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Abstract

Rare-earth orthoferrites constitute a class of compounds that exhibit remarkable magnetic, optical, and
electronic properties across a wide temperature range. In the present study, a dysprosium-based
orthoferrite containing dual phases of DyFeQs perovskite and DysFesOiz garnet was successfully
synthesized via the co-precipitation technique. X-ray diffraction (XRD) analysis was employed to
investigate the structural configuration of the synthesized material. The diffraction pattern confirmed
the formation of a biphasic composite comprising orthorhombic DyFeQOs and cubic (bcc) DysFesOi:
phases.Field Emission Scanning Electron Microscopy (FE-SEM) was used to examine the surface
morphology of the nanoparticles, revealing nearly spherical particles with Crystalline Materials slight
agglomeration, thereby providing clear evidence of composite formation. Energy Dispersive X-ray
(EDX) spectroscopy further verified the presence of Dy, Fe, and O elements in the sample. The optical
band gap, determined from UV—visible absorption spectroscopy using the Tauc plot, was found to be
2.06 eV.Magnetic characterization using a Vibrating Sample Magnetometer (VSM) demonstrated a
mixed magnetic behavior—showing a Langevin-type (ferromagnetic) component at low fields and a
linear (antiferromagnetic) response at higher fields. Ferroelectric polarization (P-E loop)
measurements indicated induced ferroelectric characteristics in the material. Photocatalytic studies
under visible light illumination revealed that the DyFeOs nanoparticles exhibit an efficient degradation
rate of methylene blue (MB) dye, with a progressive decrease in dye concentration over time, confirming
the high photocatalytic activity of the synthesized catalyst.

Keywords: Co-precipitation, DyFeOs, DysFesOi,, nanocomposite, magnetic property, electric
polarization

INTRODUCTION
Realizing diverse properties in single/multiphase compounds is a very motivating approach to
generate new materials with rich functionality. Iron oxides are well established to exist in three different
forms, namely, hematite (o-Fe,O3), maghemite (y-Fe;Os) and magnetite. The most stable form of iron
oxide is hematite (a-Fe,03), pertaining to semiconducting materials. o-Fe>O; has strong corrosion
resistance property, leads to wide range of industrial applications. In addition, it possesses exceptional
qualities in experimental sectors like catalysis,
*Author for Correspondence pigments, gas sensors, and therapeutic therapy. The
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Rare-earth Orthoferrite (ReFeOs) takes perovskite configuration with orthorhombic space group
Pbnm. It exhibits ferroelectricity, ferromagnetism, piezoelectricity and ME coupling and they can be
classified as multiferroic materials. Many multiferroic materials such as ReFeOs; (Re= La, Pr, Nd. Sm,
Gd) [4], BiFeOs;, BiMnO3, and TbMnOs are investigated in the past decades due to their simultaneous
occurrence and coupling effects of ferroelectric and magnetic properties for technological developments
[5,6]. For storing hydrogen energy, binary metal oxides (BMOs) with unique structural features have
been discovered [7-10]. The presence of structural flaws and the creation of stable chemical interactions
between protons and oxygen, BMOs can adsorb hydrogen. BMOs exists in two different phases:
perovskite and garnet-like substances [11].

Several ReFeOs have been reported in the literature as multiferroics materials. Garnet (Dy3FesO12)
and dysprosium iron perovskite (DyFeOs) are the two separate entities, studied for variety of industrial
applications [12]. Various methods such as solid-state [13], sol-gel [14], and pulsed laser deposition
[15], are used for the synthesis of DyFeOs, whereas hydrothermal [16] and ball-mill methods are used
for preparation of DysFesO1» nanoparticles [17]. Banani Biswas et al studied the magnetic properties of
DyFeOs [18]. Zhu et al [19] synthesized DyFeOj; nanoparticles and the magnetization was studied using
a SQUID magnetometer. The magnetic properties changed significantly depending on the size of the
particles. Shivam Gupta et al [20] worked on dielectric and magnetic ordering of DyFeOs system with
Fe-site doping. Mehrnoush Nakhaeil and Davoud Sanavi Khoshnoud [21] discussed the structural,
magnetic and electrical properties of RFeO3; compounds. Hoogeboom et al [22] reported on spin seebeck
effect (SSE) in DyFeOs with a thin Pt film contact. Besides, there are only few reports on the synthesis
and properties of dysprosium based orthoferrite and the effect of f-block elements on its crystal
properties. In this work, simple and cost effective co-precipitation technique is employed to synthesize
the multiferroic materia Crystalline Materials | and these materials find applications in hydrogen storage
[23]. In the present studies, dysprosium based orthoferrite (DyFeOs3), novel multiferroic material has
been synthesized to evaluate their microstructural, magnetic, optical and P-E studies.

