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Abstract. The catalytic behavior of magnesium ferrites doped with lanthanide ions (La’",
Ce*', Sm®", Gd**, and Dy*") on Methylene Blue (MB) degradation using Fenton process was
studied. A slow increase in cubic Fd3m crystalline structure parameters (lattice parameter a of
8.362 — 8.400 A, cell volume V of 0.5848 — 0.5999 nm?) and increase in crystallite size (D of
11.30 — 15.45 nm) of doped samples magnesium ferrites were observed. A dramatic decrease
in catalytic activity of catalysts obtained at 600 °C as compared to catalysts obtained at
300 °C was explicitly observed and this was grossly attributed to the elimination of surface
hydroxyl groups as ascertained by FT-IR analysis. The initial magnesium ferrite demonstrated
the highest catalytic activity under dark- (k' 0.0555 min) and visible-light (k' 0.1029 min™)
conditions. Catalytic efficiency of the lanthanides doped catalysts under UV-irradiation in
accordance with the maximum appearance rate constant &' decreased in the following order
Ce’" > Dy** > La*" = MgFe,04 > Sm*>” > Gd*'. The most active ferrites provided up to 99 %
of MB degradation in 60 and 20 min for visible- and UV-driven Fenton processes. Findings
obtained from this study were observed to be competitive with other heterogeneous Fenton
catalysts.

Keywords: Magnesium ferrite; Lanthanide ions doping; Heterogeneous Fenton-like catalysts;

Methylene Blue degradation; Mechanism catalytic.

1 Introduction

Ferrite-spinels, due to their unique structural, chemical, and magnetic properties, are used for
biomedical, adsorption, and catalytic applications [1-8]. Depending on the crystalline
structure and distribution of cations of divalent and trivalent metals in tetrahedral and
octahedral positions, ferrite-spinels are divided into normal and reversed [9, 10]. Ideally,
normal spinels with the general formula AB>O4 consist of divalent A cations occupying 1/8 of
the tetrahedral positions, and trivalent B cations occupying 1/2 of the octahedral positions.
However, in the case of reversed spinel, the general formula can be represented as B(AB)Oa,

where the tetrahedral positions are occupied by trivalent B cations, while the divalent A
2
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cations and trivalent B cations are evenly distributed in the octahedral positions. Thus, part of
the voids remains unfilled, which makes it possible for the redistribution of metal ions
between the voids. The intermediate state between normal and reversed spinel leads to the
formation of mixed spinel, which is typical for several metal ferrites. At the same time, the
properties of intermediate spinels are greatly influenced by the nature and ratio of cations
located in tetrahedral and octahedral positions [11-13].

Magnesium ferrite (MgFe204) belongs to the mixed spinel-type (degree of inversion ~ 0.9), is
a soft ferromagnet and an n-type semiconductor with a cubic crystal lattice belonging to the
space group Fd3m [14]. The possibility of placing various cations, whose ionic radius is in the
range of 0.6 — 0.9 A, in octahedral and tetrahedral positions allows us to directionally vary the
properties of metal ferrites. This is important for controlling the physicochemical properties of
magnesium ferrite, which improves their functional characteristics, including magnetic,
adsorption, and catalytic properties [15-17].

Doping ferrites with even a small amount of lanthanides lead to significant structural
distortions and deformation of their lattice, which causes changes in the physicochemical and,
accordingly, functional properties. Due to the larger radius of lanthanide ions, as a rule,
substitution occurs only in octahedral voids, which leads to an increase in the crystal lattice
parameter [18-20]. The substitution of metal ions for lanthanide ions in the ferrite crystal
lattice can lead to an increase in the efficiency of the catalytic destruction of organic
molecules in several ways. Thus, in the case of a Fenton-like reaction, the introduction of
lanthanide into the ferrite matrix can lead to an improvement in the reversibility of the
Fe*'/Fe?" redox pair, which is responsible for the generation of HO- radicals due to the
interaction of 3d-4f orbitals. In the case of the photo-Fenton reaction, the introduction of
lanthanide ions can improve the absorption of visible light by forming impurity states in the
band gap due to the lower electron transition energy from the valence band to the 4f-orbitals
of the lanthanide ion. In addition, some lanthanide ions can form their redox pairs, for

