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TASSANAI SUPANARAPAN : A PROTOTYPE DEVELOPMENT OF
WASTEWATER TREATMENT SYSTEM BY USING UNDERWATER
PLASMA TECHNIQUE. THESIS ADVISOR : ASST. PROF. BOONRUENG

MARUNGSRL D. Eng., 119 PP.

UNDERWATER PLASMA/ELECTRICAL DISCHARGE/HYDROXYL

RADICAL/'WASTEWATER TREATMENT

This thesis addresses the development of a prototype of a wastewater treatment
system using an underwater plasma technique. The objective of this thesis is to
develop a wastewater treatment system for treating the wastewater from the processed
agricultural products industry to standard certified from the Pollution Control
Department, Ministry of Natural Resourees and Environment. This thesis begins with
the design and applies the high voltage discharge technology to generate hydroxyl free
radicals for decomposing organic substances and to eliminate odors in wastewater.
A wastewater treatment chamber has been developed. Underwater plasma occurs
inside the treatment chamber when applying high voltage to-the electrodes. Then the
effect of supply voltage has been studied, ie;, DC voltage, AC voltage 50 Hz, and DC
pulse voltage, to compare the effectiveness of the wastewater treatment system. In this
research, the wastewater was taken from the cassava starch factory in Nakhon
Ratchasima province. The treatment process was conducted until the values of BOD
and COD belong to the standard of 20-60 mg/L. and 120-400 mg/L. respectively. By
the treatment results, the fastest treatment process was taken from underwater plasma

generated by DC pulse supplied voltage when compared to AC 50 Hz and DC



supplied voltages, respectively. The results confirm the effectiveness of a prototype of

a wastewater treatment system as well.
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NH, > NO, > NO, (3.3)
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3.6  Chemical Oxygen Demand (COD)
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oY Fudfianasuesm COD (%)
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Effect of power supply frequencies on the
effective of underwater discharge plasma for
wastewater treatment
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Elifuraha R. Mmary, Narupon Promvichas and Boonruang Marungsn *
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Abstract—  Recently, water  pollution is the main
cnvironmental problem in Thailand, Efficient trestments of
advanced equipment have been In discussion for a Jong thme.
This paper preseots the development of a new testing chamber
for treating wastewater by wsing underwater discharge plasms
with hydroxyl radical. In the laboratory, & reactor made of
acryic with multiple positive rods at the cathode and stuinlesy-
steel plate st the ground was uwsed. A supply voltage of 24 KV
with the adjustable frequency of 20 kHz, 40 KHz, and 60 kHz
was applied into the wastewater for 6 hours, 12 bours and 24
hours, For the stressing veltage, frequencies and periods, the
quality of treated water were compared with the Biodogical
Oxygen Demand (BOD) and Chemical Oxygen Demasd (CODY
based on the Pollution Contrel Department, Ministry of Natural
Resources and Environment of Thailand. A comparison of the
BOD and COD of treated water under the consequences of
frequencics are presented.

Keywards—Wastewater; Discharge plaswu; 8OD; COD

[ INTRODUCTEON

Up to now, water pollution hats become a dascuption of the
environment in lazge extent due o the secial and industrial
facilities [1]. However, the discharge trestment technology
has become widely suitable method for treating the
contaminated wutereonipared to the chemscal and beological
treatments (23], Many types of mescarch have been
investigated the decompsition. of organic mtenals in
wastewater by using plasma-biotechnology.  plasmas
chemical reaction, ultaviolet rays, jons, electrons and
radicals, electrical breakdown, thermal plasma. nonthermal
plosms, mucrowave discharge {3.4,5,61.

Thaaland s u relative developed country that faces water
pollution problem especially as affected by human activities.
Recently, hydroxyl mdical has been used 1o decolorate
contamyination 11 water by underwater dischange plasma [ 7],
It was showed that increase the spesd reaction between
plasma and pollutants may improve the efficiency of water

treatment m discharge plasma chamber. Discharge m the
water has become the useful sechnique for decomposing
organic maserials in water due to hagh energy electroas
Hydroxy Radical produced by the discharge is diffused into
the water and decomposed into some kinds of extremusts,
Hydroxy Radscal can be produced i the reactor and shown
in (1) Most of the experiments were considened temperature,
the shape of the reactor. invariant frequencies, voltage,
phenol solution as factors o increase reaction, pH value and
ozone [3.8,9,10,11.12,13,14]. But in their investigations, the
factor of changing frequencies couldn't contemplited.

