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Abstract

This study was focussed on the application of Fenton (Fe2þ/H2O2) and Fenton ‘‘like’’ processes (Fe3þ/H2O2 and Fe0/H2O2) for the minimi-
zation of organic content of coloured synthetic wastewaters. Two reactive dyes, C.I. Reactive Blue 49 with anthraquinone chromophore and C.I.
Reactive Blue 137 with azo chromophore were used as model organic pollutants. Fenton type processes were investigated in order to establish
optimal operating conditions (pH, concentration of iron salts or iron powder, and ratio of Fenton reagent) for the maximal degradation of
investigated model coloured wastewaters. Degradation of studied dyes as organic pollutants was monitored on the basis of decolourization
and mineralization extents of model solutions, determined by UV/vis spectrophotometric, and TOC and AOX analyses, respectively. Colour
removal> 95% was achieved by all the applied processes, while mineralization extents ranged between 34 and 72% depending on the dye struc-
ture and applied AOP.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Synthetic dyes are present in many spheres of our everyday
life and their application is continuously growing. Dyes make
our world beautiful, but they bring pollution. Wastewaters orig-
inating from dyes production and application industries pose
a major threat to surrounding ecosystems, because of their tox-
icity and potentially carcinogenic nature [1,2]. So there is a clear
need to treat dye wastewater prior to discharge into the effluent.

Traditional wastewater treatment technologies based on aer-
obic and anaerobic digestion were proven to be markedly inef-
fective for handling wastewater containing reactive dyes. This
type of wastewater is characterized by low biodegradability
due to the recalcitrant nature, i.e. chemical stability of these
pollutants [3e5]. Furthermore, wastewater treatment methods
based on physical processes such as reverse osmosis, adsorption
on activated carbon, and coagulation/flocculation, although
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effective for colour removal in many cases, are non-destructive
and merely transfer pollutants to other media, thus causing sec-
ondary waste [1,6,7]. Chemical treatment by chlorine, the most
widely used chemical oxidant in the past, has been restricted in
many countries due to the possible health effects from the gen-
eration of organochlorine compounds [8].

The limitations of conventional wastewater treatment methods
can be overcome by the application of the so-called Advanced
Oxidation Processes (AOPs), which present a potential alternative
ability to decolorize and to reduce recalcitrant coloured wastewa-
ter loads [9]. AOPs are based on the generation of very reactive
species such as hydroxyl radicals that rapidly and nonselectively
oxidize a broad range of organic pollutants [10]. Common AOPs
involve Fenton and Fenton ‘‘like’’ processes, ozonation, photo-
chemical and electrochemical oxidation, photolysis with H2O2

and O3, high voltage electrical discharge (corona) process, TiO2

photocatalysis, radiolysis, wet oxidation, water solutions treat-
ment by electronic beams or g-beams and various combinations
of these methods [11e13].

When the treatment method for dye wastewater is consid-
ered, it is important to be aware of the inevitable secondary
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considerations that go beyond the actual removal of colour.
These considerations include: sludge production and handling
cost requirements, the level of operational skill required, the
operational and maintenance attention needed, the long-term
system reliability and the total system costs [14]. Compared
with other oxidation processes, processes using Fenton type re-
agent are relatively cheap, easily operated and maintained [15].
Fenton process, one of the most effective processes for the re-
moval of organic pollutants from aqueous solutions [16e18],
involves the application of ferrous salts and hydrogen peroxide
to produce hydroxyl radical according to Eqs. (1) and (2) [19]:

Fe2þ þ H2O2 / Fe3þ þ OH� þ �
OH ð1Þ

Fe3þ þ H2O2 / Fe2þ þ HO
�
2 þ Hþ ð2Þ

In Fenton ‘‘like’’ processes, ferric salts or iron powder is
used as a source of catalytic iron [20e24]. In acid conditions,
iron powder reacts with hydrogen peroxide producing ferrous
ions, Eq. (3) [25]:

Fe0 þ H2O2 / Fe2þ þ 2OH� ð3Þ

From the environmental point of view, advantage of the
implementation of iron powder (Fe0) instead of iron salts is
the avoidance of unnecessary loading of aquatic system with
counter anions [26]. Furthermore, the concentration of ferrous
and ferric ions in wastewater treated by Fenton ‘‘like’’ process
with iron powder is significantly lower in comparison to Fen-
ton type processes that utilize iron salts [27].

