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Abstract. At the end of the decade, we have been entered to the bad condition for water 

quality. As well as we know that water is a primary demand for everyone. Ozone is a very 

reactive oxidant, and it can oxidize any parameters in water quality and then that parameters 

can be reduced. The principal of electrical discharge ozone generator can produce ozone when 

the compilation of electricity flow through the electrode, after that the discharge electrons will 

bound with free air which containing O2 so that O3 (ozone is formed). In the research, electrical 

discharge for ozone generator was made with high voltage variation are 12 kV, 13 kV, 14 kV. 

Next, ozone concentration that produced by this generator is contacted to the groundwater 

sample in Semarang which containing 5,85 mg/litre iron and not yet required by World Health 

Organization International Standard for drinking water that is 0,3 mg/litre. The result shows, 

the highest production ozone concentration by this generator is 33,41 ppm and can decrease 

iron contaminant up to 23% from 5,85 mg/litre to 4,53 mg/litre. The lowest production ozone 

concentration is 2,85 ppm, and can decrease iron contaminant up to 12% from 5,85 mg/litre to 

5,15 mg/litre.  

1.  Introduction 

Iron is one of metal that usually contained in groundwater. The groundwater with low oxygen usually 

contains 10 – 100 mg/litre of iron. When the groundwater containing iron more than 1,0 mg/litre, it 

will considered aquatic organism life. World Health Organization International Standard for drinking 

water regulating the maximum iron level for drinking water is 0,3 mg/litre. Fe is an essential metal 

when, in a certain amount, is needed by the organism, but it will be toxic in excessive amounts. The 

high level of iron will have an impact for human health which is poisoning/vomiting, intestinal 

damage, premature ageing to sudden death, arthritis, congenital disability, bleeding gums, cancer, 

kidney cirrhosis, constipation, diabetes, diarrhoea, fatigue, hepatitis, hypertension, and insomnia [6]. 

[11] said that ozone formation and decomposition reaction could be described below: 

O2 + e → 2O + e       (1) 

O + O2 + M → O3 + (M)      (2) 

O3 + O → 2 O2       (3) 

O3 + e → O + O2 + e       (4) 
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Figure 1. Ozone gas formation by collation between molecular and electrons processed [13] 

 

According to [9], the principal of electrical discharge is passing though dry air or oxygen to space 

between 2 electrodes that are electrified by alternating high voltage electricity which is around 8.000 – 

20.000 volts. Intermittent discharge takes places between two electrodes, and it will be caused the 

electrons collating with oxygen molecular and ozone (O3) is formed. 

 
Figure 2. The principal of ozone generator by electrical discharge 

Source: JWWA, 1978 

 

Ozone Corona Discharge Plasma reactor with cylinder electrode configuration with DBD consists 

of 3 part which are positive electrode (shaped wire), negative electrode cylinder tube, and dielectric 

material as a barrier release between the positive electrode to the negative electrode [12] As an 

example, the ozone decomposition processed according to [5] is the following: 

 

O3 + H2O → HO3
+ + OH−      (5) 

HO3
+ + OH− → 2HO2       (6) 

O3 + HO2 → HO* + 2O2       (7) 

HO* + HO2 → H2O + O2       (8) 

 

In this series of elementary reactions, ozone reacts with water to form, among other compounds, 

HO • (hydroxyl radical) and HO2 (superoxide), which are very reactive and sometimes used for the 

destruction of organic compounds [1]. [2] says that water which containing iron is reacted with ozone 

gases can cause oxidation reaction so that in water dissolve iron is forming soluble iron. The 

estimation Fe2+ in Fe3+ oxidation reaction mechanism with ozone gasses according to Nowell and 

Hoigné theory is the following: 

 

Fe2+ + O3 → (FeO)2+ + O2      (9) 

(FeO)2+ + Fe2+ + 2H+ → 2Fe3+ + H2     (10) 

(Equilibrium: 2Fe2+ + O3 + 2Fe3+ + O2 +H2O)    (11) 

 

From the explanation above, we know that the goal of this research is to know the effectiveness 

groundwater treatment which contains iron into drinking water by oxidation process with ozone gasses 

which is included to Advanced Oxidation Process (AOPs) with electrical barrier discharge generator. 
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2.  Methodology 

