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Abstract— The study of the effect permanent magnet (PM) 
position induced discharge in the gap of Dielectric Barrier 
Discharge (DBD) was carried out. The PM position influenced the 
plasma discharge. It is shown that the plasma intensity in the 
model I was higher than other models. The currents discharge in 
the model III and IV were higher than model I and II. However, 
the discharge current in the model II was lower than the model I. 
The ozone gas was generated for all models. The concentration 
ozone in the model II and III are higher than model I and IV. It is 
shown that the plasma progressed in the gap of DBD was 
influenced by the PM position. 

Keywords— DBD, Magnetic Field,  PM Position, Discharge 
Current, Ozone Generator 

I. INTRODUCTION  

 
The dielectric barrier discharge (DBD) generator supports 

the process in many areas such as in physics, medical, chemistry, 
etc. The components installed in this technology such as high 
voltage power converter, metal electrodes and solid insulator as 
dielectric. The electron discharges or gas ionization is the 
unsuccessful point of the dielectric to be itself as insulator/ 
dielectric. Barrier discharge occurred in the gap between two 
electrodes and dielectric leads to ionize the gas insulation (air) 
and it results the ozone molecule. The barrier discharge 
promotes the micro plasmas in the gap and the eyes can catch 
them. The dielectric materials were always chosen such as 
ceramics, mica, glass, acrylic, granite, quartz and nylon, 

Osawa and co-workers, and Shimizu and co-worker reported 
that the application of high voltage barrier discharge technology 
to produce ozone, sterilization of drinking water and also the 
destruction of NOx gas compounds from diesel engine smoke 
[1, 2].  A.A. Abdelaziz and co-workers [3,4] reported the 
application ozone generator to destruct the dangerous 
naphthalene material. This experiment used a needle and plane 
electrode and they were separated by a mica material as 
dielectric. Peter Luks and co-workers [5] designed a tube 
electrode with a solid dielectric made of aluminum material 

(Al2O3) to initiate micro discharge in the water. The ac and dc 
power supplies were commonly used in the high voltage plasma 
generator to generate the ozone molecules [6,7,8]. There are 
some configuration of dielectric and electrodes as barrier 
discharge generator. The dielectric barrier discharge 
configurations are presented in Fig. 1. 

 

 
Fig. 1. (a). Cylindrical DBD, (b) Planar DBD, (c) Surface DBD [1,6].  

 

The effect of magnetic field on plasma progress between 
electrodes and dielectric was investigated by Park. Park used 
multi needles as high voltage electrodes, which were positioned 
in the gap between electrode and dielectric [9].  Pakarek 
investigated the effect of permanent magnet on plasma progress 
in the gap between a needle electrode and dielectric. The needle 
electrode position was parallel to the permanent magnet. It is 
shown that the effect of magnetic field influenced the movement 
of ionic molecules of gas [10]. Liu initiated a study to investigate 
the comparison of planar dielectric barrier discharge in the 
magnetic field and without magnetic field. Liu also concerned 
on the nanosecond pulse power that was connected to a high 
voltage electrode. This experiment result was concluded that the 
plasma progress on solid dielectric that influenced by the 
magnetic field was slightly different phenomena compare to the 
planar dielectric barrier discharge without magnetic field [11]. 

In this research, we proposed to use a tile/ floor ceramic as 
dielectric for plasma producer in the gap. We also made a 
comparison on the influence of magnetic field induced plasma 
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in the gap by varying the permanent magnet position and the 
conventional dielectric barrier discharge without magnetic field. 
We chose to install the high voltage power supply (with voltage 
level of 8 kV and frequency of 25 kHz) that was connected to an 
anode electrode. We also modified the gap between anode and 
cathode electrodes by putting a tile on the cathode electrode. The 
plasma will progress in the gap between anode electrode and 
dielectric. In order to produce ozone gas, we injected the air into 
the gap by a mini fan. We recorded the data such as discharge 
current, plasma photographs for several position of PM and 
ozone concentration by considering the influence of magnetic 
field in the DBD and the conventional DBD without magnetic 
field. 