The efficiency of Fenton and Fenton ‘‘like’’ processes
depends on the generation rate and concentration of the
hydroxyl radicals produced through the Fenton reaction [16].
Operational parameters of Fenton type processes that directly
influence their efficiency are iron concentration, source of iron
catalysts (iron powder, ferrous or ferric salts), H2O2 concentra-
tion, iron catalysts/hydrogen peroxide ratio (Fenton reagent),
temperature, pH and treatment time [28].

In this study, Fenton (Fe2þ/H2O2) and Fenton ‘‘like’’ (Fe3þ/
H2O2 and Fe0/H2O2) processes were applied for the minimiza-
tion of organic content of coloured synthetic wastewaters. Two
reactive dyes, C.I. Reactive Blue 49 with anthraquinone chro-
mophore and C.I. Reactive Blue 137 with azo chromophore
were used as model organic pollutants. Investigations were car-
ried out in order to establish optimal operating conditions: pH,
concentration of iron salts or iron powder, and Fenton reagent
ratio for the degradation of studied dyes in model coloured
wastewaters. Decolourization and mineralization extents of
the model solutions were determined by UV/vis spectrophoto-
metric analysis and total organic carbon (TOC), and adsorbable
organic halides’ (AOX) content measurements, respectively.

2. Experimental

Series of experiments were conducted in order to find an
optimal pH for each of the applied Fenton type processes.
At the beginning of the experiment, pH was adjusted to 2, 3
and 4 using 25% sulphuric acid, which was followed by the
addition of Fenton reagent. Ferrous and ferric sulphates,
FeSO4$7H2O and Fe2(SO4)3$9H2O, and iron powder were
used as sources of iron catalysts in the applied Fenton type
processes. Furthermore, experiments for determining optimal
iron catalysts/hydrogen peroxide molar ratio were performed.
Iron concentrations were 0.5 and 1.0 mM, while the concentra-
tion of hydrogen peroxide was varied to give molar ratios 1:5,
1:10, 1:20, 1:30, 1:40, and 1:50. Reaction mixture (V¼
250 mL) was continuously stirred at room temperature in an
open-batch system with magnetic stirring bar and was treated
for 2 h, while dye concentration and TOC values were
measured at the end of each experiment to establish decolou-
rization and mineralization extents.

Two reactive dyes, C.I. Reactive Blue 49 (RB49) with
anthraquinone chromophore and C.I. Reactive Blue 137
(RB137) with azo chromophore, supplied by CIBA-Geigy,
Switzerland, were used as model pollutants (Table 1). Exper-
iments were performed using model wastewater with dye
concentration 20 mg l�1.

A Perkin Elmer Lambda EZ 201 UV/vis spectrophotometer
was used for decolourization monitoring at lmax for each dye,
while mineralization extents of RB49 and RB137 were deter-
mined on the basis of total organic carbon content measure-
ments (TOC) performed by total organic carbon analyzer,
TOC-VCPN 5000 A, Shimadzu, and adsorbable organic halides
(AOX), performed by Organic Halide Analyzer, DX-2000,
Dohrmann.

