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ozone production is one of the 
"oot,..r,*ll'fr,loc,l-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 (s9.9% by volume) with
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volurletric flow rate ranging of +-to lzmin was passed through the discharge gap between inner and

outer electrodes which were supplied by the continuous AC high voltage ranging of a-tt kV.'Io
determine the voltage-current characteristic, the results show that the peak of pulse current value rr''as

about of a mA with a rise time of t-2 ns and the discharge voltage supply should be higher than o 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 lhe

suitable flow rate was B l/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 s 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%,

52% and 35%, rcspeclively comparing to the untreated sample. Moreover, the percentage of BOD of

treated dye wastewater can be approximately reduced ro 64%, 70% and 54%, respectively whilst the

percentage of COD can be approximately reduced Io 78%, 72% and 62%, 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.

lnn-odo

nr:2frsrfi'rrylolryu rilunr:il:runsi"l"i'.:ruotirrufi.:lun:vu1un1;vn.rvrdrartuurhicilqnml{n?ril;ou

rn3o.:rirrfiqlolryulurruio-rrriluuruunurvr'lv,lflrvr:rn:vronirrL cf?lv'lflrrY.:aordrornrufinlfafirunrr"':lvlflr

oiruluqn{iLrirrurirlw15nd(ar:1o6rfrnnin) rfiohi'rfionr:6rrrfrlr^hXrfrarirrnrLo sirniunr:rirrfiqri'rrylolryu

lpirirnr:monorfin"sr:rnr:lnaroiri'rryoonqrouu;qmf @s.s%louil3urn:llusirrii'fl:rnr:biar8.:rJirLrq:luqir.:

6- 10 An:/urfi Iqfl r.iruri'rryoonErouuTr'hJ:vrjr.rqio.:ricvrfo6'r qnflouoirfln?rileir{fl-ndlv'JrXru:rqr n:ruddii'u

siorfio.:lusirs a-rr filahnef rfiourii'nuar;rqnrvtorri'ntllvlflr-n:vualv,hilr rrnruanr:nqnodv{u-n l,,r-nntn:vrrd

luhXrq'.:qofrniril:vruriu a frnduorLuili fisir{nnrcrtf,uludrr 1-2 urluiurfiunvri'ntilv,lflro^amionr:rfionld

drirqrn'jr o frlahar{ r{dnr:ilqno.:uanrlfi'rffu'jr rfiilriln'rr:LnirJriurorri'rrylolryufizu6srlpirfJud'qdrun-u

nrrrLqir.:entj"[v'lflridflouhTn-u:;uu 'luclruvfi:JSilriunrrilrcirJ'liurorri'rry]olryufirirnla^suurJ a.:odrrhjfru-urirn"ty

n-uniro-n:rnr:'liln18{il?ilrq:fl0{ri'rsoon6rouluqixfidrnr:yrodou unvfirirrr:Lrvarfio-sr:rnr:1rnr8rrfirursr:

rvirri'u e fiqr:zurfr qndxn:rrLrir.:ri'n#[v{flr ilirurn:n':rrur{rudurLo.rri'rq]olryufizua^qrki'ieroirridrLrn:1ru

lilusrarduil'lololerr{firirotilusir': ar 6r rsr fradn:-rufisr: firrnrdaryrirlr,'htrr g urfi



ci''nu ruy rqv{r vclor nr:6 amfrlvhilr
6lJ o.r :vu uv{ a r a:l]o]rylu rryof 29

'lr :ar:u mri n ur #rJn-n fi 6u
<r.i - ailil 9 AUUyI 1 iln:tnil - rLnutuu 'z s+g

qmtur fl:v'lrirdqn unvnorv Thaksin.J., Vol.s (r) January - June 2oo6

rfro finsr nrrrutiluhlkilunr:rirhJl"frrJ:vq nr.i'l"i'.: ruoi'runr:rjru-orrirfi'.:or n n:su-runr:t7orufirdon:ropr
lounr:nqao.:loi'rirtfiunr:riiil s uulvn.:60 ifinr:rirL-elrirrfisri'rs]olryruii'urfiu{tiunourdur nr:riru-orri':u
fll:flnqvnouriruar:frirlunoutdu? rtaviGaqfi'ru 6o nr:r-iiu-orlrrfifl z fuflouri'lun:su:unr:irrun-u:y,ir.r
lolryrury-uttavnr:nnqvnouri'rfler:dtJ zunnr:mono{uaqrlfrfiu'ir rrjofr6usinr:orqnduuarrirnr:non6uudr
'uo':firduornfitiorudul4rn-.rr.itunt:ritriomvl s uurmr{fi1-erpirurmnfrn UV-VIS anjnlqr:cflnfl finirrj:yr.rrnr
56%, 52% $a-- 35% rfiorvr'tlln-lnirfilpi'ornrirrdasr-rodxfihie'irun:vurunr:dru-q nrilriro-L uonrrfioornd
nirrrjofrfiua{to.:filoo'nonrrrn^olpi'd,r 64%, zo% LLay b4% snrurirsr-l rLnryfinirfilo6aqnrlei,fir 78%,72% Ltd__

azqo nmdt#vapJkijr n:'tL:unr:dru-onirrduornfifloilrfion:voerlqunr:lflolryud-::rn-unr:nnnynouri'ruar:dil
6t adi j
rllui.fifirururvarufiqonruloi'l3ou'ltnr:ilqao.rlu':ruio-rrfl unvluriruqop1ru{orgui,D"'rJfl rfioirn:ryfin:rair,:
rnfifrnJduuuiln.rh.icrolar:il:vnoufitiorufi nirunr:drl-nri'r u rvrnfin{riufm:ru?,lof:Jduv,l:r r:qarilnlq:aJn:fl
nu'jrln:'raitlto.rfi#oruriouuavra-lriru-otrirari'rry]olryuru'nr:rildauuilartJotjrfiu-urirri'ryrfiorfiaun-rdr:dydru

