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Abstract. One of the most effective ways to produce ozone is to use Dielectric barrier discharge plasma (DBDP). Various
geometric configurations can be used to produce ozone. However, it is necessary to develop a reactor to produce medical
ozone. Medical ozone can be produced using Double DBD reactor with an oxygen source. The aim of this paper is to carry
out an experimental analysis of ozone concentrations which produced using DDBD reactor. The reactor used cylindrical-
cylindrical electrode configurations made from copper mesh. The high AC voltage was applied in the range between 0,5
to 3.2 kV and the frequency of 50 Hz. Oxygen (0O2) is used as input gas source with several variations in flow rates from
0,2 to I liter/min. The results show that air flow rate input and voltage can affect ozone concentration. Ozone concentration
can be increased by increasing the voltage or decreasing the flow rate. The results also showed that DDBD with this
configuration could produce medical ozone concentration from 24 — 768 ppm which could be applied further in the medical
field.

INTRODUCTION

Ozone (03) is one of the most reactive oxidants and is an excellent disinfectant '. Ozone can be produced using
UV radiation, Corona Discharges, or dielectric barrier discharges (DBD) . Electrical discharge (spark) will separate
oxygen molecules into two oxygen atoms and then react with oxygen molecules to form ozone molecules *.

Ozone has many benefits. Ozone can be used to preserve various types of food ingredients, fish preservation, air
purification, and several fields of dentistry and medicine **. As an oxidant, ozone has powerful antimicrobial
properties against microorganisms such as bacteria, viruses and protozoa. These properties cause ozone to have many
benefits, especially in the medical field, such as disinfecting, treating skin diseases, and healing various types of
wounds *'".

DBD is the most effective way to produce ozone because it requires a lower initial voltage and less power
consumption. Discharge occurs homogeneously throughout the reactor volume and produces a relatively low
temperature so it does not require a cooling system '*'% Research to compare ozone production from input gas in the
form of oxygen and air using a spiral-cylinder geometry DBD reactor, the relationship between the flow rate of the
input gas to the ozone concentration, and the influence of the mesh electrode on the DBD rector has been carried out
in reference 519,

There is a development of DBD, namely DDBD (Double Dielectric Barrier Discharge). DDBD has a double barrier
between the electrodes, so there is no contact between the input air and the electrodes during the ozone production
process. So that the ozone produced by the DDBD reactor is pure. DDBD can also produce higher ozone
concentrations compared with DBD 22!,

There is no further research about the production of pure ozone or medical ozone using DDBD reactor with mesh-
mesh electrode configuration. Therefore, this research will characterize the voltage and flow rate to obtain the
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optimum medical ozone concentration when producing ozone using DDBD with Oxygen as an input gas and electrode
configuration made from copper mesh.

EXPERIMENTAL METHODS

This research uses DDBD with cylindrical geometries and copper mesh electrodes as in Figure 2. Figure | is a
setup of tools used in the experiment. The dielectric barrier is a glass tube 18 cm long and 0.275 e¢m thick. The outer
diameter of the tube is 4 cm and the mner diameter is 2.3 cm. The electrodes used are copper mesh arranged into
cylinders with a length of 9 cm. The two electrodes are connected to an AC voltage source with voltage variations of
0.5 kV - 3.2 kV and a frequency of 50Hz. Electrodes are also connected to ammeters and multimeters so that the
research parameters can be identified. At both ends of the reactor, holes are facing upward for input and output gases.
The inlet gas port is connected with a hose to the oxygen cylinder, while the output is connected with the hose to the
KI solution. The hose is made of PU (Poly Urethan). The inlet oxygen flow rate used is 0.2-1 L / min with an interval
of 0.2 L/ min.

‘ Flowmeter ‘ DDBD Reactor

| Oxygen I

Erlenmeyer

containing
KI solution

1

FIGURE 1. Research tools set-up scheme

Ozone that has been produced is titrated using sodium thiosulfate solution to determine the ozone concentration.

The ozone concentration is then calculated using the equation:

_ RxVexhNg
Cozon = '{q_as (h

Coeon 18 the concentration of ozone (gram /L), R is the ratio of analytical moles and reactants in a balanced chemical

equation, Vt is the volume of the titrant (L), Nt is the normality of sodium thiosulfate (mol /L) and Vgas is the volume
of gas (oxygen) which is used *%.
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FIGURE 2. The DDBD reactor scheme uses meshed plate electrodes (a) side view: (b) front view.