3. Results and discussion

3.1. Fenton process, Fe2þ/H2O2

Influence of iron concentration, Fe2þ/H2O2 molar ratio, and
initial pH on the effectiveness of Fenton process for RB49
degradation expressed as colour and TOC removal is summa-
rized in Table 2 and Fig. 1, respectively. It can be seen that the
decolourization of model wastewater is rather successful. At
applied operating parameters, decolourization extents range
between 73 and 98.5%. The chromogenic part of the organic
dye molecule RB49, anthraquinonic ring, with its conjugated
double bound system is rather susceptible to OH radical
attack. This could be the reason why the varying of operating
parameters within applied ranges did not result in significant
difference in decolourization efficiency. However, the best re-
sults were achieved at pH 3 with colour removal of 92e98.5%.
Besides decolourization, degradation of organic dye molecule
is characterized by a decrease in the total organic content i.e.
value of TOC parameter. From the results presented in Fig. 1 it
can be seen that the values of obtained mineralization extents
are significantly lower in comparison to decolourization ex-
tents. Furthermore, mineralization extents demonstrate higher
sensitivity to the changes in operating parameters. Besides
decolourization at initial pH 3 the highest TOC removal was
obtained, as well. Lower effectiveness at decreased pH values
can be contributed to the formation of [Fe2þ(H2O)] which
is less reactive in comparison to the free Fe2þ ionic form
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Table 1

Molecular structures of the studied dyes

Dye C.I. name Structure lmax (nm)

RB49 Reactive Blue 49 O

NH

Cl

N N

NNH

CH3H3C

HO3S

CH3

SO3H

NH

NH2

O

3Na

SO3H

590

RB137 Reactive Blue 137

NH
N

N

N
NH2

ClN N N N

SO3H

SO3H

SO3H

SO3H

HO3S

NH2 OH

x 5Na

610
[29e31]. Besides, at lower pH, hydrogen ions act as OH
radical scavengers [28]. On the other hand, at higher pH values
the concentration of free Fe2þ ions decreases due to the forma-
tion of ferrous complexes, thus disabling the formation of OH
radical through the initial Fenton reaction. Furthermore, dye
degradation efficiency by Fenton process is also influenced
by the concentration of Fe2þ ions which catalyze hydrogen
peroxide decomposition resulting in OH radical production
and consequently the degradation of organic molecule. Ac-
cording to the literature, the minimal concentration of ferrous
ions for the initiation of Fenton reaction ranges between 3 and
15 mg l�1 [28]. Generally, with increasing ferrous salt concen-
tration, degradation rate of organic compound also increases,
but only to that certain level where further addition of iron
becomes inefficient [19,28]. From the results presented in
Fig. 1 it can be seen that higher RB49 mineralization extents
were obtained with lower Fe2þ concentration (0.5 mM) at
the same pH values with all applied Fe2þ/H2O2 ratios. Con-
centration of hydrogen peroxide is one of the operating param-
eters that significantly influence the final mineralization
extent. With further increasing hydrogen peroxide
concentration, degradation efficiency also increases with the
achievement of certain optimal Fenton reagent ratio. With fur-
ther increasing of hydrogen peroxide concentration degrada-
tion efficiency is decreasing due to the scavenging nature of
hydrogen peroxide towards OH radicals when it is present in
higher concentration. The result is the formation of perhy-
droxyl radicals which are significantly less reactive species
than hydroxyl radicals and thus directly influence the effi-
ciency of dye degradation [25]. According to the literature,
typical values of Fenton reagent ratio are in the range between
1:5 and 1:25 [28,32]. The optimal operating parameters for
RB49 degradation by Fenton process established on the basis
of TOC measurements are Fe2þ/H2O2¼ 1:20, c(Fe2þ)¼
0.5 mM, pH 3, where maximal TOC removal of 72.1% was
achieved (Fig. 1).

