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Abstract

A novel supported iron oxide, prepared using a fluidized-bed reactor (FBR), was utilized as a catalyst of the heterogeneous photoassisted Fenton
degradation of azo-dye Reactive Black 5 (RB5). This catalyst is much cheaper than Nafion-based catalysts, and can markedly accelerate the
degradation of RB5 under irradiation by UVA (λ = 365 nm). The effects of the molar concentration of H2O2, the pH of the solution and the catalyst
loading on the degradation of RB5 are elucidated. A simplified mechanism of RB5 decomposition that is consistent with the experimental findings
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or a solution with a pH of up to 7.0 is proposed. About 70% decolorization was measured and 45% of the total organic carbon was eli
he surface of the iron oxide at pH 7.0 after 480 min in the presence of 0.055 mM RB5, 5.0 g iron oxide/L, 29.4 mM H2O2, under 15 W UVA.

2005 Elsevier B.V. All rights reserved.
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. Introduction

Reactive Black 5 is one of the oldest reactive dyes and is
onsumed very heavily in textile dyeing[1]. Environmentally,
he removal of synthetic dyes is of particular concern, because
hey, or their degradation products, may be toxic so their treat-
ent cannot depend on biodegradation alone. Accordingly, the
egradation of dyehouse effluents has become a critical step in

reating textile wastewater[1].
In the last decade, Fenton and photoassisted Fenton reac-

ions have been extensively utilized to degrade aromatic organic
ompounds in industrial wastewater. Their effectiveness fol-
ows from high reactivity and nonselectivity of the gener-
ted hydroxyl radicals (OH•), which can therefore decompose
umerous organic compounds[2–11]. Notably, however, the

arge volume of the Fe(III)-iron sludge following a Fenton reac-
ion is a serious problem because removing Fe(III)-iron sludge
t the end of treatment by precipitation is rather expensive.

The authors previously studied[12–14]the FBR–Fenton pro-
ess, in which a fluidized bed is used to transform Fe(III),

generated in Fenton’s reaction, into an iron oxide (suc
FeOOH) on the carrier surface by crystallization or sedim
tation, to eliminate this obvious problem described above[12].
The FBR–Fenton process combines the functions of hom
neous chemical oxidation (H2O2/Fe2+), heterogeneous chemic
oxidation (H2O2/FeOOH), fluidized bed crystallization and
reductive dissolution of FeOOH. This process not only prov
a high COD removal efficiency but also reduces the large am
of Fe sludge produced[13]. Moreover, the FeOOH synthesiz
in the reaction between H2O2 and Fe2+ also acts as a heterog
neous catalyst of the decomposition H2O2 [14]. Some full-scal
FBR–Fenton reactors have been constructed to treat bioef
from industrial wastewater in Taiwan.

Efforts have recently been made to develop a heteroge
photoassisted Fenton reaction[15–22]. For example, Fernand
et al. [15,16] successfully prepared an Fe3+/Nafion membran
catalyst using a simple ion exchange reaction and utilized
the photoassisted Fenton degradation of an azo-dye Oran
Puma and Yue[22] investigated the photoassisted Fenton r
tion of indigo carmine dye on an Fe/Nafion pellet and determ
that the catalyst very effectively reduces the concentratio
∗ Corresponding author. Tel.: +886 6 2757575 62643; fax: +886 6 2344496.
E-mail address: ccy7@ccmail.ncku.edu.tw (C.-Y. Chen).

