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Evaluating the Performance of Advanced Oxidation Process by Pyroxene
Method for Removal of Reactive Red 198 in Aquatic Environments
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Present study oxidation of dyes from dye effluents by Os/H,0, was investigated. Reactive red 198(RR198) examined as a target
dye. Dye oxidation measured by spectrophotometer. The maximum removal efficiency in optimum conditions including pH=9,
contact time=30 minutes, the initial concentration of dye=100 ppm, H,0, concentration=0.005 molar, O; concentration = 0.04
g/hr were 97.09% and 87.56% for synthetic solution and actual wastewater (wastewater from Yazdbaft textile) respectively.
05/H,0, had good efficiency in dye removal. This method with respect to high efficiency in actual condition could be used in dye
removal from various industries. J. Color Sci. Tech. 9(2015), 199-205®. Institute for Color Science and Technology.

Keywords: Hydrogen peroxide, Hydroxyl radical, Ozone, Yazdbaft textile.

*Corresponding author: m_malakootian@kmu.ac.ir


www.SID.ir

s S ax3s 9 Yligilhe Swxo

=y s o=l O VY Jlw jo il lSen g ) LssShe
le Jslome 5l aglow Bio 0 a8ty GornlapnsT anl 3 LIS
3 S0, B sy GgelinST sLahs; U o)
> g &_S) RS o0 aS wsls UL.M; “S?L.M} @Lm u)LAL‘)
oIl BSen 5 Glom; [F] cos gl oy 5 (b9, €58
e 58, 1355, 5VF ity Sl el i o ey
Cd A ‘) u;'z.)l_..a 9 el )|)J3 P Oy u"—‘ Lixe )“ \Y-
Bl 4y o8 Slesa Juanl 3 zlael il ols lad as wis g
st gy 0yl am Sls 5 005 5550 slaliSS, JlS
b i 0 JAJoib o ()5 0 duS T/ el 8
ST Jld 0,8 5l eoliil Ly 55T, sLaliSS) (gl
L] 08l s 2§ BB s 4 () slacbas 5l 039,908
3 S0 ol Glasdllas (LYY Jlo jo il Kan g o Lild
W Gialesl calisee Loyl 50 VAN 50,8 o351, (61555, i
I¥] Woges oS

Bl wyp b OlRl o Vet Sl po e 5 (LSl
6 @55 o (sLaJsbme 51 438y pgmmlagnST g, 4 5
s T 4
Ve gl o il ¢ oy [V o] winjel s a4y Jo8
(9o 2amaSTh L () 8 iy (gmlannST ) b Lkl
003l 4 S asols sl o ladgloe 51 JT )5 JS B> sl p
[N w5l cavs =y BB i

. P a

Bis o pligd oYY gl o il g T (SwlgS 5
Ay i gl ST (5lu S, ails )15 LMol 51 K el
c - sl .
1555, &9 aw G305l il 50 5 JSKE 5 [IV] wilesges 05T
Bl ol gdod 5l Bue [1¥] eldl caws Jod LB s

v . . c

ST 103D ST (P9 4 VA e B ST, (615 )

Db oo (39,0

& Ry =Y

Slge =Y

A Jlos oo )3T Coldd (0059, Slaj 03l 50 45 Cansl o225 anlllae
S5y pode ol ils bagme cullagy wiige DlaEd 35,0 50
b plosl e ,S

4- Rosal

5- Perkowski
6- Pergiligul
7- Pyroxene

Journal of Color Science and Technology(2015)

Peo

doddlo =)

