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Abstract

Degradation of Reactive Black 5 (RB5), a well-known non-biodegradable disazo dye, has been studied using UV/TiO2, wet-air oxidation
(WAO), electro-Fenton (EF) and UV/electro-Fenton (UV/EF) advanced oxidation processes (AOPs). The efficiency of substrate decolorization
and mineralization in each process has been comparatively discussed by decreases in concentration and total organic carbon content of RB5
s efficiency
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olutions. The most efficient method on decolorization and mineralization was observed to be WAO process. Mineralization
as observed in the order of WAO > UV/TiO2 > UV/EF > EF. Final solutions of AOPs applications after 90 min treatment can be dis
afely to environment. Photocatalytic degradation kinetics of RB5 successfully fitted to Langmuir–Hinshelwood (L–H) kinetics mo
alues of second order degradation rate constant (k′ ′) and adsorption constant (K) were determined as 5.085 mg L−1 min−1 and 0.112 L mg−1,
espectively.
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. Introduction

Dye pollutants from the textile industry are important
ource of environment contamination. They pose serious en-
ironmental problems because of their color, low biochemical
xygen demand (BOD) and high chemical oxygen demand
COD). Azo dyes constitute the largest and most important
lass of commercial dyes in wastewater. They are mostly
on-biodegradable and resistant to destruction by conven-

ional wastewater treatments[1]. Recent studies indicated
hat toxic and refractory organic compounds including dyes
n wastewater can be destroyed by the most advanced oxida-
ion processes (AOPs)[2–5].

Photocatalytic degradation process (UV/TiO2) as one of
he AOPs is receiving increasing attention because of the low
ost and relatively high chemical stability of the catalyst and

∗ Corresponding author. Tel.: +90 322 338608119; fax: +90 322 3386070.
E-mail address:erdalkusvuran@yahoo.com (E. Kusvuran).

the possibility of using sunlight as the source of irradia
[6]. The process is initiated upon UV irradiation of the se
conductor with the formation of high energy electron/h
pairs by exciting an electron from the valence band (VB
the conduction band (CB):

TiO2 + hν → e−
CB + h+

VB (1)

The highly oxidativeh+
VB (E◦ = +2.7 V) may directly reac

with the surface sorbed organic molecules or indirectly
idize the organic compounds via formation of•OH radicals
[6,7].

Wet-air oxidation (WAO) is an emerging technology
treating wastewaters, which are either too dilute to incine
or too concentrate or toxic to biologically degrade[8]. It is a
process of subcritical oxidation of organic matter in aque
phase with oxygen (either in pure form or as air) at elev
temperatures (100–350◦C) and at pressures ranging from
to 20 MPa[9]. This technique is a feasible method to tr
various industrial toxic and refractory wastes[10,11].
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There is an increasing interest in the use of electrochemi-
cal treatments for the degradation of toxic organic pollutants
in waste waters. As one of them, electro-Fenton (EF) has
been efficiently applied to degrade some organic compounds
[5,12,13].

In this method, •OH radicals are produced in the
bulk of the solution in the presence of Fe2+. Hydrogen
peroxide is produced electrochemically upon reduction
of oxygen on several electrodes (mercury pool, graphite,
carbon-polytetrafluoroethylene O2-fed cathodes). Reaction
pathways of production of OH radicals electrochemically
can be represented with the reactions given below:

Fe3+ + e− → Fe2+ (2)

O2 + 2e− + 2H+ → H2O2 (3)

Fe2+ + H2O2 → Fe3+ + •OH + OH− (4)

