
 

 DEVELOPMENT OF CYLINDER DIELECTRIC BARRIER DISCHARGE 
WITH STAINLESS STEEL FOR OZONE PRODUCTION 

Djulil Amri1   Syarifa Fitria1, 2   Zainuddin Nawawi*, 1   Muhammad irfan Jambak1   Dwirina Yuniarti1 
1Department of Electrical Engineering 

University Of Sriwijaya 
Sumatera Selatan 30662, Indonesia. 

2Department of Environmental Science 
University Of Sriwijaya 

Sumatera Selatan 30662, Indonesia. 

Key Words: cylinder dielectric barrier discharge, ozone production, elec-
trode type. 

ABSTRACT 

This paper presents the development of dielectric barrier discharge 
research. In order to investigate the optimum conditions for ozone 
production, measurements of ozone concentration were carried out for 
various conditions such as type electrodes and distance density between peak 
to peak of the electrode. It discusses the performance of the different types 
of electrodes, i.e. helix and screw. This research analyzed the results obtained 
from two different types of electrodes while the screw-type has higher ozone 
concentration than the helix type. This occurred due to the influence of sharp 
edge effects that increases the electric field around the angle of the helix. 
Another effect for ozone production is peak to peak distance density on the 
electrode winding. The high ozone concentration is indicated by the density 
of the 2 mm distance from peak to peak. This development cylinder dielectric 
barrier discharge is able to produce ozone product at more than 2000 ppm 
by using 6kV.  

 
I. INTRODUCTION 

The development of high voltage technology has been 
widely used in various fields. One of the most researched 
high voltage technology developments is ozone (O3). Utili-
zation of ozone is currently widely used for various activi-
ties such as water treatment [1], sterilization [2], and as a 
microorganism killer [3-5]. Ozone has a high oxidation po-
tential due to it being able to produce hydroxyl radicals in 
systems. Ozone is commonly used for disinfection of bac-
teria, oxidation of inorganic and organic compounds, in-
cluding taste, odor, color, and particle removal [6]. 

Ozone is a type of non-thermal plasma. Ozone can be 
produced by reacting air / oxygen (O2) which is exposed to 
high voltage using a Dielectric Barrier Discharge (DBD) re-
actor. Exposure to high voltage will increase the voltage 
which results in an electric field in the electrode gap. The 
electric field will continue to increase and cover the oxygen, 

and thus the ionization process will occur. The important 
parameters in ozone production are gas flow rate, discharge 
power, oxygen concentration, distance between electrodes, 
volume of discharge chamber [7]. 

Electrodes that are exposed to high voltages will produce 
an electric field that is not homogeneous, thus discharge will 
arise before the total breakdown occurs which is able to dis-
tribute the electric field around the electrode. Discharge re-
quires a high voltage in use or the electric field must be high 
enough to cause a breakdown of the gas [8]. The basic de-
sign of the Dielectric Barrier Discharge reactor consists of 
two electrodes separated by a dielectric barrier between 
them. Dielectric Barrier Discharge is a closed reactor sys-
tem that will produce plasma discharge between two stain-
less electrodes as a positive electrode on the inner side of 
the tube and the outer electrode as a negative electrode [9]. 
To get the optimum ozone concentration, the Dielectric Bar-
rier Discharge reactor must be suitably designed [10]. 
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Fig. 1 Design cylinder DBD 

 
 

Research related to ozone production has been carried 
out, especially using the DBD method. Suraidin et al. [11] 
used DBD with a cylinder–cylinder configuration by using 
galvalume, stainless steel and copper for ozone production. 
Other researchers also studied ozone with DBD but used a 
different material made of steel and an outer electrode made 
of aluminum, using dielectric glass with a diameter of 6 mm 
and a thickness of 1 mm, and using a voltage between 1–
20kV and frequency of 10–30 kHz [12]. 