RESULT AND DISCUSSION
Current Characteristics as a Function of Voltage

Current characteristics as a function of voltage in the DDBD reactor can be seen in Figure 3. The graph shows that
the increase in current occurs when the voltage is increased. This happens because the higher voltage creates a greater
potential difference and then creates a stronger electric field. The electric field then accelerates the movement of
charged particles which then cause charged particles to collide and trigger excitation, dexitation, ionization, and the
process of recombination and producing electric charges. An electric charge that moves each unit of time produces an
electric current ',
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FIGURE 3. Graph of current characteristics as a function of voltage.

Effects of Voltage on Ozone Concentration
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FIGURE 4. Graph of concentration characteristics as a function of voltage
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The KI solution turns into a brownish-yellow KIO; solution when the KI solution is reacted with ozone, and the
color is more concentrated when the voltage is increased.

The eftect of voltage on ozone concentration at several flow rates can be seen in Figure 4. Voltage is one of the
parameters that can affect ozone production in this study, the higher the voltage applied, the greater the potential
difference between the electrodes. The greater this potential difference causes more and more charged particles to
have enough energy to ionize or excite oxygen molecules when collisions occur. The collision results in the formation
of more ozone **. This research is in accordance with the research conducted by Restiwijaya et al **.

Effect of Flow Rate on Ozone Concentration

Ozone concentration is reduced by increasing the flow rate as shown in Figure 5. The results of this study are in
accordance with a research by Zain, et al [21]. The higher flow rate will cause the gas residence time in the reactor to
be reduced. When oxygen is in the reactor the ozone formation reaction occurs from the dissociation of O» from
collisions with electrons (R1), which then occurs three-body reaction (R2).

0,+e—-20+e (R1)

0+0;+0; =03+ 0, (R2)

The reaction rate of R2 is slower when compared to R1. So that when the flow rate is increased the O atom
produced by the R1 reaction runs out faster along with the flow rate of the gas that comes out faster, so that the ozone
formed through the R2 reaction is less because there is only a little O in the reactor 2.
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FIGURE 5. Graph of ozone concentration as a function of flow rate
Application in the Medical Field

When used in certain diseases or conditions, ozone will have the same effect or impact throughout the world,
wherever ozone is used. The application of an inappropriate method or dose will cause side effects or ozone
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ineffectiveness. Therefore, a protocol was made as a basis for standards and guidelines for the use of medical ozone.
One of the guidelines is related to the concentration or dose of ozone needed for therapy or treatment as in Table 1.

In this study, at 2.9 kV with a flow rate of 1 L / min and 0.8 L / min, the optimum concentration of medical ozone
was 24 ppm and 30 ppm. So that this configuration can be applied for after wound cleansing, wound healing, and bum
stages 1 and 2 treatments.

TABLE 1. Topical application of medical ozone (Hansler, et al 2012)

Indication Dz . Forlm olf Treatment Time R
Concentration Application Frequency
Decubitus ulcers 80-100 gg}rpl in the ng pressure 210 min Dml}j first, then 1-
beginning suction cup 2x per week
After wound
cleansing 20-30 pg/ml Low pressure boot - Daily first, then 1-
5 ; 10-20 min M
g 80-100 pg/ml in the (or plastic bag) 2x per week
Diabetic gangrene =
beginning
After wound
cleansing ST Plastic bag (not 1020 mi Daily first, then 1-
Uleus cruris 80-100 pg/ml in the low pressure!) =Eum 2x per week
Wound cleansing beginning
Compresses + Several times
Wound Healing 20-30 pg/ml rinsing with ozone 1-5 min ev Zr;nﬂvm'nes.
water ;
Plastic bag, 10-20 min First 1-2x per day
Bum stage | and compresses + - :
2 20-30 pg/ml rinsing with ozone 1-5 min Se»era(ligmes Pt
water Y
CONCLUSION

DDBD reactors can be used to produce medical ozone where the higher the voltage, the higher the current at the
reactor and the concentration of ozone produced. Ozone concentration can also be increased by reducing the input
oxygen flow rate. The configuration in the research carried out can produce 24 ppm and 30 ppm ozone concentrations
using a voltage of 2.9 kV at a flow rate of | L/ min and 0.8 L / min. This concentration can be applied in the medical
field, which is for after wound cleansing, wound healing, and bum stages 1 and 2.