indigo carmine dye. However, the Nafion film or pellet-based
catalysts have two major shortcomings that considerably con-
strain their practical usefulness on a large scale. The first is their
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weak photocatalytic activity associated with their low surface
area. The second is that the Nafion film is too expensive for
practical use. Therefore, Feng et al.[20,21] used Laponite RD
instead of Nafion film. A search on the Internet revealed that
the price of Nafion exceeds 2000 US$/kg while that of Laponite
RD is less than 40 US$/kg[20,21]. Hence, much cheaper het-
erogeneous catalysts of the photoassisted Fenton reaction must
be found. This study explores an iron oxide material, which is a
by-product of the FBR–Fenton reaction, for use in the treatment
of the bioeffluent of tannery wastewater from a dyeing/finishing
plant in Taiwan. The goal of this study is to elucidate the het-
erogeneous photoassisted Fenton degradation of RB5 using iron
oxide obtained from an FBR–Fenton reactor as a heterogeneous
catalyst. The effects of some important variables on the degra-
dation of RB5 are investigated in detail. This investigation is
more concerned about recycling iron oxide for treating wastew-
ater using the photoassisted Fenton process, than it is with the
kinetics or the reaction path. Although identifying intermediates
during the degradation of RB5 is very important, this study con-
siders more closely the extent of mineralization of RB5 in the
presence of iron oxide, H2O2 and UVA light, because the authors
believe that in real industrial applications, total organic carbon
(TOC) removal is more important than identifying the intermedi-
ates. If the TOC can be removed, then the intermediate organics
have been oxidized to water and carbon dioxide. Furthermore,
iron oxide and hydrogen peroxide are common constituents of
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2.2. Catalyst preparation

A novel catalyst, iron oxide on a activated alumina support,
was prepared in the following manner[24]. Activated alumina
grains were packed in a 30 m3 FBR (2.1 m Ø× 9 m height). The
internal circulation of the FBR was controlled to maintain an up
flow superficial velocity of 40 m h−1 with a 50% bed expansion.
The bioeffluents of tannery wastewater, H2O2 and FeSO4 were
fed continuously into the reactor bottom. The molar ratio of
H2O2 to FeSO4 was 2:1. The pH of the solution, which was
adjusted by adding dilute aqueous solutions of NaOH or H2SO4,
was maintained at 3, to prevent the precipitation of Fe(OH)3 [25].
After the reaction had proceeded for around three months, iron
oxide was coated onto the surface of the activated alumina grains
to enable catalytic oxidation.

The iron oxide was identified from the nitrogen adsorption
data obtained at the temperature of liquid nitrogen using an auto-
mated adsorption instrument (Micromeritics ASAP 2010, USA).
The Brunauer–Emmett–Teller (BET) surface area and porosity
of the catalyst were obtained from the data of the isotherms.
The surface area of the catalyst was calculated using the BET
equation.

Morphology of the activated alumina grain support and cat-
alyst were determined using a Hitachi S-400 scanning electron
microscope (SEM). The atomic composition of the iron oxide
surface was elucidated by energy dispersive spectra (EDS) using
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atural and atmospheric water[23]. Hence, studying the ph
oreaction in the iron oxide/H2O2/organics system under UV
rradiation improves our understanding of the mechanism
hoto-oxidation in the environment.

. Experimental

.1. Materials

RB5, C26H21N5Na4O19S6, was purchased from Aldric
hemical company (Amherst, NY, USA); it was 55% pu
nd had a molecular weight of 991.82. The structure of RB
resented below. NaClO4 (Merck) and H2O2 (Union Chemical
ere of analytical reagent grade and were used without fu
urification. Activated alumina grain was obtained from Al
hemicals. Deionized and doubly distilled water were u

hroughout this investigation.
r

n Oxford INCA-400 spectrometer. Intrinsic acidity consta
Ka1andKa2) were obtained from graphic extrapolation of tra
ormed acid/base titration data to zero surface charge cond
26].

Anion analysis was conducted using a Mertohm model
on chromatograph (IC) equipped with an Metrosep A S
/5 Guard column (Mertohm) and operating in the suppre
onductivity detention mode. Sample injected by an autom
ampler, were eluted by a NaHCO3/Na2CO3/water gradient a
flow rate of 0.8 ml/min.

.3. Methods and apparatus

The photocatalytic activity of the iron oxide in degrad
he RB5 solution in a batch photoreactor (Fig. 1) at room
emperature was evaluated under illumination at intensi
.8 mW cm−2. The irradiation source was a 15 W UVA lam
UVP BL-15 365 nm) fixed inside a cylindrical Pyrex tu
allowing wavelengthsλ > 320 nm to pass). This setup preven
he formation of OH• radicals by the direct photolysis of H2O2.
he total volume of the solution was 1200 mL; the initial c
entration of RB5 was 0.055 mM. Specified amounts of NaC4
nd H2O2 were dripped into the reactor. The pH of the solu
as controlled at 7.0 (except where otherwise specified) u
pH meter (Action, A211). The pH of the solution was alte
y adding diluted aqueous solutions of NaOH or HClO4. The
tarting point of the reaction was defined as the time whe
VA light was turned on and a certain quantity of iron ox
as added to the photoreactor. Compressed air was bu

rom the bottom at a flow rate of about 1800 mL/min and it
xposed to the ambient air effectively to suspend the catal
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Fig. 1. Schematic diagram of the photoreactor apparatus.