033003 5 ge S 399> 58 Ol 50 ) 0y e
5 3Ll oz o ol)l olge o i susie lio jo 45 ded o
S oSy LS, 10+ sga V] Semi o B pas >lus mlio
b ) ooliiul 350 LalSGSS, 7Y g oasSTy s SS, ALY -
%y DS 5§ Span [V] Wgd oo 4SS Laze 4 (295 Oly
Sy ool 5l ol e g 4 e (e slaan]s
Sy 43325 4 pglie o o Ygora oL £45 ol [V] 955 o
o aizred Lo S [V] aib oo g jlae (o jlasl
e ge A0 g oad ol 3l an o5 JelS Jlnl 5l culew
Ol )0 Jgdze eSSl 2alS ] Cllae 5 jiiwsish Jos ials
ey y Madlep iglas il Wl Y] 0 S0 )8
Sels Ll S5 slacley &5 550 4o (1S014000,1996)
9 ‘sll.uou_..u srma) CKM le_mwj) Ll 00 ).m\.m\.w )Lo.m-‘
Cl oo oolai il olus glaolay apar ol alize SG508
oS wnleioo o) (5 BB polie adgs Vg laig, cnl I¥]
50 g cddls aales Jlidsall) 6,50 ase ey ) OIS
ool U Sl l5ee g 00y S STy St oS (sl il
5 [T o9 aals slome 0o 5l ity (Ao 4 ol 5
Lo, olél Bim (gl Jolate (s Slagy) (eizeen
P S5, palie Codle g odizmy (geal> Jlisle Lo 4 Soi
aS byt OgeeslienST an T 2l lale 5 5y ool 5 s
o a sl e JeeSpn Jleb 5 ol sl JISo0l, s (sl
555 §lo0 a8 T gole (il b GluST (VL )05 [l
YL Gy 4ty ygumlonnST AT )8 g, Lol Co e diloas
OgeslinST slaaiy ] elil oo po [F] sl 690 00 5 0] 2
1 e 0] oS5, Al ol 5 5, aiad gl sloowds
o)

Sl g0 sloasan L g eos as o olsl sla JGol, 4 e
rinnne o ATy 5 i (iSTy 325k 51 S5 )9 35290
oSy olsusl O jeoany il s lai oo ales> Gyl sl sl
Jeeily lyls 2 adgy mile w0y oo o 5, ooV 4 KUY
ST 3l 80 5] e JT olge 2alS 5 5y Bi> sl VU
oa)l_mf )5_144,_3 éuL._o uL...u )" a..\..:.;}/—l R 6‘)-.’ as M)..\.‘a
Iy Looau¥T olgs o 03T sl JIGol, adgs b [F] 84 oo oolail
ST 50 5B & b Ol Gl 55 45 dges Bl s i ook L
ORI 039,008 3T 03l s 2L 031 L el 039,000
b e

1- Reactive
2- Dispers
3- Pigment

(IWAE) I5) 69US 9 pgle iadig 3y —pole &3 it


www.SID.ir

- p9lbio &y YgauSTyy (yiog) Ay AL yuiis uy.ml.)uau.fl.).uT).s bl w) s

Ozone
Generator

S 050 Dl 5 5955, oled 1) K&

=l adsed 59, bl e Julyd 00,5 s 4
oo lawwgi 5L 0 50 o3l 8 )T plonl (Bloy >lud ails)15)
S oolizal Ly 0 g ol eyl Uy sl gl T o3l 30,35
54232 b adsi (63959 5 lyedr )b 00 JLad Llga jom S
6,5 plool inogi el 5l oslil | beools ol

e g @b =Y

303! s 2 2 pH 5T

3 55503 s G3elignS] 0Ty 40 PH L5 5l Jols mls
GlapH VA 508 5 ST, (355 i e 5 Ve 2lale
o] 00 00)51 Y USSE 0 (A

1- Reactor
2- Plaksyglass
3- ARDA France

45 eadigla > ol Gl eS8 5E VAN 50,8 55T, (635G,
Sy plaw g canl ol 0o,51 V Joaz jo Jlais ;50 5y sla S5
as ‘A_wl.l ol ul_o.ﬂ J)_A LJ?M coola <‘Q)3.o ‘:Jl = W)
2> b (035,00000u8 ] o )0 (pglias ol SO shl il
Al o 2oy YO ‘5?1