n?Lqil o-'rtriun:dn{fliri#ulso:onfiarfr.rdoulr.:n{to.:driorufimr4nrohJdrri1uzuorurornnr:gnoon6lndrl'ru

lolryu aoqnd'oin-urunnt:ilernorn^r.J:rngmiun-ulunr:rirriqrir,fiaornnr:tiorLfirdon:yorAtiu"1

unrir

6 rryrfolvlfl r ululunuri (Silenr discharges)

ri o ri fl n 6 n fi o u dl'i r o^ aryr fo uu illfl 6 r fi n fl i n uui r o o f
(Dielectric barrier discharges) rflun:vu:unr:
6 aryr fo ri'r ry ur ukl aru q a r fi o fufi :, o-r n r r il o-uqr o.r

: vu I ryi r ri'r ui o d{ n'j r L :: u r n r n r 6 n fio u ( o. r - r o bar)
ril u 6 ary r fo lr^hil r fi' r fi sr du rfi o o q n r n 6 r fr n sr : o ulu
vr a r aru r fi vr n-r r r u ni o q ru m 4 fi ar n.j r o q n r n fi ril u n a r.r

(Eliasson and Kogelschat4 rs86i qn.l::ill udynily,
2b39; qmrut unyntuy, zr+r),1"'oriJuci'nsuy
6 aryr folv'lrl r uu ulnl:ur rJ:, rn n ud.: (Corona
d i s c harge s ) u n n si r I n-u n :.: fi o^ am fo lv,l fl r ul u lu a u ri
fr ar:1q 6 rfin einriorl'rL ri'iurd.:rion".r ao.: oi'rut o.:

crv'rlv,hXr drhinr:rn o 6 aryrfo riju}J o dx dru'r rduo

ru a v n o r fi u r q-,: fi r fr o fu n"r n :3cJ o.: G ary r fo uu uI nl: u r

6 aryr fo uu ulun uyiu n ylnl:ur dfi {o d' rfi' o rfr u u
n-u6amfolvlfl r:rjuuu6u ff 6o o^amfotneirfoy
dr ru r : n dr n : y u alv'l fl r 1 pilu : r o-u hi d lru] n : u o r urj f
hJ o u 6.r : y ri'r il n r u fi n 6 u o rL urj fl ri'o d r r si o r fi o r
u a-r rfi or o am fo du ud": u u n o 
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unyd'rlJr:0di'xti'or n rrrei.rrirrfi on o-.:.:rum arfl :il uuu

rriu rru ri r vr n-r r r u il :v rn m ii'n tilyhfl r u:.r a.r n : v u d d n-u

u n v n :y ud Fr :.r rtil ci{ ii r u il n-{.r r u uu r n 6u3 n q n r r rL d ql
ru n v uu ei r yr n"r.: r u n d ulrLl n : rr v'l rf I u d'u fl o 1 u-u fi .: r ui o-rl

sit u r u il r n il r s fi ld'il : vl u ry rio r n n r : er^ ary r fo lyhl r
vt".t do I ul u Fr-.r n ei r : o r fi rriu { r ui o-ri r o.t Falkenstein
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oonlryricJorlu]sr:rou16orrusi'ruriru-erfidruo-.::rfl rru
i,l"'ur; ol Wataru e t al., (20 u) d.: yr o oo I n r : a q iliilr iu

nrfiouornar:6uvridfr nya r ulufi6il (Dissolved

organic carbon, DOC) ri'run:vulunt:dru-ouuu
fr r n r ll d': r n-u]olq rury.u uu r n o.' u,fu n u u ( M ulti -

. Y^
stages trearment) rir 6uo r n ux cilrjr sit 1 fi q nrjrrurlf
lu n r :dr u-o ki'u ri rir o r n uu ri.r rir G u o r n ri o v.l-n, rir fi".:
p.i r u n : yu r u n r :rir u-o rflo.: ri'u o'r n ti.r ii'o qu nu,, o r rir
o r n ar:duvritivl r n 6r :r-ao r nr] u ao 1r rin o r nhhirl ;
o r fl zu d n r :yr o n o.r aqrJki'.j r n r :rir,u"'q il?ilr ru DoC
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6aryrfouurlnl:ur#[rifi ru a:Lr nrin siorjirLr nrdr: Doc
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fi'rrylolqu (O") rilu allotropic form to't
^ tr q ,dd-i

oonfirou fil'trifi frfr qruuqfiri'ol finfiunrr dllJl:cr

nvnrufileidnjtfi'rqoonfitoudq to rvir (Francis,

r e ? 2 ) ri'r rylolqu ril u ri'r ryfi hi r a fi fl : rir :L r o-o n-:1fi0 {
ludnruvt ol tfi at'ld'u1 n rrnv rfi o o tilu rfl luut o'l til a?