the reactor and ensure good mixing. Samples were periodically
extracted from the reactor using a pipe, and were immediately
analyzed using a UV–vis spectrometer after they had been fil-
tered through a 0.25�m syringe filter made of poly-(vinylidene
fluoride) to remove iron oxide particles.

The RB5 spectrum showed an absorption peak at 597 nm.
Therefore, the concentration of RB5 solution was determined
from the absorption intensity at 597 nm using a UV–vis spec-
trometer (Jasco Model 7850). Before the measurement was
made, a calibration curve was plotted using the standard RB5
with known concentrations. The residual H2O2 was determined
photometrically using potassium titanium oxalate in mineral
acid [27]. In addition, an atomic absorbance spectrophotome-
ter (GBC Avanta) was used for dissolved iron determination in
solution. TOC was analyzed using a Shimadzu 500 TOC ana
lyzer.

3. Results and discussion

3.1. Characterization of the catalyst

Fig. 2 presents SEM micrographs of the activated alumina
grain support, and the iron oxide prepared through a FBR.Fig. 2a
(100×) and b (300×) indicate that the original activated alumina
grain support is irregularly shaped. It was smoother after the
r ed i
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( the
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l

Table 1
Properties of the iron oxide

Parameter Value

Total Iron content of catalyst (g kg−1) 304
Bulk density (g cm−3) 1.43
Absolute (true) density (g cm−3) 2.66
Specific surface area (m2 g−1) 170
Total pore volume (cm3 g−1) 0.12
Cation-exchange capacities (mequiv. g−1) 0.47
pKa1 6.03
pKa1 8.67
pHpzc (point of zero charge)a 7.35

a pHpzc= (pKa1+ pKa2)/2.

Fig. 3 displays the EDS of the activated alumina grain sup-
port (curve a) and iron oxide (curves b). Curve a indicates that O
and Al are the dominant elements detected on the surface of the
activated alumina grain support. However, curve b reveals that
Fe and C are added to the surface of iron oxide after three months
of reaction in the FBR.Table 2presents the quantitative surface
chemical compositions of the iron oxide, determined by EDS. In
a previous study[13], the main constituent on the surface of the
catalyst was identified as�-FeOOH. The presence of C in the
iron oxide stimulated the authors’ interest. Hence, 5 g iron oxide
was put into 100 ml of 1 M hydrochloric acid for 24 h to dissolve
the iron oxide. Thereafter, the pH of the solution was adjusted
to 2.5 by NaOH and filtered using a 0.25�m poly-(vinylidene
fluoride) filter. Finally, the sample solution was analyzed using
an ion chromatograph.Fig. 4 reveals that oxalate (indicated by
the arrow inFig. 4) is detected by comparison with an authen-
tic standard. Several investigations[28–30] have revealed that
oxalates were obtained by the oxidation of the dyes. The catalyst
was a by-product of the FBR–Fenton reaction for treating dye-
ing/finishing plant, which fact perhaps explains why oxalate is
present in the bulk phase of the catalysts. However, whether the
presence of oxalate in the iron oxide is caused by adsorption or is
a formed structure similar to that of Fe(III)–oxalate complexes
[31], cannot presently be explained. Moreover,Fig. 4 includes
some unknown peaks. This will be a subject of our future works.