O g,y =YY
Srb 93 3)ly Gl e 4 0023)lg 03l Bliee (650503l (sl
Ozl 5 gy a3 3l ale g oud ey Sy 551>
ags Voo moll clale bjole Jolome S, [VF] 0 (6505l
RESahe B ) V0 ralesT po jlais joe slacdale v
Wb agd ol Jodows (5lw @S, vy ) SG e 4 (5
SS9 yiep (53958 dlasgar (FAY) polia o Jolone PH oidais
SemaSTy Jodoms dtd s 1285 plowl G gdlgmiinl 5 mai
care Vi) e glec ble b i e Ve e 4 0395008
(oY Yeaads) glarlo) ;0 diges g ((Yao vy ot v yr el
Ol 9 oo \J)-B 5yly o s sladiges .28 5 )13 ulel 50
laclile 50 b 305 551, 4 el pp S e ¥ ol @
)ly B 5l (29,5 Gl ad 00938l 55 39,008 STy il
L esils OVA o Jobo L Ladiges g 0d peliy ooy Joloe
UV-vis1800(Shimadzu, Japan) s, 99 grimwcib olKiws
b g Sl

5 IS lalgl alsalesl B, 1 S o (3050 sl
il ol & b 5 el Ae glis)f b oISy i
Lo s9e Sl 9,555y (pled Sjgo 4 ) S8 0 a5 288

] 00 oé)j“—

308 56551, 155, (Soied 9 (leerd Dlasiin ) Jgu

oS T Job . ’ ‘ o ’
c: G A 955 039 st boouds g0 4 SO, e oy jLs e
‘_i’) 0 . e (gr/mol)
(nm)
Ll
N7
C.I:Reactive ) /L\ ’ll\n
Red 198, OYA rY,0 C27H13CLN7Na4015$5 5)‘94.9 N

C.1,18221

N —Q
moso,cHzcu,so,—@— wuﬂij\ o
SONa

NoO5

Journal of Color Science and Technology(2015)

(WWAE) 55, 59U 9 pgle a9 33— pole &3 s


www.SID.ir

s S ax3s 9 Yligilhe Swxo

VA 5o 58 5251, SIS,
Yo y0 Gd> 003l o)l edalé cdals
(L) s (Fd 2 ey (GYg)HO:
Va,aY 3 ¥ =
AY 3 ¥ )
v,y a ¥ o)
ayv,-q b o f K
q..,9A ) o f RN
4,70 3 ¥ .

Wl 05 Ky Bl K5y Sl 3L b 4 ar g L
YO Nee clble vaado Y le) 0 K, Bis aS geuia
aidon a5 Al e PY,00 AVEFR AV, S 5 apH= o 0 -
DA o8 58T, G155, i sy S n Ve il s
Al s 45 74Y,04

WIS S2A8) adly Jplons lomss a3 ol gl
Jodoee 5l Bdm plie a0 g o @l (izren 5 (Blojp (2les
ol 030l ¥ Jgoz 0 aige bl o g

120

100

Efficiency (%0)
H D o)
o o o

N
o

o

0 10 20 30
t (min)
| === =-100mg/| —8—250mg/l —t— 500mg/l |

= VAN 558 08T, (6135 Gl slacdale b Y S

0590300 S 1051 s
[Os]=+,+ ¥ gr/hr, [Ho05] = Yo -, - & ,pH=4.

Per

100

S [o2] o]
o o o

(%) Efficiency

[h]
o

o

0 10 20 30
t (min)
| ==+==pH=) —M—pH=7 =t pH =4 |

Voo ld) o8 5381, Sl35, (gl an T 5 PH ST Y JSCH
(el 05 ¥ ) e K 8 e

Ollil 5 S, Bdeail pH Gl L ol 4 azgi b
cble paads ¥ wlas ol 0 Ky Bl aS gemvas Wb o
VPN 4 i A Y F glapH jo o 08 8 LoV
003 Slos pH= 80 aS cwl odumw, 3o y0 44 ,YO AT Y
e 124,Y0