Groundwater sample takes from Bukit Kencana Jaya Residence, Semarang City. Sample contacted by 

ozone that has been made by an ozone generator, the input is AC voltage as an independent variable is 

three variations which are 12 kV, 13 kV, 14 kV, and dry air which contain O2 is pumped by aerator 

with a flowrate 0,5 litre/minutes. Based on [4] water sample with ozone contact time is 15 minutes and 

according to the previous research by Phramawati (2010) says that the highest decreasing Fe 

contaminant when the contact time for 15 minutes. Next, it is allowed to stand for 30 minutes to 

decompose ozone in water. After the sample was passed through the ozonation process, the iron level 

is tested at laboratory scale. DBD Ozone generator uses inner electrode (aluminium screw with 

diameter 8 mm) and outer electrode (circular coil made by copper wire with diameter 33 mm, full 0,5 

mm and 42 turns with a length of 1386 mm. The barrier material is cylindrical glass with outer 

diameter 33 mm, wide 1 mm and a range of 23,5 mm.  

 
Figure 3. Dielectric Barrier Discharge Ozone Generator 

 

3.  Result  

The result consists of 3 part, which is ozone concentration production, the effectivity of iron level 

decreased and the relationship of the removed iron and ozone production. 

3.1.  Ozone concentration production 

This chart describes the result of ozone concentration production with high voltage variation.  

 
Figure 4. Ozone concentration production 

 

According to the graphic, we know that the higher voltage was inputted into the generator; the 

production of ozone concentration is higher. Otherwise, the smaller voltage inputted into the generator, 

the output of ozone concentrations is lower. It caused by the electrodes that made of aluminium release 

the electrical charges when high-voltage electricity, so that the ionization process occurs. The higher 
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the input voltage, the more electrical charge is released from the aluminium metal, so that the 

condition of air input is fixed, it will cause this electrical charge to react with dry air. The more 

electrical charge that reacts with air containing O2, the production of ozone concentration is higher. 

3.2.  Effectivity of iron level decreased 

This chart describes the analysis of removal efficiency of iron level (before and after ozonation 

process). 

 
Figure 5. Iron effluent (before and after ozonation) 

 

The chart showed that the greater voltage used for the ozonation process. The effluent of iron is 

smaller, and otherwise, the smaller voltage used for the ozonation process, the effluent of iron is 

greater. In this research, when the ozone generator is given the highest input a voltage of 14 kV, the 

iron decrease from 5.85 mg /litre to 4.53 mg /litre. However, it doesn't require the World Health 

Organization International Standard for drinking water that is 0,3 mg/liter. Because the function 

ozonation process converts Fe2+ ion to be Fe3+ ion by oxidizing Fe2+ ion, so that it changes physical 

properties from soluble to be solid, not to remove the ion. According to [8] oxidation reaction equation 

is the following:  

2 Fe2+ + O3(aq) + 5 H2O → 2 Fe(OH)3(s) + O2(aq) + 4 H+    (10) 

Iron can decrease after this ozonation processed because the sample is taken at the bottom of 

Erlenmeyer because the solids that are formed are still in a cut in half position and even float. So that 

the solid iron hasn't all dropped to the bottom of Erlenmeyer and doesn't put into the bottle sample.  

 
Figure 6. Percen iron removal 

 

From the figure 6 we know that the higher voltage used. When % removal of iron in the sample 

water is more significant, and otherwise the smaller energy used, then % removal of iron in the sample 

water is lower. It happens because oxidation of ozone and metal that has been contacted into the 

sample because ozone is one of the methods of Advanced Oxidation Process (AOPs). Ozone is a 
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reactive gas so that the oxidation process using this gas can be claimed more quickly, but based on the 

results the chart, iron removal is quite low which is around 23% even though the ozone concentration 

formed is quite large. 

3.3.  The relationship between removed iron and ozone production 

This chart shows the relationship removed iron and ozone production. 

 
Figure 7. The Relationship Between Removed Iron and Ozone Concentration Production 

 

According to the chart, it can be concluded that the lower the concentration of ozone that is 

contacted the decreasing of iron content in the water sample is lower. The iron is remained even 

though the concentration of ozone produced is very high. It possible caused by the pH is small. 

However, the alkalinity properties of sample is low and then the OH radical reaction process which 

functions to decompose ozone is getting slower, however the formation of Fe3+ to be Fe(OH)3 is also 

delayed due to low pH and the presence of organic compound showing high alkalinity level of water 

[10].  