EXPERIMENTAL DETAILS

Ferric nitrate nonahydrate (Fe(NO3)3.9H»0), dysprosium nitrate Dy(NOs); SH,O, poly ethylene
oxide, Ammonia are used for the preparation of DyFeOs material through co-precipitation route. Iron
nitrate and dysprosium nitrate are separately dissolved in deionized (DI) water and then mixed together.
The mixed solution is heated slowly to reach 80°C and the polyethylene oxide is added to the mivxed
solution at 80 °C stirred vigorously for 2 hrs. Then, ammonia solution is added drop wise. Subsequently,
the sample is cooled to room temperature. The solution is washed 5 times with DI water and finally
with ethanol using centrifugation. The sample is dried at 200 °C and then annealed at 1200 °C for 5 hrs
to investigate the microstructural, optical and magnetic properties. The powder sample was made in to
cylindrical pellets using hydraulic press and sintered at a temperature of 500° C and used for P-E studies.

Characterization Techniques

Bruker AXS diffractometer D§ ADVANCE, XRD pattern are captured using CuK1 radiation in the
20 range of 10-80°. FT-IR SHIMADZU spectrophotometer, used to obtain FT-IR spectra in the 400—
4000 cm™ range. A Philips XL-30 FESEM is used to gather the FESEM pictures in order to examine
the surface morpholog Crystalline Materials y of the particles. The optical studies are conducted with
the Shimadzu UV-Vis-NIR Spectrophotometer UV-3600 Plus, Additionally, a vibrating sampling
magnetometer (VSM, Model 7400-Lake Shore) is used to study the magnetic properties. The electrical
polarization (P-E) behavior is traced with PE loop tracer.

RESULTS AND DISCUSSION
X-ray Diffraction (XRD)
Crystalline materials

Structural investigation of the prepared sample is characterized using Powder X-ray diffraction
technique. The sample is analyzed using X-ray diffractometer in the 20 range of 10-80° with the step
size of 0.02°/sec and the observed pattern is shown in Figure 1. The XRD pattern reveals that the
intensity peaks at (20) angles 17.57°, 26.94°, 28.85°, 32.27°, 35.50°, 39.86°, 45.08°, 51.06°, 53.34°,
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55.47°, Crystalline Materials 59.73°, 69.46°, 84.03° corresponds to (211), (321), (400), (420), (422),
(521), (611), (444), (640), (642), (800), (842) and (10 4 0) intensity planes and demonstrates the
presence of DysFesO;, granet phase which comparing with the JCPDS # 23-0237. Further from the
diffraction pattern, it is also noticed that the DyFeOs phase is also visible with intensity maxima at 23.3°
(002), 25.98°, (111), 33.3° (112), 47.4° (220), 49.0° (221), and 64.4 ° (133) which confirms the
orthorhombic phase of DyFeOs (JCPDS #47-0069) as previously described by Ali Salehabadi et al and
Anbarasu et al [23, 24]. For DysFesO12, an orthorhombic Pbnm space group is described, but for DyFeO3
perovskite oxides, a cubic crystal structure which belongs to Ia3d space group. It is reported that at
higher temperature, the incorporation of precursors (Dysprosium Nitrate and Ferrite Nitrate) mostly
favours to the formation of Dy Crystalline Materials FeOj; orthoferrite structure. At the same time, due
to excess incorporation of Ferric ions in to the parent DyFeOj3 system leads to the mixed phase formation
of DysFesO1, (Garnet phase) with DyFeO; (Orthoferrite phase) [25]. The identified mixed phase
formation may be due to the mere incorporation of lower ionic radii Fe** (0.68 A) ion into the DyFeOs
system, Hence the condition reveals that the content of Fe is critical to achieve single phase formation
of DyFeOs structure and the same was established with no more evidences of Fe rich secondary phases
in the X-ray diffraction planes.

