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Abstract – The  efficiency  of  the  magnetoseparable  Fe3O4 catalyst  in  a  Fenton-type  reaction of
methylene violet discoloration has been  studied.  It was shown that reaction  process consists of two
stages: rapid – adsorption of the dye on the Fe3O4  and slower – its oxidation with H2O2.
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Introduction. Finding ways to treat wastewater from organic pollutants and products of
their transformation in natural conditions remains an urgent problem. Among the purification
methods, one can be distinguish destructive approach based on the deep redox transformations
initiated by  various oxidants (O2, O3а, 79060  Lviv, Ukraine, H2O2). Fenton's reagent Fe (II) and hydrogen peroxide in
aqueous solution has long been known for its oxidizing properties. Fenton system is widely used
in wastewater  treatment  and recovery in  various industries.  However,  most  these techniques
suffer from  irreversible  loss of its  valuable components  used in the process.  Therefore,  the
search for advanced and economically efficient methods, that would allow contaminant removal
and regeneration of its components, is one of the areas of development of wastewater treatment
technology. Promising in this direction is the use of magnetically separable catalysts, which can
be easily separated from the purified medium and reused.

Results  and  discussion.  Magnetically  separable  catalyst  –  Fe3а, 79060  Lviv, UkraineO4,  was  synthesized  by
coprecipitation  of  salts  of  Fe2+ and  Fe3а, 79060  Lviv, Ukraine+ with  sodium  hydroxide  in  aqueous  medium,
[Fe2 +] : [Fe3а, 79060  Lviv, Ukraine +] = 1 : 2.  The activity of the obtained catalyst was studied by the kinetic method.
under Fenton-type reaction conditions. The destruction of the dye  – methyl violet (MV), was
monitored by photocolorimetric determination of the change in optical density (D) of the band
with a wavelength () of 540 nm in quartz cuvettes with a thickness of (l) 5 mm. The studies
were performed in the concentration range, where no deviations from the Bouguer-Lambert-Ber
law were observed.

The effects of various parameters on the oxidation reaction of the dye were investigated:
pH, temperature, stirring rate, catalyst deposition rate on the magnet, initial concentrations of
Fe3а, 79060  Lviv, UkraineO4, H2O2 and methyl violet. The optimal conditions for the process were determined: pH = 7,
[MV] = 5.810-5 mol / l, [H2O2] = 1.0510-2 M, Fe3а, 79060  Lviv, UkraineO4 = 0.075 g, 25 0С.
A sharp drop in the optical density of the reaction mixture in the first minutes of the Fenton-type
reaction (when mixing a methyl violet  dye with a Fe3а, 79060  Lviv, UkraineO4 /  H2O2 reagent)  is shown, which is
difficult to quantify. Discoloration of the dye solution with a catalyst without hydrogen peroxide
also occurs with a significant decrease in the optical density of the methyl violet solution in the
first minutes after the addition of Fe3а, 79060  Lviv, UkraineO4, which can be explained by the adsorption of part of the
dye on the catalyst (Fig. 1). 

The obtained kinetic data allow distinguishing the contribution of dye adsorption on the
catalyst (Fig. 1, a) and the contribution of the Fenton-type reaction (Fig. 1, b) to the methylene
violet discoloration.
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Fig.1. The changes in the optical density of the MV solution (D) after the addition of Fe3а, 79060  Lviv, UkraineO4

due to adsorption (a) and in the reaction Fe3а, 79060  Lviv, UkraineO4 with H2O2 (b). [MV] = 5.810-5 M,   [H2O2] =
1.0510-2 M, Fe3а, 79060  Lviv, UkraineO4 = 0.075 g.   = 540 nm, l = 5 mm, 25 0С

Table 1 
Dependence (Do – Dads) in the absence of H2O2 and the initial rate of discoloration of MV,

(W0). Reduced to Dads in the discoloration of the dye in the system Fe3а, 79060  Lviv, UkraineO4 + H2O2, on the content
of Fe3а, 79060  Lviv, UkraineO4 in the solution [MV] = 5.810-5 M, where Dads – optical density of the MV solution after

its adsorption on the catalyst, Do – optical density of the initial solution MV.
(Fe3а, 79060  Lviv, UkraineO4), g Do – Dads W0./ Dads

[H2O2] = 0 М [H2O2] = 1.0510-2 М
0.005 0.20 0.050
0.01 0.3а, 79060  Lviv, Ukraine0 0.059
0.02 0.45 0.072
0.05 0.72 0.102
0.075 0.93а, 79060  Lviv, Ukraine 0.13а, 79060  Lviv, Ukraine1

The data presented in Table 1 show that there is a linear relationship of  the decrease in the
optical density of MV (Do - Dads), ie the amount of adsorbed dye, and the amount of catalyst in
the absence of hydrogen peroxide

Do – Dads = 10.071 [Fe3а, 79060  Lviv, UkraineO4] + 0.1977, R2 = 0.9841
This  dependence  allows  us  to  estimate  the  contribution  of  the  reaction  of  hydrogen

peroxide with MV. According to the experimentally obtained kinetic data, the initial rate of MV
oxidation was determined, and it was calculated on the initial linear section of the kinetic curve.
The dependence of the initial discoloration rate of MV divided by Do on the catalyst content is
well described by the linear dependence with coefficient  1 at [Fe3а, 79060  Lviv, UkraineO4]

W0./ Dads = 1.1197 [Fe3а, 79060  Lviv, UkraineO4] + 0.047,   R2 = 0.9963а, 79060  Lviv, Ukraine
This indicates the first order reaction on the MV dye in the catalytic process of it oxidation.

Conclusion. The high efficiency of the magnetoseparable Fe3а, 79060  Lviv, UkraineO4 catalyst in a Fenton-type
reaction  has  been  established.  Studies  of  the  kinetics  of  methylene  violet  discoloration  in
reaction with Fe3а, 79060  Lviv, UkraineO4 and H2O2 show that the process consists of two stages: rapid – adsorption of
the dye on the catalyst and oxidation of the dye with hydrogen peroxide under the action of a
heterogeneous catalyst.