example, Ce*"/Ce’", and thus activate Fenton-like processes in parallel with the participation
3
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of the Fe**/Fe?" pair [21]. The authors [19] showed that the doping of magnesium ferrite with
Nd**, Sm*', and Dy*' ions leads to structural distortions and significantly changes its
electrical, magnetic, and catalytic properties in the decomposition reaction of 4-chlorophenol.

Magnesium ferrite is an environmentally friendly and non-toxic magnetic material, which
makes it suitable for water purification [3]. Previously the effect of the adsorption of
transition metal ions (Mn?", Co*", Ni*", Cu?") on the catalytic activity of magnesium ferrite
was established, which was chosen as a Fenton-like catalyst. The possibility of the
participation of transition metal cations with variable valence as initiators of the formation of
HO- radicals, as the main reactive oxygen-containing particles formed during the catalytic
destruction of hydrogen peroxide, was shown [22]. An important result was the establishment
of the relationship between the nature of the adsorbed cation and the degree of its desorption
on the catalytic activity of modified magnesium ferrite. The stability of the crystal structure
and texture characteristics of magnesium ferrite in the processes of adsorption and catalysis
has been proved by X-ray diffraction, IR spectroscopy, and low-temperature nitrogen
adsorption-desorption [23]. Despite a significantly large number of publications devoted to
the preparation of adsorbents and catalysts based on metal ferrites, including studies of the
effect of metal ions doping, data on the preparation of Fenton-like catalysts based on
magnesium ferrite doped with lanthanide ions have not been found.

This study aims to develop heterogeneous Fenton catalysts based on lanthanide-doped (La®",
Ce’*, Sm*", Gd**, and Dy’") magnesium ferrite. The following important tasks were
investigated: (i) the influence of lanthanide ions on the crystal structure parameters of
magnesium ferrite was established; (i1) the role of the calcination temperature of magnesium
ferrite and the reasons for the decrease in their catalytic activity were revealed; and (iii) the
possibility of controlling the efficiency of methylene blue degradation in dark-, visible- and

UV-driven Fenton processes was demonstrated.
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2 Materials and Methods

2.1 Catalysts preparation

Mg(NO3)2, Fe(NO3)s, La(NO3)3, Ce(NO3)3, Sm(NO3)3, GAd(NO3)3, Dy(NO3)3, NaCl, and glycine
(amino acetic acid, HONCH>COOH) reagents were obtained from Five Ocean Company, Ltd,
Belarus and they were used for the synthesis of magnesium ferrites without any additional
purification. Magnesium ferrites doping with La**, Ce**, Sm**, Gd**, and Dy** were prepared
by a modified glycine-nitrate method [24] with the addition of a 10.0 mol. % lanthanide nitrate
salt to the reaction mixture relative to iron ions. Glycine (H2NCH>COOH) was introduced into
the reaction mixture as a complexing additive and fuel for self-propagating in high-temperature
synthesis. To prevent the aggregation of highly dispersed magnesium ferrite particles, the
addition of sodium chloride NaCl was used, which forms an inert shell on the surface of the
resulting oxide nanoparticles. The reaction mixture was pre-evaporated under constant intensive
stirring until a viscous dark brown gel was formed, which was then heated in a SNOL 1.7/1300
furnace at a speed of 5 °/ min with exposure at 300 and 600 °C for 5 h. Magnesium ferrite
nanoparticles were separated by magnetic separation thenceforth, the obtained black powder
was washed using distilled water to remove impurities. For quality control, ultra-pure water
(18.2 MQ-cm) was used for all the experiments.

