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Abstract

In this study, Fenton, photo-Fenton, electro-Fenamodic oxidation and heterogeneous
photocatalysis advanced oxidation processes (A®Bsg been applied to degrade
reactive yellow 17 (RY17) dye in an aqueous sotutidomparison of these techniques
for oxidation efficiency was undertaken. The res@howed better performance with
the use of a heterogeneous photocatalysis prodeggsadation efficiency was observed
in the order: heterogeneous photocatalysis > pketden = electro-Fenton > anodic
oxidation > Fenton. Even though complete RY17 dggrddation has been observed
with heterogeneous photocatalysis, photo-Fenton eedtro-Fenton processes, the
heterogeneous photocatalysis process has showeaatenkRY17 dye removal within
30 min, whereas in the case of photo-Fenton antrel&enton processes, no RY17
was detected after 60 min. Fenton and anodic aridairocesses have required more
time for complete RY17 degradation. The RY17 degtiad kinetics was studied and
compared in all processes. The results showed higae constant values for
heterogeneous photocatalysispgk= 0.2 min?), photo-Fenton (, = 0.126 mint) and
electro-Fenton @p= 0.122 min?) processes.

Keywords: RY17 degradation; Fenton’s processes; anodic tgittaheterogeneous
photocatalysis; degradation kinetics.

Introduction

Azo dyes constitute the largest and most versealtiles of synthetic dyes used for
textile dying, and other industrial applications].[Unfortunately, azo dyes
present in the wastewater are normally unaffectgccdnventional treatment
processes. Their persistence is mainly due to suitbazo groups, which do not
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naturally occur, making the dyes xenobiotic andal@trant to oxidative
degradation [2].

Treatment methods involving adsorption, coaguldtiocculation and electro-
coagulation are also not able to completely remthe pollutants, and can
generate secondary environment loading, in the fafrsiudge [3].As a result of
these shortcomings, and for the past few decattesnate technologies, known
as Advanced Oxidation Processes (AOPs), have bdensevely explored for
the effective degradation of these compounds [4DPA are chemical,
photocatalytic and electrochemical methods basethenn situ generation of
hydroxyl radical {OH). This species is the second strongest oxidamivk after
fluorine, and has an equally high standard redogtotential (E° ‘OH/H20) =
2.80 V vs. SHE) that can non-selectively react wiibst organic pollutants up to
their total mineralization (conversion into g@ater and inorganic ions) [5].

As one of AOPs, photocatalytic treatment of wastewds an emerging
technology. In this process, the solution is illnated with UV irradiation in the
presence of a suitable photocatalyst, mainly titamidioxide (TiQ). It can
absorb UV light to generate electron—hole pairseriltreactive oxygen species
(ROS), particularly hydroxyl radicals, are genedatby photo-stimulated
reactions on Ti@surface (Eqgs. 1-6) [6]. Thus, complete pollutanisaralization
can occur by the heterogeneous photocatalysis gsdte//TiQ) [7].

TiO—» € +h (1)
& O (ads) — 'O, (ads) )
e H' (ads) — °H (ads) 3)
‘0, (ads) +H — HOO (4)
2HOO- H02 + O; (5)

bD2+°0; (ads) —» OH+OH +0,  (6)

The other advanced oxidation process is Fentonghwisi initiated by hydroxyl
radicals formation during a Fenton reaction (EJ8Y)

Fé'+ H0, — ‘OH+ Fé* + OH (7)

The simultaneous emission of photons enhances ¢n&f reaction rate, and
even recalcitrant organic acid by-products achieeenplete mineralization,
through the so-called “photo-Fenton process”. Tiss attributed to the
regeneration of the required Fe(ll) species (Eq. dre significantly, low
molecular weight organic acids, that are stronglsnplexed by Fe(lll), and thus
limit their oxidation by strong’HO radicals, are also destroyed through
intramolecular ligand to metal charge transferyiedd Fe(ll) ions as well (Eq. 9)
[9].