H:0: + HV = OH + OH th

In this paper, the effect of power supply frequencies
affecting underwater plasma in the treatment of wastewnter
is investigated. The supply frequencies in the reactor for
wastewater treatment were et for 6 hours, 12 hours and 24
hours in ambient iemperature,

I, EXPERIMENTAL APPARATUS AND PROCEDURE

These expeniments were performed under the condition of

underwater discharges in the umbeent temperature, The mams
supply of 220 V 30 Hz was converted into 24 KV, with the
variable frequencies of A0 kHz to 100 kHz by using o
sepaniely designed power supply kit All experiments wene
conducted m Iglel same supply voltage (24 KVes), ambent
temperature, clectrodes matenals and clectrode gaps but
vaniable power supply frequencies and gtressing periods.

A. Sample

Nine Samples of wastewater were colkected from 2
wistewater storage (sewsge) pond in Suranaree Umversity.
This wastewnter was collected i sewage pond afier being
utilized from different parts around the umversity, Sampling
was done duning daytimes. The samiples were taken ina plastic
bottle (s Fig. 1) 10 a laboratoey for messurement.
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Fig |, ‘Sample of wastewater (2) From the wastewatir pond () Prepared
fior the treatment

B. Testcell

Fig. 2 shows the test cell used for treating wastewater
taken from the sewage pond. Cylindncal plastic was made
the test cell with 140 mm height, 93 mm dameter and 15 mm
thickness: Fig. 2 (a) shows.a complete test cell and Fig, 2(b)
shows un armngement of the fest cell, The mtemal spase of
the test cell supports electrodes and wastewater sample. HV
clectrode was made with stainless-steel plate ond 16 pins

cannected in the high-voltage supply. The ground chtmlh

was aiso made of stainless-steel plate. Holes for the air
bubbles were set 5o the bottom of the ground electrode 1o
generate small bubbles. 16 pins in HV electrode haye 20 mm
diameter, 38 mm high and 30° curvature. The pin-plane
configuration with the gap of 70 mm between HV electrode
and groun! was later wsed for reatment,
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C Test Condirion

The conditions for treating wastewater are shown in Table
I. The supply voltage of 24 kVo, was applied throughout the
treatment,
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Supply frequencies of 20 kHz, 40 kHz, 60 kHz were set into
different wastewater ssmples for 6 hours, 12 hours, 24 hours.
Oxygen gas was pumped from the air and imjected into the
treatment process, held pumping until the end of the
freatment.

TABLEL TARCE CoNpenen
Veinoge I 24KV
Freywency 10 kHz 30 ke, 60 KHz
Temperature Ambient
I - —;d;w i bours, 12 howes, 24 bouns

11 RESULTS AND DIsCUSSION

The results of COD and BOD of treated wastewater under
different frequencics and stressing periods are shown in
Table 1. The amounts of COD and BOD of treated
wastewater were compared with standards based on the
Pollution Control Department, Ministry of Natural Resources
and Environment of Thailand. The recommended values of
COD and BOD are 120 mg/t — 400 mg/l and 20 mg/| - 60
mgl respectively [15.16,17]. These are very important
quantitative parameters (g wastewater when disposed into
the environment. They specify the amount of oxidizable
matenals contwned in the wastewater and their imfluence in
the life eycle of micro-onzanisms present in the eavironment.
The higher values of COD and BOD indicate the greater
amount of oxidizable organic matenals in the wastewater
which reduce the amount of dissolved oxygen. Dissolved
oxygen in water provides favourable life conditions to micro-
organisms  especially aquatic organisms.  The lack of
dissolved oxygen in wastewater 15 dangerous to the aguatic
life and environment ot all. Wastewater before treatment
showed COD and BOD of 440 mg/l and 45 mg/| respectively.
Figs. 3 — 4 show the effect of supply frequencies while Figs.
5 - 6 show the effect of stressing periods in the treatment of
WaStCWRter.
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be treated within the shortest stressing period of 6 hours for
best results of COD and BOD.
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Absraci—This  paper  prosests the  development of an
underwater plasma for wastewater treatment. A (reatment
reactor made of acrylic with multiple stainless-steel rods as the
cathode ddectrode and stainbess-stedd plate as the ground was used.
To find the suitable frequency for treatment, 25 KV pulse high
voltuge with the adjustable frequency of 20 kHz, 40 kHz, and 60
kHz, was applied (o the cathode electrode inside the treatment
reacter for gemerating plasma discharge, The quality of treatment
process was evaluated by standard levels of the Biological Oxygen
Demand (BOD) and the Chemical Oxygen Demand (COD) By the
Lreatment resubts, it was found that 25 KV palse high voltage with
20 kHx frequency was more sultable for wastewater treatment
when compared with the ether twe frequencies doe to the faster
reduction in COD and BOD values were measured,