Fig. 5depicts the quantity of RB5 adsorbed onto the catalyst
a The
i e
i more
R nce
b char-
a
o s
p tion

T
S vated
a

E

A
O
C
F 58
eaction in the FBR had proceeded for 3 months, as display
ig. 2c (100×) and d (300×). The cation-exchange capacit
CEC) of the original activated alumina grain support and
ron oxide are 0.39 and 0.47 mequiv. g−1, respectively.Table 1
ists the other properties of the iron oxide.
-

n

t various pH values of the solution in two days in a jar test.
nitial concentration of RB5 (CRB5,0) was 0.055 mM. The figur
ndicates that those in acid and neutral solutions adsorbed
B5 than those in alkaline solutions. The marked differe
etween the adsorptions at pH 7 and 8 is explained by the
cteristics of the iron oxide. The pH value of zero charge (pHpzc)
f the iron oxide is approximately 7.35 (Table 1); the surface i
ositively charged at a lower pH. This favors the adsorp

able 2
urface atomic compositions and binding energy (BE) of support (acti
lumina grain) and iron oxide by EDS

lement Support (at.%) Iron oxide (at.%) Binding energy (keV)

l 47.62 0.95 0.277
52.38 48.87 0.525
0 10.51 1.487

e 0 39.67 0.628, 0.705, 6.404, 7.0
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Fig. 2. Scanning electron micrographs of original activated alumina grain support: (a) 100×; (b) 300× and iron oxide: (c) 100×; (d) 300×.

Fig. 3. EDS spectra of (a) original activated alumina grain support and (b) iron
oxide.

of the anionic dye RB5. The surface is negatively charged at a
higher pH value (>7.35), disfavoring adsorption of the anionic
dye RB5. At pH 12.0, the amount of RB5 adsorbed onto the cata-
lyst during the first 4 h was almost zero. Hence, the RB5 adsorbed
in acid and neutral solutions was desorbed from the catalyst by
adjusting the solution to pH 12.0. The results demonstrate that
over 95% RB5 can be desorbed in 10 min at pH 12.0.

3.2. Degradation of Reactive Black 5

The photocatalytic activity of the catalyst in the degrada-
tion of 0.055 mM RB5 was evaluated under UV irradiation
with a wavelength of 365 nm at pH 7.0.Fig. 6A plots the RB5
concentration against reaction time (0–240 min) under various
conditions. Without H2O2 or a catalyst, but with only 15 W
UVA (curve a), the RB5 concentration hardly declined, indi-
cating that the degradation of RB5 by photolysis is very weak.
Without H2O2 and 15 W UVA, and with only 5.0 g of catalyst/L
(curve b), the RB5 concentration dropped by around 50% dur-
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Fig. 4. Detection of solution of iron oxide in hydrochloric acid by ion chromatograph. Standard peak identities are as follows: (1) formate; (2) acetata; (3) chloride;
(4) sulfate; (5) succinate; (6) oxalate.

Fig. 5. Effect of the solution pH on the adsorption data of 0.055 mM RB5 under
1.0 g iron oxide/L, 5.0 mM NaClO4, 30◦C.

ing 240 min of reaction. When the solution pH was adjusted to
12.0, the RB5 concentration in the solution returned to 95.2%
of the initial RB5 concentration in 10 min revealing physical
adsorption and desorption between RB5 and the catalyst.

Without a catalyst but with 29.4 mM H2O2 and 15 W UVA
(curve c inFig. 6A), the degradation of RB5 is very limited
(<10%) after 240 min of reaction. Oxidation by OH• radicals,
which were generated by the direct photolysis of H2O2 under
UVA may have been responsible for the decrease in the con-
centration of RB5. Without 15 W UVA but with 29.4 mM H2O2
and 5.0 g catalyst/L in the dark (curve d), the RB5 concentra-
tion decreases rapidly initially and then decreases more slowly,
perhaps because of the combined effect of adsorption and the
Fenton-like reaction at the surface of the catalyst. RB5 is firstly
adsorbed onto the surface of the catalyst and then oxidized by the
Fenton-like reaction. After some of the intermediates have redis-
solved from the catalyst surface into the solution, the residual
RB5 is continuously adsorbed and oxidized. The degradation of
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Fig. 6. (A) RB5 concentration vs. the reaction time under various conditions:
(a) without H2O2 and iron oxide but with 15 W UVA; (b) without H2O2 but
with 5.0 g of catalyst/L and 15 W UVA; (c) without iron oxide but with 29.4 mM
H2O2 and 15 W UVA; (d) in the dark but with 29.4 mM H2O2 and 5.0 g of
catalyst/L; (e) with 29.4 mM H2O2, 5.0 g of catalyst/L, and 15 W UVA. (B)
UV–vis adsorption spectral changes of the RB5 (0.055 mM) solution in H2O2

(29.4 mM)/iron oxide (5 g L−1) dispersion under 15 W UVA irradiation; spectra
1–9 denote the reaction time 0, 5, 10, 15, 30, 60, 90, 120, and 240 min at pH 7.0,
respectively; spectra 10 denotes the time 300 min at pH 12.0 (desorption).