II. EXPERIMENTAL PROCEDURE 

The scheme of experiment is presented in Fig.2. The DBD 
was designed with the permanent magnet (PM) position under 
and above electrodes. The positions of PM are presented in 
Fig.3. Model I is DBD without PM, model II is DBD with PM 
and the position of PM is under cathode electrode, model II is 
DBD with two PMs that are above anode electrode and under 
cathode electrode and they are at attraction condition and model 
IV is DBD with two PMs that are under and above for each 
electrode and they are at repulsion condition. 

 

 
Fig.2 The scheme of DBD test 

 

The magnetic field density of PM is 315 mT and it was 
measured with FH 51 Tesla Meter. The solid dielectric arranged 
on cathode electrode was a tile (Platinum made in Indonesia). 
The dimensions of tile were length of 200mm, width of 200mm 
and thick of 8mm, respectively. In order to initiated the plasma 
between anode electrode and solid dielectric, we set the gap 
distance between them at about 4 mm.  

Electronic Neon Sign Power Supply (ENSPS) made in China 
with output voltage 8 kVrms and frequency 25 kHz was installed 
in this experiment. The anode and cathode electrodes were 
connected to ENSPS. The voltage divider (VD) SEW made in 
Taiwan was equipped on anode termination and it was connected 
to a digital oscilloscope Hantek 6204 BC. The ratio of VD is 
1,000 : 1. The current discharge was measured by a current probe 
Hantek CC65. 

 
Fig.3. The positions of PM. (a) Model I, (b) Model II, (c) Model III, (d) Model 
IV. 

In this research we also simulated the producing ozone by 
injection of natural air. We used a mini fan to blow the air into 
discharge area. The concentration of ozone was recorded by an 
ozone analyzer HT-E-O3 made in Hongkong. 

III. RESULT AND DISCUSSION 

A. Plasma Pictures    
 

 

 

 

 

(a) 

 

 

 

 

 

(b) 

 

 

 

 

(c) 

 

 

 

 

 

(d) 

Fig. 4 Plasma Photographs (left side is the real colors and right side is the 
inverting colors). (a) Model I, (b) Model II, (c) Model III, (d) Model IV. 

     The plasma pictures are presented in Fig.4. The plasma 
developed clearly in the gap for all models. Pictures in left side 
is real photographs. However, the pictures in right side is the 
inverting color. In the model I, the intensity plasma is slightly 
higher rather than other models. It was indicated by black color 
(at right side pictures). The lowest intensity is the model IV. 
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B. Voltage and Discharge Current 
The discharge currents and voltage are presented in Fig.5. 

The discharge current was recorded after several minutes 
discharge. The discharge current in the model I is higher than 
model II. However, the discharge current in the model III and 
IV are higher than model I and II. 

 

 

 

 

 
Fig.5 Voltage and discharge current, (a) model I,(b) model II, (c) model III 
and (d) model IV 
 

 
 
 

Fig. 6. Lissajous figures. (a) model I,(b) model II, (c) model III and (d) model 
IV 
 
     The Lissajous figures for all models are depicted in Fig.6. 
These graphs were measured by a digital oscilloscope and 
current and voltage probe after discharge developed until five 
minutes. It was difficult to fix these graphs because these 
discharges were very unstable. It is shown that the lissajous 
graphs for all models are sharply different. Many aspects should 
be considered to define the characteristics of dielectric barrier 
discharge. So that, the next investigation will be needed. 
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C. Ozone Generation 
 

The ozone generation versus times is shown in Fig. 7. The 
concentration ozone is in ppm. The model II and III produced 
ozone are higher than model I and IV at time discharge until 9 
minutes. The lowest concentration is model IV. 

 

 
 

Fig.7 Ozone production for all models. 
 
 

IV. CONCLUSIONS 

 
 There are some summarizes in this investigation such 
as the plasma can develop in the gap for all models. The 
intensity plasma in the model I is slightly higher than other 
models. Next, the discharge current in the model I is slightly 
higher than model II. However, the discharge currents in the 
model III and IV are slightly higher than model I. Furthermore, 
the model II and III produced the ozone gas are slightly higher 
than model I and IV. Finally, the discharge progressed in the 
gap of DBD was very unstable for all models. 