The mean crystallite size is computed from the FWHM of the (420) (DyFeOs) peak of the XRD
pattern using Scherrer equation
0.9
B L cosl
where k = 0.9, A stands for monochromatic X- ray wavelength, f§ is the full width at half maximum

(FWHM) of the peak, 0 is the wavelength of radiation. The estimated crystallite size is found to be
around 27 nm. Crystalline Materials
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Figure 1. XRD pattern of dysprosium orthoferrite
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Zhu et al synthesized DyFeOs nanoparticles by annealing in the range of temperature 973—-1273 K.
Their XRD studies have illustrated the formation of pure orthorhombic phase (space group: Pbnm) of
DyFeOs[18]. The crystallite sizes are estimated using the Scherer formula and found to be 53-93 nm
range. Mahbobeh Jafari et al [26] prepared pure DyFeOs nanoparticles using combustion method and
the structure and surface morphology of the nanoparticles are studied. Lizhong Zhu et al [27] prepared
the CoFeOsand DyFeO; by sol-Gel method. As the proportion of Dy** was increased to 25.0%, several
new peaks appeared at 33.16, 40.70, 49.33, 53.99, 57.5 Crystalline Materials 2, 62.39, and 64.17°
(JCPDS: 25-1402). Similarly, the excessive addition of dysprosium or introduction into the reactive
system has replaced some iron in Fe,Os crystal to form DyFe4 sO¢ orthoferrite nanoparticles, which have
the similar structure to the RFeOs type DyossFe12503 orthoferrite nanoparticles. For the creation of
DysFesO1, and DyFeOsnanostructures, Ali Salehabadi et al. [23] employed the face combustion process
and annealed the materials at 750°C for four hours. According to XRD measurements, Dy3Fe50,, and
DyFeOs phases are formed.

FTIR

FT-IR spectrum of the sample is shown in Figure 2. The FTIR spectrum shows the intensity bands at
559, 588, 811, 1080, 1580, 1960, 2140 and 2350 cm™'. The stretching vibration modes of the Fe-O can
be used to explain the absorption bands at 559 and 588 cm™. The oxygen-metal-oxygen (O-M-O)
bending modes and Crystalline Materials metal-oxygen (M-O) stretching vibrations are present in
several strong bands in the structures between 500 and 800 cm™'. The bands between 500 and 800 cm’!
indicate the stretching vibrations of metal-oxygen (Dy-O, Fe-O), and metal-oxygen-metal (M-O-M). It
is significant to remember that at around 559 cm™!, Dy-O also forms its symmetrical stretching vibration.
It is possible to attribute the stretching vibration and bending vibration of OH groups at 1580 cm™! [23-
217].

Table 1. XRD refined parameters.
DyFeO3 (Pnma space group) - Orthorhombic

COD Database reference 96-200-3126 (CIF No: 2003125)

Lattice Parameters a=5.5791 A;b=7.61777 A; c =5.29682 A.c = 13.78489 A
Interfacial Angles o= 90 p=90" and y=90

Atomic position Name x y z occupancy symmetry Wyckoff

Dy 0.06665 0.25000 0.01725 1.000 0.008 4c
Fe 0.00000 0.00000 0.50000 1.000 0.007 4b
01 0.46260 0.25000 0.10810 1.000 0.009 4c
02-0.30330 0.05570 0.30750 1.000 0.009 8d

Volume (A3) 226293272 A3
Density (g/cm?) 7.859
W-B statistics 0.102
Bragg Ratios: Rp 0.1828
Rr 0.4571
wRb 0.09721
GOF 4.30
2.57
Fe-O-Fe (010) 145291 A
Dy - O 2.5095 (4) A
Dy - 02 2.3064 (4) A
Fe—- O 1.9997 (4) A
Fe - 02 2.0092 (4) A
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Figure 2. FTIR spectrum of the dysprosium orthoferrite.
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Figure 3. a Surface morphology of the orthoferrite at different magnification
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Figure 3. b EDAX of the prepared orthoferrite.

