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Abstract

Environmental pollution is increasing, including water pollution due to industrial and household. To overcome this,
there are three main concerns, namely the policy and environmental management, environmental awareness of society, and
utilization of appropriate technologies to overcome pollution. This study is an attempt to overcome the problems of
environmental pollution by designing, creating, and applying appropriate technology to make Ozone reactor with high-voltage
corona discharge plasma technology. There are some methods of electrod configuration, namely wire-cylinder, spiral-cylinder,
wire-cylinder with Dielectric Barrier Discharge (DBD), and spiral-cylinder with DBD. Corona discharge occurs between high-
voltage electrod of each configuration ionize Oxygen flowed in the reactor, thus generating plasma and forming Ozone. The test
of four Ozone reactors have been done by wastewater treatment in the form of soft drink samples, obtain the fading colors of
wastewater, which is increasingly fade over many cycles of waste treatment process conducted in Ozon reactor. Based on
comparison of four of Ozone reactor, it is obtained waste water treatment more maximal on reactor Ozone configuration of
spiral-cylinder electrod with DBD.
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1. Introduction

Environmental pollution has become increasingly ptex. To overcome the pollution there are three
things of major concern, namely the policy and enwinental management, environmental awareness|of al
elements of society, and the last is the properofigechnology in overcoming various kinds of ptthn. During
this time, there was lack of serious attention alpamliution processing technology in Indonesia,utiio there were
few problems that will be produced from the usdeawhnology. By the growing of industry in Indonetime to
time, selection and use of appropiate technoldgi@vercome pollution problems should be appliechadiately.

In an industrial production process is generallgdugarious materials of various kinds. Water palutn
the industrial, agricultural, urban and other htwdes, containing heavy metals Cd, Cu, Hg, Zn, alsd contains
various organic compounds, like dioxins, phenots)zene, PCBs, and DDT.

Currently, wastewater treatment system is not endagoe used to reduce water pollution. To overcome
the problem of water pollution that may cause dangenvironmental degradation and the formatio®&fgen in
water, efforts will be made through the utilizatioihplasma technology.

Plasma can be produced through the process of Vuijhge corona discharge utilization with a
configuration of electrods in a plasma reactor dmmCorona discharge may generate from multipéetedd
configutaions such as needle-plane electrod, witieder electrod, spiral-cyliner electrod and dettec barrier
discharge. Corona discharge occurs between théradeconfigurations, and then will ionize the Oxwpgthat
flowed in the reactor, and produce plasma and QzZNoenber of plasma generated can be influencedé&high
voltage source, and also the type, shape, anchdesfaom high-voltage electrods used in the Ozeaetor. In this
research, the development of the Ozone reactogmélsiough the comparison of electrod configuratitimt are
used as well as development tools, high voltagsepgenerator of high frequency is used as a safr€zone
reactor. By developing a high voltage pulse geoenasing flyback converter, will obtain a higherntage pulse. In
addition, by adjusting the configuration of eledsoon Ozone reactor will be able to obtain a higb@ona
discharge, so that more plasma and Ozone is gederBhis number of plasma and Ozone formed in dingestime
can be applied in wastewater purification processes

2.  Research Method

In this study, Ozone reactor is designed in foectbd configuration, namely Ozone reactor conggur
with wire-cylinder electrod, spiral-cylinder eleatt, wire-cylinder electrod with a Dielectric Bami®ischarge
(DBD), and the spiral-cylinder with Dielectric Bar Discharge (DBD). Fourth Ozone reactor is desigfor use
with high voltage impulse source up to 20 kV. Higlitage impulse generator used is a high voltageigaor that
uses a flyback converter, where the output voliageigh voltage high frequency impulses that canitsevalue
between 0-20 kV.
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2.1. Ozone Reactor with Wire-Cylinder Electrod Configuration

Corona discharge plasma reactor with wire-cylindierctrod configuration consists of two main parts,
namely wire as positive electrod and a cylindricéle as negative electrod (ground). This plasmetoeghamber is
shaped a tube, which has two lid on the right tae the left tube that are made of acrylic material
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Figure 1. Design of ozone reactor with wire-cylindéectrod configuration

Positive electrod is shaped by a straight wire nefdmpper wire 1.9 mm in diameter with a lengthL6f5
cm. Positive electrod wire is positioned in the dhédof the cylinder tube and directly connectechwtite source of
high voltage impulse.

