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Abstract
Ozone production is one of the applications of non-thermal equilibrium plasma processing. Ozone
generator in this research was a coaxial cylindrical typed electrode. Both of electrodes were made of
stainless steel and the inner electrode was covered with Pyrex glass (dielectric matter) for uniform

electrical discharging. For generating of ozone, feed rate of purified oxygen (99.9% by volume) with
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volumetric flow rate ranging of 4-10 I/min was passed through the discharge gap between inner and
outer electrodes which were supplied by the continuous AC high voltage ranging of 8-11 kV. To
determine the voltage-current characteristic, the results show that the peak of pulse current value was
about of 4 mA with a rise time of 1-2 ns and the discharge voltage supply should be higher than 6 kV.
The results show that amount of ozone produced was highly proportional to the voltage supply whilst
ozone concentration has no significantly relation to the volumetric flow rate in this tested range and the
suitable flow rate was 8 1/min for all voltage supplies. The amount of ozone concentration determined by
KI standard method was approximately produced between 41 and 135 mg/L at discharged time of 3 min.

To feasibility study of application of ozone for dye Krajud mat wastewater treatment, the
experiments were run in three categories as follows: a one-stage treatment by ozonation, a one-stage
treatment by alum coagulation and the two-stage treatment by combined ozonation and alum coagulation
were carried on this work. The results show that the percentage of light absorbance determined by
UV-VIS spectroscopy of these three treatment processes for dye pink waste water was about of 56%,
529 and 35%, respectively comparing to the untreated sample. Moreover, the percentage of BOD of
treated dye wastewater can be approximately reduced to 64%, 70% and 54%, respectively whilst the
percentage of COD can be approximately reduced to 78%, 72% and 629%, respectively. The conclusion is
that the most feasible dye wastewater treatment process for this work was the combination of ozonation
and alum coagulation. Finally, to determine the chemical structure of treated dye, the Fourier transform
infrared spectroscopy (FTIR) was used for this purpose and the results indicate that the treated dye
solutions has significantly difference compared to the control sample. This is due to some of complicated

hydroxyl functional groups in wastewater were dissociated by ozonation.
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figh voltage

output

Ozoniser

AC input

Figure 2 AC high voltage power supply

system and the ozoniser cell
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(b) Discharging at 8 kV
Figure 4 Current signals during AC high
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Figure 5 Illustration of standard graph
between concentrations of ozone at

various absorbance values
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Figure 6 Amount of ozone produced at various
volumetric flow rates of purified oxygen in high

voltage supply ranging of 8 and 11 ka supply
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ANnueaAng i &, 9, 10 waz 11 kV fauaadiu
Figure 7 #an1snaaodnuN vsmaanuiuduvng
falolauinaaldfludadiulavaseatunanie
dansaliih lnommznsaiildangihnszuaadug
N o kv Sunlifuiiamuduiuveslelsufiniu
sgramnannnlazifiui finnusednglwii s, o,
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Figure 7 Relationship between ozone
concentration and discharge time at various
high voltage supply (Purified oxygen feed rate
of 8 I/min)
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muidouludia asazmeddenazgninluldluvig
Midget impinger Y119 500 ml uazazaroiayle Ly
adlualasmavividumosormealussazas dunm
1, 3, 5,10, 15 Ua 20 W wazAuUMI9gNaIsazany
luwauazihhiansganduudsdiomies UV-VIS
spectrophotometer
HANIATINABUHIAIINEIIAGUTA AN
RANAUZaRA wudh manuenaauilidimsganiy
vaamsazmedlFainnueadulusie 300-800 nm
wazdn pH luga3 3 54 11 Iwanmmeaaeesail
* dwsumsazawd Reactive red Wiamigandu
e lugennuemaiu s40-542 nm lums
naaesszidonldinnuenduindy 541
wluins N1 pH veamsazareiihimanagoy
« dmiumsaza1d Reactive black limmsganiu
90 TuB9me1IAdY 595 - 507.5 nm dmsy
Msazaed pH 3-10 lumimaassszidenldn
ANBNAAUIAY 596.0 nm
o dmsumsazaud Reactive orange Wimmisgandu
g9 Tugnanuenmniu 412-421 nm luns
naaowzidonldfianueadunidy 417 nm
nna1 pH
* dWIumsaza1od Reactive blue limnsgandu
2999 TugaAnuenIndu 587-587.5 nm Tums
naaewzidenldfianueadunidy 587 nm
nAf1 pH veamsazao
« dwiumsaza1wd Disperse red Timgandu
3970 W398 530-540 nm lums
naaesvzidenldianueiaduniy 535 nm
NN pH YoamIazay
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Table 1 uanIAI0819v0IEITaza8d DR
82 i pH 4-10 mevidamnhtagrefalelmui
8A51M3 1MaveM¥eoNFIaU 3 I/min uazAUEg
fndit 11 kV nnwanimaaesly Table 1 uaashi
uddfesaznisganaunaiianaslyldsuma
nignuINA pH vesdsazmeddonluri 4-10