2.2 Physical-chemical methods

X-ray diffraction (XRD) of the obtained magnesium ferrite samples was performed using an
Empyrean X-ray diffractometer (PANalytical, the Netherlands) with Co-Kq radiation (A
0.1789 nm) in the range 20 of 20-80 °. To determine the phase composition of the samples
under study, the programs "PowderX" and "WinXpow" were used, as well as the database of
radiographic powder standards "JCPDS PDF2". The crystallite sizes were analyzed using the
"Size / Strain" program of the "WinXpow" software package according to the Scherrer
equation:

d=0.9xA/ Bxcosh, (1)
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where d is the average size of the crystallites, nm; A is the wavelength of the X-ray radiation,
nm; B is the width of the half-height reflex, rad; 0 is the Bragg angle, deg.

IR spectra of doped magnesium ferrite samples were recorded on an IR Affinity-1 Fourier
transform spectrometer (Shimazu, Japan) in the range of v 400-4000 cm™'. Previously, the
samples were crushed in an agate mortar and pressed into tablets with KBr. The morphology
and elemental composition of magnesium ferrites were studied using a scanning electron
microscope (SEM) JSM-5610 LV (JEOL, Japan) with an energy-dispersive X-ray (EDX)
prefix JED-2201 (JEOL, Japan) and a transmission electron microscope (TEM) 7700 (Hitachi,
Japan).

2.3  Catalytic Methylene Blue degradation

To exclude the influence of competing adsorption process, the catalysts were saturated with the
Methylene Blue solution (100 mg/L) in the dark for 30 min. Furthermore, 25.0 mg of catalyst
and 100 puL of 30 wt. % H>O» solution (20 mmol/L) were added to the 50.0 mL dye aliquot
(10.0 mg/mL; pH 8.0; 20 °C). To evaluate the kinetic dependences, samples were taken after 5;
10; 20; 30; 40, and 60 min. The catalytic experiment was carried out using a diode (A = 650 —
670 nm) and UV-C lamps (A = 200 — 280 nm) as a source of visible- and UV-radiation,
respectively.

In all experiments, model solutions were mixed at a speed of 300 rpm by the rotary shaker
ST15 (Cat, M. Zipperer GmbH, Staufen, Germany). The pH of initial solutions was estimated
by pH meter of 3401 (+0.02) (Mettler Toledo, USA). The temperature of the model solutions
was 20 °C. The dye concentration was measured using the scanning spectrophotometer SP-
8001 (Metertech, Taiwan) at the most intense absorption wavelength of 664 nm. The degree
of MB mineralization/degradation was determined via a Total Organic Carbon Analyzer
TOC-V CPH/CPN (Shimadzu, Japan). All the catalytic experiments were performed in double
tests and reported as mean values. The error of the experiment was deemed valid if the final

value did not exceed 3 %.
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The degree (a, %) of the catalytic degradation of Methylene Blue was calculated by the
equation:

a=(1-Co/C)*x100, )
Where, Co and C; are the initial and equilibrium Methylene Blue concentrations, mg/L; t is the
time, min.
The values of apparent velocity constant (k', min') were determined graphically from the first-
order reaction equation:

In(Co/Cy) =k" x t 3)

3 Results and Discussion
3.1 XRD and FT-IR
Fig. 1 shows X-ray patterns of magnesium ferrite samples obtained at 300 and 600 °C.
According to the data of X-ray phase analysis, the sample obtained without the introduction of
dopant ions at 300 °C denotes a weakly-crystallized magnesium ferrite with low-intensity
reflexes corresponding to the planes (220), (311), (400), (511), (404) (Fig. 1a). An increase in
the calcination temperature to 600 °C led to a noticeable increase in the intensity of these

reflexes, which indicates the process of magnesium ferrite crystallization (Fig. 1b).
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Fig. 1. (a, b) XRD patterns and (c, d) FT-IR spectra of magnesium ferrite samples doped with
lanthanides calcined at (a, ¢) 300 and (b, d) 600 °C.