Fe(llDOA + hv — Fe(ll) + *HO (8)
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Fe(I(RC®* +hv — Fe(l)+CQ+R 9)

The advanced oxidation electrochemical processesuaed to eliminate or
reduce the necessary quantities in chemical resgbgtdirectly producing the
oxidants {OH) in the reaction medium, through direct (anodiidation) or
indirect (electro-Fenton, via the Fenton reagetdfteochemical methods [10].
The most usual conventional electrochemical metfmdorganic pollutants
destruction is anodic oxidation. This method iseob®n the generation of
adsorbed hydroxyl radicalsQH) onto the anode surface of a high oxygen
overvoltage, by water oxidation (Eq. 10) [11]:

4 — "OHastH* +€ (20)

In the electro-Fenton process,?Fand HO. are simultaneous produced by
reduction of air oxygen (Eq. 11) and ferric iongj(B2) at the cathode. Then,
hydroxyl radicals are formed in a catalytic moda &lectrochemically generated
Fenton's reagent (Eq. 7) [12].

3 2H +2¢6 — HO2 (11)
¥ ¢ —» Fe' (12)

The objective of this study is to present the rissabtained for the RY17 dye
degradation through advanced oxidation processdgemical (Fenton),
electrochemical (direct and indirect) and photocicain (homogeneous and
heterogeneous), in order to show the utility okthprocesses on azo dye (RY17)
degradation, and to carry out a comparative studthese different advanced
oxidation processes.

Experimental

Reagents

The reactive yellow 17 (RY17) is a synthetic orgamiye used in textile
industries. The molecular structure and other ptagseof RY 17 are given in
Table 1.

Ferrous sulphate heptahydrate (FeSGHO), sodium sulfate (N&Qy),
sulphuric acid (HSQs) and nitric acid (HNG) were purchasedrom Fluka,
Labosi and Riedel-de Haen, respectively. Also, bgdn peroxide (kD2, 30%),
sodium hydroxide (NaOH) and ethanobKsO) were obtained from Carlo Erba
reagents, Pharmac and Merck, respectively. Acetienénd water were of ultra
gradient grade for HPLC, supplied by VWR Chemi¢&ilabo).

All these chemical substances were of reagent graad used without further
purification. All the solutions were prepared frodmstilled water, and were
conducted at room temperature.

The immobilized photocatalyst used in this studyitenium dioxide PC500 of
Millennium inorganic chemicals S.A brand (anatas®9%, specific surface area
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350 - 400 ¥g, crystallites mean size =5 - 10 nm). TitanisbBCwas coated on
non-woven fibers (natural and synthetic fibers watv um of thickness) using
an inorganic binder. The binder was an aqueousigm of colloidal Si@ A
specific surface area extender (zeolite, 20000gnwas used to increase the
photocatalyst adsorption properties.

Table 1.RY17 dye properties.

Name Reactive yellow 17
Family Reactive azo dye
Molecular formula GoH20N401,53.2K
Molecular weight (g/mol) 682.77
Amax (NM) 408

0
B O
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SRS & o
— =M
] =
o ¥

Molecular structure

I nstruments and experimental procedures

Fenton and photo-Fenton processes

RY17 solutions with different concentrations wemepared in distilled water.
They were then homogenized by stirring, until tiye das totally dissolved. The
reaction mixture’s pH was adjusted to 3, by addiojuric acid, and measured
by a pH-meter. The dye oxidation was achieved hytdtés reagent, composed
of a FeSQ@.7H.0O and HO, mixture. The required Feand HO, quantities were
simultaneously added in the solutiofhe experimental device was a perfectly
agitated and cylindrical reactor, in which a 500 sdlution was studied.
Specifically, for the photochemical experimentdiigh pressure mercury lamp
(Philips HPK, 125 W), which emitted a maximum rdigia at 365 nm, was used
as radiation source. It was located in the reaat@xial position inside a quartz
sleeve. This photoreactor (Fig. 1(AQntains a double wall for the circulation of
the system’s cooling watefhe outside of the photoreactor was covered with an
aluminium sheet. At the top, the photoreactor mksts and ports for feeding
reactants and withdrawing samples.