o v.i r t, ei o n I : tfi o : v lfi q el-.l u"u n r : zu fr n fi'r ry1olryu6 I rio q

zu fi sr u.fr u? tr rufi d'o': nl:ldl 1 u fl :ull lu n 1 : r^r 6 sr ii'r ry

lolryuvr^fi uilld'fr il ar uifi orfi rqiu pulse radiolysi s

(Hochanadel et al. 1986)' flash photolysis

(Hochanadel et aL.1986)' electrolysis of

perchloric acid (Francis, 1972) ttnv dielectric

barriers discharges (Kogelchatz, 1983) v'lull

ri'rrylolqufin:vu?un1:zuAsr z i6nr:luqjr fio

idnr:ilr{nrunrvlttnviGnr:urltnfi lprfl iln6ifi nr:

nr unrv,r rilui6nr:fi fi fl illd'lunt: zufr sr ri'rqlolryurutn n'it

i 6 n r :n r r rn fi n r: rir tfi ololryu sir ui fi 6 am iolnl: u r

r.r3o 6 em io uul'Iry raur{ rij ui 6 fi l'fr n-uo ti t I ttil dfi al u

rfroqor nar:rr: n r.rd n fi'rrylolryulfflurlirL1rllu'1fl rrau

'hj ri'or o r ri'tJ:ruu qiU iUr n 1 dtqir rL t rfi arlio I lirlfia el

d'u 4 u t o': : v tt u r d v n fl n 1 1 il fi'u tr-J 6 o.: u a-l': r ulu n r :

6 amfo rfr o tfi uu n-uiG6u 1 ttd v d'l :J I : crdrld'fi n'lr I
o-ut.r::utnrfl dlvlu'jrrfi oorlnrndtfi nsr:ou

fivrn-':rtuoaflusir{ o-z ev fiovarrur:flfiovdarfl

w-u t v : v v'j tllrL ra q a o o n E ro u dr1fi r fi sr rtJ u o v st o t't

2 oqnr n Iq fl nr : ttn n el-rr'ri o1o o ouluqiilt t tfi e, f,u

:, il i r { f?lv{ lX r vt".l d o.l n r : ry u ri'u t o I o v $l o xJ qJ o {

ri'r ry o o n fi t o u ar ru r : no"u st-r tf J ulru r n 11 nim ri 1 oid': o t o o v

ril uh r n q n t o r rir ryo o n E to u ( o, ) m3 o o qilu grJlrL t n q n

to.:flrrylolryu (o,) ffki otirll:ff 6 nr:ruffurol:vu'jr'l

o vsr oru ua vIru ta q n t o.r 6'rw o o n f ttu ff o r o rfi o du til u

ii'r rylolryuld'rsiu n-u til u fi n : r I n-u 6'i r ri'r rylolryu ril u

er-r o o n fi 1 o'ffi fr rJ : v fi m G n r u : o q o I n rir q n a oi u tvi r uuu
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drlfinr:o o nfilodrfr qdu:r o tEr tta vduu:ninir nr:

ldsr-roo nfilorqi6u I ri'rrylo1ryu6latrur:odrrurrJ:vqno{

lunr :ld'srukifi a I u eitu triu qi r rfi'oluq n dril n ::il
o r 14 r : u n r rin ft alri'ri I tfi'ol: n iir u iu q n er m n : : il u : : 1

lJ'r o v{ a 1 d 6 n n r : rir u-s' rll du o r nl:l.t't u u n r u il : v m vt

loiuri l:.: r r u tiotL pir 1:.:t r u n:v o rs tfJ u d'u

lu nt : zufi nlolryud'ol t6 u l{ol ri'u o vsl o :J

oo nBroudr rfi orJfr ffi ur n-uh ta q noo n6ttu rirnil
ovsrotLo o nfi rouovsio.:lfvl n-lnlu 49 3. 3 kJ zmol o,

rlnu 682.8 kJzmol O, tr-lduurtludnrrv O ('P) rtav

o ('D) sr-iru ciro-tt o-q [tdot.l9ll]Jdiln1:

3o, 

- 

zo" (at 1 atm.,+284.skJzmo1.)

o('P)*0"x5;+M = o.

o('D)+g,1'2" = o.

rfio M fil:rufil ovnoruuiolrLrnqa6ul

nr:unnst-ltollrutnq aoonBtoutrhiluoo nGmu

lugrJr orlo o oulurJfl fi34 rt o rlolryu * o-,.t.'udld

virbTr fi q n r : u n n n-r'l oio r n o r1 n r n o^ t 6 n sr : o utli olv'l sr o u

n^ld'or n uv ri.: rir rfiqlv,hilr tr:l qldlvirlrifr nr:6artio
'lv,hl r n r uluci o.: 6 aryr io n I : n :vvilt o s 6 rfi n n : o u ri o

o o nfirous-ndrbifiloo out ol o o n6tou tfi q{uil30

rfr q ovsr oil'u olo o n8rou:vst-uvl ii'wlu ('P)

i 0-+1.b1 eV. /. \
^ \+.,

o (x") )+e-2\ - z' 
^ o('P)-5.116 eV'

(-s.ooo eV' or -38?.8 kJzmol o,)

'ioo ouoo nf toudttL t: nfi t vn ii'u:L l: rlL n-ulr:L

o qjlugrJfu rn q a fr :v q"uvl ii'w tu x.>, I oi fi'rso o nfi tou

'ld'loun:rurunr:nrcnrrilfou (Exothermrc

reaction) o o n ru r or-lr-l fr ffi tlr

o('P)+o('P)+M ---. *s"(x')r)+M 
/p(r)

(+r.r eV. or +491.6 kJzmol.)