Doping with lanthanide ions led to a noticeable amorphization of magnesium ferrite, which is
confirmed by the absence of magnesium ferrite reflexes on the diffractograms of samples
obtained at 300 °C (Fig. 1a). Minor sodium chloride reflexes were present on radiographs,
which is due to incomplete washing of the obtained samples. Heat treatment of doped samples
at 600 °C was accompanied by the crystallization of magnesium ferrite and the appearance of
reflexes characteristic of cubic magnesium ferrite-spinel (Fig. 1b). It is important to note that
all synthesized samples were single-phase products and did not contain impurities of iron
oxides, orthoferrites, or lanthanide oxides. This confirms the formation of doped magnesium
ferrites. The established regularities are in good agreement with the results obtained in the
study of the effect of lanthanide ions on the crystal structure and magnetic properties of cobalt
ferrite [18].

To confirm the formations of the ferrite-spinel phase, the IR spectra of the obtained samples
were analyzed (Figs. 1c, 1d). The IR spectra of the samples obtained at 300 °C show wide
bands in the region of 1600 — 1650 cm™!, characteristic of deformation vibrations of OH-
groups in adsorbed water molecules, as well as insignificant absorption bands at 1400 cm,
which may be due to the presence of adsorbed carbon dioxide molecules. The presence of
low-intensity absorption bands in the range of 600 to 550 cm™ was due to the valence

vibrations of the Fe’’~0%* bond located in tetrahedral positions (Fig. 1c). The IR spectra of
8
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magnesium ferrite samples obtained at 600 °C underwent noticeable changes (Fig. 1d). The
absorption bands at 1600-1650 cm™ were almost completely absent, which indicates the
processes of dehydration and dehydroxylation of magnesium ferrite. The intensity of the band
increased significantly in the region of 550 cm™, and an absorption band appeared at lower
wavenumbers of 385, 450 cm™', which can be attributed to vibrations of the Mg?—O? and
Fe’*—0% bonds located at the nodes of the octahedral lattice. Both absorption bands indicated
the formation of magnesium ferrite with a spinel structure.

The influence of the nature of dopant cations on the parameters of the crystal structure of
magnesium ferrites obtained at 600 °C was estimated based on the analysis of the calculated
values of the crystal lattice parameter a (Fig. 2a), the unit cell volume V (Fig. 2b), and the
average crystallites size D (Fig. 2c). The crystallite size, volume, and unit cell parameters for
magnesium ferrite samples calcined at 300 °C were difficult to calculate due to the low

intensity of X-ray patterns.
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Similar patterns were observed for changes in the volume of the unit cell V' (Fig. 2b). At the
same time, the change in the volume of the unit cell had a less pronounced dependence on the
ionic radius of the lanthanide, which was confirmed by a slight change in this parameter for
all doped samples, which was in the narrow range of 0.594 — 0.599 nm?. It should be noted
that the introduction of lanthanide ions into the structure of magnesium ferrite resulted in a
slight decrease in the size of the crystallites from 16.8 to 12.4 nm for magnesium ferrite and
Dy-doped sample, respectively. This indicates the inhibitory effect of lanthanide cations on
the growth of magnesium ferrite-spinel crystallites. The exception to this series was the La-
doped sample, whose crystallite size was 19.4 nm. At the same time, there was no strict
relationship between the ionic radius of the dopant and the average size of the crystallites
(Fig. 2¢).

3.2 SEM-EDX and TEM

According to the SEM data, all samples of magnesium ferrites were represented by highly
dispersed particles formed as a result of the release of a large volume of gaseous combustion
products of the glycine-nitrate mixture, which transformed into a sponge-like structure with
many large pores of 5-10 um at 600 °C. Typical SEM images of the surface of La-doped
magnesium ferrites sample calcined at 300 and 600 °C are shown in Fig. 3a and Fig. 3c. At
the same time, the TEM data are in good agreement with the presented results of the
crystallite sizes calculated from the XRD data. Thus, the size of the crystallites identified in
the TEM images of magnesium ferrites obtained at 300 (Fig. 3b) and 600 °C (Fig. 3d) was

~2-5 and ~10-15 nm, respectively.