Negative electrod (ground) used a cylindrical pipade of tubular copper 15.5 cm long and 27 mm in
diameter and thickness of the tube 1 mm. On thsidribf tubes made of wire connections as the ivegttrminal
of the reactor to be connected directly with grotnedn the source of high voltage impulse generator.

On the body of negative electrod, namely the cyindgody is made four-point hole with a hose coreabct
to the input and output of the reactor, namely et for Oxygen input and the wastewater input &mo outlet
for Ozone output and the wastewater output. Betwleemlectrod wire and electrods are given theades between
cylinders of 12.5 mm as the corona discharge, Oxylpsv and the flow of wastewaste in the reactors.

In use as a corona discharge plasma reactor wastteygaocessor, the configuration of wire-cylinder
electrod geometry is positioned oblique with slapgle of 10°, with the help of the buffer tube reslavith 2 legs
that have different heights, the first leg at 1&n3and the second leg at a 15-cm buffer. The exdstef the buffer
tube holder is intended to regulate the flow of teasiter that goes into corona discharge plasmaaretxflow in
the reactor to exit through the outlet results abtewater output.

J

(a) Front view (b) Side view

Figure 2. Ozone reactor with wire-cylinder configtion

2.2. Ozone Reactor with Spiral-Cylinder Electrod Configuration

Similar to the corona discharge plasma reactor witk-cylinder electrod configuration, the configtion
of spiral-cylinder electrod geometry consists obtwain parts, namely a spiral-shaped positive eldcand
negative electrod (ground) a cylindrical tube. Pesma reactor chamber of spiral-cylinder configorais shaped
tube that has a lid on the right and left of tufest are made of acrylic material.

Spiral-shaped positive electrod made of 1.9 mm ditamcopper wire that was twisted to a spiral-sbape
with a diameter of 5.81 mm and 15.5 cm long spi#lactrod. Spiral electrod is positioned in the neddf the
cylinder tube and directly connected with the sewthigh voltage impulse.

Negative electrod (ground) used a cylindrical pipade of tubular copper 15.5 cm long and 27 mm in
diameter and thickness of the tube 1 mm. On theideibf tubes made of wire connections as the inegetrminal
of the reactor to be connected directly with grotnedn the source of high voltage impulse generator.

On the negative electrod body, namely the cylinztedy is made four-point hole with a hose connetted
the input and output of the reactor, namely twetifibr Oxygen input and the input of wastewatelt b processed
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the reactor, and two outlet are for Ozone outpat @umput wastewater processing result reactor. Ayribe spiral
electrod and electrod spacing between the cylindegs/en by 10.6 mm as the corona discharge, Qxyigev and

the flow of wastewater in the reactors.
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Figure 3. Design of ozone reactor with spiral-cgénelectrod configuration

As with the previous reactor, in its use as wastemaeatment, corona discharge plasma reactopicdls
cylinder electrod configuration is positioned obikqwith slope angle of 10°, with the help of théfutube holder
with 2 legs that have different heights, the fiegf at 17.3 cm and the second leg at a 15-cm buffer

(a) Front view (b) Side view

Figure 4. Ozone reactor with spiral-cylinder configtion

2.3. Ozone Reactor with Spiral-Cylinder Electrod Configuration and a Dielectric Barrier Discharge (DBD)
Corona discharge plasma reactor with wire-cylindkctrod configuration with DBD consists of three

main parts, namely a wire-shaped positive electnedative electrod (ground) a cylindrical tube, #m&l dielectric

material that serves as a barrier discharge betweepositive electrod to negative electrod. Thespia reactor

chamber is shaped tube that has a lid on the aiggheft which are made of acrylic material.
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Figure 5. Design of ozone reactor with wire-cylindad DBD electrod configuration