In this system, catalytic reaction can be propagated via Fe2+

regeneration, which mainly takes place by the reduction of
Fe3+ species with electrogenerated H2O2. H2O2 is produced
via reaction (3) by bubbling O2 gas through the acidic
solution with a small concentration of Fe2+ or Fe3+ in the
cathodic compartment. The pollutants are destroyed by the
action of•OH formed in reaction(4).
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cation. Titanium dioxide used was anatase (Aldrich, +99.9%).
The light source used was the mercury vapour UV lamp
(UVP-CPQ-7871), which emits its maximum radiation at
254 nm. The intensity of the incident light inside the photo
reactor, measured as 0.50� photons min−1 by uranil acti-
nometer method[19]. RB5 solutions were prepared at var-
ious initial concentrations (20–100 mg L−1) and necessary
pH adjustments were made with 0.05 M H2SO4 and 0.05 M
NaOH. The dye solution was placed in the 220 mL pyrex reac-
tion tube and mixed with 0.5 g L−1 titanium dioxide powder.
Reaction mixture was sonicated in ultrasonic bath (Lab-line
instruments 9314-1) to disperse TiO2 uniformly in the solu-
tion. During the runs, oxygen gas with 0.35 L min−1 flow rate
was continuously bubbled into dispersion. One milliliter of
sampling was carried out at 0, 10, 20, 30, 40, 50, and 60 min of
cumulative irradiation times. The samples were centrifuged
at 4000 rpm and analyte absorbance in centrifugate was ana-
lyzed by Shimadzu UV-2101 PC scanning spectrophotometer
at 580 nm. Analyte concentration in centrifugate was deter-
mined using a calibration curve with 0.10–110 mg L−1 con-
centration range.

2.2. Adsorption test in the dark

Adsorption isotherm of RB5 on TiO2 surface was deter-
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Some researchers have studied the degradation of
ive Black 5 (RB5), a well-known non-biodegradable dis
ye, by AOPs. Wang et al.[14] reported that ozonizatio
as effective method for decolorization of RB5, wh
ineralization was found to be very low by this meth
estruction of RB5 by UV/H2O2 process was found
e effective on both of decolorization and mineraliza

15,16]. Photocatalytic treatment (UV/TiO2) also observe
o be effective method for decolorization and mine
zation of RB5 [17]. In addition, RB5 was decolorize
ffectively by ultrasound and ultrasound/H2O2 processe

18].
In particular, no published data is available for dest

ion of RB5 using electro-Fenton and wet-air oxidat
he objective of this study is to compare efficiency
V/TiO2, electro-Fenton, UV/electro-Fenton and w
ir oxidation treatment methods for decolorization
ineralization of RB5. After each treatment the solu
as controlled if it is safely disposable to enviro
ent receiving bodies. Additionally, photodegrada

inetics of RB5 in UV/TiO2 system was studied a
iscussed in terms of Langmuir–Hinshelwood kine
odel.

. Materials and method

.1. UV/TiO2 experiments

RB5 dye was purchased from Ak-Kim Compa
Gaziantep, Turkey) (Fig. 1) and used without further purifi
- ined by mixing 50 mL aqueous solution of dye at vari
nitial concentrations at pH 3 for 30 min in a mechan
haker. The extent of adsorption on TiO2 surface was evalu
ted in terms of color removal rate (absorbance at 580
ata obtained from the adsorption experiments was fitt

he modified empirical Langmuir equation[20,17]:

Ce

Qe
= 1

KL
+ aL

KL
Ce

here Ce is the equilibrium concentration of RB5 af
0 min,Qe adsorbed dye concentration on TiO2 surface, an
L andaL are isotherm constants for particular solute–sol
ombination. The dimensionless separation factor (RL) indi-
ates the shape of the Langmuir isotherm to be eithe
orable (0 <RL < 1), unfavorable (RL > 1), linear (RL = 1), or
rreversible (RL = 0):

L = 1

1 + KC0

0 in the equation represents highest initial dye concentr
mg L−1).

.3. Electro-Fenton experiments

Graphite felt (RVG 2000) used in electro-Fenton ex
ments was from Carbone Loraine. Fe(NH4)(SO4)2·6H2O
nd Nafion 117 were bought from Aldrich. Pure oxygen
99.99%) has been bought from different companies. E
rolytic experiments were conducted in a 300 mL glass
ctor. The platinum gauze anode was separated from
athode part by using Nafion 117 membrane. The ca
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Fig. 1. Chemical structure of non-hydrolyzed form of RB5.

felt (3 cm× 5 cm) was used as working electrode (cathode).
Saturated calomel electrode was used throughout the elec-
trolytic experiments as the reference electrode. Controlled
potential electrolysis and coulometric measurements were
performed by an EG&G Par model 273A electrochemical
system. In a typical electrolytic experiment, following the
addition of the metal salt into pH 3 solution of RB5, O2
gas was bubbled through the solution for 20 min and then
−0.55V/SCE constant cathodic potential was applied to the
system, while O2 gas bubbling was continued throughout the
electrolysis. Fe2+/RB5 = 3 (mol/mol) ratio was used for all EF
experiments. Predetermined amounts of aliquots were with-
drawn from the system at certain time intervals. Each aliquot
of solution withdrawn from the system has been analyzed
immediately by UV–vis spectrophotometer.