200 nm
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200 nm

Fig. 3. (a, ¢) SEM (x 1000) and (b, d) TEM (x 50 000) images of La-doped magnesium

ferrites calcined at (a, b) 300 and (c, d) 600 °C.

EDX analysis data (S.1) confirm the introduction of lanthanide ions into the magnesium
ferrite composition. At the same time, the ratio of the Mg:Fe:La ion content did not
correspond to the stoichiometric value of 1 : 1.9 : 0.1, although the results of the XRD
analysis confirm the formation of a single-phase product — cubic spinel of magnesium ferrite.
Thus, the lower content of magnesium and lanthanum ions may be due to the concentration on
the surface of magnesium ferrite mainly of iron atoms occupying tetrahedral positions. This is
in good agreement with the earlier conclusion about the location of Fe*" ions in the octahedral
positions occupied by Mg?* ions. An increase in the calcination temperature from 300 to
600 °C led to a decrease in the content of magnesium ions and an increase in the
concentration of lanthanum. This was due to the crystallization of doped magnesium ferrite,
accompanied by the processes of rearrangement of the crystal structure.

3.3  Dark-, visible- and UV-driven Methylene Blue degradation

Preliminary studies have shown that an increase in the calcination temperature of samples to
600 °C led to a sharp decrease in the catalytic activity of magnesium ferrites (the degree of
MB degradation of ~ 10-15 % within 60 min). This result is in good agreement with the IR
spectroscopy data (Figs. Ic, 1d) and the previously revealed determining role of surface OH-
groups and crystallite sizes on the adsorption properties of magnesium ferrite [22], as the

primary stage of the MB catalytic oxidation. In this connection, samples of heterogeneous
11



O J o U > w D

OO OO OO U OO BB SDMDEWWWWWWWWWWNDNDMNDNDMNODNDMNMDNMNMNNRRRRRRRRRR
GO WNRFPFOWO-JOHNUE WNDNEFOWOOWJTOHNUE WNEFEF OWOJIOHUE WNREFPOWOJIOUdWNE OWOOJoUu & WhDE O

Fenton catalysts obtained at 300 °C were of interest for further study of the catalytic activity.

The kinetics of the MB degradation under different types of radiation is shown in Figs. 4a, 4c,
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The analysis of the obtained data depicts that the interaction of hydrogen peroxide in light did
not lead to noticeable dye degradation. Regardless of the dopant ion nature, the degree of MB
degradation under visible light reached 95 — 100 % within 60 min. In the case of using UV-
radiation, a similar degree of dye degradation was achieved after 20 min. It should be noted
that in the latter case, the decomposition of MB in the presence of hydrogen peroxide was also
observed without a catalyst as a result of the photolysis of hydrogen peroxide with the
generation of -OH radicals under the influence of UV radiation.

It is known that the photocatalytic degradation of organic dyes is most accurately described
by the first-order reaction equation and obeys the Langmuir-Hinschelwood kinetics [25]. This
fact was in good agreement with the results of kinetic modeling (Figs. 4b, 4d, and 4f). It was
established that the kinetics of the catalytic destruction of the dye with a high degree of
confidence (R ~ 0.96 — 0.99) was well described by the first-order reaction model.

A comparison of the calculated values of the apparent rate constant of the MB degradation in
the presence of magnesium ferrites doped with lanthanides is presented in Table 1.

Table 1. Calculated parameters of first-order kinetic model for MB degradation.