Keywordy—wastewalter breatment; wastewater; COD; BOD;
uwderwater plasma discharge

L INTRODUCTION

Presently, water pollution has become an interraption of the
environment in the browd beundary given the agnculiural and
industrial factory. That is important to peotect the environment
for fature arrangements B should start 1odiay. The objective of
this research s o proposesd case study of power freguency effect
of prototype underwater pasma for treat wastewater.

Recently, the remaunt of achemical compaund in used water
from mdustry factory and agrculiure area his mostly reported
affectmg human health. The Oxidation Pond method is a fumous
method for wastesvater reatment. However, ths technique
required a koag time foc trextment and generated the termible
smells from H2S in o trestmient process, Many researchers have
been rescarched the decomposition of organic matenals in
wastewater, and the treatment echniques were investigated.
Such us wre discharge [1). microwave discharge [2), high
repetition discharge plasmi [3, surface plasma 4] and gas pulse
dascharge |5]. Up to mow, the process for wastewater treatment
15 widely developed. However, it & not enough to treat a lot of
wastewater from many activities of a human, Recently, electrical
duscharge treatment technigue by applying a high voltage in the
Iiquid phase was widely interested. Many technologies have
been researched to degrade contaminants. Such as non-thermal
plasa was investigated by Sun et al, [6). Corona streamer
dascharge was studied by San et al. [7), Sato et al. (8], and Joshi
ct al. [9]. Spark discharge was introduced by Sun et al. [10).
Underwater plasma is a new wend for decomposing organic
matenals in water | 1)

The effect of supply frequency for wastewater treatment by
using underwater plasma was studsed in this paper, Three levels
of power supply frequency, Le., 20 kHz, 40 kHz and 60 kHz
were applied to the water treatment reactor for treated
wastewiter ot the ambient temperasture.

1L EXPERIMENTAL

In the expernmental, @ 25 kY high voltage pulse power
supply with the varioble frequencies of 20 kHz to 60 kHz
canverted from 220 Vae, 50 Hz was used as a power source. The
freatment process was unplemented under the test conditions for
underwater plasma discharges at ambient temperature,

A Wastewater Sample

Wastewster sampling was collecsed from & wastewater
storage pond m the Suranaree University of Technology as
shown i Fig, I, The wastewaler sampling was taken during
daytumes, and it was kept in a plastic bottle as shown in Fig. IL
The COD and the BOD levels of the wastewater sumpling were
measured before trestment.

A

FIGURE 1L WASTEWATER STORAGE POND

Copynght © 2018, the Authors. Publshed by Atlantss Press
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FIGURE 11 THE WASTEWATER SAMILE

B, Treatment Chamber

The wreatment rexctor for wastewater restment wis made of
a cylinder thermoplastic with 140 mum beaght, 93 mum dinmeter
aod 15 mm thackness. The experinental arrangement is shown
in Fag. 1L High voltage electrode and grounding electrode were
instalked i the mtramural space of the treatment chamber 1o
generate plasma discharge. A high vollage electrode is 3 group
af 16 staindess steel pins attached to the plate, The dimension of
m HY clectrode pin is 20 mm diameter, 38 mm high and 30°
curvature. HY clectrode mstalled ot the upper part in the
intramural space of the tresment chumber while grounding
clectrode mstalled at the bottom portion. Holes were dnlled at
the grounding plate for injecting the compressed air 1o
generating small air bubbles. The gap between the HV electrode
and the grouxling electrode i 70 mm. :

HV P

FIGURE 1L TREATMENT CHAMBER AND THE EXPERIMENTAL
ARRANCEMENT

Wastewater was filled in the tenmuent: chander fior
restment, and the HV electrode was dippad in wastewater.
Comgpressed sar was pumped and was imjected ingo the reatment
process, The treatment process was conducted watil the COD,
and the BOD levels belong to 1he standand of the Pollution
Control  Department, Mimistry of Natural Resources and
Enviromment of Thailund, The standand Jevel for the COD is 120
~ 400 mg/1 anxl the standard Jevel for the COD 15 20— 60 mg.