Straight wire shaped positive electrod made of eopgire 1.9 mm in diameter with a length of 15.5.cm
Negative electrod (ground) used a cylindrical pipede of tubular copper 15.5 cm long and 27 mmameter and
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thickness of the tube 1 mm. On the outside of tubade of wire connections as the negative ternuh#ie reactor
to be connected directly with ground from the sewthigh voltage impulse generator.

Between the wire electrod and cylindrical electrpdsitioned in the form of a dielectric material daa
from Pyrex glass tube with a length of 15.5 cm ardlameter of 16 mm tube. Pyrex tube functions barder to
prevent breakdown between the positive electrodreegative electrod wire-cylinder. Therefore, thelelitric layer
covering the surface of glass pyrex made positieeted facing the negative electrod.

On the negative electrod body, namely the cylifaEty is made four-point hole with a hose connetted
the input and output of the reactor, namely twetifibr Oxygen input and the wastewater input, aval dutlet for
Ozone output and the output wastewater. Betweewitigeelectrod and cylinder electrods are givendis¢ance of
12.5 mm as the corona discharge, Oxygen flow aedlthv of wastewater in the reactors.

In its use as a wastewater treatment, corona digeh@lasma reactor with configuration of wire-cylén
electrod with the DBD is positioned tilted 10°, wihe help of the buffer tube holder with 2 legatthave different
heights, the first leg at 17.3 cm and the secogditea 15-cm buffer.

(a) Front view (b) Side view

Figure 6. Ozone reactor with DBD wire-cylinder cguafation

2.4. Ozone Reactor with Spiral-Cylinder Configuration and a Dielectric Barrier Discharge (DBD)

The configuration of DBD spiral-cylinder electrodnsists of three main parts, namely a spiral agipes
electrod, a cylindrical tube as negative electrgibnd), and the dielectric material serves asradvadischarge
between the positive electrods to negative electfb@ plasma reactor chamber configuration is shaplee that
has a lid on the right and left is made of acrytiaterial.
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Figure 7. Design of ozone reactor with spiral-cgénand DBD electrod configuration

Spiral as positive electrod made of 1.9 mm diamed@per wire that was twisted to a spiral-shapet wi
diameter of 5.1 mm and 15.5 cm long spiral elect&uiral electrod is positioned in the middle of ttylinder tube
and directly connected with the source of highagdt impulse.

Negative electrod (ground) used a cylindrical pipade of tubular copper 15.5 cm long and 27 mm in
diameter and thickness of the tube 1 mm. On theideibf tubes made of wire connections as the inegetrminal
of the reactor to be connected directly with grotnedn the source of high voltage impulse generator.

Among the spiral electrod with cylindrical electrpdsitioned a dielectric material in the form ofube
made from Pyrex glass with a length of 15.5 cm ardiameter of 16 mm tube. Pyrex tube functions haraer
(barrier) to prevent breakdown between the posi@lectrod and negative electrod wire cylinder. Efere, the
dielectric layer covering the surface of glass pyreade positive electrod facing the negative ebettr

On the negative electrod body, namely the cylinztedy is made four-point hole with a hose connetted
the input and output of the reactor, namely twetifibr Oxygen input and the wastewater input, aval dutlet for
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Ozone output and the output wastewater. Betweespinal electrod and cylinder electrods are givendistance of
10.6 mm as the corona discharge, Oxygen flow aadlthv of wastewater in the reactors.

In its use as a wastewater treatment, corona digeh@lasma reactor with configuration of spiraliagter
electrod with the DBD is positioned tilted 10°, ithe help of the buffer tube holder with 2 led® first leg at
17.3 cm and the second leg at a 15-cm buffer.

