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ABSTRACT 
 

This article presents the results of experimental work on the identification of reactive 
species produced by plasma discharge in liquid. The analysis was conducted using 
methylene blue (MB) as chemical probe. There are two objectives, 1) to identify the effect of 
ground electrode configuration to the presence of reactive species and 2) to observe the 
ground electrode durability. Results showed that, degradation of MB occurred when using 
7 kV input supply and insulated ground electrode for 10 minutes. Meanwhile, the other 
input supply (7.8 kV and 8.6 kV) were unable to degrade MB solution. 
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1. INTRODUCTION 
 

Plasma discharge in liquid is widely studied because it has the potential to be applied in 
numerous applications, including material processing, water purification, and sterilization 
[1]. The main advantage of plasma discharge in liquid is, it can generate chemical species 
which will penetrate into the liquid surface. This penetration will lead to the initiation of 
chemical and biocidal processes inside the liquid solution[2]. There are two main chemical 
species produced by plasma treatment which are Reactive Oxygen Species (ROS) and 
Reactive Nitrogen Species (RNS)[3]. Hydroxyl ion is one of an example of ROS. It has strong 
oxidation potential compared to other ROS. Unfortunately, hydroxyl has short lifetime. 
Overcoming these challenges will lead to the potential use of OH radicals in a wide range of 
application. Hence, plasma discharge in liquid was proposed in order to overcome this 
issues. By developing plasma discharge in liquid device, an abundant source of OH radical 
can be generated[4]. 
 
In order to develop plasma discharge in liquid device, there are a few main elements that 
need to be considered, namely input sources, dielectric barrier, reactive species production 
and also durability of electrode material [5]. For this experiment, it will be focusing on two 
objectives. The first one is to investigate the effect of different ground electrode 
configuration to the presence of reactive species. For this test, two types of electrode 
configuration were used namely insulated and non-insulated ground electrode. Then, the 
value of input supply will be varied and the existence of reactive species inside the plasma 
treated liquid will be detected by using chemical probe. This was chosen because it is the 
simplest method that can be used to detect reactive species inside aqueous solution[6]. For 
chemical probe, each type of reagent will give different effect to the different types of radical 
formed. In this test, chemical probe that will be used is methylene blue (MB). In MB cases, it 
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will turn colourless if there is the presence of hydroxyl radical inside the solution [7]–[9]. 
Meanwhile, the second objective is to investigate the durability of the ground electrode. The 
durability test will be conducted by observing physical changes of the ground electrode after 
plasma treatment. 
 

2. EXPERIMENTAL WORK AND APPARATUS  
 

Plasma discharge in liquid device consists of pulse inverter, power supply, quartz glass, gas 
supply, high voltage and ground electrode [10]. The device configuration is as shown in 
figure 1. The device consists of 60 mm long cylindrical quartz glass tube with an inner 
diameter 2 mm and outer diameter 4.5 mm. High voltage electrode is located inside the 
quartz glass, meanwhile the ground electrode is wounded outside the quartz glass. 

 
2.1 Material. 
 
Material used in this analysis is methylene blue (MB) and distilled water. Distilled water was 
used to dilute MB. Meanwhile, MB react as a chemical probe to detect hydroxyl radical. 

 

 

 

 

 

 
 

Figure 1 Plasma discharge in liquid device 
 

 

2.2 Part 1: Effect of different ground electrode configuration to the presence of 
hydroxyl radical inside plasma treated liquid. 
 

The objective of this experiment is to investigate the effect of different ground electrode to 
the production of reactive species inside the plasma treated liquid. There are two types of 
ground electrode configuration used in this test namely insulated and non-insulated ground 
electrode. Then, the value of input source will be varied during the test which is 7 kV, 7.8 kV, 
and 8.6 kV. The flow rate of gas and treatment time was fixed through the experiment which 
is 450 ml/min and 10 minutes respectively. Meanwhile, type of gas used in this experiment 
is helium. Helium was chosen because it has the highest ionization energy compared to other 
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inert gases [11].  
 
The existence of hydroxyl radical inside plasma treated liquid will be detected by observing 
the concentration of MB colour before and after the treatment. Following this result, it will 
be further established by conducting UV-Vis analysis. The UV-Vis spectrometer was used to 
detect the concentration of methylene blue by comparing the absorbance value of solution 
before and after treatment [12]. By obtaining the absorbance value, the increment or 
degradation value of methylene blue can be obtained. In MB cases, it will turn colourless 
after plasma discharge if there is any hydroxyl radical inside the solution [7]–[9]. 