RB5 is most rapid in the presence of 5.0 g catalyst/L, 29.4 mM
H2O2 and 15 W UVA (curve e inFig. 6A). The formation of
Fe(II) by light on the surface of the catalyst generates OH• rad-
icals by decomposing H2O2, promoting the degradation of RB5
[16].

Fig. 6B presents the changes in UV–vis spectra during the
degradation of RB5 in the presence of the catalyst and H2O2
under UVA light irradiation at pH 7.0 (spectra 1–9). RB5 exhibits
absorption bands at 597, 391 and 313 nm. The absorption pea
dropped under UVA light irradiation. The visible and ultravio-
let regions exhibited no new absorption band, revealing that the
conjugated structure was destroyed[32]. Fig. 6B also shows the
spectrum obtained following desorption (spectrum 10). A care-
ful comparison between spectrum 9 and 10 clearly shows that th
two clearly differ. Firstly, the absorption peak at 391 nm disap-
peared because RB5 exhibits no peak there at pH 12. Second

Table 3
The comparison of absorbent data betweenFig. 6B and RB5

λ (nm) 313 597
RB5

Absorbance at pH 12 0.907 1.273
Absorbance at pH 7 0.818 1.275
Ratio of absorbancepH 12

pH 7 1.11 0.998

Fig. 6B
Absorbance of spectrum 10 0.613 0.54
Absorbance of spectrum 9 0.418 0.488
Ratio of absorbancespectrum 10

spectrum 9 1.47 1.11
spectrum 10/spectrum 9

pH 12/pH 7 1.32 1.11

Table 3indicates that the rise in the intensity of the absorption
band at 313 nm after desorption exceeds that at 597 nm, reveal-
ing that the adsorption of intermediates, which were desorbed
from the surface of the catalyst into the solution, was responsible
for the difference between spectrum 9 and 10.

3.3. Effect of H2O2 molar concentration

In a Fenton or photoassisted Fenton reaction, the molar con-
centration of H2O2 critically affects the degradation of organic
compounds because the H2O2 molar concentration is directly
related to the number of OH• radicals produced in the Fenton or
photoassisted Fenton reaction. The degradation rate of organic
compounds usually rises with the concentration until a criti-
cal concentration is reached. When the concentration is higher
than the critical concentration, the so-called scavenging effect
reduces the degradation rate of organic compounds. Numerous
groups have observed this phenomenon[18,20].

Fig. 7 plots the RB5 concentration against reaction time
(0–240 min) for various molar concentrations of H2O2. During
the first 60 min, the degradation of RB5 is greatly enhanced as
the molar concentration increases from 0 to 29.4 mM, because
more OH• radicals are formed at higher H2O2 molar concentra-
tions in solution. However, when the H2O2 molar concentration

F mM
R -
l

ks

e

ly,

ig. 7. Effect of the H2O2 molar concentration on the degradation of 0.055
B5 accompanied with simultaneous decomposition of H2O2 under 5.0 g cata

yst/L, 15 W UVA, pH 7.0, 5.0 mM NaClO4.
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exceeds 29.4 mM, the degradation of RB5 slightly slows down.
This result is explained by the so-called scavenging effect on
the further generation of OH• radicals on the surface of cata-
lyst when a higher molar concentration of H2O2 is employed,
as described by the following equation[16,33]:

H2O2 + OH• → HO2
• + H2O (1)

The degradations of RB5 at various H2O2 concentrations are
very close at reaction times between 60 and 240 min. This result
indicates that, although the oxidative ability of OOH• radicals is
weaker than OH• radicals, such OOH• radicals can also attack
and remove RB5 when a high molar concentration of H2O2 is
used.