(1)

(2)

(3)



fnu suv ralrr vcl or n r:6 dm folv'lfl r
1J o.: :BulJv{ a r au rlolry'lu rryo f 31

11:dt:Ult11Vt fl 1 A Um nU il
ari - Ailil I Aljilll 1 iln:lnil - UflutUu 2549

qmrul A:s?fisdqo uovnruv

odxl:fr 6 uri'irfi nr: p.rfi sr ri'rrylolryuri'-: r, rilnfi fl

o^ ary r folvi fl r ul ul nl:u r u n y uu u lu a u r{h114'rl : yl u ryd
' J b,

il1urun'ir?ifr{flet?::u'[ri'i1fl yrfl u.:ruio-ut,t6o nr:dru-o

il n n 
-l 

? u yt't.r o'i n 1 fl u a y il 1,r li'l n r : zu 6 nlolryu rfi olf',lu

fl ;vu?unr:n yqr 6aoi,uos ar:fl lsr:rn fi tl3o rrfn:vvi.:lf
- YA
nuilto=:l (Elassion and Kogelschatz, rssr) ud'rfrqril

rir m :-ulurj : y ril nlm s ro.: u r i r n r : fi n u r i* o r fihi riJ um'
i-

tuil i il a r fl rvi r m n r : fi rfi u {,1'l ui'1"'w r -: n { u fr ci r rfi u n r : o tr

urrilu:vrryrrarxdr (r-l:;ar:, 2b38; or'r:n, zsaa;

qn'r ::iu [ay n iu y, 2'ls ; r isl ri"fi'u. 2 54 2 ; r1yl r ur uas
tld

nU--, 2543: t?\qn:u, 2545)

rjirurruri'rrylolryufi nrfi qlei'fl r:Jil' Francis

(t s z z) kilri:r u n y 16 u qli lq u n 6i r r 6.: n r r :r #run-uf

: v u'i r r ni r rji ru r u fi ri'r rylolryu zu 6 nlpi'si o il ri r u tfl, fi' n r n%
ul ta u a d '"[v'hlr 

n"uvl r:rfr rnofqir.r .l o-l aru nr:fi ( o )

(Y/A) = kT (o)

loufi Y rA= rjsrLrrulolryusiofirira?lsufiro.:
V \ tu

tJ ? tv,ly'l l

k = nirn,:fi

f = nrrrufirora-ryryrulv'lflr
dl4 a6L = nlfl{?] t9lOldnq:n

V = ri'nd1yJril1u:.:dl

d = do{ix:sil'ir.:cl"rlv,hilr

o r n vr^ n ci r rtL r 6,: ril u fi il r I o { r-fl q il : v a.: ri"lu,: r u
^^_-_.X.4 , 4 i a j
?0U1JUU nA1?n0 t?'{0flnutduuglglt.t "l m1.:ntUnf y'lyt=

fi pr n oi o n r : zu 6 srlolryu ri'r u ril n fi n o' aryr fo lv,hfl r uu u
'lryrnuf 

un uilr o el rr4il'lvarulu nr:yirrrur o.r :yulJ rlny

:r rubJ fi.: finu r cru u"fi ron r yvrrrlv'lrX r fi rn o dulu
: v r.r i r.: 6 rry r folv{rI r fi r fi q du:, r.r i r r r".:lvfiil r u n v

fn qrJ:v arr{4efi'r u nfi ofinur zu afild'or n nr:ldri'rry
lolryulunr:rirrifl firfi fl dflorurfion:roolouril;au rfi nL

ri'u n r :rir u-er ei"r s r^ fi 6 u 1 rfi o rr uur m 1 {lu n r : n er

^y_.-"-_ _ f j 
^ J, qe+, su q fi I il n n I I yyt t.t llt n rn o6u u 0 I n n I : t.f dtio il ln u
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? axoou ntruil av?fi o 1 ruu fil:?o u
vtc
taxoilatyoufl:ol

n. r a o ololrylu rryo f u n y :yri u ci r u il o-{,: r u o r n rt'n ti
lv'h1 r u:r a.r n : y u d d a-u

In:r cfirt or rryo iilolrylurryoffi a-nu ruyriiu:rJ

m : r n : y u o n do u n-u dr rtir fi rtl u r"r t uhfi r I n u r"r lv,hil r

n r uluo yfi uri'r m u n r r ruf oulvr rE nddrrrirfi rilu
lsr 6 rH n ni n lor u r"'llv,hil r vi o m :{ n : uu o n dr o r nl a u s

lfafi ru nrrrL ur'r 0. 1 b m r#u r,i r u gu tin a r r cJ o.rr"1llhilr

n t uuo nfi rur o 0.04 m t ruvfi tur or#u pjruoudn n r.:
Yq rq q d 'cr o.: rir"tv'h1 r n r ulufi ri r rvi r ri'u 0. 0 1 e m virl#ld'ri or

6 arr folv'l fl r : y u'i r r clt?'lvi fl r il : y ru r nr 0. 0 0 2 b m
l q u ei o r u n u : r ri r,r rh lv,l fl r fi r fi q d ary r f o do dlu m.r
j o q yA s s
vr arrur: nrir'[frfr o ]olryuqrilfi Eliasson et at. (te az )
uu srirli :r fl a s rd u q I o r rry n iilolrylu rqo fueo r sr-.r