ACKNOWLEDGMENTS

We thank the Ministry of Technology Research and Higher Education for facilitating the establishment of the
Teaching Industry at the Diponegoro University through a contract with the number: 865/UN7.P/HK/2018. The
realization of this research for utilizing the Teaching Industry facility.

REFERENCES

1. G. Audran, S. R. A. Marque and M. Santelli, Tetrahedron, 74(43), 6221-6261 (2018).

2. 8. Arthur, “Diagnostics and kinetics of reactive oxygen and nitrogen species in atmospheric pressure non-
equilibrium discharges for bio-decontamination”, These de doctorat, Universite Paris-Saclay, 2018.

3. S.Jodpimai, S. Boonduang, and P. Limsuwan, Journal of Electrostatics, 74, 108-114 (2015)

4. E. Yulianto, 1. Zahar, A. Z. Zain, E. Sasmita, M. Restiwijaya, A. W. Kinandana, F. Arianto., and M. Nur,
“Comparasion of ozone production by DBDP reactors: difference external electrodes™, IOP Conf. Series : Journal
of Physics: Conf. Series 1153 (2019).

5. M. Aponte, A. Anastasio, R. Marrone, R. Mercogliano, M. F. Peruzy, and N. Murru', LWT. 93, 412-419 (2018).

6. F.Zhu, Food Chemistry, 264, 358-366 (2018).

7. F.Masotti, L. Vallone, S. Ranzini, T. Silvetti, S. Morandi, and M. Brasca, Food Control, 97, 32-38 (2019).

8. M. E. Almaz, and 1. S. Sonmes, Journal of the Formosan Medical Association, 114, 3-11 (2015).

040002-6




9.

10.
11.

12

13.
14.
15.
16.

17.
18.
19.
20.
21.

=
[

24.
25.

I. Zahar, Sumariyah, E. Yulianto, F. Arianto, Yuliani, M. Puspita., M. Nur, “Optimation of ozone capacity
produced by DBD plasma reactor: dedicated for cold storage”, IOP Conf. Series : Journal of Physics: Conf.
Series 1217 (2019).

J. Zeng, and J. Lu, International Immunopharmacology, 56, 235-241 (2018).

M. Izadi, R. Kheirjou, R. Mohammadpour, M. H. Aliyoldashi, S. J. Moghadam, F. Khorvash, N. I. Jafari, S.
Shirvani, and N. Khalili, Diabetes & Metabolic Syndrome: Clinical Research & Reviews, 12, 822-825 (2019).
R. V. Hansler, O. S. L. Fernandez, and Z. Fahmy, Ozone, 34, 408-424 (2012).

H. K .M. Facta, A. Salam, and Z. Buntat, ICITACEE, 14, 409-412 (2014).

A. Bogaerts, E. Neyts, R. Gijbels., and I. V. D. Mullen, Spectrochimica Acta, 57, 609-658 (2002).

M. Nur, A. Supriati, D. H. Setyaningrum, Gunawan, M. Munir, and Sumariyah, Berkala Fisika, 12, 69-76 (2009).
T. L. Sung, S. Teii, M. C. Liu, R. C. Hsiao, P. C. Chen, Y. H. Wu, C. K. Yang, K. Teii, S. Ono, and K. Ebihara,
Vaccum, 90, 65-69 (2013).

Suraidin and M. Nur, JPFA, 06, 18-25 (2016).

S. L. Park, J. D. Moon, S. H. Lee and S. Y. Shin, Journal of Electrostatics, 64, 275-282 (2006).

X. Wang, H. Luo, Z. Liang, T. Mao, and R. Ma, Plasma Sources Sci. Technol., 15, 845-848 (2006).

K. Nassour, M. Brahmi, S. Nemmich, N. Hammadi, A. Tilmatine, and N. Zouzou, IEEE, 15, 1-7 (2015).

A. Z. Zain, M. Restiwijaya, A. R. Hendrini, B. Dayana, E. Yulianto, A. W. Kinandana, F. Arianto, E. Sasmita,
M. Azam, S. Sumariyah, N. Nasrudin, and M. Nur, “Development of ozone reactor for medicine base on
dielectric barrier discharge (DBD) plasma”, IOP Conf. Series : Journal of Physics: Conf. Series 1153 (2019).
U. Chasanah, E. Yulianto, A. Z. Zain, E. Sasmita, M. Restiwijaya, A. W. Kinandana, F. Arianto, and M. Nur,
“Evaluation of titration method by dielectric barrier discharge plasma (DBDP) technology™, IOP Conf. Series :
Journal of Physics: Conf. Series 1153 (2019).