(35 03 Wl 2L 0, cdalé 5T
NG [T PRIV { JCHE Y R0 B 1 B GO P B
SIS, 2 Sk Ve S 55 (G503 i Gl
Cowl 00 08,91 ¥ Jgaz ;0 VAA 50,8 ST,

o3jle Sl gy Sy Yoo vye e 0 o lale o
&5 7AY,- 4

[33) 9maT B (LS 3 30,8 98T (61355 slocdaté p3T
03900 S 5
VAN e STy S5, dilise slacibale 5t 5l Jol> mls

Bhop (2l als )5 el oled - So5d sla Shg ¥ Jou

. : OFeS|
RO o . < Calus 0390 O] g olge J5 s
pH &9 OF odbgs S o p <1 T SLESTY
NTU  (mg/l)  (mg/l)  (mg/l)  (mg/l)  (mg/l) 2 wilordan s Glrodlye Jokoxo o
(ms/cm) EC (mg/l) BOD (mg/l) TSS  (mg/l) TDS e
(mg/l) COD
VeV
AR 7¥- \OY \Y- \# Y- Y. YA--YY. Yy - ar SEY_YYA-

Journal of Color Science and Technology(2015)

(IWAE) I5) 69US 9 pgle iadig 3y —pole &3 it


www.SID.ir

Sy

- p9lbio &y YgauSTyy (yiog) Ay AL yuiis Q’ﬁml.)._l_au.fl.).i._s_T)ﬁ bl w) s

23LEe 58 (39,08 denSTnl Gl 5l eslitul b IS5, (gemslagns]
WS o (G S Az 0 St Jow 5l pH el

b ol e Ve Jlo jo Ll Ses 5 ' Sib slanlllas o
o=l 69565 (G505 She) @ GiRe s Bl 59y p GBS
S PHEY o (5l Lag (g 008 Bdo g pos by dond
SVF] 2l (il 5 Bie e PH 2l b s o090 ol
Syl cayllas dslllas oyl 5l Jol> b b

S ahml Y e Jhu o 2, LSen 5 Lails aslllas bs
GiSen 5 LS s 5 Giol ogs ar3e8 95T, 813, i
Ol Ovey 4o il Bi> aalllas (b g jo Yo oA Jlo yo
V] 65,51 s 4 LB PH )5 005 S Tas 59 00005/
s Sy asdllae ol 5 Jol> gl b a5 [Y.

g3l dhewgds JuS 9,000 sla JG0l) gy s 5o
S9— e Sdg 390 ST 5 3l G Sla STy (sl e
Al

303 90T 21 2 5908 STy clilé ,3U
Sl st it 2l 059,00 2S4S T
S8 sloSas 5 UV andl by il § G b So50T 51 (5, knns
ods D] wloe s 4 s oskhe @l 5 <S5 o)l b o
S g Al iy grlinnST a8 Lawgs JouS'g 00 IS,
O3 ol el al (T OLaS 5 Canglie 040 o 51 sl !
Ll s o i |y s ol gults (yisgoes Sasly b ol
39 5 Lo ye3 sl JIual, L el Jlgds o] atgy cdalé sl
4 oo 9dgi (59 0mmannS Ty VU glackile s slaanl s b
7 G (o g po Ve o7 Jlotpe e 57 o g9l
03392 21 b o3l STy 3 b Jedad al ol akal g9,
Biz e oig,0d denSTpadale moli8l b as wisls las
Sladllas ol 5l oael Cuns a glis a8 [VA] ol sod i3] oansY]

s Slstan pile adlllae b b

AT Sy B giSTy (G135 locdilé 3T

039598 w5/ 3|
35,5 o ol Bis o5 ralS cely Ky adsl cdale nlidl
GBS ;0 S5, Bam ) pp)S e Ve clile 0 a8 65k @
YO laclile o S5, B Glye Lol 0580 el ol

2- Yang

3- Kepa

4- Scavenger
5- Tizaoui

Journal of Color Science and Technology(2015)

w3 TAVL08 xdly digai ;5 jar8 551, 6135, Bi 033l
Jol> o28ly dige 10 09290 VAA 0 80,251 S5; Bl (50