Electro-Fenton and anodic oxidation processes

RY17 degradation by the electro-Fenton process peformed in a 0.5 L
undivided electrochemical cell, equipped with twec&odes (Fig. 1(B)). The
working electrode was a carbon felt piece (6x8xxF), a flexible, resistant and
easy handling material. The counter electrode wasomn-doped diamond
(BDD) thin film (5x8x0.2 cm). The applied current between these electrodes
was available by a stabilized supply source. Betbeeelectrolysis, compressed
air was bubbled for 10 min through the cell, tousatie the aqueous solution in
oxygen. A sodium sulfate concentration of 50 mM fB&;) was added to the
solution as the supporting electrolyte. The irolfiade (FeSQ, 7HO) catalyzing
the Fenton reaction was added to the reaction mediefore the electrolysis
beginning. The solutions’ pH was adjusted to 3 blplsuric acid (16 M), to
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avoid the precipitation of ferric ions in the forof hydroxides. The solutions
were homogenized by a magnetic stirrer (600 reymin

Water circulation

Alll B AN

Radiation jackst

UV lamp

Carbon falt
{Cathode)

Miagnetic

agitator EDD
(anode)

Figure 1. The experimental set-up fo(A) photochemical andB) electrochemical
experiments.

Electro-Fenton and anodic oxidation processes

RY17 degradation by the electro-Fenton process peformed in a 0.5 L
undivided electrochemical cell, equipped with twec&odes (Fig. 1(B)). The
working electrode was a carbon felt piece (6x8xF), a flexible, resistant and
easy handling material. The counter electrode wasomn-doped diamond
(BDD) thin film (5x8x0.2 cm). The applied current between these electrodes
was available by a stabilized supply source. Betbeeelectrolysis, compressed
air was bubbled for 10 min through the cell, tousatie the aqueous solution in
oxygen. A sodium sulfate concentration of 50 mM fB&;) was added to the
solution as the supporting electrolyte. The irolfiade (FeSQ, 7HO) catalyzing
the Fenton reaction was added to the reaction mediefore the electrolysis
beginning. The solutions’ pH was adjusted to 3 blplsuric acid (16 M), to
avoid the precipitation of ferric ions in the forof hydroxides. The solutions
were homogenized by a magnetic stirrer (600 reymin

RY17 degradation by the anodic oxidation process waried out in the same
electrochemical cell as the electro-Fenton proCEsss. process does not require
the use of a catalygFeSQ, 7H0).

Heter ogeneous photocatalysis

The photodegradation experiments were carried gubading 500 mL of the
RY17 dye solutions of known titre in the photoreac({Fig. 1(A)), inside
recovered by the photocatalytic TiGGupported on paper (11 cm x 25 cm)
(equivalent to 1 g of Tig).

The pH was adjusted to a given value in the rarige-011.5 by HN®@ (1 N) or
NaOH (1 N) addition.

The mixture was kept under constant magnetic sgrin the dark, during an
hour and a half, so that ti&Y17 adsorption equilibrium on the catalyst surface
was established. Then, the reaction mixture wasoseg to UV radiation.
Experiments were performed at room temperature.
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Analytical methods

The solution’s pH was determined using a pH mekANNA instruments).
Samples were collected at regular time intervais, laefore analysis they were
filtered with Sartolon polyamide (0.45 um) filters.

UV-Vis spectrophotometer
The RY17 concentration was measured using a UV4fiectrophotometer
(Jasco V-630) by measuring the absorption at av®8vavelength.
The percentage discoloration efficiency (DE) petaga was calculated as
follows:

% DE = (Ay_ A,) /A X 100 (13)

where A and A are the absorbance at initial time, and timei max = 408 nm,
respectively.

High-performance liquid chromatography (HPLC)

The RY17 concentration was determined by high-perémce liquid
chromatography (Shimadzu LC-SPD20A) with a Shimad¥u2A detector. The
mobile phase consisted of a 70% water and 30% @itet® mixture.

Separation was achieved with a Nucleosil C18 col¢@® mmx4.6 mm), ata 1
mL min~tflow rate. The detection wavelength was 408 nm.

Degradation kinetics
Hydroxyl radicals are non-selective reagents, lyightactive on organic
compounds and, therefore, not accumulative in tidgl® because they have a
very short lifetime [13].
Thus, the quasi-stationary state can be appliedth®s hydroxyl radicals
concentration, and the dyes hydroxylation reactian be likened to a pseudo
first order kinetics.
Dye +'OH — products
V =- (d [dye])/dt = Kabs(dye) [dYE][HO'] = Kapp (aye)[dye] (14)

By integrating the Eq. (14), the following equatimould be obtained:

Ln[dye]o/[dye]; = Kapp @yel (15)

Thus, the graph Lye],/[dye]=f (t) is used to determine the apparent rate
constant of the RY17 dye oxidation reaction witliltoxyl radicals.