Table 1 Experimental results of percentage of
absorption reduction of disperse red (DR
82) after ozonation in three different pH
values (setup wavelength of 540 nm)

Time % Reduction of absorbance
(min) pH 4 pH 7 pH 10
0 0.00 0.00 0.00
1 3.37 3.12 4.40
3 13.80 12.94 13.96
5 32.00 32.42 32.76
10 70.35 71.78 1373
15 92.08 92.21 71.49
20 97.72 97.385 97.16

ot ulsiddmivduangy wu & Reactive
orange iovifludmsazareddonudnhnstia
Meialelyu wud a1 pH wasorszansamly
MIQANAULE NaNfe Joyazmiganauuasaziimn
a@1mLﬁ'amiazmaﬁt’f@mﬁmmﬂunsmﬁu%(w’?aﬂ'w
pH anay) wamsnaaeduaasnoazidealy Table 2
Faani 1 fﬁtﬁ@ﬂﬁtﬁus&h%’aﬂasmi@ﬂﬂﬁuum

1]
Pl

vosthanasuuladlvesmaazany Reactive
orange ThitadaefaTelyuiinnududiulszano
100 mg/1 lagldnadansa 3 wil fAednglnih
11 kV



NIANINHINGIATINE
1 9 a0iuf 1 unnIAL - AQUEY 2549

anuuzmwIzueamsAawsy nih
voeszuuwaraulolaslumsos

Thaksin.J., Vol.9 (1) January - June 2006

gnEn fezdivdna uasnme

Table 2 Experimental results of percentage of absorption reduction of disperse red (DR 82) after ozonation

in three different pH values (setup wavelength of 417 nm)

pH value Absorbance of dye solution Percentage of reduction (%)
Initial value After treatment
3 0.931 0.256 86.25
4 0.947 0.243 87.17
5 0.943 0.252 86.64
6 0.916 0.267 85.42
7 0.894 0.213 88.09
8 0.873 0.225 87.11
9 0.847 0.239 85.89
10 0.954 0.093 95.12
11 0.994 0.068 96.58
12 0.979 0.079 95.96

Twhueudedny dmsumsanyInsganau
naveddisazateddendua amnisnaasaly
anvazAgINUNUddol DR82 taz Reactive orange
nanlasaqlldn Malelvumusainnszgndly
Tunssnumsthomhimnadonld dniluns
naasadellazthieralelauiindaldanszuy
nananlelylume iUl rmhiannmsdouide
3290 waclgunmaumaidendianuennauli
mmzauﬁ"maq'mlaaﬁwﬁamﬂmﬁazma?{t’fau%c]
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mMImANIIgAnauveILaIIzAenIMIlinnelag
donldanuenaduiivnnzay mammanuenay
Aimnzauitel#ianzinsgandunsavenhddou
ienszgavesdudazyiia szuandnanulllasms
azanoddouiiniu Fuasuazdvuy vzidenld