N \‘5‘:9;,4@ Bgad 3l yeS 003l a5 ol

339598 A1 b o5 (331 ommns (21,8 2 PH5T
D e 23815 55k Byl 511 ol 5o s5zge T olse ]
STy 5 (Looa VT 5l ols Jsle gloog, S o JsSse )
w75 (S g i S0l s 5 03l 4 329) ediinne it
Ly sl ol L 5 008y b5l 3] JsSge STy [)F] 05 o
4 9095 STy 0)ly Al slasion Jod 5l Lol Jsle slaog S
S9-3909,5 09,5 ;0 VAA 508 051, (6355, JoSge asial Lo
Loy ol b 2aSTy el N=N aslEgs asen S 6l 395
20,8 o0 Joloe 1355 my yw Bd ey g o0loF ) S pay
el il g 0T 5550m B(y3) ygmeslinnST sla ST
ails oly; SAlSejlailay 5l o Slae Cag s a5 55500, ol pl
JLSGoly adgi an p i a5 o, S oolai ‘S{La..\.;....i)é 3 ole se
YL L 5 o3gm &y PH & LIS T s 5l a2 [10] g oo
Lol s o LB Bl 3 0l oS on e o 53
b JeaSg e sla JLSool) 4 (6t Sgpea b s
sla STl 00 iR & JenSs 00 sloim 125 955 o0
Loyl | JemS g )00 sladlsusly adss o o) anios sl
PH>3) SLBPH o I olso asjms olLS ol 0iS o
D] cr 655500 (505 50 Bd (i e )5
e a5 O o il i gl oty slo ey slo STy
DIT] 5has sl wisdi oo JonS'g o slaJIS00l, JoSas

0,+H,0—>2HO" +0, m
O,+OH —»0,"+HO,” o)
0,+HO*—»0,+HO," &0,"+H"™ )
0, +HO* <20, + HO" )
2HO,” -0, +H,0, )

4o APH 5 (g0 ST | o) a3 el Ul

o= L slechle o > YL pH o oS col cpl aes o
Eely 0ilgs o a5 00l lax HOR sloygs 4y (459,000 aunSTyy
b o3l 4528 Olies 4283 5 95800 HO(y2 & 0l 5350 41525
=l H0p sl pH jo Jg el anles ilidlpH aulsal
Ce s 45 el ools lid gl [A] wes o lid 23813 Og L

1- Synthetic

(WWAE) 55, 59U 9 pgle a9 33— pole &3 s


www.SID.ir

s S ax3s 9 Yligilhe Swxo

DSy LS 50 05250 (50 g eay b b 5l I SlS 5
0dd oy fenS g e sla SISl peiins i 22STy )0 ans o0
ogdle OALAL )3 d92ge LS 3 plos b (35,008 ST 9 031
bl el S smo o STy 5 T LS 5 5 il L 5,

IV V] 00,5 oo (o28lg d5gai j0 003k

&S aoeis F

S 1) gy (2l () slacby 5SS, (galanns]
33 O3l s 1355, GgemslanaST000 5 (05,1 Sy L (390
O399 STy Sl o (5l S (9,008 3eS Ty 90>
O399 QS al polie SBIL ol plis ]y o3 oS
5y Slas 3 el oyl 45 0l sdaline 35, 4325 40 oulsdl il
Sl JLsioly amy (g 0t a4 30 (3l 5l
P, cdale Gl emres all oo Jbd L JonSs 000
4 ol Gt gl b e RelS GarlannST 00 Jolone
PH (ali81 L (5 0maeaSThl ol lasgs WSS, (gemslonns]
JeeS gy JSuol, Sialidl aawlgar 55 sol cnl a5 wly o 58]
aS asels i LIS, amwlognsST b ail oo oL PH o
Jol 4o (S Joo 51 055Us5 Slibee slaole jo 625,
heledios S95m

(108 g S
otils Laoms Cdlagy (omiiges Sliniod S e 0 AR5
ol sl s Sliiod Ciglae nlex b g Glo)S (SSp esle
20t Jlgan a5 T (gloaclace 5| aliws oy ezl sl olSetils

lein (65wl Col 0395 295 ol pln

1- Esplugas

1. GH. Ghanizade, GH. Askari. Removal of methylene blue
using of wastwater synthetic bone ash. Health Environ.
2(2010),:104-113.

