
Revista Mexicana de Ingeniería Química 
 

CONTENIDO 
 

Volumen 8, número 3, 2009 / Volume 8, number 3, 2009 
 

 

213 Derivation and application of the Stefan-Maxwell equations 

 (Desarrollo y aplicación de las ecuaciones de Stefan-Maxwell) 

 Stephen Whitaker 

 

Biotecnología / Biotechnology 

245 Modelado de la biodegradación en biorreactores de lodos de hidrocarburos totales del petróleo 

intemperizados en suelos y sedimentos 

 (Biodegradation modeling of sludge bioreactors of total petroleum hydrocarbons weathering in soil 

and sediments) 

S.A. Medina-Moreno, S. Huerta-Ochoa, C.A. Lucho-Constantino, L. Aguilera-Vázquez, A. Jiménez-

González y M. Gutiérrez-Rojas 

259 Crecimiento, sobrevivencia y adaptación de Bifidobacterium infantis a condiciones ácidas 

 (Growth, survival and adaptation of Bifidobacterium infantis to acidic conditions) 

L. Mayorga-Reyes, P. Bustamante-Camilo, A. Gutiérrez-Nava, E. Barranco-Florido y A. Azaola-

Espinosa 

265 Statistical approach to optimization of ethanol fermentation by Saccharomyces cerevisiae in the 

presence of Valfor® zeolite NaA 

 (Optimización estadística de la fermentación etanólica de Saccharomyces cerevisiae en presencia de 

zeolita Valfor® zeolite NaA) 

G. Inei-Shizukawa, H. A. Velasco-Bedrán, G. F. Gutiérrez-López and H. Hernández-Sánchez 

 

Ingeniería de procesos / Process engineering 

271 Localización de una planta industrial: Revisión crítica y adecuación de los criterios empleados en 

esta decisión 

 (Plant site selection: Critical review and adequation criteria used in this decision) 

J.R. Medina, R.L. Romero y G.A. Pérez 

 

 

 

 

Revista Mexicana
de Ingenieŕıa Qúımica
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Abstract
Advanced oxidation processes (AOPs) are the most attractive methods to degrade different organic pollutants. The
AOPs have grown extensively because water quality control and regulations have become very strict in many
countries. In this study, the dye reactive red 120 (RR-120) was considered for degradation using homogenous
(Fenton and Photo Fenton) and heterogeneous (suspension of nanoparticles -NPs- of iron oxyhydroxides and NPs
of iron oxyhydroxides supported on a mesoporous material SBA-15) process. The discoloration kinetic study of
reactive red 120 solutions with a 100 mg/L concentration and pH ∼3 was carried out, with hydrogen peroxide
(H2O2) as oxidant agent and different iron salts types (FeCl2, FeCl3, FeSO4 and Fe2(SO4)3). The determined
discoloration rate constants were higher for the homogeneous than those for heterogeneous catalytic processes.
The RR-120 oxidation degree was measured by chemical oxygen demand (COD) with 90 percentages by the photo-
Fenton process.

Keywords: nanoparticles, azo-dye, discoloration kinetic, oxyhydroxides, COD.

Resumen
Los procesos avanzados de oxidación (PAOs) son los métodos más utilizados en la degradación de diferentes
contaminantes orgánicos. Los PAOs han sido extensamente utilizados porque el control de la calidad del agua y
los reglamentos han comenzado a ser muy estrictos en muchos paı́ses. En este estudio, se consideró el colorante
reactivo rojo 120 (RR-120) para su degradación usando procesos homogéneos (Fenton y Foto-Fenton) y procesos
heterogéneos (nanopartı́culas suspendidas- NPs- de oxihidróxidos de hierro y NPs de oxihidróxidos de hierro
suspendidas sobre un material mesoporoso SBA-15). En el estudio de la cinética de decoloración del rojo reactivo
120 se utilizó una concentración de 100 mg/L, a pH ∼ 3 utilizando como agente oxidante peróxido de hidrógeno
(H2O2) y diferentes sales de hierro (FeCl2, FeCl3, FeSO4 y Fe2(SO4)3). La constante de velocidad de decoloración
fue mayor para los procesos homogéneos que para los procesos catalı́ticos heterogéneos. El grado de oxidación del
RR-120 fue medido por demanda quı́mica de oxı́geno (DQO) con un 90% para el proceso Foto-Fenton.