Following desorption at pH 12, the concentration of RB5
varies interestingly. Apparently, as the H2O2 molar concentra-
tion increases from 0 to 58.8 mM, the concentration of desorbed
RB5 decreases, but the RB5 desorbed by 29.4 mM H2O2 differs
by only 5% from that desorbed by 58.8 mM H2O2. When the
H2O2 molar concentration exceeds 58.8 mM, the desorbed RB5
no longer increases.

The above results and a consideration of the costs of industrial
applications in the future indicate that a suitable H2O2 molar
concentration for degrading 0.055 mM RB5 is around 29.4 mM.

3.4. Effect of the catalyst loading
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t pro-
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Fig. 8. Effect of the catalyst loading on the degradation of 0.055 mM RB5
accompanied with simultaneous decomposition of H2O2 under 29.4 mM H2O2,
15 W UVA, pH 7.0, 5.0 mM NaClO4.

3.6. Mineralization of RB5

Reaction intermediates are known sometimes to be formed
by the oxidation of organic dyes and some may be longer-lived
and even more toxic to aquatic animals and human beings than

Fig. 9. Effect of the solution pH on the degradation of 0.055 mM RB5 under
29.4 mM H2O2, 5.0 g catalyst/L, 15 W UVA, 5.0 mM NaClO4.
Catalyst loading is an important factor that can substan
ffect the photoassisted Fenton reaction. Higher catalyst lo

eads to more rapid degradation of organic compounds.
Fig. 8plots the RB5 and H2O2 concentrations against react

ime (0–240 min) for various loadings of the catalyst. Chan
he catalyst loading from 1 to 5.0 g catalyst/L substantially
otes the degradation of RB5. Additionally, the decompos

ate of H2O2 increased with the catalyst loading. The amo
f residual H2O2 was very close to zero following 240 min
eaction, when 5.0 g catalyst/L was used. These results ind
hat an appropriate catalyst loading was 5.0 g catalyst/L, w
as used in the remaining experiments.

.5. Effect of the solution pH

RB5 was photdegraded at pH values from 5 to 9 in
atalyst/H2O2 system (Fig. 9). Clearly, the reaction occurre
ver a wide range of pH values from acidic to alkaline, un

n the Fenton system (pH≈ 3). Fig. 9 reveals that the degrad
ion rate decreases as the initial solution pH increases. No
e ions were detected during the reaction by atomic absor
pectrophotometry in any case. This finding supports the ad
ion data.Fig. 5indicates that the catalyst adsorbs more RB
cidic or neutral media (pH 5.0 or 7.0) than in alkaline solut
pH 9.0). Accordingly, the degradation of RB5 at pH 5.0 and
s more rapid than at pH 9.0. RB5 was completely removed
he bulk solution at pH 5.0 and approximately 93% was rem
rom the surface of the catalyst. The pH of natural water is
rally between 5 and 9. This study will also elucidate the ro
catalyst in the natural environment.
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Fig. 10. TOC vs. time under different conditions: (a) without H2O2 and iron
oxide but with 15 W UVA; (b) without H2O2 but with 5.0 g of catalyst/L and
15 W UVA; (c) without catalyst but with 29.4 mM H2O2 and 15 W UVA; (d)
in the dark but with 29.4 mM H2O2 and 5.0 g of catalyst/L; (e) with 29.4 mM
H2O2, 5.0 g of catalyst/L, and 15 W UVA.

parent compounds. Although identifying the intermediates is
very important in determining the reaction path of the pho-
toassisted Fenton degradation of RB5, this investigation more
strongly focuses on the extent of mineralization of RB5 with ref-
erence to practical industrial applications. Although alternative
techniques for evaluating the extent of mineralization of organic
pollutants may be available, the removal of TOC is commonly
used in the industrial treatment of wastewater to determine this
extent of mineralization. Therefore, this study addresses the
removal of TOC from RB5 solution, rather than on identifying
reaction intermediates.