2. M. T. Ghaneian, M. H. Ehramposh, GH. Ghanizade, M.
Askarshahi, M. Momtaz. Use of ozonationprocess in the
removal of reactive red 198 in alkaline conditions. Toloo-e-
behdasht. 29( 2011), 11-21.

3. R. Rezaee, A .Maleki, M. SHirzadsibini, M. Rahimi, M.
Mohammadi. Comparing the efficiency of photochemical
and sonochemical processes combined with hydrogen
peroxide removal aqueous dye Direct Blue 71from aqueous.
Sci. J. Kurdistan University Med. Sci. 16(2011),38-47.

4. M. R. Rezaee, M. B. Miranzadeh, M. Pourgholi, H. Akbari,

Journal of Color Science and Technology(2015)

PeF

Bim alasl ;310 50 o) S oo O 0 5 5 e )5 e
S sge o 28l & Gl5 0 oy Gl s e plis S
S5k s e S5 adgl ke AalEI L S5 sl JsSUge 4 )
&l 1y ossle ol edale Rl L (50050 oley SRl b Glss e
Sl Gl YL slacdale

Biz ey b ORI VN b o lSes 5 2Ls,
i opl g apdn GgamlinST by, 40 VY s 2l 1555
OBl L a8 iy gpwlannST gl 10 S5y Bl a5 Wi,
G331 L S ol T sl cnl s il oo 2lS 5, adyl clale
SeST s 595 St S5 b e S, gl il
Sl Cllas ol asdllae gl b a5 [1] 9 oo donnST 539,000

G sl o ol 5o Yo W L s il San 5 oo
OsimslinST Lags B ol 58T, o V265, a5, i
Sy90 S5, g0 ,e cdale ol b aS W) doe cpl Ay Azd iy
)5 SlsFan yole aslllae Las [YV] ol o 2olS 035k axllias

Ly b o Wbl g8 Yo o) Jlo o il Sy | ol
03,03/H;0,, Fe*IH Q5 : Lo ad, iy oy guwolonST gl 1
L5 a5 a5sls sl |, UV/H,0,/05, UV/H,0,, UV/O5,UV
L o3l S5 5 90l (5051 |y ase nyeS a5 el o 1 (S
IVVT s oo GLas 1) (6 e @S (g e 9enSTn

5l Aigad yrands
DSy ol oo il g e (2 STy £55 90 glylo (3l
59 Al 45890 Wigm sl a5 wil o LS 5 L 5l peiiiess
Sgzge DleS 5 plod Ly heuS 55000 0dgh b pedins o8 25T5
03902 de—S 1 5 (3] (soled Siiw gl (3 a0 ST
aiges ;0 03,5 oo 508 5051, G135, b (e ,en STy Sy
B o e 039,08 ST 5 (3l (Bloy (s SALSL) (A3l
L peitie (2ST5 50 031 00,5 003 VAA 50,8 92251, (61555, S

&=l
R. Dehghani. Evaluating the efficiency of advanced
oxidation methods on dye removal from textile wastewater.
fayz. 17(2012), 32-39.

. SKA. Solmaz, A. Birgul, GE.Ustun, T. Yonar. Colour and
COD removal from textile effluent by coagulation and
advanced oxidation processes. Color. Technol. 122(2006),
102-109.

. V. Preethi, KP .Kalyani, K .lyappan, C. Srinivasakannan, N

.Balasubramaniam, N .Vedaraman. Ozonation of tannery

effluent for removal of cod and color. J. Hazard. Mater.

166(2009), 150-154.

M. Malakootian, SH. Dowlatshahi, MH. cholicheh.

Reviewing the photocatalytic processes efficiency with and

(IWAE) I5) 69US 9 pgle iadig 3y —pole &3 it


www.SID.ir

KA

10.

11.

12.

13.