As another pollutant of model wastewater, reactive dye
RB137 with azo chromophoric group was used. According
to the results of optimization of initial pH carried out for
RB49 (Table 2 and Fig. 1), which are found to be in accor-
dance with the literature [33e35], experiments for the optimi-
zation of other two operating parameters of Fenton process
Table 2

RB49 colour removal at different operating conditions for Fenton process

Fe2þ/H2O2 Colour removal (%)

pH 2 pH 3 pH 4

c(Fe2þ)¼ 0.5 mM c(Fe2þ)¼ 1.0 mM c(Fe2þ)¼ 0.5 mM c(Fe2þ)¼ 1.0 mM c(Fe2þ)¼ 0.5 mM c(Fe2þ)¼ 1.0 mM

1:5 96.30 87.37 97.85 95.98 89.89 88.04

1:10 95.98 91.71 97.77 96.14 90.13 90.38

1:20 96.32 95.60 98.30 96.42 90.02 87.73

1:30 94.13 95.59 98.51 96.61 87.64 89.28

1:40 93.02 85.40 97.99 92.12 88.27 89.49

1:50 89.87 89.87 98.02 94.50 72.75 86.98
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(Fe2þ concentrations and Fe2þ/H2O2 ratio) for degradation of
RB137 in model wastewater were conducted at pH 3. In Fig. 2
decolourization and mineralization extents of RB137 solution
depending on the concentration of ferrous ions and Fenton re-
agent ratio are presented. It can be seen that RB137 solution
was decolourized almost completely with lower Fe2þ concen-
tration (0.5 mM), 96e98% of colour removal, while in cases
with higher Fe2þ concentration (1.0 mM) obtained colour re-
moval ranges between 91 and 93%. It can be concluded that
azo chromophores in RB137 are susceptible to OH radical at-
tack as well as anthraquinonic chromophore in RB49 (Table
2). These results suggest that the oxidation would preferably
occur on the chromophore structure rather than on the dye
molecule skeletons. Again, obtained mineralization extents,
24e34.3%, are significantly lower in comparison to the decol-
ourization extents, 91e98%, in the entire investigated range.
They are also lower in comparison to mineralization extents
obtained for degradation of RB49 at the same conditions.
This indicates that molecular structure is an important factor
that influences the effectiveness of dye degradation by Fenton
process. Tang and Chen [24] studied the decolourization kinet-
ics of three commercial dyes by H2O2/iron powder system,
where Fenton’s reactions are the dominant mechanisms con-
tributing to dye decolourization, and they found that decolou-
rization rates for anthraquinone dyes were higher than for
azo dyes. Similar observations concerning decolourization
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Fig. 1. Influence of the operating parameters of Fenton process, Fe2þ/H2O2,

for the degradation of RB49 on TOC removal.
followed by the mineralization of anthraquinone and azo
type of dye by oxidation through OH radical mechanism
were reported by several authors [36,37]. Since decolouriza-
tion, i.e. the cleavage of bonds in the chromophoric group of
dye molecule precedes further mineralization, it is expected
that higher decolourization rate consequently results with the
higher mineralization extent, which is in accordance with the
results obtained in this study. On the basis of TOC removal,
Fenton process with ratio of Fe2þ/H2O2¼ 1:30 and
c(Fe2þ)¼ 0.5 mM at pH 3 is proven to be the most efficient
process for degradation of RB137, with 34.3% of TOC
removal (Fig. 2).

3.2. Fenton ‘‘like’’ process, Fe3þ/H2O2

Like in earlier described Fenton process, the influence of
optimal operating parameters to the efficiency of Fenton
‘‘like’’ process, Fe3þ/H2O2, for RB49 and RB137 degradation
was investigated. Series of experiments were performed in
order to establish optimal pH, Fe3þ ions concentration and
Fe3þ/H2O2 ratio for the maximal degradation of RB49 and
RB137 by Fenton ‘‘like’’ process. As it can be seen from
the results presented in Table 3, Fenton ‘‘like’’ process,
Fe3þ/H2O2, was shown to be very efficient for the bleaching
of RB49 model solution with 87e99% colour removal in the

colour, c(Fe2+)=0.5 mM, pH=3

colour, c(Fe2+)=1.0 mM, pH=3

TOC, c(Fe2+)=0.5 mM, pH=3

TOC, c(Fe2+)=1.0 mM, pH=3

0

10

20

30

40

50

60

70

80

90

100

1:5 1:10 1:20 1:30 1:40 1:50

Fe
2+
/H

2
O
2
 ratio

r
e
m
o
v
a
l
,
 
%
 

Fig. 2. Influence of ferrous concentration and Fe2þ/H2O2 ratio on colour and

TOC removal in Fenton process for the degradation of RB137 at pH 3.
Table 3

RB49 colour removal at different operating conditions for Fenton ‘‘like’’ process, Fe3þ/H2O2