Palabras clave: nanopartı́culas, colorantes azo, cinética de decoloración, DQO.
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1 Introduction
Industrial growth produce a great variety of organic
products and frequently these substances are complex
to degrade. Textile industry generate large amount
of wastewater derived to different processes of color
impregnation in textile fibers, which has a great
amount of detergents, dyes, microfiber (cellulose,
wool and synthetic fibers) and inorganic salts. This
residual water, with great load pollutants, generates
the contaminations of natural waters bodies (Weber
and Adams, 1995). Nowadays, more than 50% of
dyes used in the textile industry are monoazo, diazo
and triazo dyes, considering their chemical stability
(recalcitrant) and negative influence on the ecological
systems, the regulations of the removal color in the
factory effluent is a current issue of discussion all over
the world (Carneiro et al., 2004).

In the last years, the problematic of wastewater,
with high toxic level, has been tried by Advanced
Oxidation Processes (AOPs), including photocatalytic
and non photocatalytic processes. The AOPs
generate hydroxyl free radical (HO•), with 2.8 V
electrochemical oxidation potential; this radical is a
strong oxidant to destroy organic matter that cannot be
oxidize by common conventional methods (Al-Kdasi
et al., 2004). The Fenton system is one the most
used to degrade different azo-dyes by hydroxyl radical
generated from the hydrogen peroxide molecules
reduction with iron(II) ions at acid pH:

Fe2+ + H2O2 → Fe3+ + HO− + HO• (1)

Fe3+ + H2O2 → Fe(OOH)2+ + H+ (2)

Fe(OOH)2+ → Fe2+ + HO•2 (3)

The presence of light radiation in the photo Fenton
process improves the azo-dye degradation efficiency
due to quick photoreduction of ferric ion to ferrous ion
(Saafarzadeh-Amiri et al., 1996).

In the heterogeneous photocatalytic oxidation
processes, the reaction takes place on the
semiconductor surface under appropriate irradiation
(h) to form electron/hole pairs (e−/h+). The
semiconductor has the characteristics of non-toxicity,
low cost and insolubility under most environmental
conditions. In a semiconductor like TiO2, the hole in
the valence band may react with water absorbed at the
surface to form hydroxyl radicals, and the e− in the
conduction band can reduce absorbed oxygen to form
peroxide radicals anions (O•−2 ) that can further react
with hydronium ion and hydrogen peroxide to form

hydroxyl radicals (Pera-Titus et al., 2004; Fujishima
et al., 2000). Trujillo-Camacho et al. (2010) have
reported that the use of TiO2/clinoptilolite composites,
synthesized by the sol-gel technique, improved the
quality of the materials deposit on glass substrates and
also increased the efficiency of the degradation of MV
2B dye.

Some authors have been reported the use of iron
oxide NPs as catalyst supported in a mesoporous
material (SBA-15) to eliminate phenolic compound
in aqueous solutions. The degradation efficiency was
favored by hydroxyl species generation on the iron
oxide surface in presence of visible radiation (Montiel-
Palacios et al., 2009).

The n-type semiconductor α-Fe2O3 (Eg = 2.2 eV)
has been extensively investigated in catalysis owing
to the low processing cost and its high resistance to
corrosion (Karunakaran and Dhanalakshmi, 2008; Sol
and Tilley, 2001; Bandara et al., 2007). A lot of
investigators have been developed and explored new
strategies in order to tailor the morphology of α-
Fe2O3. There are an abundant variety of α-Fe2O3
structures, such as 0D (particles, cubes) (Deng et al.,
2010; Reese and Asher, 2002; Qin et al., 2010), 1D
(rods, wires, tubes, and belts) (Zhou et al.,2008), 2D
(disks, films) (Zhang et al., 2010), 3D (dendrites,
flowers, and spheres), (Liu et al., 2008) and hybrids,
have already been synthesized by different methods
(Hu et al., 2007).