14.

15.

- p9lbio &y YgauSTyy (yiog) Ay AL yuiis uy.ml.)uau.fl.).uT).s bl w) s

without hydrogen peroxide in cyanide removal from
aqueous solutions. Mazand Univ Med Sci. 23( 2013), 69-74.
Z .Rahmani, M. Kermani, M. GHolmi, NM. Mahmoodi.
Performance evaluation of advanced photochemical
oxidation (UV/H,0,) and UV in BV16 and RR120 Dye
removal from aqueous solution. Toloo-e-behdasht.
42(2013), 135-149.

S. Khorramfar, M. Arami, H. Bahrami. Dye oxidation using
activated carbon/hydrogen peroxide from textile colored
wastewater. J. Color Sci. Tech. 6(2011), 115-124.

M .Malakootian, M. Asadi. Efficiency of the oxidation
process for the removal of phenol from aqueous solutions.
Water Wastewater.3(2011), 46-52.

R .Rosal, A .Rodriguez, JA. Perdigon-Melon, A. Petre,
Garcia-Calvo E. Oxidation of dissolved organic matter in the
effluent of a sewage treatment plant using ozone combined
with hydrogen peroxide (O%/H, 0,). Chem. Eng. J.
149(2009), 311-318.

L .Kos, J. Perkowski. Decolouration of real textile
wastewater with advanced oxidation processes. Fibres Text.
East. Eur. 11(2003), 81-85.

S. Pirgalioglu, TA. Ozbelge. Comparison of non-catalytic
and catalytic ozonation processes of three different aqueous
single dye solutions with respect to powder copper sulfide
catalyst. Appl. Catalysis A. 363(2009), 157-163.

FJ .Beltran, FJ. Rivas, R. Montero-de-Espinosa. Catalytic
ozonation of oxalic acid in an aqueous TiO, slurry reactor.
Appl. Catal. B. 39(2002), 221-231.

J .Nawrocki, B. Kasprzyk-Hordern. The efficiency and

Journal of Color Science and Technology(2015)

16.

17.

18.

19.

20.

21.

22.

mechanisms of catalytic ozonation. Catal. B.
99(2010), 27-42.

Y. Yang, J.Ma, Q Qin, X. Zhai. Degradation of nitrobenzene
by nano-TiO, catalyzed ozonation. J. Mol. Catal. A.
267(2007), 41-48.

U. Kepa, E. Stanczyk-Mazanek, L .Stepniak. The use of the
advanced oxidation process in the ozone+ hydrogen
peroxide system for the removal of cyanide from water.
Desalination. 223(2008), 187-193.

C .Tizaoui, L. Bouselmi, L. Mansouri, A. Ghrabi. Landfill
leachate treatment with ozone and ozone/hydrogen peroxide
systems. J. Hazard. Mater. 140( 2007), 316-324.

M. Pera-Titus, V. Garcia-Molina, MA. Banos, J. Gimenez, S
.Esplugas. Degradation of chlorophenols by means of
advanced oxidation processes: a general review. Appl. Catal.
B. 47(2004), 219-256.

B-T .Oh, Y-S. Seo, D. Sudhakar, J-H. Choe, S-M. Lee, Y-J.
Park, et al. Oxidative degradation of endotoxin by advanced
oxidation process (0%/H,0, & UV/H,0,). J. Hazard. Mater.
279(2014), 105-110.

M .Zarrabi, AR. Rahmani, MR. Samarghandi, F. Barjaste.
Investigation the Zero-Valent Iron (ZV1) performance in the
presence of UV light and hydrogen peroxide on removal of
azo dyes acid-orange 7 and reactive black 5 from Aquatic
Solutions. Iran J. Health Environ. 5(2012), 469-478.

S. Esplugas, J. Gimenez, S. Contreras, E. Pascual, M.
Rodriguez. Comparison of different advanced oxidation
processes for phenol degradation. Water Res. 36(2002),
1034-1042.

Appl.

(WWAE) 55, 59U 9 pgle a9 33— pole &3 s


www.SID.ir