ANNINAAUNQANSULERTIMNIZANN 590, 490 A2
555 nm AN
1nmslgsisle lsulunisthvainddon
Lﬁﬂﬂﬁ%@ﬂ mmimtamwamimamvlﬂ”ﬁ'q Figure 8
seiufenawiull 60 wi Aaleleuanign
pondladaszneuiadounoghunfeddon il
) = A .| A o qut A a
auveIFanasionansnisnilaffem e
v r 4 = o ' P a
anulsanaanniulasazidiuldan adesidud
msganauvesuanaimathtadsfalelasuiin
anaI0d1eiiedAYy  wazueNIINNIUNITIAM
wofiFudnmsganduudaudy A1 BOD uaze1 COD
Afumnniimesnaiaglumstadnumnin 103
naaeuihmednmIaIiade i le lu wu i
= o s
mswasunasiaiuaauaasly Figure 8
91nnw Figure 8 9z11iuia1 BOD uaz COD
na sty adeiiele lyuduunlduanaiiio
A - s & 4 ¢
naiFlumsaan vy sududsnngnisein
a & o (aaa ' a
AavunnmanliiossrninansdszneuiBidou
lhisanmisfenidenszyadiedyuyivlesou
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Figure 8 BOD and COD reduction of pink dye
solution after treatment by ozone among

discharge time of 0-60 minutes
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Figure 9 Illustration of absorbance of dye pink

waste water after alum coagulation

Thaksin.J., Vol.9 (1) January - June 2006

nngUnnvidudred wuesaisazarvddon
Fvuyiiumsanasneusensdy wuhesiiuide
Usinaumsduiivanzaulumsiliiianisanaznou
q9gafe 50 NadniuADANS ﬁ’ﬁﬂuﬂitiﬁé'auﬁwvuw
fuaa uaziiniu ndmmiuhnmmaaeaniahig
nnmstoudidenszgadisniaanazneudisasdu
fgansELIuMIRe) asfiuefifudnsgan s
nlosiFuda BOD uaz COD wdamsthiaiiiail
Manasesniiivdhaydefisusuhianeurin
NITVIUMIANAZNBUAIBANTAY

2. Anvwamsthyanddendele lsusiusuniian
AZNOUAIYAITHL

]
A

naanAnnmshymhisnnmafeudide
n3zgadIsnIzIUMadeInulude (1) uaz (1) ui
hnhdetiisimmanenitinmiw 2 Suneu fie
mzumaummwmﬂ’ﬂﬁwﬁaﬁﬁan;ﬁaﬂizgﬂimms
Anaznaufomsdy uazluuneugahoszininag
Tdnnsuneunsnlilhesndiasudiomalelaud
wannszuumaanlelalumes hisannsdoud
donszyail 3 Aldun Fuas, Mhidu uasdany hitaes
2MNNTATIEHABAINNIINIENINAIBN15TA
wesiFudmsganaunas uiddnusy 2 aoudiniumn
Figure 10 uaauafifudnisganduuaavoniia
nnmsfoudidonssgansmuddon  szidiuld
tWesiFudnisanasveaniiganiuuaiian
wlsiulagasafuszoznmildhuhsadefalelm
ua:fwfiﬁatéaﬁau?{mwﬁmmmwmmmnﬁuum
mnﬂiwﬁwﬁqmnmjuﬁmﬁaﬁaamna;n



NMIANIUHINGIAENNHM
T 9 UM 1 unIAN - TQINBU 2549

anyuzmmzvInsaa s Wi
voszuuwaau lelayluwes

Thaksin.J., Vol.9 (1) January - June 2006

Red

% Absorbance

Blue
Pink

0 20 40 60

Time (mim)

Figure 10 Percentage of absorbance of dye
wastewater using combined alum
coagulation and ozone treatment among

discharge time
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Figure 11 Percentages of BOD and COD reduced
of dye wastewater using combined
coagulation and ozone treatment among

discharge time
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Figure 12 Percentage of absorbance of dye pink

wastewater at various treatment

processes
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Figure 13 Percentage of BOD reduced of dye pink
wastewater at various treatment

processes
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Figure 14 Percentage of COD reduced of dye pink
wastewater at various treatment

processes
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Table 3 Illustration of functional group in dye solution before and after treatment by ozone

dyuynoumnadislelsu druyraInstadielelau
Wave number vywana Wave number nyWarisy
3500-3250 OH 3500-3250 OH
1950-1600 C=0 1950-1600 C=0
1380-1310 CH3 1280-1150 C-0
1280-1150 C-0 760-510 C-Cl
760-510 C-Cl
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FLIR Spectroscopy

Figure 15 Spectrograph of dye pink waste water
before (blue line) and after (red line)

ozonation
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