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Abstract—Dielectric Barrier Discharge Plasma (DBD) is
one of cold plasma type. In this research, DBD plasma was
used for reducing Chemical Oxygen Demand (COD) on
industrial rubber waste. In the environment field DBD
plasma is used as a water treatment and reduction of gas
emissions (COx, NOx, and HC).

In the development DBD plasma can be used as a
wastewater treatment technology. Plasma is formed when
a high voltage is supplied to the two electrodes. Electrodes
used for this study is made of stainless steel and copper
wire wrapped around pyrex pipes. Plasma as wastewater
treatment technology uses high-voltage AC 50 Hz. Plasma
from dielectric barrier discharge occurs when the
electrode is given a high voltage to ionize water into active
species. Plasma are generated depends on the amount of
high voltage, configuration and electrode materials used,
and the distance between the electrodes with a high voltage
source.

Plasma reactor is operated by using a variation of
voltage (10 kV, 11 kV, 12 kV and 13 kV) and contact time
plasma with wastewater (5 minutes, 10 minutes, 15
minutes, 20 minutes and 25 minutes) with a batch system
in processing wastewater to reduce amount of Chemical
Oxygen Demand (COD) in wastewater processing natural
rubber. Reducing COD contained in the waste because of
the formation of the active species (O, OH, and O3) to
degrade the organic matter in the wastewater of natural
rubber industry.

Keywords—Dielectric Barrier Discharge (DBD) Plasma,
Wastewater, COD, Natural Rubber Industry.

I. INTRODUCTION

Dielectric Barrier Discharge (DBD) is the electrical
discharge between two electrodes separated by an insulating
dielectric barrier. Originally called silent discharge, and known
as ozone producing discharge. The plasma itself is used to
modify or clean surface of materials that can act as dielectric
barrier, or to modify gases applied further. Some researchers
have used plasma to removal gases radicals[1]-[5] and treating
industrial wastewater[6]—[9].

Since the 19" century, DBDs were known for their
decomposition of different gaseous compounds, such as NHj,
H,S and CO,. The relatively lower temperature of DBDs
makes it an attractive method of generating plasma at
atmospheric pressure

In this paper DBD plasma is used for treating industrial
wastewater. COD is a parameter that is observed on the
variation of the voltage value and duration of voltage
application.

II. FUNDAMENTAL THEORY

A. Dielectric Barrier Discharge Plasma

Dielectric Barrier Discharges (DBD), also referred to as
barrier discharges or silent discharges have for a long time
been exclusively related to ozone generation. Detailed
investigations into the properties of this non-equilibrium
discharge which can be conveniently operated at about
atmospheric  pressure. Dielectric-barrier discharges are
characterized by the presence of one or more insulating layers
in the current path between metal electrodes in addition to the
discharge space. Different planar or cylindrical configurations
are common (Fig 1) closely related are surface discharge
configurations in which discharges are initiated at a dielectric
surface due to strong electric fields generated by imbedded
metal electrodes. The presence of the dielectric(s) precludes dc
operation[10].
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Fig. 1 Common dielectric-barrier discharge configurations



Plasma from dielectric barrier discharge was generated
using air gasses free at atmospheric pressure as the gas input.
Ozone is produced in the dielectric barrier discharge plasma of
gas in the air or pure oxygen gas passing through the gap
between two electrodes. Electron has high speed under high
field. Under high filed electrons in the space between the
electrodes, the dissociation of oxygen molecules.

B. Vertical Roughing Filtration

Vertical flow roughing filters operate either as down flow
or up flow filters. They are hence either supplied by inflowing
water at the filter top or at the filter bottom. The vertical flow
roughing filters incorporates a simple self cleaning mechanism
and occupies minimal floor space when compared to
horizontal flow roughing filters.

The filter material of vertical flow roughing filters is
completely submerged. A water volume of about 10 cm depth
usually covers the gravel and other local available materials
like coconut fiber and broken burnt bricks. The top should be
covered by a layer of coarse stones to shade the water and thus
prevent alga growth often experienced in pretreated water
exposed to the sun [12].

