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removal of color pollutants. This study evaluates the efficiency of the

'Ig‘:r?tglygrocess Fenton and microwave-enhanced Fenton processes in dye removal from
. wastewater. To examine the impact of parameters such as pH, dye
Mlg:rovyave concentration, Fe?*, and H,O, on the efficiency of removing the Reactive
Oxidation Red 198 dye and COD, these variables were altered during the experiments.
Selective Heating The mechanism of dye molecule removal was analyzed through UV-Vis
” - spectroscopy. The optimal conditions for the microwave-enhanced Fenton
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Under these conditions, a COD reduction of up to 85% and dye removal of
over 98% were observed. The findings suggest that the microwave-
enhanced Fenton process can effectively reduce color pollutants and
improve the quality of industrial wastewater. This method offers high
reaction speed and remarkable efficiency under various treatment
conditions, making it a suitable solution for treating wastewater with high
dye loads.
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EXTENDED ABSTRACT

Introduction

Reactive dyes contain organic molecules that
pose direct or indirect threats to the environment
due to their chemical properties, raising concerns
over potential carcinogenic or mutagenic risks to
humans. Traditional wastewater treatment
methods, such as coagulation, activated carbon
adsorption, membrane filtration, and biological
processes, often fail to fully decompose these
color pollutants, leading to potential secondary
environmental contamination.  Consequently,
there has been a recent shift towards advanced
oxidation processes like the Fenton process,
which is known for generating hydroxyl radicals
and its high oxidative capacity, to manage the
high concentration and biological resistance of
these pollutants. However, limitations such as
slow reaction rates and high operational costs
restrict its widespread application. Innovative
approaches, including combining the Fenton
process with other physical-chemical methods,
ultrasonication, or photo-Fenton processes, have
demonstrated improved effectiveness but still
confront challenges like high costs and low light
penetration in turbid, dye-rich wastewaters.
Microwave-assisted processes offer a promising
alternative due to their advantages in heating
efficiency and chemical reaction enhancement.
This study investigates the microwave-enhanced
Fenton process for treating Reactive Red 198
(RR198). The study examines various
operational parameters, such as initial pH, dye
concentration, and the concentrations of H»O;
and Fe?*, to optimize the decolorization process.
It also explores the mechanism of dye molecule
removal, utilizing the UV-vis absorption spectra
of RR198 solutions.

Material and Methods

For the conventional Fenton  process,
experiments were conducted using 500 ml flasks
containing Fenton reagents and 100 ml of
aqueous RR198 solution with an initial
concentration of 50 mg/l.  The initial
concentrations of Fe?* and H,O, were set at 20
mg/l and 100 mg/l, respectively. The mixtures
were stirred at 300 rpm for various contact times.
In the microwave-enhanced Fenton process, 100
ml of RR198 solution with the same initial
concentration and Fenton reagents were added to
500 ml flasks. The initial concentrations of Fe?*
and H;O. and the pH were adjusted to find the
optimal conditions. The mixture was heated in a
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Geepas GMO-1871 household microwave for 1
to 10 minutes, with 20-second intervals after
every 20 seconds of radiation to prevent boiling
over. The flask was sealed with a plastic lid to
avoid water vapor escape. All experiments were
conducted in triplicate, and the average values
were reported as the final results.

Results

In the conventional Fenton process, a two-stage
RR198 conversion was observed — a rapid
removal phase followed by an equilibrium phase.
A notable increase in decolorization, from about
22% to 82% within 10 minutes, was achieved.
This was attributed to the catalytic breakdown of
H,O2, producing highly reactive hydroxyl
radicals essential for organic  pollutant
decomposition. The equilibrium stage saw a
slight increase to 90% efficiency, potentially due
to the adsorption of pollutants by iron(lll)
hydroxide and the formation of hard-to-
decompose intermediate products (Fig. 1a).

The microwave-enhanced Fenton  process
showed a remarkable improvement in RR198
removal efficiency, jumping from approximately
46% to over 98% in 7 minutes (Fig. 1a). This
significant enhancement was linked to the rapid
and selective heating of water and H.0;
molecules by microwave radiation, increasing
the reaction temperature and accelerating
hydroxyl radical production. Fe?* ions played a
critical role as homogeneous catalysts in both
processes, aiding in the generation of hydroxyl
radicals and subsequently converting to Fe**. The
microwave treatment effectively reduced Fe®*
ions back to Fe?*, enhancing the efficiency of the
microwave-enhanced Fenton process. The study
found that higher initial concentrations of RR198
enhanced color removal efficiency in both
Fenton processes, particularly in the microwave-
enhanced version.

The concentration of H,O, was found to be
crucial in both Fenton processes. In the
microwave-enhanced Fenton process, RR198
removal efficiency rapidly increased with H.O»
concentration up to 100 mg/l. However, further
increase in H,O, concentration showed no
significant improvement, attributed to the limited
availability of Fe?* ions and the scavenging of
hydroxyl radicals by excessive H;O,. In the
traditional Fenton process, increasing H»0:
concentration  consistently  improved color
removal within a 5-minute timeframe, but the
impact lessened beyond 100 mg/l (Fig. 1b).
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Application of Fenton Process in Dye Removal from Wastewater
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Fig. 1 Overview of RR198 Removal: a) Efficiency in Conventional and Microwave-Enhanced Fenton
Processes; b) Impact of H,O, Concentration

Conclusions

This study examined the effectiveness of the
microwave-enhanced  Fenton  process  in
removing RR198 from aqueous solutions.
Microwave radiation accelerates the heating of
water and H.O, molecules, significantly boosting
the speed and efficiency of RR198 removal,
especially with higher initial concentrations of
Fe?* and H,0.. The optimal pH for RR198
removal in this process is around 3.5, achieving
about 98% removal, while pH values above 7
significantly reduce efficiency. During treatment,
the absorption peak at 518 nm decreases much
faster than other peaks, indicating the breakdown
of azo and hydrazine groups in RR198
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molecules. Given its high efficiency and
increased speed in removing organic pollutants,
the microwave-enhanced Fenton process is
proposed as a potential approach for wastewater
purification.

Data Availability

The data are available upon request from the
corresponding author via email
(mj.zogi@birjand.ac.ir).
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Fig. 2 Effect of Initial RR198 Concentration on Color
Removal in the Traditional Fenton and Microwave-
Fenton Processes over 5 min (Initial concentrations of
Fe?* and H,O, were 20 mg/l and 100 mg/I,
respectively)
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Fig. 1 Efficiency of RR198 Removal in the
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Process (Initial RR198 concentration: 50 mg/l; Fe?*
concentration: 20 mg/I; H.O, concentration: 100 mg/l)
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respectively)
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Table 2 Efficiency of Color and COD Removal in the Microwave-Fenton Process

Time (min) 1 2 3 4

5 6 7 8 9 10

Dye Removal (%)
COD Removal (%)

50.63 66.97 83.94 93.05 96.08 97.18 99.24 99.32 99.31 99.35
37.25 43.03 6091 7751 8218 83.05 84.74 86.03 86.62 86.93
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