Initial
Sample La Ce Dy Gd Sm
MgFexO4
Dark conditions

k', min’! 0.0555 0.0438 0.0391 0.0397 0.0389 0.0371

R? 0.9893 0.9838 0.9762 0.9915 0.9685 0.9608
Visible light

k', min’! 0.1029 0.0692 0.0765 0.0298 0.0513 0.0472

R? 0.9715 0.9690 0.9725 0.9647 0.9124 0.9479
UV light

k', min’! 0.3251 0.4039 0.4972 0.4290 0.1842 0.2089

R? 0.9960 0.9912 0.9828 0.9636 0.9996 0.9801
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When illuminated by their visible radiation spectrum, the calculated values of the apparent
rate constant k' were (2.9 — 9.6) 102 min!, which is ~ 1.3 — 4.3 times lower than that for the
initial sample of magnesium ferrite (k' 12.9x10 min™'). In the case of UV irradiation, there
was a significant increase in the value of the apparent velocity constant for all samples. At the
same time, a more significant increase (~ 1.5 — 17.1 times) was observed for doped
magnesium ferrites compared to the initial magnesium ferrite (~ 1.2 times). The results
obtained are in good agreement with the data described in a previous study [18].

According to Table 1, magnesium ferrite samples doped with La**, Ce**, and Dy*" ions had
higher catalytic activity compared to a catalyst based on the initial magnesium ferrite. At the
same time, samples doped with Sm®" and Gd®" ions exhibit the least catalytic activity under
these conditions. The obtained data on the behavior of the synthesized catalysts are due to
different mechanisms of the Fenton and photo-Fenton processes. Thus, the generation of
‘OH radicals in the Fenton reaction can be carried out by a single-electron transfer in the
interaction of Fe?" ions with hydrogen peroxide (Haber-Weiss mechanism), or by a two-
electron mechanism through the transfer of oxygen atoms to form FeO?" (Bray-Gorin
mechanism) [26]. At the same time, the introduction of lanthanides into the magnesium ferrite
matrix could lead to an increase in their catalytic activity in the photo-Fenton reaction due to
the interaction of 3d-4f-orbitals and increased generation of -OH radicals, as well as due to the
formation of impurity states in the band gap and a decrease in the electron transition energy.
The scheme of proposed mechanism of dark-, visible- and UV-driven MB degradation on
magnesium ferrite doping with lanthanide ions is shown on S.2.

In addition, it is necessary to take into account the possibility of changing the degree of
oxidation of lanthanides under the influence of UV radiation with the formation of redox
pairs, which leads to the activation of the photo-Fenton process [18, 27]. Thus, the change in
the apparent rate constant of the Methylene Blue oxidation reaction, depending on the nature

of the lanthanide ion, was complex.
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3.4  Reusability and comparison of catalytic activity

In practice, the most interesting catalysts are those that demonstrate high efficiency of organic
pollutants degradation under visible radiation. The possibility of reuse of catalysts is also
often a limiting factor in the practical use of the developed Fenton catalysts in wastewater
treatment. To determine the stability of the catalytic properties and the possibility of repeated
use of synthesized magnesium ferrites, catalytic tests were performed on the example of a La-
doped sample under the influence of visible light (Fig. 5). Thus, during four catalytic cycles, a
slight decrease in the catalytic activity was observed, which indicated the stability of the

structure and the possibility of repeated use of the obtained heterogeneous Fenton catalysts.

100+
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Fig. 5. The catalytic activity of La-doped magnesium ferrite during multiply tests.

The k' values for the obtained samples exceeded similar characteristics for heterogeneous
Fenton catalysts based on ferrites (Bao.75Cuo.25Fe12019, rtGO/MnFe>04), as well as nonmetallic
(g-C3N4-N) and zero-valence metallic composite (FeNi/C-300) (Table 2). This is also
confirmed by a longer time (up to 120 min), which is necessary to achieve comparable values
of the MB degradation degree (up to 99 %). For several heterogeneous (FeoGeS4) and
homogeneous (MgO»/Fe*") Fenton catalysts, the values of the rate constants are not reported.
At the same time, the degree of degradation of the dye of more than 99 % was achieved

within 10 and 30 min, which is much faster than for La-doped magnesium ferrite.
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Table 2. Efficiency of MB degradation with Fenton-like catalyst under visible light

irradiation.

