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Abstract— Indonesia has palm oil harvesting as the most 

important agriculture crop. Unfortunately, this agricultural 

activity delivers a large amount of by product, known as palm oil 

mills effluent (POME). The treatment using membrane 

bioreactor has successfully removed the heavy organic 

component of POME but it left water in colour. This paper 

proposed the use of a single switch resonant converter with 

parallel load resoant with dielectric barrier discharge ozonizer to 

remove colour of treated POME. The ozonizer chamber was 

made from a planar metal dielectric barrier discharge 

construction. A single switch resonant converter as power supply 

to the chamber was designed and it is based on resonance 

principle. This circuit converted a direct current low voltage 

input into high frequency and sinusoidal voltage output. The high 

voltage created micro electrical discharges inside chamber to 

generate ozone from oxygen molecules. At atmospheric pressure 

and ambient temperature, the ozonizer deliver up to 2300 ppm 

ozone gas. The ozone gas was injected into the treated POME for 

several duration of time. The results of experiment showed that 

the treated POME water has successfully changed in colour from 

100 mg/l Pt.Co into 20 mg/l Pt.Co or lower. As the time of 

treatment is increased then the colour abatement was below 15 

mL/l Pt.Co. 

Keywords— Color removal, silent discharge; resonant 

converter, ozonizer; POME. 

I.  INTRODUCTION  

Palm oil is the most important agriculture crop in Indonesia, 

covering about more than three million hectares of the 

cultivated area. Indonesia and Malaysia remained as the 

world’s largest producers and exporters of palm oil, because 

they contribute 87% of global production. Regrettably, this 

agricultural industry produces a great amount of by product 

and it is known as palm oil mills effluent (POME). The 

treatment conducted using membrane bioreactor has 

successfully removed the heavy organic component of POME 

but it still left water in colour as by product[1, 2]. The treated 

POME has brown or red dark colour because of the 

carotenes[3]. This carotenes, naturally, are fat-soluble and or 

less soluble in water. This colour is difficult to be removed by 

biological treatment so that it becomes an esthetical problem 

in palm oil mills treatment. This coloured water later become 

unattractive and the major reason of complain when it is 

utilized. The colour removal techniques using activated carbon 

were reported to work, but activated carbon has very short life 

and must be replaced frequently. The oxidation treatment 

using chlorine and chloride oxide was reported adequately for 

colour abatement, but they have unpleasant taste and smell. 

Ozone gas has become a preferable choice for water and air 

treatment due to its less harmful effect to the environment. In 

this paper, ozone gas was generated by a simple ozonizer 

construction based on the application of electrical discharge to 

conduct colour removal from the result of palm oil mills 

effluent treatment.  

Conservative ozone generation with 50 or 60 Hz high 

voltage power supply, the voltage injected was about 3 – 10 

kVrms or 8.5 – 28 kV peak to peak [4-6]. However, in 

practical the injected voltage used for ozone chamber at 

atmospheric pressure and ambient temperature is considerable 

high and near to the sparking potential. The dimension of 

conventional power supply is in a large volume, due to the 

present of transformer. Regard to safety, high voltage may not 

be suitable for household applications. 

Recently, ozone generation with 50 or 60 Hz high voltage 

power supply, the voltage injected was about 3 – 10 kVrms or 

8.5 – 28 kV peak to peak [4, 7, 8]. This results give an 

increase in ozone production for a given surface area, while 

decreasing the require peak voltage.  

The the full bridge resonant converter operated at resonant 

frequency of 88 kHz was reported to generate ozone from 

from 4 – 6 kV peak to peak [9]. The converter requires four 

MOSFET switches and high DC input voltage (340 Volt). A 

single hard switching converter driving an ozone chamber 

filled with special discharge gas such as Xe , Ar, or Ne 

operated at certain pressure. The dielectric layer was 

constructed in borosilicate glass or quartz with a conductive 

thin layer on the surface. Although the voltage reduce to 1 

kVrms or 2.8 kV peak to peak and the ozone yield was high, 

such chamber is considered complicated to construct. [7, 10]. 

Planar electrodes are made from metal with borosilicate glass 
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as dielectric. This ozone chamber need to be operated at 

higher voltage ( more than 7 kV) and frequencies from 5 - 7 

kHz. [11-13]. Further more, the application of higher voltage 

result in filamentary effect inside the chamber [11, 14] and as 

a result a cooling system is necessary required.  

The use of single switch resonant converter has been 
recorded to produce ozone, how ever this work require ferrite 
transformer to step up the voltage and it give bigger size in 
volume [15]. A single switch resonant converter with parallel 
load resonant for ozonizer  in this work is constructed by two 
parts, first is ozone chamber and the second part is power 
converter with a single switch where a high voltage high 
frequency is generated. 

II. II. OZONIZER CHAMBER 

In this work, the ozone chamber is constructed by 

aluminium mesh as electrode and metal tape with muscovite 

mica sheet as dielectric material are placed between the 

electrodes [16]. The air gap inside chamber is 1.5 mm. 

Maximum operating temperature is about 500
o
C[17, 18]. 