N |

(a) Front view (b) Side view
Figure 8. Ozone reactor with DBD spiral-cylinden@iguration

3.  Reaultsand Analysis

Testing and analysis equipment includes the measme of high voltage and the application for
processing wastewater of soft drink industry witihana discharge plasma technology.

The plasma reactor testing is done by examiningptbeess of fading color in the wastewater as dietec
Ozone formation in the plasma reactor. Tests chwigt by processing the color fading samples ofteveater in
each reactor Ozone. Wastewater samples used iteshis a sample of a red soft drink liquid withe#io of 1:10, in
example 100 ml of red soft drink mixed with 1000 aflwater. Samples of wastewater flowed into theora@z
reactor is processed together with the supply of @xygen. Here is wastewater processing condifintise Ozone
reactor test:
* Impulse voltage input = 15 kV
» Stream rate of wastewater input = 20 ml/min
* Flow rate of Oxygen input = 1 L/min

3.1. Testing of Ozone Reactor with Wire-Cylinder Electrod Configuration

Here's the process of testing plasma reactor witk-gylinder configuration is done using the source
voltage from high voltage impulse generator. Basedhe process of testing a wire-cylinder Ozonetads in the
process of color fading of wastewater, taken 10decpcocess, where each cycle has an average ducdtjorocess
1 hour 10 minutes. Here are the comparison resdlisastewater process on Ozone reactor with witieadgr
electrod configuration.

Figure 10. Result of wastewater process on Ozaaaewith wire-cylinder configuration: (a) initislastewater
before process up to the result of fifth cycle afqess; (b) the result of sixth cycle up to tentble of process
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Based on the observation results of wastewateufir@ process of color fading by Ozone generat#ukeat
high-voltage Ozone reactor with wire-cylinder cauiiation, it can be seen that the longer the prootwastewater
treatment, the more faded the color of the wastewiat provided. From Figure 10 can be seen theends of
gradations of color fading from cycle to cycle,ttttae more processing cycles performed in wasteviegatment,
then will be more color fading in wastewater.

3.2. Testing of Ozone Reactor with Spiral-Cylinder Electrod Configuration
Here's the process of testing plasma reactor wgttalscylinder configuration is done using the smur
voltage from high voltage impulse generator:

Figurell. Test of Ozone reactor with spiral-cylindkectrod configuration

From the process of testing a spiral-cylinder Ozeaetor is in the process of color fading of wastier,
taken O-cycle process, where each cycle has amgeaturation of process 47 minutes. Here are thgadson
results of wastewater process on Ozone reactorspital-cylinder electrod configuration:

(@) N (b)
Figure12. Result of wastewater process on Ozoreaewith spiral-cylinder configuration: (a) initisvastewater
before process up to the result of fifth cycle afqess; (b) the result of sixth cycle up to tentble of process

Based on the observation results of wastewateugfira process of color fading by Ozone generatéueat
high-voltage Ozone reactor with spiral-cylinder figaration, it can be seen that the longer the @sscof
wastewater treatment, the more faded the colohefwastewater is provided. From Figure 12 can lem ske
existence of gradations of color fading from cytdeycle, that the more processing cycles performedastewater
treatment, then will be more color fading in wasiésv.

3.3. Testing of Ozone Reactor with Wire-Cylinder and a Dielectric Barrier Discharge Electrod Configuration
Here's the process of testing plasma reactor Wb vire-cylinder configuration is done using theusme
voltage from high voltage impulse generator:

Figurel3. Test of Ozone reactor with DBD wire-cglkm electrod configuration
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Based on the process of testing a DBD wire-cylindepone reactor is in the process of color fading of
wastewater, taken 10-cycle process, where eacte dyas an average duration of process 1 hour. Hergha
comparison results of wastewater process on Ozawar with DBD wire-cylinder electrod configuratio

(@) (b)

Figurel4. Result of wastewater process on Ozoretaiewith DBD wire-cylinder configuration: (a) i
wastewater before process up to the result of €ifitie of process; (b) the result of sixth cycletapenth cycle of
process

From the observation results of wastewater throagihtocess of color fading by Ozone generated at the
high-voltage Ozone reactor with DBD wire-cylindesniguration, it can be seen that the longer thecess of
wastewater treatment, the more faded the colohefwastewater is provided. From Figure 14 can lem ske
existence of gradations of color fading from cytdeycle, that the more processing cycles performedastewater
treatment, then will be more color fading in wasiésv.