Results and discussion

RY17 degradation by UV, UV/H202, Fenton and photo-Fenton processes
Reactive yellow 17 (RY17) dye decolorization in agueous solution by the
Fenton oxidation process has been studied on eiftexxperimental conditions,
including Fé*, H,O», and initial dye concentrations, and reaction time
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The effects of these parameters have been studret,optimum operational
conditions of these processes were found (Fig. 2).

Maximum decolorization (90%) efficiencies were a&stad for 0.1 mM of KO-,
0.01 mM of Fé" and 10 mg/L of dye concentration, after 3h of tieactime
[14].
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Figure 2. Effect of initial concentrations di) F&*, (b) H.0, and(c) the dye, andd)
the effect of reaction time on the RY17 discolaratefficiency (pH= 3; T= 22 °C).

(@) [RY17]o = 10 mg/L, [BO2] = 0.1 mM; (b) [RY17]o = 10 mg/L, [FeS@ = 0.01
mM; (c) [FeSQ] = 0.01 mM, [HO2] = 0.1 mM;(d) [RY17]o = 10 mg/L, [Fé*] = 0,01
mM, [H202]= 0,1 mM.

RY17 degradation by direct photolysis, the combaratof UV-radiation with
H.0. (UV/H20,), and the photo-Fenton process (U¥/A20.) were realized at
the optimal reagent concentration established gy Renton process, that is,
[Fe?] = 0.01 mM, [HO;] = 0.1 mM, [RY17] = 10 mg/L, pH =3, and T = 25.°C
Results (Fig. 3showed that the use of the UV treatment alone ¢tpkotolysis)
was not sufficient in RY17 degradation, becausedingradation efficiency after
60 min of treatment was only 15%.

The combined action of UV and:B. caused 65% degradation in 60 min.
Regarding the photo-Fenton process, 98% degradatamobtained at 60 min.
The UV/H0O: system is an indirect photochemical process basethe HO>
photolysis by UV light (UV< 300 nm), to yield hydroxyl radicals [15]; adding
Fe* to this system enhanced the dye oxidation ratethey generation of
hydroxyl radicals in the aqueous medium, through Henton process main
reaction between iron (1) and hydrogen peroxide.
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Figure 3. Evolution of the discoloration efficiency during YWV/H20O, and photo-
Fenton RY17 treatmentfRY17]o= 10 mg/L, [HO2] = 0.1 mM, [Fé*] = 0.01 mM, pH
=3, T=22"°C.

RY17 degradation by electrochemical advanced oxidation processes
Electro-Fenton process

The degradation of reactive yellow 17 (RY17) wasgestigated using electro-
Fenton system. A “2factorial design, considering the initial #eand dye
concentrations, the applied current and the elgsio time as variable
independents, was used to analyze the processpgnse surface methodology.
The maximum decolorization efficiency attained 994 in the response of
variations in the experimental conditions, whichfions the electro-Fenton
process ability, and also the importance of procesdeling. ANOVA analysis
confirmed that all variables have had significanfluence on the model
response, and showed a high determination valuéficieat (R> = 0.9938).
Graphical response surface and contour plots weee to locate the optimum
point. Optimum values of process variables for thaximum decolorization
efficiency (100%) were: Fé concentration = 0.04 mM, applied current = 100
mA, RY17 concentratior 5 mg/L and electrolysis time = 30 min [16].

Under the experimental conditions thus determirRdl7 disappearance and
discoloration were followed by HPLC and UV-visibl€&ig. 4 shows the
monitoring of the RY17 aqueous solution evolutiamidg electrolysis by UV-
visible spectroscopy. This figuishows that the disappearance of this color by
the electro-Fenton process is fast. The absorbpsak ath = 408 nm gradually
decreases, and then completely disappears afteni@0This significant peak
reduction can be likened to the cleavage of thelbbh= N-, the most active site
for hydroxyl radicals oxidative attack.

Furthermore, the UV spectrum shows that the startilye disappearance,
following the hydroxyl radicals oxidizing actions iaccompanied by the
formation of intermediate aromatic compounds, wtablorb about 230 and 294
nm. These latter, in turn, suffer the hydroxyl cads degrading action.