Catalytic experiment

Catalyst .
y conditions

Degradation /
mineralization, %

k', min

Reference

Dose —0.5gL";
C(MB)-20mg L;
Bao.75Cuo.25Fe12019 C(H202) — 16.0 mM;
pH—-7.0;

T —25°C; t— 120 min.

99.0/88.2

0.0434

[28]

Dose— 1.0 gL';
C(MB) -20 mg L;
-C3Ny-N C(H205) — 199.4 mM;
pH—-7.2;
T-25°C; t—90 min.

99.0/ -

0.0508

[29]

Dose — 0.3 gL';
C(MB)-20mg L;
FeoGeS4 C(H202) — 50.0 mM;
pH—-7.0;
T-25°C; t— 10 min.

99.8/56.3

[30]

Dose —0.05 g L';
C(MB)-20mg L;
MgO,/Fe** C(H202) — 2.4 M;
pH —6.0;
t — 30 min.

99.1/70.2

[31]

Dose— 0.8 gL';
C(MB) - 10 mg L';
CuCr204/Ce0; C(H202) — 4.0 mM;
pH-7.0;
t—20 min.

98.0/ -

0.1878

[32]

Dose— 1.0 gL";
C(MB) -30mg L;
FeNi/C-300 C(H202) —20.0 mM;
pH-6.5;
T —25°C; t — 60 min.

99.2/59.2

0.0106

Dose —0.25 g L;
C(MB)—-20mg L;
C(H202) — 120.0 mM,;
t — 60 min.

rGO/MnFe;04

80.0/ -

0.0144

[34]

Dose —0.5gL";
C(MB) - 10 mg L;
C(H202) —20.0 mM;

pH - 6.0;
T —25°C; t — 60 min.

Ln-doped
MgFe;04

98.9/97.0

0.0692

This work

The most important parameter when choosing a catalyst for the destruction of organic

pollutants is the degree of mineralization. According to this parameter, the most effective
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sample allowed achieving MB mineralization of 97 %, which is significantly higher than for
FexGeS4 (56.3 %) and MgO»/Fe** (70.2 %). The CuCr04/CeO2 composite is characterized by
a higher &’ value and a lower time of MB catalytic degradation. However, data on the degree
of mineralization for this sample were not provided, which did not allow us to make an entry

about its effectiveness.

4 Conclusion

Magnesium ferrites doped with 10.0 mol. % of lanthanide ions (La**, Ce**, Sm*", Gd**, and
Dy*") were successfully synthesized by the glycine-nitrate method. The regularities of
changes in the parameters of the crystal structure depending on the conditions of synthesis of
doped ferrites were established using XRD, FT-IR, SEM-EDX, and TEM techniques. It was
shown that, depending on the dopant ion, magnesium ferrites with a crystal lattice parameter
in the range of 8.387 —8.431 A and a unit cell volume of 0.590 —0.599 nm® were obtained.
Due to the inhibitory effect of lanthanide ions, the introduction of dopant ions into the
magnesium ferrite composition makes it possible to obtain samples with an average crystallite
size from 12.4 to 19.4nm. The regularities of changes in the catalytic activity of
heterogeneous Fenton catalysts under dark-, visible-, and UV-radiation were established. The
positive effect of doping magnesium ferrite with lanthanide ions on the UV-driven photo-
Fenton process was established and this was accompanied by the interaction of 3d-4f orbitals
and the formation of impurity states in the band gap that increased -OH radicals generation.
An increase of calcination temperature from 300 to 600 °C led to dehydroxylation of
magnesium ferrites and a dramatic decrease in their catalytic activity. The most active
samples of magnesium ferrites provided a MB degradation degree of 95-99 % for 20 and
60 min for the Fenton and photo-Fenton processes. The catalysts reusability was confirmed
during four catalytic cycles under visible light irradiation. The obtained heterogeneous
catalyst performed enhanced catalytic activity in comparison with other high effective

materials and applicable for wastewater treatment from dye pollutants.
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