Figure r uav Figure 2 udo.l?.10:'hhXtro.:nilal

u a"r.: r u ri'n dlv,hfl r n : y uaaei'u u:.r d{ qJ u 1 er 1 - 1 b kv
, i a-so mA finrrrufioryrytu b0 Hz rirri'ntilv,hhu:.:ql

q n rrrJ n.: o r nlvifl r n :y ucaii'u zzo v dtutfl ourJ n,:1y,1

I r{ule' u n 
-ru 

q ru ri'n tilv,lfl r ri": u rnSo{ Variac unyfi

xo:n:ola-rgrylor:lnlurn-.:p.iruni:rr,l^run-ntilyhfl rrrii'r

Figure r Illustration of the z ozoinser cells

and dielectric matter (Glass tube)
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Figure z AC high voltage power supply

system and the ozoniser cell

r. q rJ n : ni'r-or ri'n tllv,hX r u n v n : v uc'lv'hil r u:l al tt a v 6 u'l
qrJ n:nir-orir n'ntilv,h1r rr:lql rflun-rlvl:u ttuu

urjrri'ntflv'hilr1oi il3u-vl Hewlett Packard iu
; v - tA^ X

HP60 1 5B lJ tuun n1:? 9l fl Tu ttdv{ n dm tn qtu:Y14?1'l

r fi sr 6 arr folvi fl r fi ri o vi r r r%ld rh rr n vWr n6o I fer

n : v rt d'lv,l tX I v'l-n aet o.: l3 u-vt Tektron i x j u CT r
1 - a j,.t. Y ,,-"t--4q-t^,1 ^..Bl rf iy ry t u t o 1 ti q il il [ 9l I 0 i vl i n I fl n [J [v'l rl I tt n u

n:v ud'lv{rilr ov sioitl r.iruar o #cy ry ruln uo n tfitl n

'irj fl-r r ni o.r o o aB nl o al n rl t ru u u-u fi n t{ d 1 ei ( t o I ui u-vr

Hewlett Packard ju m 545o2A)

rji rL r at fi 
'r ryl olryu fr zu 6 sr kialL r : n r-srl d'd'r fl i G

n1::J1er:g1uer1il ASTM (lssr) lou'l-qnr:qqndu

lJ o.: rt d.: o r n d r : a v n I fl I il tr n a r 6 u rL 1 o 1 o 1 o r{fr

n?riltJ11nAu 352 nm pYrurn6o.: UV-VIS

spectrophotometer (toluiuh Perkin-Elmer)

n. dr : rn fi tt d v sr-r o ti x dflo I [t d v dl : d v a I u fi fr o rL r d o

fl:v091

ar:tnfi frf i'[unr: rnitlrL dr:nv nrtl Absorbing

reagent [t n v dr : n v n I I rL r n : g r u rfi o1d'lu n I : iq il3il I flt

nrrr uiru{utor fl'rrylolryufr zufi sr'lpipiru:vuufr afi.:du

lsi'uri ar:rJ:v n ou}j trq ards illololq e{ ar:il:vn ou

lnrlryro' urLlalq: to uv,l o atv,l r rj:r nor n rir dr :il:r n ou

lil usrar6fl il10'lalpr:ttuv'l o orl'la rtnrrlr'lilo oou

qvttur fr :rrfitdqn uavrriu;

ar:drL q nrirrLrlf rfi orirriqrfr rfiu fiflorLdr u

nr:nn nvfl ou lqur,1rfi rfr uar:drL olhjovrirliln:u

rufr olfirfrqnr:qnnvnoueYruqoqrJn:ni Jar test fi

o-n:rnr:n'lu 100 rpm tiJunor t min Yei'lotnliu

n':usiofio-sr:t 30 rpm tiJurtnr eo utfi ,,orr".lfi'u'li
a L s u V - , V

lrinnnvnouon 1 ry]til.l fid{0lnuupl9l9l?0u1.1u1

ornrYruuuhlmqflolurrir BoD rtarrit CoD trnv

rili uu rfi u u n-u ar : ff': o ti x ri o u n r :rir l-o let u rtil : n t

nlilrdil'riuclorar:drLlusirl to fil ro mgzl rfilnffinv

ro mgzl sionr:mqno{ dtnr:mrraol z .ti,t

rituiust-rotixfrtiot ki'trri d Disperse red,

Reactive blue, Reactive orange' Pink ttav Disperse

yel low u a v n : fi sr-r o d', u ti-, d, o., n a I : n v n I u fi tio tJ

A A\u
rdo n:;o o uu l9liltn1 n n-l 0 u1{dtl 0xJqJ0.itilsu tl d9l

,Au n rrl, u? tr un v tn dru d.t lJ d 1o"'liliq lt'Yl q.t

ad o a au
?fiolluufil:?ou
n. ffi u eu v t n vr r v m t l'lv'l fl t t o.: : vu u 6 ary t itlvh1 r rru I

'lma uvit nrr zu 6 sr fi'r rylo]ryu

r.lirrumxlv,htrrfi rir ri'rulduri n r t:L sit.: n-n ti
'lv,hflr:rvir.:n"rlvltiltuavn:stralv'hhlofl il-'t'l-etntrlsirl

n'n tilr,,l fi r u:r q{ o v si o cJ u r u n-u m fl 'lv'l eir u r o r vi4 vr t o.:

ufiourJnrlv,llXrtrf,u 1q:ruav16flolu Figure z)
i t 4u L4 rq

t u;fi qil n: oir"or n:s rr a'[v'hlI CT r o rri o oqn:ru nu

ar alv'l oir u r o r d4 vr t o r u f o rrrJ n llv'l fl r t r du

:ru nvtduq rrdolo-l Figure g lqun q n o lfi o-q:t nt:
'lv ar or fi'rrytiju o I zmin ii r u'lv'lfl r n : v tr naei'u riru du
j , v dr til v 4 v -- -4ut gfrntrilelr{flnd tvlt^lt z kv uumndiuiUlrlJvl to0ln