Illustration of the chamber is shown in Figure 1. 
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Figure 1. Ozone chamber 

The dielectric layer presents between two electrodes and air 

gap and it gives representation of capacitance. When micro 

discharges occur, the current flows in through equivalent 

resistance. The investigation to the characteristics of the 

chamber as it is supplied by high voltage high frequency gives 

Lissajeous pattern. This pattern is shown in Figure 2. Due to 

this electrical characteristics, the equivalence circuit of the 

ozone chamber is represented in parallel capacitance and 

reactance [19] as it is shown in Figure 3.  

ichm

Current

Voltage

 
Figure 2. I-V characteristics in Lissajeous Pattern 

III. III. DESIGN OF SINGLE SWITCH RESONANT 

CONVERTER 

Single switch resonant converter (SSRC) is the most 

interesting because it utilises only one power semiconductor 

switch and therefore exhibits low power losses [20]. The basic 

circuit of SSRC is illustrated in Figure 4. The circuit consist of 

a DC side which comprises of solid state MOSFET (M1), a 

choke inductor (Lf), and a shunt capacitor (C1). The AC side 

consist of several passive component R, L, and C which 

represent a resonant circuit.  
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Figure 4. Fundamental Circuit of Single Switch Resonant Converter 

 

Parallel loaded circuit shown in Figure 5, is possible to be 

made from inductor with ferrite core as series resonant 

inductor connected to ozone chamber. By considering that the 

equivalent circuit of ozone chamber consist of parallel 

capacitance and resistance and it act as parallel load, when this 

circuit combine with ferrite inductor, they made parallel 

loaded resonant circuit. This PLRC is able to deliver high 

voltage from lower voltage then the combination of this 

resonant circuit as AC part of single switch resonant 

converter. 
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Figure 5. Equivalent Circuit of Ozone Chamber as part of Parallel Loaded 

Resonant Circuit 
 

Theoretically, the parallel loaded circuit will gives voltage 

attenuation as Equation (1): 
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where Q is quality factor, and n is the ratio between actual 

frequency and resonant frequency. Gain voltage as the 

function of frequency is illustrated in Figure 6. The maximum 

voltage is possible to achieve eight time of input voltage.  

 
Figure 6. Gain voltage as the function of frequency 

 

When a ferrite inductor with 9.75 mH is connected to ozone 

chamber with internal capacitance 0.12nF, and equivalent 

resistance in the range of 150 k up to 220 k, the resonant 

frequency is 147.1 kHz according to Equation (2).  
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To increase the loaded quality factor (Q) and decrease the 

frequency, additional 2.94nF high voltage capacitor (Ca) is put 

in parallel to the ozone chamber as shown in Figure 7. It 

improves the loaded quality factor in the range of 84 to 123 

and decreases the resonant frequency to 29.1 kHz.  

L

CaVi
VoRp

Cp

 
Figure 7 Modified Parallel Loaded Resonant Circuit with additional high 

voltage capacitor (Ca) 

By using frequency sweep program in Microsim, the 

simulation result of parallel loaded resonant with additional 

capacitor (Ca) is shown in Figure 8. It shows that in interval 

frequency 28 – 29 kHz, the output voltage can achieve more 

than 2kV peak. This voltage is considered sufficient to initiate 

and maintain the silent discharge inside the chamber, although 

the internal resistance decrease when the ozone formation 

increase. 
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Figure 8 Simulation Result of Frequency Sweep Program 

IV. EXPERMENTAL SETUP  

The experimental setup of the complete ozonizer for colour 

removal of palm oil effluent is shown in Fig. 9. The resonant 

converter consists of PWM IC to tune converter near 

resonance and to get high voltage output, MOSFET, variable 

DC source (30 – 60 Volt), ozone chamber, oxygen supply , 

oscilloscope TDS3034B, high voltage probe , current probe, 

reaction tank with the effluent, ozone monitor, and ozone 

destructor. The samples of treated POME was put into the 

sealed tank. A diffuser was connected to the output of ozone 

chamber through polyutherane pipe and sunk inside reaction 

tank. This diffuser created bubbles when ozone was injected. 

Oxygen as an input gas was injected at 1 liter per minute, then 

the high frequency power supply was switched on. The 

desired ozone dosage was set by the amplitude of sinusoidal 

voltage through the variable DC source. Every sample of 

treated POME which was injected by ozone in the certain 

contact time was measured. The water colour of treated 

POME was measured with a spectrophotometer using ADMI 

method (HACH/DR5000) 
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Figure 9. Experimental Set Up of  ozonizer for Colour Removal 

V. RESULT AND DISCUSSION    

At resonant frequency 29.3 kHz, the sinusoidal output voltage 

was obtained up to 3 kVp-p as shown in Figure 10 (a), 

meanwhile the voltage at low voltage side is shown in Figure 10 

(b). 
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Figure 10.a Output voltage at terminal chamber Voltage (500V/div) and  

Current (50mA/div) at chamber side; 10.b. control signal , vsw, (20 Volt/div) 

and voltage  at low voltage side , VG ,(50V/div) 

The circuit gives maximum ozone concentration 2300 ppm or 

4.90 g/m
3
 at 3.2 kVpp. as it is shown in Figure 11.  

kVp-p

Ozone 

(g/m3)
Ozone 

(ppm)

Watt  
Figure 11. Ozone Concentration in ppm as a function of applied voltage in 

Volt 

Figure 12 shows that by increasing the ozone concentration 

for constant contact time, there is a trend to achieve lower 
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water colour in PtCo. The colour removal process reaches 

15mg/L PtCo or lower as it is recommended by World Health 

Organization (WHO) for drinking water. 
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Figure 12. Colour removal as the function of dosage of ozone injection at 

different contact time  

CONCLUSION  

1. An ozonizer constructed with single switch resonant 

converter with parallel load has produces ozone gas up to 

2300 ppm or 4.90 g/m
3
 at 3.2 kVpp.  

2. The use of modified Parallel Loaded Resonant Circuit has 

been effectively magnify the dc input voltage 26 Volt to 

maximum voltage 3.2 kVpp.   

3. The ozone gas has been effectively injected into the reaction 

tank to remove colour of liquid result from treatment 

POME.. The water colour removal process achieved below 

20 mg/l PtCo in 5 minute. As the contact time is extended 

up to 15 minute, then 15 mg/L Pt.Co was achieved.  
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