The investigation of Pirillo et al. (2009) suggests
that iron oxides are promissory adsorbents in the
recovery of waste aqueous effluents, this oxides can
absorb and degrade reactive dyes over a wide pH
range through physical or chemical interactions. The
magnetic properties of magnetite particles allowed the
fast separation of metal ions from industrial effluents.

The aim of this work is to evaluate the degradation
rates of azo dye reactive red 120 by two well-defined
catalytic systems: Fenton and photo-Fenton; and
compare their degradation kinetics with heterogeneous
photocatalysis by iron oxides nanoparticles formed
with different iron sources.

2 Materials and methods

2.1 Chemicals and reagents

Reactive red 120 (RR120) was purchased from
RINTEX S.A. The solutions were prepared with
distilled water using hydrochloric acid, sulfuric acid,
potassium hydroxide, ferrous chloride hydrate (FeCl2•
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4H2O), ferric chloride hexahydrate (FeCl3•6H2O),
ferrous sulfate heptahydrate (FeSO4•7H2O), ferric
sulfate (Fe2(SO4)3•nH2O), and hydrogen peroxide
(30%), which were purchased from Fermont with
analytical grade.

2.2 Photoreactor and photodegradation
procedure

The degradation of reactive red 120 (RR-120)
was carried out by homogeneous (Fenton and
Photo-Fenton) and Heterogeneous (oxyhydroxides
suspension and oxyhydroxides supported in
mesoporous silica SBA-15) processes, using a batch
reactor (total volume of 500 mL) under constant
agitation with a magnetic stir bar. The source
of light in the photocatalytic reaction was a 15W
visible light domestic lamp (Phillips) with total
radiative output of 2.87W, and very low UV (3%)
emission (Orozco et al., 2008). All experiments were
performed in acid condition (pH 3), initial azo-dye
RR-120 concentration of 100mg/L, and total iron
concentration of 1×10−4 M obtained from different
sources (FeCl2•4H2O, FeCl3•7H2O, FeSO4•7H2O,
or Fe2(SO4)3•nH2O).

In the Fenton process, the aqueous solutions were
prepared in acid medium (pH ∼ 3), the RR-120
was incorporated, followed by addition of hydrogen
peroxide (30%) to reach a concentration of 0.02M in
the system. The reaction mixture was stirred in dark
condition for 180 min. In the Photo-Fenton process,
the procedure was similar, but the lamp was used
during the degradations of azo-dye RR-120.

The Oxyhydroxide solutions were prepared
by adding iron salt (FeCl2•4H2O, FeCl3• 7H2O,
FeSO4•7H2O, or Fe2(SO4)3•nH2O) in distilled water
to reach 1 × 10−3M of iron concentration at pH 4, and
they were stored two weeks before to be used in the
heterogeneous photocatalytic reactions. In the azo-dye
RR-120 degradation with oxyhydroxides supported
in mesoporous silica SBA-15, labeled Fe2O3/SBA-
15, 50 mL of oxyhydroxide solution, 0.05g of silica
SBA15, and 2 mL of hydrogen peroxide were mixed
with 423 mL of distilled water during 30 min in order
to form the iron oxide (oxyhydroxides) nanoparticles.
After this time, pH was adjusted at ∼ 3, finally, the
lamp was turned on and the azo-dye RR-120 was
added to start the degradation reaction. The process
with oxyhydroxides suspension followed the same
procedure, except that the silica was not added.

2.3 Analytical methods

The color removal of the azo-dye RR-120 solutions
was followed quantitatively by measuring the decrease
in absorbance at λmax = 510 nm using Hach DR5000
spectrophometer. The chemical oxygen demand
(COD) was determined by the methodology described
in the Standard Methods of EPA method 410.4 (EPA,
1993).

The decrease of H2O2 concentration during the
degradation of RR-120 was followed by titration
method using the potassium permanganate (Flaschka
et al., 1980; Skoog et al., 2004).

2.4 Statistical analyses

The experimental data was statistical analyzed with
ANOVA (one-way analysis of variance), this analysis
was performed for amount of removal of dye as
function of the iron salt in each process, using the
Tukey method (comparison of mean and confidence
level 95%) with 5 replies.