Ozone decomposition in the ozonation process for iron removal is affected by rising temperatures 

which will reduce ozone solubility in water. Next, the pH contains OH- hydroxide ions which 

accelerate the decomposition process, and alkalinity is inhibitor which slows the OH radical reaction 

while manganese and organic substances as initiators that accelerate ozone decomposition [7]. The 

result of Hoigné research shown that the response of ozone with Fe2+ in neutral pH solutions is faster 

(less than 2 minutes), because the oxidation between ozone and iron influenced by the pH of the 

solution which is the higher the pH causes the removal of iron is more top [3]. 

 

4.  Conclusion 

Based on this research, it can be concluded that the highest efficiency of iron removal by ozonation 

process with Dielectric Barrier Discharge Ozone Generator (material: screw aluminium as an inner 

electrode, copper wire as an outer electrode and glass as a barrier). It showed that maximum efficiency 

occurs at 14 kV voltage variations and the highest % iron removal is 23% from 5,85 mg/litre to 4,53 

mg/litre and not require the drinking water quality requirements by World Health Organization 

International Standard.  However, the groundwater is not possible to drink right away after ozonation 

treatment. 

 

 

 

 

0 0
2.86

9.73

33.41

0.00 0.38 0.70 0.84 1.32

0

5

10

15

20

25

30

35

40

Initial Control 12 13 14

C
o

n
ce

n
tr

at
io

n
 (

m
g
/L

)

High Voltage (kV)

The Relationship Between Removed Iron and Ozone Production

Ozone Productiom

Removed Iron



INCRID 2019

IOP Conf. Series: Earth and Environmental Science 448 (2020) 012041

IOP Publishing

doi:10.1088/1755-1315/448/1/012041

6

 

 

 

 

 

 

References 

[1]    Crittenden J C Trussell R R Hand D W Howe K J and Tchobanoglous G 2012 MWH’s Water 

Treatment Principles and Design Third Edition 
[2]  Hidayanti N 2015 Fe and Mn Metals Water Treatment with Ozonation and Adsorption Methods 

Field Study  Former Lake at Bangka Belitung Island Environmental Engineering Journal 

5(1) 
[3]  Hoigne J and Bader H 1983 Rate constants of reactions of ozone with organic and inorganic 

compounds in water-I Non-dissociating organic compounds Water Research 
[4]  Manahan S 2000 Fundamentals of Environmental Chemistry Second Edition 
[5]  McCarthy J J and Smith C H 1974 A review of ozone and its application to domestic wastewater 

treatment Journal / American Water Works Association 
[6]  Parulian A 2009 Monitoring Dan Analisis Kadar Aluminium (Al) Dan Besi (Fe) Pada 

Pengolahan Air Minum Pdam Tirtanadi Sunggal Retrieved from 

http://repository.usu.ac.id/handle/123456789/5850 
[7]  Pharmawati K Sururi M R and Suryana I 2010 Removal Ground Water Fe-Organic by 

Ozonation Proces Proceedings Science and Technology Seminar University of Lampung 18-

19 October 2010 pp 327335 

[8]  Rahmawati N 2011 Advanced Oxidation And Ceramic Membran For Iron Manganese Ammonia 

Alkylbenzene Sulfonate Linear Removal From Ground Water Thesis (Depok: Universitas of 

Indonesia) 

[9]  Said N I 2007 Wastewater Treatment Technology Theory and Application (Jakarta: Erlangga 

Publisher) 

[10]  Sawyer C N Perry L M and Gene F P 1994 Fourth Edition Chemistry For Environmental 

Engineering (United Stated: MC Graw-Hill) 

[11]  Trijoko 2010 Raw Water Unit (Yogyakarta: Graha Ilmu Publisher) 

[12]  Warsito A Syakur A and Susilowati G 2011 An Ozone Reactor Design with Various Electrode 

Configurations International Journal of Electrical and Computer Engineering (IJECE) 

[13]   Yusuf B Warsito A Syakur A Widiasa I N and Soedharto J P 2009 The Application of High    

Voltage Impulse Generators for Ozone Reactor Manufacturing Transient pp 1–6 (Semarang: 

Faculty Of Engineering, Diponegoro University) 

 

 

 