2.4. Wet-air oxidation experiments

Oxidation of RB5 solutions was carried out in the high
pressure Hastelloy reactor (4740 Series, Parr Instrument,
USA) that has an effective volume of 71 mL. The gas in-
let, pressure gauge and on-off Hoke valve were mounted on
top of the head. The connection of the system elements was
made with 0.25 in. o.d. tubing.

The operating pressure of the oxidation reaction was con-
t ygen
w tion.
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(200, 250, and 300◦C) at various reaction times. The solu-
tions were analyzed by UV–vis spectrophotometer and TOC
analyzer.

2.5. Mineralization of the RB5 solutions during AOPs

Mineralization of the RB5 solutions during AOPs treat-
ment was followed by measuring the total organic carbon
using Tekmar Dohrmann Apollo 9000 instrument. In a typi-
cal application, an aliquot of 10 mL was withdrawn from the
reaction medium at certain intervals. In electro-Fenton appli-
cation, 10 mL solution was filtered through glass frit to get rid
of carbon contamination from the carbon felt used as elec-
trode in electrolytic experiments. In UV/TiO2 application,
10 mL solution was centrifuged at 4000 rpm to remove TiO2
catalyst. The samples were ignited at 700◦C on platinum-
based catalyst, and the carbon dioxide formed was swept by
pure oxygen as the carrier gas through a non-dispersive in-
frared (NDIR) detector.

2.6. Toxicity test

Psudomonas putidagrowth inhibition test was applied
according to the procedures described in the ISO protocol
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rolled by a gauge above the head of reactor. Bottled ox
as used as the oxygen supply for the oxidation reac
he oxygen partial pressure was kept at 17 bar in all ex

ments. Desired reaction temperature was provided by
ng the reactor in a eutectic salt bath whose components
3% KNO3, 40% NaNO2, and 7% NaNO3. The tempera

ure was controlled by PID heat controller (Elimko, Turk
o keep temperature of salt solution with in±3◦C of set
oint.

In a typical WAO experiment, 50 mL of the RB5 dye so
ion was placed into the reactor. After the reactor was se
t was pressurized by supplying oxygen gas and heated
esired temperature by immersing into the eutectic salt

The operating temperature varied between 200
00◦C. The oxidation reactors were agitated by a shak
utectic salt bath at 150 cycles/min. Because of batch

he reactor does not allow to sampling for analysis at
us time intervals. Therefore, the experiments were rep
t various time intervals for all temperatures. At a cer
eaction time, reactor was cooled rapidly up to room t
erature; gas effluent depressurized slowly and reacto
nsealed. The solution of this experiment was one samp
AO runs were carried out at three different temperat
ISO, 1995) [21]. The inhibition effect of degradatio
roducts of RB5 was determined by the increase of turb
f bacterial cultures. The mineral medium composed

he test was as follows: 125 mg L−1 NaNO3; 30 mg L−1

2HPO4; 15 mg L−1 KH2PO4; 500 mg L−1 d(+)glucose
onohydrate; 50 mg L−1 MgSO4·7H2O, and 0.0125 mg L−1

ron(III)citrate. The pH was adjusted to 7.4± 0.1. The min
ral medium was mixed with the sample. The result was c
ared with the turbidity of the control culture incubated un

he same conditions, but without degradation products,
8± 1 h incubation duration at 26± 1◦C. Turbidity mea
urement of the bacterial biomass grown in the samples
erformed on a Shimadzu UV-2101 PC Scanning spectro

ometer at 600 nm. Because this wavelength is close t
orption wavelength of RB5 (580 nm), the solution was
rifuged at 4000 rpm first and then the precipitate was wa
ith water to remove dye solution. The same amount of w
as added to bacterial mass and turbidity measureme

his solution was performed at 600 nm. Toxicity test exp
ents for each applied methods were run in three replic
he percentage of cell multiplication inhibition was cal

ated in conformity with the ISO standard (ISO, 1995) for
amples.
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3. Results and discussion