i o s s r ri v q , ----i
rnT o.r o o dryn td d tnil lil n fl u0 n:l nlT tl{ d1J0{ 00 nryteu

rilu e lzmin lnflldrirnlrrusir.:ri'ntflvhXr z kV

rvir t6ru rir nr :u-ufi n #iu qi r ilfi ld'or n tnri ol o o e6 n -

I n al n rl,,rJ 0., u r', u ri x ri'n,ilvl fi r fi ci r uloYril u

n:uudAdrytfo (lqufi rrv,lnrsroirr.l6uur'ru:s fio

rir n lru si x ri'n d1v'l fl r r mv tfi uu tvir n-u rir n :v uc6 a
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uf-tq <l 6 u 4 v jrr. i
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j + v orl rq ! r! q t.l/mrn r1\0flnUtt.lAqJ0{dnU tviTl DlrilduU tilA0

ti .t4 1q j o J o d
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T() t)igilizirrs Soare

Figure s tttustrationtlr"lii"ffi"t.rr* *
dielectric banier discharge by CTr probe

1. fi n u r ft n I o.r o-o :r n r :'lu a cJ o r ri'r ryr r rlir qi o rj?ru r su

n I ru r{riliurolloiryufi zu6 nld'

1 u { r u i o-r, f t ei'rir n 1 : fi n u r il3 il r iu n ? r il r li:J qiu

ru o r l o l ry u vr^ kio r n : y u l n-l o-n : r n r :'l u a r fi q rji t r qr :
flo.rri'rryoonqrourrr{rfirir 6) 7, 8r g uav ro lzmin

ru n vil o a o { 6 drr folv,h1 r fi ni r nr r uL qi r I ri'n div'J fl r n : y u n

aei'ulusirl s 6l rr kV lourfiilfinv r kV luusiay

':'r 
q fi dr fl I :yl er a o n n 1m o a ol sr o uflo ydrl#lrtr.l^ ouh

fi ru:L r yaru1un r : r.r 6 qr fi'rrylolryu u n vdr dn r r s rt oulEr
a'fi rqra o - Y a
u'til [f [u n r : ri I uio ri r fr u n y rir fi I o I n n :yu r u n 1 : rio il fr

rdo n : v 1 olur-i-r.fl0 si ohJ

n. fi n u r zu o,u o r ri r n r r I si r r an dlyl fl r qi o rj3ru r iu n ? r il
ruirLriuro,:lolryu

rfi o fi n r : nJ d fl u uil a r n l ru si r.: ri'n dlv'hil r dbiri'u

r.r a o ololrylu rryo f rl3ru r nr n'r r ru rdruriur orio]ryudlrt
o s u.J 6 fl u uil a{hJ o r n rfuvir n r :r-e} ri ril3il r nrlolryufi

r?oreir.: 1 rorurinrnrrrusirrendh,Jr1r lquhiruoon

6 ro uhj u"r rnt o.: rir rfi qlolryu In u rir fl u erlfi'o-qr :r n r :
ly a r o q o o n fi ro u rij u a I zmin lfi'n l :L qi r,: q-n rir o,: uil 6il
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rir rfi qldfl r n :y u d dn'u ril u a kV un vfl o ulfn"Lfi a o el

lSUl 64.
lo lry"[urryoi lq u rF o ngir{ rr nr sjruv{ a"llrurfl u 0. b) 1.0,

1.b udu 2.b urfi frrirn':rruqit.:n-nti o, ro rroy rr kV

nrrurirsr-u

4. o - Y X av oi -{. fl nu r r{ a n I :Ll u q ul yt.t 0 1 n dfl 0 il rdo n :yl o 9l ? I
rvrnfinlolryru"i'u

d a. 6r t4 rt4 crt " - Y ^ -
11,{0fl fl u1 n11iltuu tu to tunt:utu9lut d9}? u

- S i ia
nrryt0 tryu (?f :0yt r:ufl?1n1:utuo9t?8rvt ilufl
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t0 tryluTu) f,umtnt:nod0.:nudd,:tn:lul1iln]u "l flyl

q Y L '-nvariJluurnaiuunvil:"unir pH unrarir rfiomtrir
J i i -v ^n?]ilur't fl num r?tutydlJvt dl:ay n]fl duu 1 go n aurtd.t

qY' j j
ttav tsnr n?tlJ u11n aum tilil1yd:J dl11:]J dt:A y dt I d

si x r fl riluo-ryfi fi o vrirhjld'lu n :r o aor il:v fr m fr n r v'r

n r : d n r I dr : fr ri'r u ri'r q]olryulu n I : n q a o.: el o u qi ohl

n r u il n-.: n r : d r u-er o s xi r el-r o d r lrf ilo u ri'r ryl olryu
YqrA, Y d jf

0 v 9r.r t? yr n 1 n'l 1 xJ r1 il t u cJ 0.: d1 : a y d 1 u ut d tl d vl vl

b0 mg/l rJirLrq:fi1"f'lirnr:vrerdouryirn-u soo ml
Yot' :,

rir frrJ cio uvr^r riouunyH ei',too nf ro"f'urir s fi'rrylolryufr

0 fl :t n 1 : lil a I 0.: 0 I n 1 fl yt t14 u t u d]J yt I n 0 n [1 il I n n I :
.t v y Y oV r

vr9lo0'l tu?r'tlJ0 u trny0lnuu0yut t]J119ld0u
| 4< d 4riloir$usi nt:qqnAurro.:ri'rurn3ol UV-VIS

spectrophotometer
. Y: A A- W 4urullt,t fl 1 n rd0 n:s0 9l yt u 0il a ? u dstJy{

aYo d o

frrirriuunvfruo{ oun nd1iltdril-qeiruri'rryIolryulounr:

niru ri'rrylolryu,ri',i,J o, u",ulur1r dr or n n:yL-r u nr:
y o.A. + o Ys ri <, ot'^u0rJdrdon:vlqdry:Jv{ m1ryl [qu ril nuuriludrjrNu
u a v duol lq u fi n r : riril u q r? n l'lu n r :o o n Ero ry-ufi

