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Abstract:
Dyes are often used in the textile industry, one of which is methyl orange. Azo dyes are a depiction of
a class of organic pollutants that have the potential to be carcinogenic which causes problems with the
environment if they are dumped directly into the river without treatment. One method to degrade
pollutants in water is the Fenton method with OH radical formation obtained from the reaction of H2O2
with Fe2+ ions where these radicals will break down organic compounds into harmless compounds (H2O
and CO2). Previously, it was successfully synthesized the composite catalyst Fe3O4/Fe2O3@SiO2 from iron
sand and silica sand. To test the catalytic performance of the synthesized Fe3O4/Fe2O3@SiO2 of catalyst.
The optimum conditions for the degradation of methyl orange with pH 2 by heterogeneous catalyst
Fe3O4/Fe2O3@SiO2 at 120 minutes, and the amount of catalyst 150 mg. At these optimum conditions
degradation efficiency reaches 97%.
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INTRODUCTION
The increasing textile industry in Indonesia,
the more problems that arise. Industry involves
coloring in its production [10]. The number of
textile industries in Indonesia is not balanced with
the processing of liquid waste properly. Textile
industry uses synthetic dyes for cheap, durable,
easy to obtain and easy to use. The use of synthetic
textile dyes raises problems, namely the waste
produced is still colored and difficult to degrade.
Before being discharged into a water channel,
textile coloring waste must be treated first because
about 10% to 15% of the coloring agent that has
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been used cannot be reused and must be disposed of
[9].
The dyes often used are the azo group while
these dyes have non-biodegradable properties [7].
One composition of the azo group is methyl orange
where this compound is often used in the textile
industry. Azo dyes are the most commonly found in
textile soil, which is around 50% [4]. Dyestuffs are
depictions of classes of organic pollutants involving
carcinogenic [6].
To degrade pollutants in water, many
methods are carried out, one of which is the Fenton
method, which is one method to degrade organic
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compounds by forming OH hydroxide radicals.
Furthermore, these free radicals will decompose
organic compounds into harmless compounds (H2O
and CO2) [3]. In the classic Fenton process OH
hydroxide radicals are obtained from the reaction of
H2O2 with Fe2+ ions under irradiation conditions
with either Ultra Violet (UV) or visible light, which
is then called the Fenton Photo process or without
irradiation called the Fenton process. In the Fenton
hydrogen peroxide (H2O2) method it functions as an
oxidizer and iron ion as a catalyst.
In principle Fe3O4 can act as a catalyst due to
reduction oxidation reactions of Fe+2 and Fe+3 with
oxidant H2O2 [7]. Reduction of Fe3+ becomes Fe2+
faster as shown in equation (1).
2Fe3+ + Fe0 → 3Fe2+
(1)

II. METHODS
The materials used are azo methyl orange dye,
Hydrogen peroxide (H2O2), Fe3O4/Fe2O3@SiO2,
distilled water, and aquabides.
A. Effect Of Time

50 ml of 10 ppm methyl orange solution
was put in 100 mL erlenmeyer then set to pH 2 by
adding HCl 0,1 M. Then Fe3O4/Fe2O3@SiO2 with
the amount of catalyst 100 mg and add H₂O₂ as
much as 2 mL. The Erlenmeyer solution is stirred
with a magnetic stirrer at certain times 30, 60, 120,
150, and 180 minutes. The catalyst residue was
separated using a magnetic field. Pre and post
decomposition concentrations were observed using
UV-Vis spectrophotometry at a wavelength of 507
nm.