The electrodes in the Dielectric Barrier Discharge 
function to create an electric field, thus a large electric field 
will increase the ozone produced. The different types of 
electrodes used can affect the formation of O3. Based on 
several previous studies, this research was conducted using 
a helix and a screw type with stainless material. This study 
uses stainless steel as it has advantages including high ther-
mal conductivity, and is thus able to produce a high electric 
field and is resistant to corrosion. In addition, the electrode 
coils in research is conducted by placing electrode on the 
inside of the DBD reactor tube, where there will be differ-
ences in the treatment that has been carried out by previous 
researchers by placing the electrodes on the outside of the 
DBD reactor tube. However, there is no research that dis-
cusses getting high ozone concentration [12-14] despite be-
ing able to provide benefits for various applications. In this 
research, the objective is to obtain high ozone concentra-
tions by using two different types of electrode windings. 

II. METHOD 

In this study, electrode has been developed by design-
ing a chamber as shown in Fig. 1, using screw and helix type 
electrodes separated by a distance of 1 mm which has a glass 
dielectric barrier of 1 mm thickness. 

In Fig. 1, the designed chamber has a length of 200 mm, 
consisting of a tube with a diameter of 24 mm and a core  

 
Fig. 2 Electrode (a) Helix type, (b) Screw Type 
 
 

 
Fig. 3 (a) and (b) Experimental setup DBD reactor 

 
 

electrode using stainless steel material. The electrode coil is 
placed in the middle of the Pyrex glass tube at a distance of 
1.5 mm for each coil. The electrode coils that are used have 
two different types of electrode coils, namely the helix type 
and the screw type. Helix type (Fig. 2a) is the type like a 
spiral staircase whereas the screw type (Fig. 2b) is type like 
spiral staircase but has sharp edges at the peaks. 

Fig. 3a and 3b show the experimental setup that will 
produce ozone. The equipment needed in the experimental 
setup consists of a high voltage input, an oxygen input and 
a chamber. The research work process uses oxygen input 
and high voltage input which is slowly increased and flowed 
into the chamber through the electrode coil, thus ionization, 
dissociation and recombination of O2 molecules and O at-
oms form ozone due to the presence of free electrons in the 
reactor. The ozone concentration will be measured using an 
ozone analyzer BMT 964bt. 
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Fig. 4 The effect of voltage and current on ozone concen-

tration (a) Screw 1.5 mm (b) Screw 2 mm 
 

III. RESULTS AND DISCUSSIONS 

Fig. 4 showed the results using stainless steel material 
of screw type with two different types of distance peak to 
peak electrodes in the Dielectric Barrier Discharge reactor 
based on the experiment has been carried out in the labora-
tory. 

Fig. 4a and 4b show the effect of voltage on ozone con-
centration which is influenced by the density of the distance 
peak to peak. The high ozone concentration is indicated by 
the density of the 2mm distance from peak to peak (Fig. 4b). 
The current density that occurs in Fig. 4a and Fig.4b affects 
the amount of ozone concentration. 

Fig. 5 shows the effect of voltage on ozone concentra-
tion. These results indicate that an increase in voltage will 
be followed by an increase in current resulting in an increase 
in the amount of ozone concentration (Fig. 4b), since the 
surface area between peak to peak provides more space for 
the diffusion of charge to the electrodes. 

In this study, results were carried out with two different 
types of electrodes. Fig. 6 shows the effect of voltage on 
ozone concentration with two different types. The results 
obtained show that the screw type electrode has a 35.1% 
higher ozone concentration than the helix type electrode 
shown in Fig. 6. The distance peak to peak of the electrode  

 
Fig. 5 The effect of voltage on ozone concentration 

 
 

 
Fig. 6 Effect of voltage on ozone concentration with differ-

ent types of electrodes (helix type and screw type) 
 
 

has the same length, but the peak on the screw has a sharp 
edge thus there is a sharp edge effect that increases the elec-
tric field around the angle of the screw. It can be concluded 
that the screw type produces a higher electric field because 
there are sharp edges to the side of the electrode. This result 
is in accordance with other research which states that elec-
trodes that have sharp angled sides can produce high ozone 
concentrations [15-19]. 