Fig. 10 plots the TOC of 0.055 mM RB5 against time
(0–240 min) under various conditions. Without the catalyst or
H2O2 but with only 15 W UVA (curve a), the TOC of RB5 does
not decrease at all, revealing that the direct photolysis of RB5
cannot mineralize RB5.

With 5.0 g of catalyst/L and 15 W UVA (curve b), the TOC
decreases rapidly in the first 120 min after which it decreases
more slowly. Desorption considerably increases the amount of
TOC in solution. As discussed earlier, the adsorption of RB5
on the surface of the catalyst is primarily responsible for this
phenomenon.

With 29.4 mM H2O2 and 15 W UVA (curve c), only around
5% of TOC was removed in 240 min of reaction, revealing that
using only H2O2 and 15 W UVA cannot effectively mineralize
RB5. Without UVA light (in the dark), but with 29.4 mM HO
a firs
2 n o
R n, th
T curv
b red
s ing
d ecol
o
r taly
s to

Scheme 1. Proposed mechanism for the photodegradation of azo-dye RB5 over
iron oxide in the presence of H2O2 under UVA light irradiation.

intermediates but cannot effectively mineralize RB5 into H2O
and CO2. Our recent investigation presented a similar finding
[35].

With 29.4 mM H2O2, 5.0 g of catalyst/L and 15 W UVA
(curve e), the TOC decreases during the first 15 min, in a manner
similar to that showed associated with by curve d. As discussed
above, this phenomenon is caused by both the adsorption and
the Fenton-like reaction of RB5 on the surface of the catalyst.
Between 15 and 240 min, the decrease in TOC indicated as curve
e clearly differs from that plotted as curve d revealing that Fe(II)
species are generated by UVA light on the surface of the catalyst,
and that these generate OH• radicals by the decomposition of
H2O2 [16,31]. Curves e (light) and d (dark) indicate that about
45% and 20% TOC, respectively, are removed after 4 h of the
reaction. This result clearly reveals that the presence of UVA
light effectively promotes the mineralization of RB5.

3.7. Mechanism for catalyst as a heterogeneous
photoassisted fenton reaction

Based on the above results, the following simple mechanism
for this system is presented asScheme 1.

Fe(III) initiates the reaction on the surface of the cata-
lyst (≡Fe(III)), accelerating the decomposition of H2O2 to
form OOH• radicals. Meanwhile,≡Fe(III) is photoreduced to
≡Fe(II) under irradiation by UVA light. Then,≡Fe(II) promotes
t
w ,
t sur-
f s.
F
t

4

toas-
s reatly
p tion
o aper
t ct the
d m by
w RB5
2 2
nd 5.0 g of catalyst/L (curve d), the TOC decreases in the
40 min because of both the adsorption and the oxidatio
B5 on the surface of the catalyst. Between 90 and 240 mi
OC associated with curve d exceeds that associated with
, perhaps because some of the colorless intermediates
olve into the bulk solution. Curve d indicates that follow
esorption, only around 20% TOC is removed and the d
rization is 50% (curve d inFig. 6A) revealing that the OOH•
adicals can be generated in a Fenton-like reaction on the ca
urface[34]. The OOH• radicals can only oxidize the RB5 in
t
f
e
e
is-

-

st

he decomposition of H2O2 to highly oxidative OH• radicals
hereas≡Fe(II) is oxidized by H2O2 to ≡Fe(III). Furthermore

he OOH• and OH• radicals attack RB5 adsorbed onto the
ace of the catalyst (≡Fe(III)· · ·Azo-dye) to yield intermediate
inally, some of the intermediates on≡Fe(III) redissolve into

he bulk solution, and the rest are mineralized to CO2 and H2O.

. Conclusions

This investigation proposes a novel catalyst of the pho
isted Fenton degradation of azo-dye RB5. The catalyst g
romotes not only the decolorization but also the mineraliza
f RB5 at neutral pH. Furthermore, this catalyst is much che

han Nafion-based catalysts. The main parameters that affe
egradation of RB5 have been detailed. A simple mechanis
hich the heterogeneous catalyst discolors and mineralizes
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is presented, based on experimental results. This technique can
be employed as the basis of a cost-effective method Fenton-type
degradation of a pollutant, without the end-of-pipe discharge of
iron sludge into the environment.
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