C. Chemical Oxygen Demand

The chemical oxygen demand, COD, of water as
determined by this dichromate method can be considered as an
approximate measure of the theoretical oxygen demand, i.e.
the amount of oxygen consumed in total chemical oxidation of
the organic constituents to inorganic end products. In the COD
method, the results obtained are recalculated to the oxygen
concentration (oxidizing agent, mg O, per liter). The
introduction of such a parameter as COD into the analytical
practice made it possible to obviate the above difficulties. The
standard procedure involves boiling of a sample (2 h) in an 8
M H,SOj solution, with introduction of K>Cr,O7 and Ag>SO4
as catalysts and mercury salts for binding of chlorides[11].
The mechanism of oxidation of the total organic substance
(Org) can be written as:

CI‘2072'+ Org — 2C3"+ CO; + H,O
Ce*" +0rg —> Ce&*" + CO, + H,0
Ce* +2Cr’" + H,O —=>Ce*" + Cr,O7 + HY

Ce*" + Org —> Ce*" + CO, + H,O

III. EXPERIMENTAL SET UP

A. Materials

Configuration materials of DBD Plasma reactor are: pyrex
glass, electrode alumunium (Al), copper wire, natural rubber
wastewater, beaker glass, pipette and measuring cup.

B. DBD Plasma Reactor

Dimension and size of pyrex glass as barrier between high
voltage electrode and ground electrode as shown in Fig. 2.
Diameter of pyrex is 16 mm. At the center of pyrex, there is

aluminum as high voltage electrode. The radius of aluminum
is 3 mm.
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Fig 1. Geometry Plasma DBD Reactor
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Fig 3. Geometry of Plasma DBD Reactor

C. Test Circuit

Plasma is generated from high voltage application in
aluminum electrode in the pyrex tube. While the copper wire
was wrapped around the pyrex tube. The test circuit for
generating dielectric barrier discharge plasma as shown in Fig
4 as follow:

Fig 4. Test Circuit for Generating DBD Plasma



D. Spektrofotometry Test

The mass concentration of oxygen equivalent to the
amount of dichromate consumed by dissolved and suspended
matter when a water sample is treated with that oxidant under
defined conditions. Standard specifies a method for the
determination of the chemical oxygen demand (COD) of
wastewater following SNI 6989.73:2009 with reflux closed
titrimetric. COD measurement procedure are: 2,5 ml sample of
wastewater after treatment included to test tube, 1,5 ml
digestion solution and 3,5 ml sulfuric acid included to tube
test, covering test tube and sake to be homogeneous. Test tube
included to COD reactor with temperature 150°C for 120
minutes and COD was measured absorbance at 420 nm wave
spectrophotometry.

Fig 5. Spectrophotometer

IV. RESULTS AND DISCUSSION

Result of this study quantified the responses of wastewater
effluent through several key parameters of plasma Dielectric
Barrier Discharge after pretreatment by vertical roughing
filtration. The COD is a good indicator on quantity of
chemically oxidable organic substance present in the water. In
this study, the COD concentration was one parameter used to
assess the removal of plasma DBD reacting pollutants from the
wastewater. From previous study showed the strong reduction
of the COD during plasma DBD. Fig 4 shows the evolution of
COD reduction with contact time and different voltage on
plasma DBD.
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Graphs of Reducing Concentration of COD with Plasma DBD After
Pretreatment Vertical Roughing Filtration For Time
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Fig 7. Graphs of Reducing Concentration of COD with Plasma DBD After
Pretreatment Vertical Roughing Filtration For Voltage

Organic compounds contained in waste this is latex
dissolved derived from the process of leaching raw materials
rubber in a factory rubber. At the beginning, the fast increase in
the COD reduction is due to the degradation of the dissolved
latex compounds. This was due to termination chain chemical
latex into a simple compound by species active oxidizing on
plasma DBD.

Increasing voltage application to increase the number of
electrons so that the collision more, consequently species
active formed will rise again. Species active this is what work
an important for decomposition organic compounds on waste.
Long processing plasma DBD a factor important to improve
the contact between wastewater with electron formed. That
means more circulation increase the possibility of the collision
between electrons and the establishment of more species
active to degrades wastewater.