3 Results and discussion
The chemical structure of dye Reactive red 120 (RR-
120) contains two groups azo in its structure and
chlorine-substituted triazines. The latter groups react
through a chlorine atom with hydroxyl groups present
in cellulose fibres by a nucleophilic substitution,
the other triazine groups contain chromophores,
as its shown in Fig. 1, the RR-120 formula is
C44H30Cl2N14O20S6 with 4 or 6 Na+ (Gou et al.,
2009; Zhang et al., 2007; Feng et al., 2003; Buki et
al., 1987; Yu et al., 2005; Çelekli et al., 2009).
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Figure 1. Chemical structure of C.I. Reactive Red 120 

 

 

 

Fig. 1. Chemical structure of C.I. Reactive Red 120.

3.1 Discoloration RR-120

The RR-120 discoloration kinetics in aqueous
solutions with different iron salts (FeCl2, FeCl3,
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FeSO4 and Fe2(SO4)3 in a homogeneous and a
heterogeneous catalytic reaction is shown in Fig. 2.
As can be seen in this figure, in both systems the
RR120 color is eliminated from the aqueous solutions
after 180 min of reaction, and the major color removal
efficiency was obtained when using homogeneous
systems. The experimental data from the RR-120
color removal were adjusted to pseudo first-order
reaction:

C = C0exp−kt (4)

where C0 is the initial concentration and k is the
discoloration rate constant. The values of calculated
kinetics parameters such k and the color half-life
times (t1/2, time required to eliminate the number of
chromopheros groups at the middle) are given in Table
1.

The analysis of variance conducted on
discoloration rate constants in the Fenton process
indicated a statistically significant differences (p <
0.05) between iron salts. The major k value
(0.458) was performed by the system with FeSO4,

and the color removal occurred very quick as
indicated by the color half-life time in the table
1. The reactivity order of iron salts to eliminate
the azo-dye RR-120, in the Fenton system, was
FeSO4 >Fe2(SO4)3 >FeCl3 >FeCl2. The use of
visible radiation (photo-Fenton process) during the
color removal RR-120 from a domestic white lamp,
similar to the sun emission spectrum, showed a slight
acceleration in the discoloration rates (Fig. 2B) and
differences in the k values between iron sulfate and
iron chloride salts (Table 1).

The obtained results in the discoloration of the
azo-dye RR-120 are consistent with those reported
by Joseph De Laat and Hervea Gallard (1999)
when examining the catalytic decomposition of
hydrogen peroxide by Fe(III), who determined that for
[H2O2]0/[Fe(III)]0 values lower than 50, an increase of
the initial concentration of H2O2 enhances the initial
rate of formation of Fe(II) and leads to an increase
of the concentration of Fe(II) in the solution that may
be oxidezed by •OH to yield Fe(III) or may further
promote the decomposition of H2O2 (De Laat and
Gallard, 1999).

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Comparison of iron salts in the four different methods applied to the discoloration of RR-120. 

A) Fenton, B) Photo-Fenton, C) Suspension, and D) Fe2O3/SBA-15 
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Fig. 2. Comparison of iron salts in the four different methods applied to the discoloration of RR-120. A) Fenton, B)
Photo-Fenton, C) Suspension, and D) Fe2O3/SBA-15.
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Table 1. Comparison of the homogeneous and
heterogeneous processes of discoloration RR-120

Processes Salt K×104 (min−1) t1/2 (min)

Fenton FeCl2 957.6±16.18a 7.24
FeCl3 2126.7±13.76b 3.26
FeSO4 4589.3±47.08c 1.51

Fe2(SO4)3 3748.8±27.14d 1.85

Photo- FeCl2 2193.5±364.80a 3.16
Fenton FeCl3 2121.9±446.00a 3.27

FeSO4 5352.3±200.00b 1.30
Fe2(SO4)3 4827.5±316.50b 1.44

Fe2O3/ FeCl2 175.5±3.90a 39.49
SBA-15 FeCl3 463.2±55.20a 14.96

FeSO4 4682.3±66.80b 1.48
Fe2(SO4)3 216.5±30.10a 32.02

Suspension FeCl2 171.4±18.40a 40.44
FeCl3 207.2±18.30a 33.45
FeSO4 4737.7±228.20b 3.40

Fe2(SO4)3 181.9±17.00a 38.11
Different letters on the value denote significant different at
p < 0.05.