3.1. UV/TiO2

3.1.1. The effect of pH on photocatalytic degradation of
RB5

The effect of pH on photocatalytic degradation of RB5
was illustrated inFig. 2. The experiments were carried out
with 40 mg L−1 dye concentration at pH of 3, 5, 7, and 9 for
30 min reaction time. Decomposition of RB5 was obtained
under 30% level at each pH for 30 min illumination time.
Complete degradation was achieved at pH 3 at the end of
20 min reaction time. It was observed that increasing pH of
the solution resulted in decrease of the decolorization rate of
RB5 with exception at pH 7. Adsorption and agglomeriza-
tion are two important factors on photocatalytic degradation
of RB5 and these factors strongly depend on pH of the solu-
tion. The zero point charge pH (pHzpc) for anatase TiO2 used
in this study is approximately 4[22,23]. Therefore, catalyst
surface was positively charged at acidic medium and nega-
tively at basic medium. Repulsion between positively charged
surfaces prevents the agglomerization of the catalyst particles
at acidic medium. Since, the dye has sulfonate groups in its
structure, which are negatively charged, the acidic solution
favors adsorption of the dye molecules onto TiO2 surface. As
a eac-
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Fig. 3. Degradation of RB5 at various initial concentrations by UV/TiO2

application (pH 3, TiO2 = 0.5 g L−1, O2 = 0.5 L min−1).

At 20 mg L−1 initial dye concentration, all dye solu-
tion was degraded at 15 min illumination time. In case
of 100 mg L−1 initial concentration, 80% degradation was
achieved at the end of 30 min reaction time. The amount of
photoactive sites on TiO2 surface has decreased due to ad-
sorption of the organic compound and its degradation prod-
ucts in concentrated solutions. Therefore, degradation rate
has decreased[24,25].

The kinetics Langmuir–Hinshelwood (L–H) model which
was modified by Heredia et al.[26], was used to analyze the
photodegradation kinetics of dye. According to L–H kinetics
second order decomposition rate of organic compound can
be expressed as:

r = k′ΦOHΦOC

In this equation,r is the initial degradation rate,k′ the sur-
face second order rate constant, andΦOH andΦOC are the
fractions of sites covered by hydroxyl radicals and by organic
compounds, respectively. Second order kinetics equation can
be written in terms of a pseudo-first order kinetic constant as
follows [26]:

1
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result of that, decolorization efficiency increased via r
ion of dye molecules with•OH radical on the surface of TiO2
atalyst. As pH of the solution was increased, the adsor
f dye molecules onto catalyst surface decreased. Ther
ecolorization level was observed to be lower at basic
edium (pH 9). Because catalyst surfaces were more

ively charged than that of at pH 7 agglomerization migh
ess. Thus, decolorization of the dye at pH 9 was observ
e higher than that of at pH 7.

.1.2. Photocatalytic degradation and kinetics of RB5
When photocatalytic degradation of RB5 was perfor

t varying initial concentrations (20, 40, 60, 80, a
00 mg L−1) at pH 3, the results demonstrated that the m
iluted was the initial solution the faster was the degrada
Fig. 3).

ig. 2. UV/TiO2 photocatalytic degradation of RB5 at various
C0 = 40 mg L−1, TiO2 = 0.5 mg L−1).
herekobs is pseudo-first order kinetic constant,k′′ the sec
nd order rate constant, andK is the adsorption consta
hen initial concentrations are plotted versus 1/kobs, the rate

onstant and the adsorption equilibrium constant can be
ulated. Kinetics of RB5 was analyzed using−dc/dt=kobsC
inetic equation. Pseudo-first order rate constants were
ulated from slope of plot of ln (C/C0) versus time for eac
oncentration (Fig. 4).

Half-life (t1/2) and pseudo-first order kinetic rate co
tants with various initial concentrations of RB5 are gi
n Table 1. The oxidation rate constants have decreased
o increasing adsorption constants. The values of hal
or RB5 depended on initial concentrations were range
ween 1.8 and 12.2 min−1. The same relation was observ
or pseudo-first order rate constants and their range wa
ermined between 0.379 and 0.057 min−1.
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Fig. 4. Linear transforms: lnC/C0 vs. time for the decomposition of RB5
during UV/TiO2 application.

Table 1
Pseudo-first order rate constants and half-life during AOPs applications

AOPs methods First order (kobs) (min−1) t1/2 (min)

UV/TiO2 (mg L−1)
20 0.379 1.8
40 0.187 3.7
60 0.101 6.9
80 0.068 10.2

100 0.057 12.2

WAO (◦C)
300 0.406 1.7
250 0.168 4.1
200 0.092 7.5

EF (mg L−1)
20 0.197 3.5
40 0.095 7.3
60 0.035 19.9
80 0.022 30.8

100 0.019 36.1

Fig. 5 shows that the plot of 1/kobs versusC0 forms a
straight line according to the modified L–H model with the
regression coefficiency of 0.983. The second order rate con-
stant (k′′) and adsorption constant (K) were calculated as
5.085 mg L−1 min−1 and 0.112 L mg−1, respectively.