 
2.3 Part 2: Ground electrode durability test. 
 
For this part, the durability of electrode will be examined by observing the physical changes 
of the ground copper electrode before and after the treatment. There are two configurations 
of ground electrode that was tested namely insulated ground electrode and non-insulated 
ground electrode as shown in figure 2. The insulator used for this test is Kapton tape. Kapton 
tape was chosen as the insulator because it has the advantage to be used at high temperature 
and has the ability to withstand flame, chemical and radiation resistant[13]. Material used as 
the electrode is copper wire. For this test, the solution used is distilled water and the time 
treatment is 10 minute. Meanwhile, the working gas and flow rate used are helium and 450 
ml/min respectively. Volume of distilled water is 20ml.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

 
Figure 2 Ground electrode; 2(i) insulated ground electrode,2(ii) non-insulated ground 

electrode. 
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3. RESULT AND DISCUSSION 
 
This section describes results from the effect of different ground electrode configuration to 
the presence of hydroxyl radical inside plasma treated liquid. Statistical data by using SSPS 
software are also included to show the correlation between concentration of MB before and 
after the treatment. The last part is the discussion on the durability test of ground electrode.  

 
3.1 Effect of different ground electrode configuration to the presence of hydroxyl 
radical inside plasma treated liquid.  

 
Previous research stated that plasma was able to degrade MB from dark blue colour to 
colourless [14]. Unfortunately, this device is unable to degrade MB thoroughly. The result 
are shown in table 1 and table 2. This observation was conducted by naked eye. Meanwhile, 
UV-Vis Spectrometer was used in order to detect the absorbance value of the solution before 
and after the treatment. By obtaining the absorbance value, the concentration changes of the 
liquid can be detected. It is because the absorption value of UV-Vis spectrometer is depend 
on the colour of the chemical involved during the measurement. Hence, the higher the colour 
of the liquid sample, the higher the absorbance value. The absorption of MB is in the range of 
600-700 nm. 
 
 Table 1 shows MB concentration results for non-insulated ground electrode. Non-insulated 
ground electrode is unable to degrade MB solution. Although, three varied input voltage was 
used, the device were still unable to degrade the MB solution. In contrast, the concentration 
of MB solution increased after the treatment. It is shown in table 1, the MB colour is darker 
after the treatment. In order to analyse these changes, UV-Vis analysis was conducted. Based 
on figure 3, it shows that all the absorbance spectra recorded after treatment is more than 
before treatment. This shows that there are increment of the concentration of the liquid after 
treatment.  
 
Table 2 shows the results for insulated ground electrode. There is slightly changes of colour 
after plasma liquid treatment by using input supply of 7 kV. After the treatment, the colour 
changes from dark blue to light blue. Meanwhile, for input supply of 7.8 kV and 8.6 kV, there 
are slightly increase in the colour concentration. After the treatment, The MB solution 
became darker. Based on figure 4, it shows that the absorbance value for 7 kV is slightly 
lower compare to the untreated MB solution. Meanwhile, the other two input voltages 
absorb more colour compared to the untreated solution. Although, it is only slightly different 
in colour after the treatment, it shows that this device is able to produce hydroxyl radical at 
7 kV when using insulated ground electrode in a minimum flow rate of gas which is 450 
ml/min and 10 minute treatment time.  
 
Previous researches show that plasma is able to degrade MB to colourless after treatment. 
However, this device was unable to degrade MB thoroughly. One of the possible reason that 
lead to this result is the different plasma parameter used. T. Shibata et. al. shows that plasma 
treatment is able to degrade MB solution thoroughly by using 9 l/min flow rate of gas and 
voltage input 12 kV [14]. The flow rate of gas used is 95% higher that the flow rate of gas 
used in this study which is 450 ml/min. This shows that, higher working gas supply is 
needed to degrade the MB solution completely. 
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Table 1  Observation of color changes after plasma treatment 

(Non-insulated ground electrode) 
 

Input supply 
(kV) 

Observation Image 

7 Concentration of blue 
colour increased  

 

 
                      (a)              (b) 
(a) before treatment; (b) after treatment 
 

7.8 Concentration of blue 
colour increased 

8.6 Concentration of blue 
colour increased 

 
 

Table 2 Observation of color changes after plasma treatment 
(Insulated ground electrode) 

 

Input supply 
(kV) 

Observation Image 

7 Degradation of dark 
blue to light blue 

 

 
                 (a)                    (b)  
(a) before treatment; (b) after treatment 

 
7.8  Concentration of blue 

colour increase. 
 