Fe3þ/H2O2 Colour removal (%)

pH 2 pH 3 pH 4

c(Fe3þ)¼ 0.5 mM c(Fe3þ)¼ 1.0 mM c(Fe3þ)¼ 0.5 mM c(Fe3þ)¼ 1.0 mM c(Fe3þ)¼ 0.5 mM c(Fe3þ)¼ 1.0 mM

1:5 98.37 97.54 98.93 98.39 94.58 93.88

1:10 98.82 97.54 98.39 97.99 96.09 94.44

1:20 98.56 96.37 97.85 97.31 96.30 92.58

1:30 97.78 97.17 97.85 98.20 94.87 91.18

1:40 98.03 97.24 98.39 96.87 95.55 90.07

1:50 97.80 97.18 97.90 97.52 93.28 86.98
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applied range of operating parameters. In spite of such high
decolourization efficiency, RB49 mineralization extents
obtained by the Fenton ‘‘like’’ process, Fe3þ/H2O2, (Fig. 3)
are significantly lower in comparison to those achieved by
Fenton process (Fig. 1). It can be seen that pH value signifi-
cantly influences the mineralization of RB49 by Fe3þ/H2O2.
The highest mineralization extent of RB49 model solution,
45.3% TOC removal, was achieved by Fe3þ/H2O2¼ 1:10
and c(Fe3þ)¼ 0.5 mM at pH 3 (Fig. 3). Similar colour
removal, 87e95%, and mineralization extents, 32e45.3%,
were obtained for the treatment of RB137 model solution by
Fe3þ/H2O2 (pH 3, ferric concentration of 0.5 and 1 mM, and
varied Fe3þ/H2O2 ratios between 1:5 and 1:50 (Fig. 4)).

3.3. Fenton ‘‘like’’ process, Fe0/H2O2

Fenton ‘‘like’’ process, Fe0/H2O2, was optimized in the
same manner as described earlier. Iron powder was utilized
instead of ferrous and ferric salts as a source of iron catalyst
in Fenton reagent. In Fe0/H2O2 process, 28 mg l�1 and
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Fig. 3. Influence of the operating parameters of Fenton ‘‘like’’ process,

Fe3þ/H2O2, for the degradation of RB49 on TOC removal.
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Fig. 4. Influence of ferric concentration and Fe3þ/H2O2 ratio on colour and