Decomposition of azo-dye requires OH
hydroxide radical to break the double bond -N = N-. B. Influence Of The Amount Of Catalyst
The formation of radicals OH begins with the
50 ml of 10 ppm methyl orange solution was
oxidant reaction H2O2 with Fe+2 ions. Fe0 is easily put in 100 mL erlenmeyer then set to pH 2 by
oxidized to Fe2+ in the presence of oxidants.
adding 0.1 M HCl. Then added Fe3O4/Fe2O3@SiO₂
with catalysts of 20, 30, 50, 75, 100, 125, and 150
Fe0 + H2O2 ---˃ Fe2+ + 2OH- (2)
mg and add H₂O₂ as much as 2 mL. The
Erlenmeyer solution is stirred with a magnetic
Fe2+ + H2O2 → Fe3+ + OH• + OH(3)
stirrer at the optimum time obtained in the
•OH + Dye ---˃ Oxidised dye + H2O (4)
procedure 1. The catalyst residue was separated
The more hydroxyl radicals formed, the faster using a magnetic field. Pre and post decomposition
concentrations were observed using UV-Vis
the methyl orange decomposition process.
spectrophotometry at a wavelength of 507 nm.
In the previous study methyl orange degradation
The results of the analysis in the form of
using Fe₃O₄@SiO₂ catalyst with the Fenton method absorbance values at the measurement wavelengths,
[8], where the optimum time was reached in 150 are converted to concentration and then calculated
minutes and the degradation efficiency was less efficiency in percent form using the following
than 95%. Catalysts from different places have equation:
different structures and different activities too.
Previous
experiments
have
synthesized
x 100%
%D =
Fe3O4/Fe2O3@SiO₂ catalyst composites from iron
sand and silica sand with different compositions. To
test the catalytic performance of the synthesized Where,
Fe3O4/Fe2O3@SiO₂, this study was conducted in Co = Initial dye concentration
order to determine the catalytic effectiveness of Ct = Final dye concentration
Fe3O4/Fe2O3@SiO₂ against methyl orange and the
optimum conditions of the degradation process.
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III.

RESULTS AND DISCUSSION

A. Effect Of Time
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Fig. 1 The absorbance curve of methyl orange degradation in determining the optimal time condition.

Efisiensi degradasi
warna, %

Determination of the optimal time in the because the catalyst material used is in the form of
process of degradation of methyl orange using powder, so the time needed to form Fe2+ ions is
slower [9]. The longer the degradation time, the
Fe3O4/Fe2O3@SiO₂ catalyst is shown in Figure 2.
degradation efficiency increases until an
100%
equilibrium state is reached, then the efficiency of
90%
the degradation will be constant or it can also
80%
70%
decrease degradation efficiency. At 180 minutes
60%
50%
there was a decrease due to instability in the
multilayer due to the repulsion between the
0
50
100
150
200
absorbed molecules, causing the adsorption layer to
Waktu
be released back into the solution (desorption).
Compared
with
degradation
using
Fig. 2 Effect of time on the percentage of degradation of methyl orange
Fe3O4@SiO₂ which breaks down <75% in 60
In an experiment to determine the optimum minutes of methyl orange, decomposition using
time of methyl orange solution using a mixture of Fe3O4/Fe2O3@SiO₂ provides better results with 80%
iron oxide in mesoporous silica carried out at a decomposition in 60 minutes and can reduce >95%
volume of 50 mL waste solution; amount of 2 mL methyl orange at optimal 120 minutes .
H2O2 amount of Fe3O4/Fe2O3@SiO₂ 100 mg; pH of
2.0 solution. In Figure 2, it is clearly seen the effect
of time on the efficiency of degradation of methyl
orange. At up to 60 minutes, the degradation
efficiency of methyl orange is still low, this is
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B. influence of the amount of catalyst
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Fig. 1.The absorbance curve of methyl orange degradation in determining the optimum condition of the amount of catalyst.

Efisiensi degradasi
warna, %

The amount of catalyst in the Fenton
process is very influential, this is evidenced in the
results of the experiment of the degradation of
orange methyl waste variations in the amount of
catalyst shown in Figure 4.
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further in the use of a 150 mg catalyst, the
degradation efficiency increased to 97%. This is
because more and more catalysts, more free radicals
are formed so that the degradation process is more
efficient. However for the use of catalysts above
150 mg, the addition of a catalyst no longer
increases the degradation efficiency significantly,
even using 200 mg there is a decrease in efficiency.
This is because excessive use of the catalyst in the
Fenton process will block the incoming light so that
the formation of OH• free radicals is disrupted,
resulting in decreased degradation efficiency [10].

CONCLUSION
Based on the research that has been done, it
can be concluded that the optimum time for the
Fig. 5 Freundlich Isotherm
degradation of methyl orange dyes using
In Figure 2. it can be seen the effect of the Fe3O4/Fe2O3@SiO2 at pH 2 is 120 minutes with the
amount of catalyst on the absorbance of the amount of catalyst as much as 150 mg. In these
degradation of methyl orange waste. The use of conditions degradation efficiency reached 97%.
Fe3O4/Fe2O3@SiO₂ catalyst as much as 50 mg
obtained a degradation efficiency of 92%, and if the ACKNOWLEDGMENT
amount of catalyst was increased to 100 mg, the The author thank Minister of Research and
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