The treated solutions HPLC analysis has also edatulefollow this colorant
kinetics disappearance. As shown in Fig. 5, RY1akpg = 1.28 min) gradually
decreases during electrolysis, and then completidpppears after 30 min
treatment.
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Figure 4. Variations of UV-Vis absorption spectra for RYJRY17]o=5 mg/L; [F&*]
=0.04 mM; 1 =100 mA; pH=3; T =22 °C.
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Figure 5. Chromatograms of RY17 degradation. [RYsF mg/L; [F€'] = 0.04 mM;
| =100 mA; pH =3; T =22 °C.
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Figure 6. Evolution of the discoloration efficiency duringYR7 electro-Fenton
treatment, monitored by HPLC and by UV-visible spescopy. [RY17d = 5 mg/L;
[F€#'] = 0.04 mM; [NaSQu] = 50 mM; | = 100 mA; pH = 3; T = 22 °C.
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A comparison of the dye RY17 kinetics disappearanumnitoring between
HPLC and UV/vis was performed. Fig. 6 shows thatlRWisappearance is
much faster than its discoloration, which suggéstéspresence of other colored
intermediate molecules [17hdeed, RY17 has completely disappeared after 30
min electrolysis for HPLC-UV and UV/vis curves.

Anodic oxidation process

We have studied the degradation of an RY17 aquemhstion by anodic
oxidation under the previously determined experi@emconditions (Electro-
Fenton process), in the catalyst absence (&g = 50 mM, pH = 3, G=5

mg/L, V =500 mL, | = 100 mA). Fig. 7 shows theaoration efficiency of the
pollutant (RY17), in terms of the electrolysis tifiee anodic oxidation process.

100
90
80
70
60
50
40
30
20
10

0

% DE

0 10 20 30 40 50 60 70
Time (min)

Figure 7. Evolution of the discoloration efficiency duringYR7 anodic oxidation
treatment. [RY17=5 mg/L; | = 100 mA; [Ne&SQy] = 50 mM; pH =3; T =22 °C.

RY17 degradation by heterogeneous photocatalysis

Effect of the initial dye concentration

The effect of the initial dye concentration waseastigated by varying RY17
concentration from 5 to 40 mg/L. Fig. 8 shows theargge of the dye
discoloration efficiency during the irradiation #mnfor the various RY17 initial
concentrations.

Increasing the initial dye concentration, in theaga between 5 and 40 mgl/L,
decreases the photocatalytic degradation efficienidye opposite effect is
observed at low concentrations. Similar resultseweported by other authors
[18, 19]. At high dye concentrations, the coloretlson becomes compact and
forms a screen, which makes the solution less peesit to UV light.
Additionally, the dye’s molecules can absorb a ificgmt amount of UV light; as
this latter does not reach the catalyst, ‘el radical formation is reduced. For
low concentrations of the colored solution, thicdiaes easy to cross by the
radial field, thus increasing the number of photaisorbed by the semi-
conductor and, consequently, its activity [20, 21].
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Figure 8. Effect of initial RY17 dye concentration on the pbaatalytic efficiency.
[TiOz] =1g/L; pH=5; T=22°C.
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Figure 9. Influence of pH on RY17 dye degradation. [RYd# 30 mg/L; [TIQ] = 1
g/L; T=22°C.

Effect of pH

The pH is an important operating variable in the stewater. In the
photocatalytic degradation systems, the pH valuglge one of the factors that
influence the percentage degradatibm.a general way, when a compound is
partially ionized, or the bearer of charged funasioit is necessary to consider
the electrostatic interactions that can take plateveen the Tig) or between its
support and this compound. They depend on the piHeokolution that is going
to be treated, on the adsorbent material’s poirgend charge (PZC), and on the
pKa of the compound that is going to be adsorb&fl [2

The results of the experiments during the dye plaitdytic degradation at
different pH values (3, 5, 6, 8, 10.5 and 11.5) slvewn in Fig. 9. It illustrates
the variation in the apparent rate const&apy) as a function of pH.

The TiG charge depends on the solution’s pH. It is knolat the metal oxide
particles in water readily react with the dye tlgbua mechanism that can be
described by the following chemical equilibria [28}:

TiIOH+H*>TiOH*, (16)
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TiIOH + OH— TiO + H0 (17)

The pH at the zero charge point @) for this kind of TiQ has been reported
to be about 6.3 in valuR6]. Thus, the surface of titanium dioxide is pivgly
charged in an acidic medium, and it is negativélgrged in a basic medium.