TOC removal in Fenton ‘‘like’’ process for the degradation of RB137 at pH 3.
56 mg l�1 of iron powder were added which correspond to
0.5 and 1.0 mM iron concentration, respectively, as used in
Fe2þ/H2O2 and Fe3þ/H2O2 processes. Colour removal results
obtained after the treatment of RB 49 by Fe0/H2O2 are pre-
sented in Table 4. It can be observed that slightly better
bleaching, 98e100%, was achieved in the entire studied pH
range with the usage of lower concentration, 0.5 mM, than
with 1.0 mM of iron powder where colour removal ranged
85e98%. At pH 4, lower decolourization efficiency of Fenton
‘‘like’’ process, Fe0/H2O2, is perceived, as well as in Fenton,
Fe2þ/H2O2 and Fenton ‘‘like’’, Fe3þ/H2O2 processes. These
results indicate that after the initial leaching of Fe2þ ions
from the iron powder surface, dye degradation is carried out
mainly throughout by the Fenton oxidation mechanism in
the bulk. Since successful colour removal was achieved in
all cases, the optimization of operational parameters of Fe0/
H2O2 process for the degradation of RB49 was conducted on
the basis of TOC removal measurements (Fig. 5). The highest
mineralization of RB49 model solution, 46.9% of TOC
removal, was achieved in the case with Fe0/H202¼ 1:20,
c(Fe0)¼ 0.5 mM at pH 3. It can be seen that higher concentra-
tion of iron powder negatively affects the degradation effi-
ciency of RB49 by Fe0/H2O2. Similar effect was observed
by increasing the hydrogen peroxide concentration over Fe0/
H2O2 ratio 1:20. At higher hydrogen peroxide concentrations,
an inert oxidative film on the iron powder surface could be
created thus disabling further leaching of Fe2þ ions. Tang
and Chen [24] investigated the application of Fenton ‘‘like’’
process with iron powder for the degradation of different types
of dyes: Reactive Red 120, Direct Blue 160 and Acid Blue 40,
and they established that the optimal operating pH value
ranges between 2 and 3, depending on the molecular structure
of studied dyes. The same authors reported that the optimal
dosage of iron powder is also significantly influenced by the
molecular structure of the studied dye. In the same manner
as for RB49, the influence of iron powder concentration and
Fe0/H2O2 ratio for degradation of RB137 model solution
were investigated (Fig. 6). Again, almost complete bleaching
was achieved in all cases, while the best mineralization extent
with 45.3% of TOC removal was obtained in the case with
Fe0/H202¼ 1:20, c(Fe0)¼ 1.0 mM at pH 3. The efficiency of
Fe0/H202 process for the degradation of RB137 was higher
in comparison to Fe2þ/H2O2 process. One of the major advan-
tages of iron powder application in Fenton type processes
instead of iron salts is that the concentration of iron in waste-
water after the treatment is significantly lower [24]. According
to Lücking et al. [27] the amount of iron ions can be reduced
up to 50%. Moreover, the utilization of Fe0/H2O2 process
considers the avoidance of additional loading of treated waste-
water with other anions, while relatively small amount of
remaining iron powder can be easily removed from the treated
wastewater after the treatment. Although the major dye degra-
dation mechanism in Fe0/H2O2 process is oxidation through-
out Fenton reactions in the bulk, the adsorption of dye
molecule onto the iron powder surface where oxidation
reaction with OH radicals occurs positively contributes to
the overall efficiency of dye degradation. From the literature,
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Table 4

RB49 colour removal at different operating conditions for Fenton ‘‘like’’ process, Fe0/H2O2

Fe0/H2O2 Colour removal (%)

pH 2 pH 3 pH 4

c(Fe0)¼ 0.5 mM c(Fe0)¼ 1.0 mM c(Fe0)¼ 0.5 mM c(Fe0)¼ 1.0 mM c(Fe0)¼ 0.5 mM c(Fe0)¼ 1.0 mM

1:5 98.42 91.12 99.47 84.95 98.16 85.55

1:10 99.84 96.79 100 94.10 99.50 87.72

1:20 99.10 98.00 98.93 97.85 99.22 93.17

1:30 98.86 98.05 98.39 97.73 98.37 95.66

1:40 98.73 97.23 99.49 96.30 98.54 94.79

1:50 98.90 97.99 98.50 97.52 98.28 95.06
it is known that highly oxidative media promote oxidation
reaction of organic molecules adsorbed onto the surface of
solid particles [38,39]. This effect was also observed in the
degradation of phenol in high voltage electrical discharge
(corona) reactors [40]. Besides, the gradual leaching of iron
powder provides continuous Fe2þ ions input into the Fenton
reaction system that also positively contributes to the effi-
ciency of Fenton ‘‘like’’ process, Fe0/H2O2, for degradation
of organic compounds.