30 unv 60 ut?1' li": u f irylolryufr ii"'n:r n r:lu nrol
i .ja u

o r n r fl m- rilil r y aru fr rfi o n'[ir r n n r :n q n orlur-r do r
, YX

rirn':our{drn{il'ltlFtdout4tnirnr:qfl nfi uua.r nir BOD

un v CoD uji uu tfi uu ri'u tild.: fil*;td*.l u n :yu r u n r :
lJIUO
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4 o - Y o- Q/ y
a. fl nut il d n r:ulu 9lul du0u9l1unI:nnnvn0u9l1u

dr:drJ

1. HrilSilrrudr:dlLfi tvrurvarL fl riun ou o"ld

r.irrir pH unvnt:qqnfi u[td.:rl0{ fl-?od1{1i14

rJiunir pu fl oirirfitio:Jtdon:vter lfluldar:avatu
s d q q d a v ' K a1 '.1 a -!lryroul Iaq:on [sq utsll0uliuldtdluunIn0: 5

h 1 nr roo ml sior'firn-utnio{ Jar Test rGrLar:drufi

finrrlrqirLqiu ro) 20) 30, 40 tlau to mgzl flltJailq-u
q,ddA

nr"[u usia vfl n tn oi ( tfr omrilSrLr run?1il tqiil{uto{

ar:frrfi rrrurrerlunt:dtu-o ) or nriutilq rniol

Jar Tesr pYrunrrilrErluil-q to0 rpm tiJutrat t utfi

nJdflunrr:JrErrilu so rp'rr tilurrnr 30 urfr florniol
Y Xq. -s

et.lyr.l n I sl ru.r il n{ q n q v n o u6i n q el-1 o titl ill draul v

riruuulq ul'fiTjtrlqrvt nit nr:qrq ndu ttdllJo': dt rrsiav
a al, " Yo.u i!,,.--
fl n r n o f 6.: ri r n r rq o n 6 u ua.:'u o i dr fr ffo rL fi sir qo o r tTJ u
- oXa ' ra w A q qe'l

o,uud iir n til:1r r fu d l: dtJll t14u l u dlJ tun l: tT [ua ]:
ilon0n

2. frl:ul1-l 9lulvlnfl ln nTuL?un1:u0ufr td0

n:v! oln u n1:n n nvnouFi'l udl:dtJ

m a-r or nmr:l?rulrun'11il tdtJliu unv rir n:tru srl
J J ^ Y^

n durrdnil o n n duul f, uotJ 9i1.1 "l fi tm:Lrvdl ttfr'lo I n
" ; qv v

nr:uonodaouvl 1.1 [q[[a?

a. fi n u r zu a n r : r-ir l-o rir fi tio :L rir fl lolryui r il n-il n I : n n

nunougi"ludl:d?J

il:-urir pH tolrirfitiourfi on:uf, o loul"fi'ar:
s d q t4 d o v ' Y +.q lq -o, 4

nvnrfl lryrou:J [ao:0 n tryq ulal0ul lul fl td tuu ntfl 0:

r'lu r av roo ml siot'litn-urntoq Jar Test rfiruar:dru

nlrilr'litJliu t,0oo mlzl rJirutot ro mgzl srlrucilsi'u

n rlu rtsi a vfi n rn o f ril q rni o I J ar Te sr ril u n r I :l rE rlu il-el

100 rpm tilurrnr r urfi trJdtlunrrrLrErriJu 30 rpm

riJurror 30 u1fi flr,ntoot"ld,1i r ry'rhl rrflr6.r
f - / s qhl I tl | '

9l O 9l 1 o tfl { Ul d tQl^l I v 9l I UU U tn U tryil til 9l [u il I n I n I : 9l 9l

^ Y , 4 t Y . ".=4.-..|qg-.
ndurrdqciolut tla avLfl [fl 0: tr lnuuulul dm [a:J1111

o o nfrrorr-u6": u ri'rqlolryu fi o-sr:r n r:'lv nl oi fi'rry

qntut fr:vrfittirln unvntut

o o n fi o ufi rv ru r r nrL fi td o nlf 0 r fl fl I : n q a o nlu v-r ritl'u
dt4
rilur?ar 0-60 u111

ry. n r : fi n u tl n : { dfr.r il r { t n fi t o.: cr : fi fl o :L m a-t ilr u"or

pYralolryu
L 4v ! a ot V
ryiftsdrioilrdon:voq firy:J?'l 2 g dvnru"luill

nii'urJiilrer: zso ml drar:avarufisilro il?illet:

roo ml lriiu midget impinger rflorniolrirrfior

]olryulq il iir fl'h"lflr n:v rracri'u tra vti'n:r n r:'lr at ol

ri'rryo o n fi roufi il:J r vdtJ 0 r n nt:vl Fr d o{'luil-'t'lio I ttn v

r.iru ii'r rylolryuhJ fi ar: n v a r u dtrL4 tfJu t': a I t r o min

virlfiufir 1o oldqrJ n: crf Freeze Dryer or nuuu6.:rjr

rr fi nurln :r afirvnr tnfi 'u o r zu I fi fi rrrT.r d'r u rnt o I FTIR

lo ufirirurin rurfimer rioutrovilii'l nt:ritriq ri':ulolryu

rvir n-u6o 2. 1 ml uavldlvr un n't6fl illu:lils{ (rgr)
200 mg virnr:mqaoltufiout6u6n , ni'', ,,oro,nri,