A 25 kV high voltage pulse with adyustable frequency power
supply was used as the power supply in this study. Three kevels
of frequency were wsed. i.c.20 kHz, 40 kHz, ad 60 kHz.
respectively. The power supply started with 220 Vac 50 Hz

Advances in Engincering Revearvh, voluwe 139

Then a 220 Vac 50 FHz was rectified into 12 Vde and 24 Vde, A
12 Vde was used to supply o PWM Generntor %o generate the
comtrol signal for the switching Power MOSFET (IRFP460)
operation. A 24 Ve was used o supply the Flyback transformer
0 generating 25 kV high voltage pulse.

C. Tewt Conditions

The comditions for wastewater treatment process are shown
n Table | The experiment was performed under the same
electnical stress magmiude # ambient semperature. A 25 KV
high voltage pulse was cootinuously applied during the
treatment prooess.

TARLE L TEST CONTITIONS

Vakage _ BWVpdse
Froguency 20 WHz 40 kHz 80 kHx
| Yempenuwe C Amkn
Penod | Uatil COD snd BOD salue 1 in e

I RESULTS AND DISCUSSION

Belore treatment wastewater, the COD and the BOD of
wastewuter were measured. The COD and the BOD Jevels m
440 mg1 and 45 mg] were measured from the wastewater
sample, respectively, Wastewater was treated until the COD,
andd the BOD Jevels reach the standard of the Pollation Control
Department. Ministry of Natural Resoarces and Enviroament of
Thuilsnd. These levels are the quality parumeters for treated
water before disposed into the enviroament. Decreasing in the
COD level along the treatment tinee 1s shown in Fig. 4. The role
of pewer supply fregoency can be saen from the experimental
results, Faster reduction in the COD Jevel was obtained when
25 &V high voliage puise with the frequency of 20 kHz was
subjected to the treatment chamber ¢ | with the frequency
of 40 kHz andd 60 kHe.

As seen m Fag, 4, aller 24 hours of treatment, even the sume
voltage stress mognicode. the more significant reduction of the
COD level was obtained from the wastewater sample subjecied
0 a 25KV high voltage pulse with 20 kHz of frequency. 607% of
the COD reduction was measored-while 57.73% of the COD
redoction was measured when sehjected w0 40 kHz of the
freguency and 55% of the QOD reduction was measured when
subjected to 40 kHz of the fraquency, respectively.

Degressitiy i the BOD level aloag the wreatment time 15
shown i FigeS. Simitar 1o the COD. the role of power supply
frequency can also be seen from the expenmental results. Faster
reduction m the COD Jevel was obtamed when a 25 KV high
voltage pulse with the frequency of 20 kHz was subjected 10 the
treatment chamber comparing with frequencies of %) kHz and
& kHz.

From Fig. V. ufler 24 bours of treatment, cven the same
voltage stress magnitude, the more significant reduction of the
BOD level was obtamed from the wastewater sample subjected
to a 25 kV high voltage pulse with 20 kHz of frequency. 607 of
the BOD reduction was measured while 48.89% of the BOD
reduction was measured when subjected 0 40 kHz of the
frequency and 40°% of the BOD reductivn was measared when
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subjected 10 40 kHz of the frequency, respectively, The
experimental results confinmed the effectiveness of treatment
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FGURE Y. THE REDUCTION IN THE BOD LEVEL

IV. CONCLUSION

The prototype of the srestment chamber for treating
wistewater by using underwites plasma techigue was proposed
in thes work, Wastewaler taken from wissewiter sueage pond in
the Suranaree University of Technology was treased o evaluate
the effectiveness of the tremment chamber. A 25 XV high
voltage pulse was supplicd o the treatment chamber with 1he
trequencies of 20 kHz, 440 kHz, and 60 kHz. The COD and BOD
were used to coafirm the quality of treated water. The treatment
process was siopped when the COD and the BOD levels reached
the standard of the Pollution Canrol Department, Minisery of
Natural Resources and Enviconment of Thailand, ie., 120-400
g for the COD_and-20.60 ne for the BOD, respectively.
The experimental results showed that shartest trested Lime was
obtained when the treatment chimiher subjected to a 25 kV high
wultage pulse with the frequencees of 20 KHZ
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