Surface Morphology by Field Emission Scanning Electron Microscopy

The surface topography of the compound is investigated using the FE-SEM with different
magnifications. It shows the we Crystalline Materials ll-defined formation of crystallites in the
nanoscale and the nanoparticles are formed inhomogeneously (Figure 3a). The crystallites are very
dense and are of different sizes. The topography shows nearly spherical shape particles with some
agglomeration. The set of crystallites appears white and other crystallites appear black. This is due to
the difference of different atomic numbers of Fe (26) and Dy (66). The Elemental analysis diagram is
shown in Figure 3b. The EDX analysis confirmed the presence of Fe, Dy and O elements in the sample.
The percentage (atomic) of Dy, Fe and O in the sample are 18.55, 23.94, 57.50 respectively. It can be
observed from the figures that Dy, Fe and O elements are uniformly distributed in the sample [23].

Optical Studies Using UV-Visible Spectroscopy

UV-Visible spectrophotometer in the wavelength range of 300-1000 nm is used to characterize the
The curve invariably shows that the absorbance is increased sharply in the visible region (~580 nm)
and decreases with increasing wavelength. optical properties of the sample. The optical absorption of
the sample is shown in Figure 4a. The curve invariably shows that the absorbance is increased sharply
in the visible region (~580 nm) and decreases with increasing wavelength.

Absorbance

400 500 600 700 800 900 1000
Wavelength (nm)

Figure 4. a Absorbance spectrum of the orthoferrite sample
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Figure 4 b Tauc Plot for finding the band gap of the prepared composite

The absorption coefficient, a (w) was determined using the relation,
a =2.303(4) (2)

where ‘A’ is the absorbance of the nanoparticles.

The absorption coefficient varies with the incident photon energy (hv) and has the following formula
near the absorption edge, according to the theory of optical transitions (direct or indirect) in solids. (3)

OthVZA(hV—Eg) 3)

where "n" is dependent on the type of optical transitions and A is a constant. Eg is the optical band
gap. The curve invariably shows that the absorbance is increased sharply in the visible region (~580
nm) and decreases with increasing wavelength.

The prepared nanomaterial optical bandgaps are computed. The linear portion of the intercept on the
energy (x) axis from the Tauc figure, as shown in Figure 4b, is extrapolated to yield the direct bandgap.
According to optical investigations, the bandgap of 2.06 eV is obtained for this material.

Magnetic Properties

At ambient temperature, the field range of 15 kOe H is used to measure the field dependent
magnetization (M-H) of Dy-Fe-O, depicted in Figure 5. Table 1 contains the sample's saturation
magnetization, remanent magnetization, and coercivity values. When the magnetic field is reduced, the
sample's magnetization rises significantly, indicating the coexistence of magnetic phases. The
magnetization then rises gradually as the magnetic field increases. The sample's measured M-H curve
suggests that t Crystalline Materialshe magnetization at low fields tends to saturate, whereas the
magnetization at high fields manifestly displays unsaturated open linearity. The uncompensated
moment of the particle core is related to the saturating part, while the spins of the disordered surface
are associated to the non-saturating part. This is comparable to the core-shell magnetic structure of NiO
nanoparticles, which has already been published with the core as antiferromagnetic ordering and the
shell as ferromagnetic response [28]. This work reveals that the antiferromagnetic component produces
a linear dependence whereas the ferromagnetic component follows the Langevin pattern. In our
situation, the sample's initial magnetic field can be represented by the ferromagnetic Langevin
component, and in the high-field area, it can be represented by the linear component
(antiferromagnetic). Hence, the magnetization M for an applied field H at room temperature T is given
by

M =My + yarH 4)
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Figure 5. Magnetisation (M- H) curve for orthoferrite sample

Table 1. Magnetization values of DyFeO.