M. Nur, A. I. Susan, Z. Muhlisin, F. Arianto, A. W. Kinandana I. Nurhasanah, S. Sumariyah, P. J. Wibawa, G.
Gunawan, and A. Usman, Bulletion of Chemical Reaction Engineering & Catalysis, 12, 24-31 (2017).

M. Nur, 2011, Fisika Plasma dan Aplikasinya, Semarang: Universitas Diponegoro, pp. 8-12.

M. Restiwijaya, A. R. Hendrini, B. Dayana, E. Yulianto, A. W. Kinandana, F. Arianto, E. Sasmita, M. Aza, M.
Nur, “ New development of double dielectric barrier discharge (DBD) plasma reactor for medical, IOP Conf.
Series : Journal of Physics: Conf. Series 1170(2019).

040002-7




Effective medical ozone production using mesh electrodes in
double dielectric barrier type plasma generators

ORIGINALITY REPORT

24, 6. 23x 24

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Renate Viebahn-Hansler, Olga Sonia Ledn
Fernandez, Ziad Fahmy. "Ozone in Medicine:
The Low-Dose Ozone Concept—Guidelines
and Treatment Strategies", Ozone: Science &
Engineering, 2012

Publication

0%

Nanik Hendrawati, Khalimatus Sa'diyah, Ernia
Novika, Agung Ari Wibowo. "The effect of
polyvinyl alcohol (PVOH) addition on
biodegradable foam production from sago
starch", AIP Publishing, 2020

Publication

0%

G. P. Panta, D. P. Subedi, H. B. Baniya, A. P.
Papadaki, S. Dhungana. "An Experimental
Study of Co-Axial Dielectric Barrier Discharge
for Ozone Generation", Journal of Nepal
Physical Society, 2020

Publication

2%

Submitted to Ain Shams University

Student Paper

2%




5

Nur Rokhati, Tutuk D. Kusworo, Heru Susanto,
l. Nyoman Widiasa et al. "Preparation of
glucosamine by acid hydrolysis of chitin under
microwave irradiation", AIP Publishing, 2020

Publication

2%

ouci.dntb.gov.ua

Internet Source

2%

=

D T Sugianto, | Puspitasari, A | Susan, E
Sasmita, M Nur. "Increment of nitrogen
content in shallot seeds by corona glow
discharge plasma irradiation", Journal of
Physics: Conference Series, 2019

Publication

T

Kamel Nassour, Mostefa Brahami, Said
Nemmich, Nacera Hammadi, Amar Tilmatine,
Noureddine Zouzou. "A new hybrid surface-
volume dielectric barrier discharge reactor for
ozone generation", 2015 IEEE Industry
Applications Society Annual Meeting, 2015

Publication

T

www.allergycosmos.co.uk

Internet Source

T

T.-L. Sung, S. Teii, C.-M. Liu, R.-C. Hsiao, P.-C.
Chen, Y.-H. Wu, C.-K. Yang, K. Teii, S. Ono, K.
Ebihara. "Effect of pulse power characteristics
and gas flow rate on ozone production in a

T



cylindrical dielectric barrier discharge
ozonizer", Vacuum, 2013

Publication

—_—
—

ejournal2.undip.ac.id

Internet Source

(K

Linsheng Wei, Qingheng Deng, Yafang Zhang. <1
. - %
"Ozone generation enhanced by silica catalyst
in oxygen-fed dielectric barrier discharge",
Vacuum, 2020
Publication
"ICRI?EC 2019", Springer Science and Business <1 %
Media LLC, 2020
Publication
Belén Giménez, Natalia Graiver, Leda <'I o
Giannuzzi, Noem{ Zaritzky. "Treatment of beef ’
with gaseous ozone: Physicochemical aspects
and antimicrobial effects on heterotrophic
microflora and listeria monocytogenes", Food
Control, 2021
Publication
Hsiao, R.-C., T.-L. Sung, C.-M. Liu, H.-T. Tseng, <1 o

S. Teii, K. Teii, S. Ono, and K. Ebihara.
"Surface-enhanced ozone dissociation in gas
flow downstream of a dielectric barrier
discharge ozonizer studied by using catalytic
probes", Vacuum, 2014.

Publication




Exclude quotes Off Exclude matches Off
Exclude bibliography On



Effective medical ozone production using mesh electrodes in
double dielectric barrier type plasma generators

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8