In the present work, the proposed condition of
[H2O2]0/[Fe(II)]0 or [H2O2]0/[Fe(III)]0 equal to 200
promotes the major formation of hydroxyl radical in
Fenton reaction resulting in a faster oxidation rate
of the azo-dye and its byproducts. The influence
of visible light radiation in photo-Fenton process
enhance the elimination of the chromophores groups
(N=N bonds) of the RR-120 azo-dye due to a faster
reduction of Fe+3 ions by an organic radical. The
major color removal efficiency observed for iron
sulfate compared to iron chloride salts in the Photo-
Fenton reaction, color half-life time ratio of 1:2, could
be attributed to reaction between •OH and Cl− anions
under acidic pH conditions where the Cl− acting as
strong free radical scavenger (Arslan-Alaton et al.,
2009).

The course of RR-120 azo-dye discoloration
in heterogeneous catalytic processes (Fig. 2 C-D)
revealed that the degradation rate of chromophore
groups was diminished. Two causes could be
affected the discoloration kinetics. The first cause
is related to the degradation process to involve: 1)
chemisorption process on the catalytic surface; 2)
electron injection from dye to semiconductor valence
band; and 3) simultaneous redox reactions (Tanaka
et al., 1999). The chemisorption process during
discoloration of azo-dye RR-120 is a control stage,
due the competitive adsorption of functional groups

in dye molecules structure for active sites in the
catalytic surface of iron oxide nanoparticles; for
what a stereo chemical and diffusion resistance is
generated that retard the discoloration rates of RR-
120. The second cause is the presence of SO2−

4 and
Cl− anions, Mahmoodi and Arami determined that
these anions have a negative effect on photocatalytic
discoloration of acid red 14 by photocatalysis using
titanium (IV) oxide nanoparticles, due to their
reactive with the positive holes and hydroxyl radicals
resulting prolonged color removal (Mahmoodi and
Arami, 2006). The color half-life times in the
heterogeneous photocatalytic oxidation of RR-120 in
aqueous media, summarized in table 1, followed the
order: FeSO4 <FeCl3 <Fe2(SO4)3 <FeCl2.

The comparative mean analysis of the
discoloration rate constants of RR-120 when FeSO4
was used in the homogeneous and heterogeneous
processes showed that there was not a statistically
significant differences (p < 0.05) among them.
The FeSO4 performed major values of RR-120
discoloration rate due to the high reactivity of
sulfato-iron(II) complex (H2O2-FeSO4) that is formed
in the homogeneous reaction (De Laat et al.,
2004), and a major active sites obtained during
the nanoparticles formation in the heterogeneous
photocatalytic reactions. These hypotheses we will
discuss later during the chemical oxygen demand
analysis.

3.2 COD removal of RR-120

Although homogeneous or heterogeneous catalytic
processes removed the color of azo-dye solutions, the
RR-120 azo dye has not been mineralized, completely.
For this reason it is necessary consider complementary
information about the degradation of the organic
pollutants. Chemical Oxygen demand (COD) gives
an average measure of the oxidation state of the
organic byproducts generated during the degradation
of dye RR-120. Fig. 3 shows the COD decay
versus degradation time for the homogeneous and
heterogeneous catalytic processes. The COD behavior
during the azo-dye degradation process follows a first-
order kinetic, Eq. (4), and the calculated parameters of
degradation rate constants (k) and dye half-life times
(t1/2) are listed in Table 2.