ACKNOWLEDGMENT 

We thank to DIKTI for the financial support through 
Penelitian Strategis Nasional Institusi year : 2018. 

REFERENCES 

 
[1] N. Osawa, T. Suetomi, Y. Hafuka, T, Shuha, Y. Yoshioka, R. Hanaoka, 

“Investigation on reactor configuration of non-thermal plasma catalityc 
hybrid method for NOx removal of diesel engine exhaust”, International 
Journal of Plasma and Enviromental Science and Technology, Vol.6, 
No.2, September 2012. 

[2] K. Shimizu, S. Muramatsu, T. Sonoda, and M. Blajan, “Water treatment 
by low voltage discharge in water”, International Journal of Plasma and 
Enviromental Science and Technology, Vol.4, No.1, March 2010. 

[3] Ayman A Abdelaziz, Takafumi Seto, M Abdel-Salam, Tatsuo Ishijima 
and Yoshio Otan, “Influence of applied voltage waveforms on the 
performance of surface dielectric barrier discharge reactor for 
decomposition of naphthalene”, Journal of Physics D: Applied Physics, 
Volume 48, Number 19, 2015. 

[4] Ayman A Abdelaziz · Takafumi Seto · M Abdel-Salam · Yoshio Otani,” 
Influence of nitrogen excited species on the destruction of naphthalene in 
nitrogen and air using surface dielectric barrier discharge,”Journal Of 
Hazardous Materials 246-247c:26-33 · December 2012 

[5] Petr Lukes, Martin Clupek, Vaclav Babicky, and Pavel Sunka, “Pulsed 
Electrica Discharge in Water Generated Using Porous-Ceramic-Coated 
Electrodes”, IEEE Transactions On Plasma Science, Vol. 36, No. 4, 
August 2008 

[6] J. Chen and P. Wang, “Effect of Relative Humidity on Electron 
Distribution and Ozone Production by DC Coronas in Air,” TPS. IEEE 
Transactions on Plasma Science, Vol. 33, pp.808-812, 2005.  

[7] Fri Murdiya, Febrizal Febrizal, Amun Amri,” The performance of surface 
barrier discharge in magnetic field driven by half bridge series resonance 
converter”, Journal of Mechatronics, Electrical Power, and Vehicular 
Technology, Vol.8, No.2, pp.95-102, Dec. 2017. 

[8] Fri Murdiya, Febrizal, “The performance surface barrier discharge in 
magnetic field driven by series resonance converter”, 2017 6th 
International Conference on Electrical Engineering and Informatics 
(ICEEI), Langkawi Malaysia,25-27 Nov. 2017 

[9] J.Y Park , G. H. Kim , J. D. Kim , H.S. Koh, D.C. Lee” NOx Removal 
Using DC Corona Discharge with Magnetic Field” Combustion Science 
and Technology, Vol. 133 Issue 1-3, pp. 65-77, Taylor & Francis, 1998 

[10] Stanislav Peka ́rek “Experimental Study of Nitrogen Oxides and Ozone 
Generation by Corona-Like Dielectric Barrier Discharge with Airflow in 
a Magnetic Field” Plasma Chem Plasma Process, vol. 37, pp. 1313–1330, 
Springer, 2017. 

[11] Y. Liu, H. Qi, Z. Fan, C.S. Ren, “ The impacts of magnetic field on 
repetitive nanosecond pulsed dielectric barrier discharge in air “, Physic 
of Plasmas, Volume 23, 2016. 

 

0

10

20

30

40

50

60

1 2 3 4 5 6 7 8 9

O
ZO

N
E 

CO
N

CE
N

TR
AT

IO
N

 (P
PM

)

DISCHARGE TIME (MINUTES)

Model I Model II Model III Model IV

2018 2nd International Conference on Electrical Engineering and Informatics (ICon EEI 2018), Batam - Indonesia, 16th-17th 
October 2018

178