IV. CONCLUSIONS 

The difference between the two types of electrodes af-
fects the results of the ozone concentration due to the influ-
ence of a sharp edge at the peak of the electrode which pro-
duces a high electric field. The distance peak to peak of the 
electrode has the same length, but the peak of the screw has 
a sharp edge, thus there is a sharp edge effect that can 
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increase the electric field around the corner of the screw. 
The density of the distance between the peaks also has an 
effect on ozone concentration as the surface area of the 
space between the peaks makes the charge diffusion become 
larger, resulting in a high ozone concentration. 

REFERENCES 

1. Wei, C. H., F. Z. Zhang, Y. Hu, C. H. Feng, and H. Z. 
Wu. 2016. “Ozonation in Water Treatment: The Gener-
ation, Basic Properties of Ozone and Its Practical Appli-
cation,” Reviews in Chemical Engineering 33 (1): 49-89. 
doi: 10.1515/revce-2016-0008. 

2. McDonnell, G. 2014. “The Use of Hydrogen Peroxide 
for Disinfection and Sterilization Applications.” Patai’s 
Chemistry of Functional Groups 3 (2): 1-34 doi: 10.1002/ 
9780470682531.PAT0885. 

3. Patil, S., P. Bourke, J. M. Frias, B. K. Tiwari, and P. J. Cul-
len. “Inactivation of Escherichia Coli in Orange Juice Us-
ing Ozone.” Innovative Food Science & Emerging Tech-
nologies 10 (4): 551-557. doi: 10.1016/j.ifset.2009.05.011. 

4. Kim, J. G., and A. E. Yousef. 2000. “Inactivation Kinet-
ics of Foodborne Spoilage and Pathogenic Bacteria by 
Ozone.” Journal of Food Science 65 (3): 521-528. doi: 
10.1111/j.1365-2621.2000.tb16040.x. 

5. Fitria, S., M. A. Sidik, Z. Buntat, Z. Nawawi, M. I. Jambak, 
N. N. Kamarudin, and F. N. Musa. 2019. “Efficacy of Dis-
solved Ozone Against Staphylococcus Aureus and Bacillus 
Cereus Microorganism.” Journal of Ecological Engineer-
ing 20 (11): 76-81. doi: 10.12911/22998993/113037. 

6. Gottschalk, C., J. A. Libra, and A. Saupe. 2009. Ozona-
tion of Water and Waste Water. Hoboken, NJ: Wiley. 

7. Yao, S., Z. Wu, J. Han, X. Tang, B. Jiang, H. Lu, S. 
Yamamoto, and S. Kodama. 2015. “Study of Ozone 
Generation in an Atmospheric Dielectric Barrier Dis-
charge Reactor.” Journal of Electrostatics 75: 35-42. doi: 
10.1016/j.elstat.2015.03.001. 

8. Kogelschatz, U. 2003. “Dielectric Barrier Discharge : 
Their History, Discharge Physic, and Industrial Applica-
tions.” Plasma Chemistry and Plasma Processing 23: 1-
46. doi: 10.1023/A:1022470901385. 

9. Korzekwa, R., L. Rosocha, and Z. Falkenstein. 1997. 
“Experimental Results Comparing Pulsed Corona and 
Dielectric Barrier Discharges for Pollution Control.” In 
Proceedings of 11th IEEE International Pulsed Power 
Conference, Baltimore, MD, 29 June-2 July 1997. 
Washington, DC: IEEE. 

10. Kostov, K. G., R. Y. Honda, L. M. S. Alves, and M. E. 

Kayama. 2009. “Characteristics of Dielectric Barrier 
Discharge Reactor for Material Treatment.” Brazilian 
Journal of Physics 39 (2): 322-325. doi: 10.1590/ 
S0103-97332009000300015. 