Fig. 5. Determination of adsorption equilibrium constant and second order
rate constant for adsorption of RB5 on TiO2.

Fig. 6. Establishment of Langmiur monolayer adsorption constant for ad-
sorption of RB5 on TiO2 at pH 3.

3.2. Adsorption of RB5 on TiO2 in the dark

Ce/Qe versusCe plot and Langmuir parameters obtained
from this plot are shown inFig. 6. Langmuir adsorption con-
stant (KL) and the separation factor (RL) were calculated as
2.600 L mg−1 and 0.004, respectively. From the data inFig. 6,
it is seen that adsorption constant of various initial concen-
trations of RB5 over TiO2 at pH 3 was nearly 23 times higher
than the adsorption constant which was calculated by using
the kinetic model. The both adsorption constants calculated
for Reactive Red 120 azo dye was found to be close in pre-
vious work [2]. However, these values highly differed for
RB5 which has smaller molecular size and higher polarity
than Reactive Red 120. The dimensionless separation factor
(RL) indicates that the shape of the Langmiur isotherm was
favorable since 0 <RL < 1 [27].

3.3. Degradation of RB5 by wet-air oxidation

The effect of temperature on the decolorization of
40 mg L−1 RB5 solution by wet-air oxidation is shown in
Fig. 7. The decolorization rate has been enhanced markedly
by increasing the temperature from 200 to 300◦C at con-
stant 17 bar of oxygen partial pressure. At 10 min treatment
time, RB5 was decolorized 56, 87, and 100% at 200, 250,
a her
o g cost

F et-air
o

nd 300◦C, respectively. Because of application at the hig
peration temperature causes increase in the operatin

ig. 7. Degradation of RB5 at various operation temperatures by w
xidation (C0 = 40 mg L−1; PO2 = 17 bar).
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of the technique, decolorization of RB5 by WAO at 250◦C
appears to be more practical comparing with 300◦C. The
substrate was decolorized completely at the end of 20 min
treatment time at this temperature.

The temperature has been also major effect on the reaction
rate and half-life (t1/2) of the organics[28]. When the tem-
perature was enhanced 50◦C, which is from 200 to 250◦C,
t1/2 had decreased from 7.5 to 4.1 min. When temperature
was increased with the same magnitude again, which was
from 250 to 300◦C, t1/2 had decreased from 4.1 to 1.7 min
(Table 1).

3.4. Degradation of RB5 by electro-Fenton application

Fig. 8 shows decolorization of 250 mL of various initial
concentrations of RB5 acidic solutions (20–100 mg L−1) by
electro-Fenton process. Decolorization rate increased with
increasing electrolysis time for all various concentration of
RB5 under−0.55V/SCE constant cathodic potential applied
to the system at 30◦C for 30 min.

As can be seen, a reversed proportion was observed be-
tween initial concentrations of RB5 and decolorization rates
(Table 1). Decolorization rate was decreased from 0.197 to
0.019 min−1 with increasing initial concentration from 20
to 100 mg L−1. After 30 min EF treatment, RB5 was decom-
p
a nd
1 ob-
s -
t hen
i
i than
i r
i from
6 as
i

dur-
i 1.21,
1 and
1

F nitial
c

Fig. 9. Degradation of RB5 by various AOPs (RB5 = 40 mg L−1).

3.5. Comparison of efficiencies of AOPs for degradation
of RB5

Decolorization efficiencies of UV/TiO2, EF, UV/EF, and
WAO treatments were compared by running the experiments
with 40 mg L−1 initial concentration of RB5. The results were
illustrated inFig. 9. Degradation levels for these applications
were observed in 80–100% range for 30 min treatments.

WAO which was carried out at 250◦C and UV/TiO2
treatments, found to be efficient methods for complete
decolorization of RB5 at 15 and 20 min treatment time,
respectively. When UV light was used with EF process
(UV/EF) decolorization was observed higher until 20 min
treatment than conventional EF process. After 20 min,
conventional EF process exhibited more efficiency for
decolorization of RB5. Finally, decolorization efficiency was
observed to be in the order of WAO > UV/TiO2 > EF > UV/EF
at the end of the 30 min treatment.