S n. | Saturation magnetization (Msx 10%) | Remanent Magnetization (M: x 10-) Co-ercivity (Hei) Oe
in emu/g in emu/g

1 86.11 24.53 509

The non-compensation of the surface spins is responsible for M0's rapid increase in magnetization,
and AF H's antiferromagnetic contribution is responsible for AF H's non-saturate magnetization at high
fields. Crystalline Materialsreplacing M0, which is dependent on the surface component,

M = Ms [coth(nH/ksT) - ksT/puH] + xar H 5)

where kg is Boltzmann's constant, is the uncompensated magnetic moment, AF is the core's
antiferromagnetic susceptibility and Ms is the saturation magnetization. The sample's greater coercivity
value shows that the uncompensated surface spins are primarily responsible for the magnetization of
the sample.

There is debate regarding the causes of the ferromagnetism that occurs in metal oxide nanostructures,
and it has been discovered that a variety of defects and vacancies are to blame. According to a report,
oxygen vacancies, tin vacancies, and tin interstitials caused room-temperature ferromagnetism to be
seen in SnO; nanostructures [29]. Furthermore, room-temperature ferromagnetism is also present in
ZnO nanoparticles because of surface flaws such oxygen vacancies, zinc vacancies, and zinc interstitials
[30]. As previously reported, capping these flaws with suitable organic molecules results in changes to
the electrical structure and controllable ferromagnetic behaviour in the ZnO and SnO; nanostructures
[29]. Li et al. produced Dy ¢7s5Fei250; orthoferrite nanoparticles by the sol-gel method, and their
magnetic properties were examined. The tem Crystalline Materialsperature of the Dy ¢75Fe; 2503
orthoferrite nanoparticles was low and soft magnetic phase will coexist in the sample at lower
calcination temperatures [31].

Electric Polarization (P-E) Analysis
In order to analyse the ferroclectric behaviour of the orthoferrites at room temperature, electric
polarization is carried out and the observed polarization pattern is shown in Figure 6.

© STM Journals 2025. All Rights Reserved 48



International Journal of Crystalline Materials
Volume 2, Issue 2

1.4

0.8

0.6 1

0.4

0.2 1

0.0 g -
0.2 V4 '

0.4

Polarization (pC/cm?)

s P10)

-0.6 = A\ 1 P12
P13
P14
7 P15

-0.8 P

-1.0

-1.2 9

-1.4 T T T T T T T T T T

Electric field (kV/cm)
Figure 6. Ferroelectric hysteresis loop of orthoferrite.

From the Figure, it is inferred that the sample displayed an unsaturated ferroelectric behaviour.
Further, it is noticed that with the increase of field strength leads with increase of loop area, which
defines the improving Crystalline Materials polarizability of the compound. It is also observed that the
replacement of Dy*" ions at the Fe*" site in Iron III oxide (Fe»O3) leads with inducement of ferroelectric
behaviour and the area of the hysteresis loop suggests that the compound has near saturation behavior,
which is a very peculiar and quite acceptable characteristic feature for a ferroelectric material with
induced ferroic behaviour [32].

It is known that changes in composition, microstructure, and lattice defects within the crystal structure
of the materials have a major impact on ferroelectric characteristics. Hence, it is to be noted that the
mixing of transition metal ion Dy*" ion into Fe-Oj; host lattice leads to structural deformation and
Crystalline Materials inducement of spontaneous dipole moment which is responsible for ferroelectric
behavior. As of now, the identification of ferroelectric property in g-Fe,Os epitaxial thin film has been
reported whereas there is no clearer evidence of inducing ferroelectric property in Fe,O3 compound has
been reported [33]. Hence, the present work reveals the possibility of inducing multiferroicity in the
Fe,O3 compound.