V. CONCLUSSION

DBD Plasma was used for treating industrial wastewater.
The conclusion of the research based on test results were
obtained that the increase the voltage applied to the plasma
reactor, causing the reduction of COD increased so that the
COD concentration decreases. Likewise, the longer the
duration of application of DBD plasma causes COD
concentration was decreased. The combination of the higher
voltage and application of time duration will result in the
decrease in the concentration of COD faster.

ACKNOWLEDGMENT

Thanks to the head Ilaboratory of Environmental
Engineering and head laboratory of High Voltage Engineering,
Diponegoro University of Semarang were support this
research.

REFERENCES

[1] P.Li,H. B.Mu, C. Y. Yu, C. W. Yao, G. M. Xu, S. L. Chen, and G. J.
Zhang, “Investigation on the characteristics of dielectric barrier
discharge in methane with parallel-plate and multi needle-plate
electrode in low pressure,” in 2016 IEEE International Conference on
Plasma Science (ICOPS), 2016, pp. 1-1.

[2] K. Oehmigen, R. Brandenburg, K. Weltmann, and T. von Woedtke,
“Comparison of direct DBD treatment and DBD exhaust gas treatment
of liquids,” in 2012 Abstracts IEEE International Conference on
Plasma Science, 2012, pp. 3P—79-3P-79.

[3] N.Jiang, K.-F. Shang, N. Lu, H. Li, J. Li, and Y. Wu, “High-Efficiency
Removal of NO, From Flue Gas by Multitooth Wheel-Cylinder Corona
Discharge Plasma Facilitated Selective Catalytic Reduction Process,”
IEEE Trans. Plasma Sci., pp. 1-7, 2016.

[4] T. Kuroki, T. Yamamoto, S. Nishii, M. Akita, and M. Okubo,
“Removal of high concentration of nitrous oxide for anesthetic gas
using nonthermal plasma combined with adsorbent,” in 2015 IEEE
Industry Applications Society Annual Meeting, 2015, pp. 1-6.

[5] M. Wang, Y. Sun, and T. Zhu, “Removal of $\hbox{NO} {x}$,
$\hbox{SO}_{2}$, and Hg From Simulated Flue Gas by Plasma—
Absorption Hybrid System,” [EEE Trans. Plasma Sci., vol. 41, no. 2,
pp. 312-318, Feb. 2013.

[6] T. Sakugawa and H. Akiyama, “Study of water treatment by using
underwater pulsed discharge plasma,” in 2014 IEEE 41st International
Conference on Plasma Sciences (ICOPS) held with 2014 IEEE
International Conference on High-Power Particle Beams (BEAMS),
2014, pp. 1-1.



(7]

(8]

[9]

D. Shiraki, N. Ishibashi, and N. Takeuchi, “Quantitative Estimation of
OH Radicals Reacting in Liquid Using a Chemical Probe for Plasma in
Contact With Liquid,” /IEEE Trans. Plasma Sci., pp. 1-6, 2016.

A. El-Tayeb, A. H. El-Shazly, and M. F. Elkady, “Impacts of different
salts on the degradation of acid blue 25 dye using non-thermal plasma,”
in 2016 IEEE 16th International Conference on Environment and
Electrical Engineering (EEEIC), 2016, pp. 1-6.

B. Byrmns, A. Lindsay, D. Knappe, and S. Shannon, “Plasma assisted
water treatment using an atmospheric air plasma applicator,” in 2073
Abstracts IEEE International Conference on Plasma Science (ICOPS),
2013, pp. 1-1.

[10]

(11]

[12]

U. Kogelschatz, B. Eliasson, and W. Egli, “Dielectric-Barrier
Discharges. Principle and Applications,” J. Phys. IV Collog., vol. 4, no.
C4, pp. 74, 1997.

A. M. Pisarevsky, 1. P. Polozova, and P. M. Hockridge, “Chemical
Oxygen Demand,” Russ. J. Appl. Chem., vol. 78, no. 1, pp. 101-107,
Jan. 2005.

Wegelin M, "Surface Water Treatment by Roughing Filters. A Design,
Construction and Operation Manual, Swiss Federal Institute for
Environmental Science And Technology (EAWAG) and Departement
Water and Sanitation In Developing Countries (SANDEC) ". 1996




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


