was 

attributed to the limited interaction of plasma at the liquid surface, resulting in less 

effective distribution of reactive species throughout the solution. The degradation 

mechanism involved the formation of Reactive Oxygen Species (ROS) and 

Reactive Nitrogen Species (RNS), such as hydroxyl radicals (•OH), ozone (O₃), and 

hydrogen peroxide (H₂O₂), which oxidized the methylene blue molecular structure 

into simpler compounds. The findings demonstrate that the point-to-liquid plasma 

system has strong potential as an effective, rapid, and environmentally friendly 

method for dye-containing wastewater treatment. 

Keywords: Non-thermal plasma, Point-to-liquid Plasma, Methylene blue 
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