6 r m q a o lteiu r d u r n-u n-u fi n d I l il t rr fl r'f t I oi'ulq u n r :
'.i dv <r 4 +Y ^lilduuzu{du0}Jliludt[9li ttnuf,u lliu

ila nt:floao{ udvl lfl:1v?I

n. ri'n u u s rq vr r vm r.:'lvh1 r t o I 6 atr io rnL uls t a ud

0rn fi anr:vteldo{ v{ui] unoorlolrylurryoffi
- X X oq/^ dq t-q-tlg-4^'

d5 I { tu uu d I il I : 011 I tl-t tn n n 1 : 9l ds I : il tl^l 1',1 I t9l [:J 0 01 ti

nrrrL sir.: ri'n tih^lfi r n:v ua n#thi sir n ir o kV rir nt:

ru.J6uuuil n ril3r.rruii'rrylolryuil^ zufifllei'ov rrj6 uuurjnI

n r rL ri r ri'n tilil rX r fi fl o ubiri'u crurhhl r Isr u n o q n fio I
n-u il r { vr qu fr fr n ri r llflu m: n r : fr t o ; lu n : ti n r : ier

q rq i ^ 3 i ^ d q t4,-V-
n : v r[ d [v'l 14 I 1,] [ n q I U1 tU u [: lJ q dry I : fl [1j! V{ I UU V'l U ? I

ni t n :v uavl-n dfi tfi odufi qir.: rise time'lu: vet-u r - z ns
id -.^

tnrvfrfr life time illnn'11 zr ns Figure 4 ttdo{n1v'l

d'ry ig r ur o r n : v ua'lrh1 r I iu v rfi or 6 am fo lo u a t n a I 0.1

.i ^ s s rY
rnsorooafrnlnatnrJor.roqifi z Y tdiv ttnv r nszdiv

(r mVzdiv frnirrvirn-u r mAzdiv) vlu'jr nirn:t;ttd

1r,'lfirq.:qorfiriroqilurix 4.0 fii 5.0 A ruanr:merno.:

uaoriritffu-ir nr:tfirurirnrrrL six ri'ndtv,hXrhifi ru n rio
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qilrur 0:v'rfusfl qn [nynilt

rirr rr ar nr:rfr q 6aryr{olusior i r{:vri rrru':'lyh1r

grj uuut or ii'iy cUlun:y udlv,h1 rfi rfr prfu rflu ri'nu uy

r or' r r n-u q n 1 d r.: n r r I oi r r ri'n d"lv,hil r dl"fi'vr or n o r sl"'r riu

0 r fl t{ a n r :vr er n o i d?illei"j r u r nlduu ei r ii r fl v'r d'{ { r u

lv'lfl lJ:vrnvrv,r-n #rioil:vrnnn rrr d Rrlunr:yirlr{rfi o

o aryr fo o v drhi'tfr'u al.r r ukio d, 0,, u',, au n'i r n : d fi
ev v q rq i
["f ufi n.: r r rJv'ra.r.: ru'ld r4r n:v rrdd6i'u uuu sio rfior

' ul dd 4 qy v ul tq
0 U I { t: fl A n I : t d 0 n [S Ufi A { 0 I U Yl d.: n I U tV',1 ltl I ttuU
' i lay \v e A y ttu'

91 0 ru 0.r u u t 0 to tu: uu a :.: m 0 0 n truu tr d v dT I i t9r.: I u n I I
-A

rrfi nn0r uv{ n{.:tuttuu0u

or n n r: frnur n1:il 1il3ilr iu nr rru uiruriur or

lolsu ri": ui d il r er: grulv{ r11 drduillololo s{ (ASTM,

r o o r ) o vloin:rv,llolo 6 urL r q : grufi lfrtlu n :rvllu nr:
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(b) Discharging at e kV

Figure a Cunent signals during AC high

voltage supply at 2 and 8 kVac supply

(set-up voltage and timebase scales at

z Y tdiv ttau b ns/div)
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Figure r Illustration of standard graph

between concentrations of ozone at

various absorbance values
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Table t Experimental results of percentage of
absorption reduction of disperse red (DR

az) after ozonation in three different pH

values (setup wavelength of rao nm)
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J I 3.80 72.94 r3.96

32.00 ao 10 32.7 6

10 70.3 5 7I.78 73.73

15 92.08 92.21 7 t.49

20 97.72 97.35 97.16
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Table z Experimental results ofpercentage ofabsorption reduction ofdisperse red (DR B2) after ozonation

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

pH value Absorbance of dye solution Percentage of reduction (%)

lnitial value After treatment

0.931 0.256 86.25

4 0.947 0.243 87.r7

0.943 o.252 8 6.64

6 0.916 0.267 85.42

7 0.894 0.213 BB.O9

B 0.873 0.225 87.1 1

I 0.847 0.239 aK eo

10 0.9 54 0.093 95.72

11 0.9 94 0.068 96.58

t2 0.979 0.079 95.96
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Figure 9 Illustration of absorbance of dye pink

waste water after alum coagulation
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coagulation and ozone treatment among

discharge time
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