34. Testing of Ozone Reactor with Spiral-Cylinder and a Dielectric Barrier Discharge Electrod
Configuration

The process of testing plasma reactor with DBDadylinder configuration was done using the source
voltage from high voltage impulse generator.

Based on the process of testing a DBD spiral-cglindzone reactor is in the process of color fadihg
wastewater, taken 10-cycle process, where eacle ¢tyad an average duration of process 43 minutes. &fe the
comparison results of wastewater process on Ozawar with DBD spiral-cylinder electrod configticet.

Figurel5. Test of Ozone reactor with DBD spiralioger electrod configuration

(@) (b)

Figurel6. Result of wastewater process on Ozormaeaith DBD spiral-cylinder configuration: (a)ifial
wastewater before process up to the result of €ifitie of process; (b) the result of sixth cycletapenth cycle of
process
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Based on the observation results of wastewateufir@ process of color fading by Ozone generat#ukeat
high-voltage Ozone reactor with DBD spiral-cylind=mnfiguration, it can be seen that the longerphecess of
wastewater treatment, the more faded the colohefwastewater is provided. From Figure 16 can lem ke
existence of gradations of color fading from cytdeycle, that the more processing cycles performedastewater
treatment, then will be more color fading in wasiésv.

3.5. Comparison of Test Result on Ozone Reactor

Based on the test result of four Ozone reactotbeir form of electrod configuration, can be obéaira
comparison of the result by comparing each wasmwatatment result after the tenth cycle of theting process.
The following results were obtained.

L

Figure 17.Comparison result of the tenth cycle ast®water treatment process in each high-voltaga®©mactor
(left to the right): (a) initial wastewater befdiee treatment process; (b) Ozone reactor with wytaxder
configuration; (c) Ozone reactor with spiral-cylarcconfiguration; (d) Ozone reactor with DBD wirginder
configuration; (e) Ozone reactor with DBD spiraltagler configuration

From the results of 10-cycles given to the wastemaeatment of soft drinks samples in each ofhilgh-
voltage Ozone reactor, can be seen that the resfiitke Ozone reactor configured with a DielectBarrier
Discharge (DBD) and spiral-cylinder electrods, hasre color faded than the other three reactors $hows that
the Ozone produced in the reactor configured willB® spiral-cylinder is more than the wire-cylindeactor, the
wire-cylinder with DBD reactor, or even more th&e spiral-cylinder reactor without DBD.

The more number of Ozone imposed on a fluid, aed #gree with their characteristics, Ozone is more
rapid in fading the liquid color. Likewise on theastewater is processed in the Ozone reactor coafiguith DBD
spiral-cylinder electrod, the colors fade in wasttaw color is clearer, thus indicating more Ozanpdsed on the
wastewater.

4. Conclusion

Ozone reactor with the plasma technology has besterim the form of four electrod configurationsrewi
cylinder electrod configuration, spiral-cylindereetrod configuration, wire-cylinder electrod configtion with
DBD, and spiral-cylinder electrod with DBD. Eachnfiguration has been applied to industrial wastewat
treatment. Based on the design, testing, and asdhat were done, the test result of wastewater #ie treatment
using Ozone reactor is physical changes on theewasér, which is obtained the fading color in trestewater that
is more clearly compared with the color of initimhstewater. Comparison of four configurations isdoicing
different level of fading color in the wastewat&zone reactor that produces maximum fading colegllen the
wastewater result is Ozone reactor configured RitHectric Barrier Discharge (DBD) and spiral-cyler electrod
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