It appears from these results that the photodegoedes more important to an
acidic pH. This can be attributed to the electristateractions between the
catalyst surface and the dye’s anionic groupsférént pH values (Fig. 10)n
an acidic medium, the anionic dye’s groupings drengly adsorbed on the
surface of the positively charged catalyst, whields to a better degradation.
Whereas, with the pH increase, there will be a@mblic repulsion between the
negatively charged support surface and the pastiatges of the dye’s anionic
groups, and also with the hydroxyl ions, which @m&e the formation ofOH
hydroxyl radicals; consequently, the photocatalytdegradation efficiency
decreases [27-29].

\O e N Y
0 o 2
/ \ % |
\ or u® @ =@ - k © 0 © 0 /
oo ,mm juol sl ":E m o Q @ o O @
® 7 ] o O e 0] 0)
o, 1L 40 w8 LL 2 W ishe YEN YN
g R gy .+ g S S o
= H S - a

PH < pHypz pH = pHpzc pH > pHpze
Figure 10. Interaction between the T@roupings and the RY17 dye, as a pH function.

Effect of H.O. addition

To highlight the hydroxyl radicals@H) role in the dye degradation, we have
realized photocatalytic tests in the presence dfdgen peroxide, considered an
important generation source of these radicals [30].

The influence of the ¥D, concentration on the photocatalytic activity oOf for
the RY17 photodegradation was studied by varyimgHfO> concentration. Fig.
11 shows the evolution of the initial dye disappeaearate.

The HO. addition accelerates the initial rate of the dyegrddation, which
reached a maximum for a hydrogen peroxide condemraqual to 3 mol/L.
This increase in rate can be attributed to an as®ein the’OH radicals
concentration on the T¥lurfaceaccording to the following equation:

M+€e — ‘OH+OH (18)

In contrast, when the J@. concentration exceeds this maximum, for hydrogen
peroxide large concentrations, the following reatdioccur [31]:
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B + 'OH —» H,0 + HQ' (19)

HO+ 'OH — HO+ & (20)
From these two reactions, it appears that a higleetration in KOz inhibits the
photodegradation kinetics, because it consumesoRytradicals 1OH) and

hydroperoxyles (H®) necessary for the organic molecules photodegradat

0,07
0,06 -]
0,05 |

0,04

(min™)
/0

2 0,03

K
/
/

0,02

0,01

0,00 v T T T T T v T T T

[H,0,] (mol. L")

Figure 11. H2O. influence on RY17 dye degradation. [RYd#A 30 mg/L; [TIQ] = 1
g/L; pH =5; T =22"°C.

Table 2. Optimal conditions for the different processes.

[H207] x 107

[Fe?] x 10°

Process (mol/L) (mol/L) pH | I (mA) |[TiO 2] (g/L)
Fenton 0.1 0.01 3
Photo-Fenton 0.1 0.01 3 - -
Electro-Fenton - 0.04 3 100
Anodic oxidation - 3 100 -
Heterogeneous photocatalysis 3 - 1

Comparison between Fenton, photo-Fenton, electro-Fenton, anodic oxidation
and heter ogeneous photocatalysi s processes

To compare the performance of different advancadaton processes (Fenton,
photo-Fenton, electro-Fenton, anodic oxidation anbeterogeneous
photocatalysis), a RY17 solution of 10 mg/L wasateel in the optimal
conditions for each process (Table 2).

Fig. 12 shows the efficiency discoloration of the pollutai®Y17) and the
evolution of Ln ([RY17} / [RY17)}), in terms of the electrolysis time for
different advanced oxidation processes. It is cdlean Fig. (12 (A)) that, during
the application of heterogeneous photocatalysatrivent, RY17 disappeared to
non-detectable levels after 30 min treatment, whil®ok up to 60 min with
photo-Fenton and electro-Fenton processes. Howetes, discoloration
efficiency obtained via Fenton and anodic oxidatigrocesses in 60 min,
respectively, is of the order of 81.1 and 93.5 %e Telative efficiencies of all
these processes are in the following order: hetgregus photocatalysis > photo-
Fenton = electro-Fenton > anodic oxidation > Fenton
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Fig. 12 (B) indicates that RY17 degradation witleslé different advanced
oxidation processes followed pseudo first- ordemetics (R > 0.91). The
experimental results revealed that the pollutard mast rapidly degraded by the
heterogeneous photocatalysis procesgp(K 0.2 min?), followed by photo-
Fenton (kpp= 0.126 mint), electro-Fenton @, = 0.122 mint), anodic oxidation
(Kapp= 0.076 mint) and Fenton @p= 0.061 min') processes.