The COD removal percentages of 40% and 85%
were obtained for Fenton and Photo-Fenton processes,
respectively, and their COD removal kinetics show
a similar behavior, however there are significant
difference between rate constant values of FeCl2
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and Fe2(SO4)3 salts. Additionally, in the photo-
Fenton process, the color half-life time (t1/2) is minor
than the one observed in Fenton process, generally
by a factor of 1:10 (Table 2), as consequence of
additional generation of •OH radicals from H2O2 by
direct photolysis and its quick decomposition during
reduction of Fe(III) to Fe(II). The iron chloride salts
showed the lowest COD removal in both processes.
This result is explained by two causes: in the first
case, the Cl− ions act as trapping of •OH radicals and
form ClOH•− under acidic pH conditions by slowing
the oxidation effect in the reaction (Arslan-Alaton
et al., 2009); in the second case, the formation of
the radicals Cl•/Cl•−2 that react consuming H2O2 to
form the radical HO•2, which has less oxidative power
(Machulek and Morales, 2007).

In heterogeneous systems, the behavior of COD
abatement occurred similarly, Fig. 3C-D. Statistical

analysis of COD removal showed significant
difference between FeSO4 with the others iron salts,
when using this salt t1/2 was minor in the abatement
of dye, 73 and 82 minutes for the cases of suspension
and Fe2O3/SBA-15 processes, respectively. The use
of FeSO4 as iron source to form iron oxyhydroxides
in the heterogeneous reactions shows similar results
as those obtained by Photo-Fenton process (∼ 80%)
to degrade the RR-120 azo-dye. These results could
be attributed to the iron oxide nanoparticle formation;
in the synthesis of iron oxides two mechanism govern
the iron formation and its obtained phases: 1) direct
precipitation from FeII− or FeIII− containing solution,
and 2) transformation of an Fe oxide precursor, either
by a dissolution/precipitation process or via solid state
transformation rearrangements within the structure of
the solid precursor.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 3. Comparison of iron salts in the four different in the COD removal RR-120, A) Fenton, B) 

Photo-Fenton, C) Suspension, and D) Fe2O3/SBA-15 
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Fig. 3. Comparison of homogeneous and heterogeneous processes in COD removal RR-120, A) Fenton, B) Photo-
Fenton, C) Suspension, and D) Fe2O3/SBA-15.
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Table 2. Comparison of the homogeneous and heterogeneous
processes in the determination of COD by RR-120

Processes Salt K×104 (min−1) t1/2 (min)

Fenton FeCl2 12.1±0.57a 572.85
FeCl3 15.6±1.30a,b 444.33
FeSO4 20.7±3.32b,c 334.85

Fe2(SO4)3 23.6±1.77c 293.71

Photo- FeCl2 100.9±8.76a 68.70
Fenton FeCl3 127.9±6.93a,b 54.19

FeSO4 172.6±23.00b,c 40.16
Fe2(SO4)3 209.3±28.10c 33.12

SBA-15 FeCl2 9.77±1.17a 709.10
FeCl3 16.80±1.01a 412.59
FeSO4 84.10±1.12b 82.42

Fe2(SO4)3 7.82±1.41a 886.38

Suspension FeCl2 8.87±0.63a 781.01
FeCl3 12.80±3.54a 541.52
FeSO4 94.70±4.40 b 73.19

Fe2(SO4)3 8.31±0.64a 834.61
Different letters on the value denote significant different at
p < 0.05.
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Fig. 4. COD removal at 30 and 180 minutes of
degradation process different.

The time required for crystallization, from minutes
to years, and also the iron oxide formed by
transformation of oxyhydroxides (iron oxides
precursors) depend on such factors as temperature,
OH/Fe ratio, iron-aqua ions equilibrium [Fe(H2O)n]+3

or [Fe(H2O)m]+2 and nature of the anion (Cornelle
and Schwertmann, 2003). The solubility conditions of
FeSO4 solutions (pH 4, 1×10−4 M) and the addition
of hydrogen peroxide after 30 min could lead the
formation of iron oxides with more active sites that
increased the ability to degrade the RR-120 azo
dye. When others iron sources were used (FeCl2,
FeCl3 and Fe2(SO4)3) the iron oxide nanoparticules
should have less catalytic active sites, and their
photoreactivity diminished, so the azo-dye molecules
were not degraded completely. In all heterogeneous
photocatalytic systems, the degradation process occurs
by interaction between the iron oxide NPs and visible
irradiation to generate the e−/h+; holes in the valance
band lead to partial oxidation of organic compounds,
while the electrons in the conduction band reduce the
hydrogen peroxide molecules to form the hydroxyl
radicals that perform the total oxidation of organic
compounds.