In Fig. 7 final values of colour, TOC and AOX removal
obtained by the studied Fenton type processes at optimal con-
ditions for the treatment of RB49 model wastewater have been
summarized. It can be observed that colour removal achieved
with all the three processes was almost complete indicating
that the less substituted anthraquinone chromophoric part of
dye molecule is the most sensitive one to OH radical attack.
Obtained TOC removal by Fenton process, Fe2þ/H2O2

(72.1%), in comparison to those achieved by Fenton ‘‘like’’
processes, Fe3þ/H2O2 and Fe0/H2O2 (45.3% and 46.9%), indi-
cates that regeneration of iron through the catalytic cycle (Eqs.
(1)e(3)) was inhibited by organic ligands produced during the
treatment [19]. In spite of the high TOC removal obtained by
Fenton process, only 47.0% of AOX removal was achieved
indicating that the mineralization of RB49 was more pro-
nounced in the anthraquinone than in the triazine part of the
dye molecule. For degradation of RB137 model solution, final
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Fig. 5. Influence of the operating parameters of Fenton ‘‘like’’ process,

Fe0/H2O2, for the degradation of RB49 on TOC removal.
values of colour, TOC and AOX removal by Fenton type pro-
cesses at the optimal operating conditions are shown in Fig. 8.
Similar to RB49 almost complete decolourization of RB137
was achieved. Final TOC removal ranged between 34.2 and
45.3%, indicating that the decolourization of RB137 occurs
throughout the cleavage of azo bond in the chromogenic part
of dye molecule, whereas stabile aromatic intermediates are
formed. Feng et al. [41] reported that triazine ring is more sta-
bile toward OH radical attack in comparison to the formed
mono- and di-substituted benzenes and naphtholes. In this
study, 59.1% AOX was removed, which with respect to the
34.2% of TOC removal obtained by Fenton process (Fig. 8)
lead to the conclusion that some more persistent structures
than triazine ring, presumably products of dimerization of or-
ganic radicals [24], were formed during the degradation of
RB137.

4. Conclusions

Fenton, Fe2þ/H2O2, and Fenton ‘‘like’’, Fe3þ/H2O2 and
Fe0/H2O2, processes for the degradation of anthraquinone
and azo reactive dyes were comparatively studied. The influ-
ence of operating parameters such as pH value, iron catalyst
concentration and Fenton reagent ratio on the overall process
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Fig. 6. Influence of iron powder concentration and Fe0/H2O2 ratio on colour

and TOC removal in Fenton ‘‘like’’ process for the degradation of RB137 at

pH 3.
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efficiency was investigated and estimated on the basis of UV/
vis and TOC measurements. Optimal operating conditions for
each process were established. Both the types of model waste-
water were decolourized rather fast, more than 90% in all
cases, indicating high susceptibility of both anthraquinone
and azo chromophores to the OH radicals and consequently
low sensibility of the decolourization process to the varying
operating parameters within applied ranges. However, only
partial mineralization was achieved for both RB49 and
RB137 dyes. The best mineralization extent, i.e. maximal
TOC removal, 72.1%, was obtained for degradation of RB49
by Fenton process, Fe2þ/H2O2¼ 1:20, c(Fe2þ)¼ 0.5 mM at
pH 3, whilst AOX value was decreased to 47.3%. On the other
hand, for degradation of RB137, the best result, 45.3% of TOC
removal, was achieved by both Fenton ‘‘like’’ processes, Fe3þ/
H2O2¼ 1:40, c(Fe3þ)¼ 0.5 mM at pH 3 and Fe0/H2O2¼ 1:20,
c(Fe0)¼ 1 mM at pH 3, with 22.7% and 42.2% AOX removal,
respectively. These results indicate that the molecular structure
of dyes studied has a significant role in the oxidation mecha-
nism by Fenton type processes.
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Fig. 7. Comparison of efficiency of Fenton type processes at the optimal

operating parameters for RB49 degradation.
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Fig. 8. Comparison of efficiency of Fenton type processes at the optimal

operating parameters for RB137 degradation.
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