The ferroelectric hysteresis loop exhibits non-zero remanance and coercivity values as the applied
electric field is increased from 2 kV/cm to 10 kV/cm. Additionally, linear increases in the polarization
values result in maximum polarization (Pmax) of 1.2 C/cm?, remanant polarization (Pr) of 0.7 C/cm?,
an Crystalline Materialsd coercivity (Ec) of about 6 kV/cm, which reveals the ideal ferroelectric
behaviour. Due to the sample's reduced resistivity under room temperature conditions, the lower
resistance result reveals the sample's leaky nature. Although the saturation polarisation Pmax (1.2
C/cm?) was discovered to be less and the change of the hysteresis loop shows that the sample is loose,
the reported value is extremely compatible with that of comparable simple perovskite-related
compounds [34-35]. The possibility of creating ferroelectric behaviour when adding Dy3+ ions into the
ferromagnetic Fe;O3 compound has been discovered via the P-E loop analysis.
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Figure 7. Photocatalytic degradation of MB dye using DyFeOs catalyst.

Photocatalytic Performance of DyFeO; Nanoparticles

The degradation of methylene blue (MB) dye under the irradiation of visible light was used to
measure the photocatalytic activity of the DyFeOs nanoparticles. Figure 7. represents the UV-vis
absorption spectra of MB solution at various time intervals of the photo catalytic reaction. The
maximum of MB absorption about 664 nm was systematic because the intensity of these maxima
decreased with tim Crystalline Materialse of irradiation, means that the dye molecules were steadily
broken down. The present result is in line with the past literature on perovskite-based photocatalysts, in
which adsorption contributions are usually insignificant relative to photocatalytic degradation.

Time decay indicates that the nanoparticles of DyFeO; have a strong photocatalytic ability. The MB
dye degradation was initially seen to reduce significantly after 30 min of visible light irradiation and
the degradation efficiency was gradually increased with prolonged irradiation duration[36-38]. The
largest degradation was observed during the initial 60 min, after that the rate of degradation seemed to
have reached a stabilizing point.

The photocatalytic degradation may be explained in the following way,
In(Ao/A) =kt

In which AO is the original absorbance of MB, A is the absorbance at time t and k is the apparent
first-order rate constant. The fact that a linear correlation between In (A0 /A) and the irradiation time
indicates that the photocatalytic degradation is going to be run in pseudo-first-order kinetics, a typical
feature of an efficient photocatalytic reaction.

Mechanism of Photocatalytic Activity

The photocatalytic activity of DyFeOs observed can be explained by the uniqueness of its electronic
structure and optical properties. Being a perovskite oxide, which has the general formula ABO3,
DyFeO3 has an appropriate band gap which allows it to absorb visible light and produce electron-hole
pairs. When electrons are light irradiated, they are energized to elevate the electrons in the valence band
to the conduction band forming photo generated charge carriers.
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The photocatalytic reaction follows the following outline:
DyFeO3 + hv — DyFeO3 (e + h")

The holes (h -) produced in the photo can oxidize organic contaminants or react directly with water
molecules to produce hydroxyl radicals (-OH), which are very reactive oxidizing species:

h*+ H.0 — «OH + H" h* + OH  — *OH

Simultaneously, photo generated electrons could decrease dissolved oxygen to generate superoxide
radicals (*O2 -):

e+ 02— 02

These reactive oxygen species (*OH and *O2 -) will then react with the organic dye molecules
resulting in their mineralization to non-toxic products, CO, and H,O.

There are a number of reasons which explain the improved photocatalytic activity of DyFeOs
nanoparticles[38]:

Purity of crystal structure and phase, optical properties, surface area and morphology and efficiency
of charge separation. The existence of rare earth Dy ions with electronic states of unusual energy levels
is capable of s Crystalline Materialserving as charge trapping sites and increasing the lifetime of
photogenerated carriers, as well as lowering the rate of recombination. DyFeOs has an attractive optical
absorption in the visible light region to charge transfer occurred between the Fe ** and O 2-ions, and
the d-d transitions in Fe 3" ions[36]. This optical surface sensitivity renders it beneficial to develop solar-
derived photocatalytic uses. The morphology of the nanoparticles enables it to have a high surface-to-
volume ratio thus having a momentous amount of active sites that can be used during photocatalytic
reactions. The presence of the increased surface area provides a better contact of the catalyst with target
pollutants, which is more beneficial to the overall degradation efficiency. This has been facilitated by
the presence of both Dy 3+ and Fe 3+ cations which introduces several energy levels in the band gap,
ensures effective separation of charges and minimizes the recombination of electrons and holes. This
plays an important role in preserving a high photocatalytic activity.