 
                   (a)                  (b) 
(a) before treatment; (b) after treatment 

8.6  Concentration of blue 
colour increase. 
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Fig. 3: Absorbance spectra for non-insulated ground electrode 

 

 

 
Fig. 4: Absorbance spectra for insulated ground electrode 

 
3.2 Statistical analysis. 
 
This part discusses the statistical analysis using SPSS software version 2017. As mention 
above, UV-Vis spectrometer was used to analyze the concentration of MB before and after 
the treatment. Hence, the Pearson’s correlation coefficient was conducted to identify the 
correlation between two variables which is concentration of solution before and after 
plasma treatment. The size of correlation and its relationship can be referred in table 1. 
 
There are 3 value of input supply used in this test which is 7 kV, 7.8 kV and 8.6 kV. For non-
insulated ground electrode, it shows that 7 kV had the weak relationship which means it has 
a slight difference in the concentration of MB before and after treatment. Meanwhile, 7.8 kV 
and 8.6 kV has weak or almost no relationship which means there is no significant difference 
for the concentration after treatment.  
 
For insulated ground electrode, it shows that 7 kV has the highest correlation value which is 
moderate relationship (0.501). Unfortunately, 7.8 kV and 8.6 kV for insulate ground 



International Journal of Nanoelectronics and Materials 

In Press, Accepted Manuscript – Note to users 

 

Note: Accepted manuscripts are articles that have been peer-reviewed and accepted for publication by the Editorial Board. 
These articles have not yet been copyedited and/or formatted in the journal house style. 

electrode had negative value of correlation which mean there is no correlation before and 
after the treatment. This is expected to occur because; the higher the voltage value, the 
solution temperature will be higher for insulated ground electrode. The higher the 
temperature of solution, the lower the production of reactive species [15,16]. 

 

Table 3 Coefficient General Interpretation (Line of Best Fit Method)  

Size of the correlation General Interpretation of Coefficient 

0.8 to 1.0 Very strong relationship 

0.6 to 0.8 Strong relationship 

0.4 to 0.6 Moderate relationship 

0.2 to 0.4 Weak relationship 

0.0 to 0.2 Weak or no relationship 

 

 
Table 4 Correlation between absorbance value for 7 kV, 7.8 kV, 8.6 kV before and after treatment 

(non-insulate electrode) 

Control variables Size of the correlation 
Non_ ins_ control 7 kV 7.8 kV 8.6 kV 

1.000 0.211 0.163 0.175 
 

 

Table 5 Correlation between absorbance value for 7 kV, 7.8 kV, 8.6 kV before and after treatment 
(insulated electrode) 

Control variables Size of the correlation 

Ins_ control 7 kV 7.8 kV 8.6 kV 

1.000 0.501 -0.186 -0.113 

 

 

3.3 Ground electrode durability test 
 
This test was conducted by using distilled water in order to identify the most durable ground 
electrode for plasma device by observing the colour and physical changes of the electrode. 
The input supply used in this test is 7 kV and the time treatment is 10 minute. 
For non-insulated ground electrode, after 10 minutes it shows that there is dust particles 
inside the plasma treated liquid (Figure 5). The dust particles detached from the copper 
electrode during the treatment process. Besides, it also changes the colour of distilled water 
from white to cloudy.  
 
In the meantime, there is no changes of colour and any dust particles found inside the 
plasma treated liquid from insulated ground electrode. 
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4. CONCLUSION 
 

This device is able to change the MB colour slightly with the used of 7 kV input supply and 
insulated ground electrode. Meanwhile, for 7.8 kV and 8.6 kV input supply, colour pigment of 
the MB has increased. This result can be correlated with the result obtained from the 
analysis of absorbance value by using SSPS software. From this result, it shows that the 
highest absorbance value is recorded when using 7 kV input supply and insulated ground 
electrode. Meanwhile, there is no different of absorbance value is obtained when using 7.8 
kV and 8.6 kV input supply. It shows that there is the presence on reactive species in plasma 
treated liquid when using 7 kV input supply. In the meantime, the results showed that 7.8 kV 
and 8.6 kV input supply were unable to produce any reactive species inside plasma treated 
liquid.  
 
Besides, its shows that the insulated electrode is more durable than non-insulated electrode. 
The non-insulated electrode rust faster than the insulated. After 10 minute treatment, it 
shows that the copper electrode degrade during the treatment. 
 
 For the future recommendation, it is suggested to vary treatment time and flow rate of gas 
in order to obtain higher reactive species volume inside the plasma treated liquid. The 
suggested input voltage that will be used for this device is 7 kV and the suggested electrode 
used is insulated ground electrode.  
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