Fig. 4 shows a comparison of the removal
percentage for the four processes and the different salts
used for the degradation of dye RR-120, to the times
of at 30 and 180 minutes. The photo-Fenton process
had a bigger COD abatement, and the FeSO4 salt was
the best catalyst precursor in any process.

3.3 Effect of H2O2 concentration

The hydrogen peroxide concentration was monitored
during the RR-120 dye degradation by the
homogeneous and heterogeneous reactions for each
iron salt, Fig. 5. The linear behavior of experimental
data indicated that hydrogen peroxide consume
followed zero-order kinetics:

C = C0 − kt (5)

where k is the consume rate constant of H2O2, and
C0 its initial concentration. Table 3 shows the values
of the kinetic parameters obtained by fitting with
this model. The means comparative of k in Fenton
processes showed that only FeCl2 had significant
difference compared to the sulfates. In general, a
quick discoloration, by Fenton process did not mean
a quick and complete RR-120 dye degradation, and
these results were reflected in the low and slowly
H2O2 consume, less 30% of initial concentration at
180 min (Fig. 5A). Using visible light irradiation in
Photo-Fenton process increased •OH generation due
photolysis of H2O2 that consumed around 80% of
initial concentration, so more effective discoloration
and degradation of RR-120 dye were performed.
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Figure 5. Comparison of the Fenton, Photo-Fenton, Suspended and SBA processes in the determination 
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Fig. 5. Comparison of homogeneous and heterogeneous processes in the determination of H2O2 during the
degradation of RR-120, A) Fenton, B) Photo-Fenton, C) Suspension, and D) Fe2O3/SBA-15.

Table 3. Comparison of the homogeneous and
heterogeneous processes in the determination of H2O2

during the degradation of RR-120.

Processes Salt K×105 (mol/Lmin)

Fenton FeCl2 2.29±0.31a

FeCl3 3.62±0.76a,b

FeSO4 4.81±0.81b

Fe2(SO4)3 4.74±0.79b

Photo-Fenton FeCl2 12.31±2.89a

FeCl3 17.27±1.94b

FeSO4 17.33±1.11b

Fe2(SO4)3 25.30±2.06c

SBA-15 FeCl2 4.27±0.15a

FeCl3 6.41±0.00b

FeSO4 4.03±0.34a

Fe2(SO4)3 2.37±0.65c

Suspension FeCl2 3.95±0.31a

FeCl3 3.49±1.22a

FeSO4 18.28±0.85b

Fe2(SO4)3 3.37±0.52a

Different letters on the value denote significant different at
p < 0.05.

The H2O2 consume behavior was similar in the
heterogeneous processes. Using FeSO4 to obtain
the oxyhydroxides showed the major consume of
hydrogen peroxide. This result is consistent with the
COD removal of RR-120 dye, and suggests that the
iron oxide nanoparticles present more active centers,
inducing the performance of the photoreactivity in the
system.

Conclusions

The homogeneous and heterogeneous processes
removed the total color in RR-120 azo-dye solutions.
The major discoloration rates were performed by
Fenton and Photo-Fenton systems, and these were
diminished in the heterogeneous processes due to
adsorption of dye to active sites of iron oxide
nanoparticles.

The azo-dye molecule degradation was influenced
by the iron salts sources and the process used. The
major COD removal was obtained when using FeSO4
due to the formation of iron-sulfate complex in the
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photo-Fenton, and the iron particle formations with
more active sites in the case of the heterogeneous
systems.
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Pérez I. and Suárez-Parra, R. (2009). Photo-
catalysis of phenol derivatives with Fe2O3
nanoparticles dispersed on sba-15. Journal of
Ceramic Processing Research 10, 548-552.

Orozco, S. L., Bandala, E. R., Arancibia-Bulnesa,
C. A., Serrano, B., Suárez-Parra, R. and
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