Photocatalytic activity of the nanoparticles of DyFeO3 in this work is better than the other rare earth
ferrite photocatalysts. Past reports on the similar perovskite materials have reported works that exhibit
different levels of photocatalytic efficiencies based on the mode of synthesis, morphology, and reaction
environments[39].

Indicatively, MB degradation efficiencies of 60-85% with similar experimental conditions has been
demonstrated with LaFeO3 nanoparticles with BiFeO3 composites demonstrating degradation rates of
70-90% of organic dyes[39] . The current performance of DyFeO3 in the study is seen to be between
the higher range of reported efficiencies of perovskite-based photocatalysts, and this suggests the
possibility of the material to be used as an efficient visible-light-active photocatalyst.

The fact that the degradation rate decreases gradually with the longer the irradiation time (after 60
min) can be explained by a number of factors such as the depletion of the easily accessible dye
molecules, the saturation of the catalyst surface and the presence of intermediate degradation products
that could occupy the active sites. Nevertheless, the persistent activity of photocatalysis during the
period of the experiment indicates that the catalyst (DyFeO3) is stable during the conditions of the
experiment.

The photocatalytic degradation of MB using the nanoparticles of DyFeO3 has great applications in
environmental cleaning programs[40-42]. Methylene blue is an example of organic pollutant that is
usually prese Crystalline Materialsnt in wastewater of the textile and printing industries. The fact that
DyFeO3 can efficiently decompose this kind of pollutants when exposed to visible light means that it
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is a good candidate solution to sustainable wastewater treatment technologies. Additionally, the
application of visible light as the source of energy is consistent with the concept of green chemistry and
provides the possibility of the solar-based photocatalytic system to minimize the environmental impact
of the water treatment procedure.

CONCLUSION

In this work, co-precipitation is employed for preparing pure dysprosium orthoferrite nanostructures.
The microstructure, optical, magnetic and electric polarization studies are carried out. The structural
and morphological observations provide enough proof for the mixed phase formation of DysFesO1, and
DyFeOs nanoparticles. XRD studies indicated the formation of Dy3FesO1», and DyFeOs nanoparticles
with cubic and orthorhombic structure, respectively. The crystallite size was found to be 27 nm for
cubic structure. FE-SEM images show the formation of crystallites of the nanoparticles with different
sizes. The optical studies revealed the bandgap of 2.06 eV. Vibrating Sample Magnetometer (VSM)
measurements of DyFeOs's magnetic characteristics are made at 300 K. The findings can be used to
better understand rare-earth orthoferrite applications and the nature of magnetic interactions in these
structures. The P-E loop analysis identifies the potential for creating ferroelectric behaviour. Currently,
we are investigating the Mn and Cr doped DyFeOs for better understanding of the influence in the
microstructure, magnetic, optical and electric polarization behavior in the doped system.

In the photocatalytic degradation experiment, it is shown that the DyFeO; nanoparticles have a high
photocatalytic rate of the degradation of MB dyes when subjected to visible light. The progressive
reduction in dye concentration with time is a confirmation of the efficiency of the catalyst. This high
performance can be explained by the unusual electronic structure of the perovskite material, effective
charge separation and favourable optical characteristics which allow the absorption of the visible light.
These results imply that DFeO; nanoparticles have tremendous potentials in real-w Crystalline
Materialsorld issues in the remediation of the environment, especially in treatment of organic pollutants
in wastewater . The research needs to be improved by working on the reaction conditions in the future,
researching in the degradation of additional organic pollutants, and analyzing long-term stability and
reuse of the catalyst in the industrial context.
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