11. Suraidin, M. Nur, Gunawan and A. I. Susan. 2016. 
“Study of Ozone Reactor with Dielectric Barrier Dis-
charge Plasma (BDBP): Variations of Inner Electrode 
Based on Stainless Steel, Galvalume, and Copper.” Pa-
per presented at the annual meeting for the Society of 
8th International Conference on Physics and its Appli-
cations (ICOPIA), Denpasar, Indonesia, 23-24 August 
2016. 

12. Subedi, D. P., R. B. Tyata, A. Khadgi, and C. S. Wong. 
2012. “Physicochemical and Microbiological Analysis 
of Drinking Water Treated by Using Ozone.” Sains Ma-
laysiana 41 (6): 739-745. 

13. Buntat, Z., I. R. Smith, N. A. M. Razali. 2011. “Genera-
tion of a Homogeneous Glow Discharge: A Compara-
tive Study between the Use of Fine Wire Mesh and Per-
forated Aluminium Electrodes.” Applied Physics Re-
search 3 (1): 15-28. doi: 10.5539/apr.v3n1p15. 

14. Diao, H. F., X. Y. Li, J. D. Gu, H. C. Shi, and Z. M. Xie. 
2004. “Electron Microscopic Investigation of the Bacteri-
cidal Action of Electrochemical Disinfection in Compari-
son with Chlorination, Ozonation and Fenton Reaction.” 
Process Biochem. 39 (11): 1421-1426. doi: 10.1016/ 
S0032-9592(03)00274-7. 

15. Zhang, X., B. J. Lee, H. G. Im, and M. S. Cha. 2016. 
“Ozone Production with Dielectric Barrier Discharge : 
Effects of Power Source and Humidity.” IEEE Transac-
tions on Plasma Science 44 (10): 2288-2296. doi: 
10.1109/TPS.2016.2601246. 

16. Buntat, Z. 2017. “Generation of a Homogeneous Glow 
Discharge Using Perforated Aluminium Electrode.” Pa-
per presented at the annual meeting for the Society of 
2017 International Conference on Electrical Engineer-
ing and Computer Science (ICECOS), Palembang, In-
donesia, 22-23 August 2017. 

17. Gnapowski, E. 2018. “Effect of Mesh Electrodes Geome-
try on the Ozone Concentration in the Presence of Micanite 
Dielectric.” Advances in Science and Technology Research 
Journal 12 (4): 76-80. doi: 10.12913/22998624/100340. 

18. Fitria, S., Z. Nawawi, M. A. B. Sidik, M. I. Jambak, D. 
Yuniarti, and R. F. Kurnia, Z. Buntat. 2019. “The Effects 
of Different Electrode Holes on Ozone Generation.” In 
2019 International Conference on Electrical Engineer-
ing and Computer Science (ICECOS), Batam, Indonesia, 
2-3 October 2019: 181-185. Washington, DC: IEEE. 



 Nawawi Z. et al.: Development of Cylinder Dielectric Barrier Discharge with Stainless Steel for Ozone Production 5 

19. Fitria S., R. F. Kurnia, Z. Nawawi, D. Yuniarti, T. Dewi, 
Z. Zolkafle, and M. A. B. Sidik. 2021. “Ozone Genera-
tion of Electric Field Induction at Sharp Edges Elec-
trodes: Simulation and Experimental Study.” Journal of 
Engineering Science and Technology Review 14 (1): 56-
60. doi: 10.25103/jestr.141.05. 

Manuscript Received: Sep. 14, 2020 
First Revision Received: Apr. 08, 2021 

Second Revision Received: Jul. 02, 2021 
and Accepted: Oct. 07, 2021 

 
 

 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /None
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT ()
  >>
  /ExportLayers /ExportVisiblePrintableLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug true
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines true
        /ConvertTextToOutlines true
        /GradientResolution 400
        /LineArtTextResolution 2400
        /PresetName <FEFF>
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