120
100 - ‘)—’/‘ P 4
0 ' £ e
= 3 =0.9036
= X v=02011x
2 60 S 25 R2=0.9938 2 y=0.1223x
e = R2=10.9682
B —&— Fenton = o
40 —f— Photo-Fenton E 15 y =0.0766x
Electro-Fenton E * R*=09791
20 —— Anodic oidation = !
‘ 05 ¥=0.0617x
Heterogeneous photocatalysis - R*=0.909
0F 0p
0 10 20 30 40 50 60 70 0 5 10 15 20 25
Time (min) Time (min)

Figure 12.Evolution of the discoloration efficiency (A) ahd ([RY17]o/ [RY17]) (B)
during RY17 treatment by the different advancediation processes.

The enhancement of RY17 removal rate in the hetgregus photocatalysis
process was most probably caused by the signifiganeration ofHO via the
use of TiQ semiconductor as a catalyst, since it presentsawardble
photocatalytic activity in dyes treatment and, ertgular, in its anatase form
[32, 33]. Thus, it is related to the better RY12dysorption onto this catalyst in
an acidic medium (pH = 3), which is probably dudhe electrostatic attraction
of TiO2 positive charge and the dye negative charge [36438wever, the
photo-Fenton process is the fastest at the treatstart. This phenomenon can
be explained by the introduction ob® and Fé* at the treatment beginning, and
by the irradiation through UV radiation. These tfaxtors can significantly
influence radical3OH production [34].

The RY17 removal by the Fenton’s reagent was dubddormation ofOH via
Eg. (7). Moreover, F& in the solution was able to regenerate insider¢aetor,
when electric discharge and UV irradiation weredys#lowing numerous Fé
react with HO. to generateOH. Ferrous ions are not depleted during the
oxidation reaction, as shown in Eqgs. (8), (9) ahd).( Therefore, the electro-
Fenton process and the photo-Fenton process cam@nliRY17 oxidation rate
[35].

The electro-Fenton process is more efficient thenanodic oxidation process.
This is due to the production of hydroxyl radichtgh by the Fenton reaction in
a homogeneous medium and by water oxidation onatiemle BDD surface,
which is a high oxygen overvoltage electrode (Efs.10). For the anodic
oxidation method, the hydroxyl radicals are onlynied at the anode surface
(Eq. 10) [36].
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Conclusion

In this work, RY17 dye degradation has been ingaséid by using several
advanced oxidation processes: heterogeneous phalisis, Fenton, photo-
Fenton, electro-Fenton, and anodic oxidation. Amatigapplied processes,
heterogeneous photocatalysis process was founel tieebmost effective method.
In this process, the oxidation efficiency was ieficed by many factors, such as
pH, initial dye concentration and.8> addition. The optimal pH obtained for the
best degradation was about 3.0 for the heterogengmatocatalytic process. The
complete RY17 dye degradation has been observieiviao 30 min treatment.
Photo- Fenton and electro-Fenton processes weoeediisctive in RY17 dye
degradation, and the complete discoloration wasesed within the same time
period (60 min).

Fenton process cannot completely degrade RY17 Hgeever, we have found
that UV light and electrons current (photo-Fentod alectro-Fenton) improved
the degradation efficiency of the Fenton process.

The anodic oxidation process is a powerful metlwothé production of hydroxyl
radical by the anode, but the electro-Fenton igribst effective process in RY17
degradation.

From the kinetic analysis, the reaction order fa tive processes was found to
be from the first order. The rate constant valuespamum operating conditions
were found to be 0.061, 0.076, 0.122, 0.126 andn@ir2* for Fenton, anodic
oxidation, electro-Fenton, photo-Fenton and hetmegus photocatalysis
processes, respectively.
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