3.6. Mineralization of the RB5 using different AOPs

Mineralization of 100 mg L−1 RB5 solutions during AOPs
treatment was followed by measuring total organic carbon
(TOC) contents of the samples.Fig. 10shows the decrease
of TOC percent versus time for different AOPs.

ox-
i ith
U in-
e less
e 9%

F AOPs
a

osed completely at 20 mg L−1 initial concentration and 94%
t 40 mg L−1 initial concentration. In case of 60, 80, a
00 mg L−1 initial concentrations decolorizations were
erved 50% and less. Half-life (t1/2) at various initial concen
rations increased with increasing initial concentration. W
nitial concentration increased from 20 to 40 mg L−1, t1/2 was
ncreased from 3.5 to 7.3 min that was 2.1 times higher
nitial value. At higher contentration,t1/2 ratio was low, fo
nstance; it was 1.55 when concentration was increased
0 to 80 mg L−1 and it was 1.17 when concentration w

ncreased from 80 to 100 mg L−1.
The consumed charges for decolorization of RB5

ng 30 min electro-Fenton treatment were calculated as
.28, 1.36, 1.42, and 1.51 mF for 20, 40, 60, 80,
00 mg L−1, initial concentrations, respectively.

ig. 8. Degradation of various aqueous solutions of RB5 at various i
oncentrations by EF application.
The fastest mineralization was obtained with WAO
dation process with 77% efficiency. Mineralization w
V/TiO2 system was also observed to be efficient (71% m
ralization). EF and UV/EF treatments were found to be
fficient methods on mineralization of RB5 with 20 and 2

ig. 10. TOC decreases of RB5 aqueous solutions during various
pplications (C0 = 100 mg L−1).
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mineralization, respectively. Combination of UV light with
electro-Fenton process promoted the mineralization of RB5
only by 9%. Although WAO was observed to be most ef-
fective method complete mineralization was not achieved at
the end of the 180 min treatment. Some researchers were ob-
served similar results for WAO process, i.e. even at 300◦C,
organic materials were not completely mineralized because
stable intermediates such as acetic acid were formed[29].

Graphite structure is composed of unsaturated aromatic
rings which may be very active for reaction with•OH rad-
icals. Graphite felt, which was used as a working electrode
(cathode) in EF application, might reduce the degrada-
tion efficiency via competition between graphite and RB5
molecules for reaction with•OH radicals[30]. Although•OH
radicals might have been produced excessively in EF system,
important part of the radicals was consumed by graphite felt.
Therefore, the degradation level of TOC in EF and UV/EF
processes was observed to be lower than the other methods.

3.7. Comparison of the toxicity for degradation products
of RB5 by using AOPs

The toxicity of intermediates was determined by cell
growth inhibition test technique. The results were illustrated
in Fig. 11. No bacterial growth inhibition was observed for
R n
e min
i he
t ucts
w time.
H
c s af-
t time.
S pli-
c with
d edi-
a e of
h lu-
t ere
d dies.

F OPs
a

4. Conclusion

UV/TiO2, electro-Fenton, wet-air oxidation, and
UV/electro-Fenton advanced oxidation processes have been
studied and compared with a view to decrease in the pollutant
concentration for the degradation of Reactive Black 5 azo
dye in aqueous solution. Among all applied AOPs processes
wet-air oxidation process was found to be most effective
method for decolorization and mineralization of RB5. In this
process 77% of TOC removal has been achieved at 250◦C
for 180 min treatment. UV/TiO2 was the second effective
process on mineralization of the dye with 71% of TOC
removal. Because possibility of agglomeration was very low
at acidic pH, UV/TiO2 process was exhibited high efficiency
at acidic pH medium for photocatalytic degradation of RB5.
In this process, the surface second order rate and surface
adsorption constant were calculated as 5.085 mg L−1 min−1

and 0.112 L mg−1, respectively.
Although EF was effective method on decolorization of

RB5 only 20% mineralization was achieved by this process.
When EF system was supported with UV light, mineraliza-
tion was increased only upto 29%.

Toxicity measurement of the samples showed that final
solutions of AOPs applications after 90 min treatment were
disposable safely to environment because of having interme-
d
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[ tion,
B5 solution att= 0. According to the results of inhibitio
xperiments, the primary products formed at the first 15

n all AOP applications were implied to have toxicity. T
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