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ABSTRACT
SrErxFe12.x019(x=0, 0.01, 0.05 and 0.09) nanoparticles were synthesized by auto-combustion
method using urea as a fuel. The structural changes on substitution of erbium to M-type
strontium hexaferrites have been evaluated by scanning electron microscope (SEM), FTIR,
Energy dispersive X-ray spectroscopy (EDX) and Vibrating sample magnetometer (VSM), The
thermogravimetric analysis (TGA) used to determine the stability and decomposition of
nanoparticles. PXRD pattern confirms the crystalline size 30 nm indicates pure hexagonal
crystal structure. The decrease of Hc 4939.8-5232.5(0Oe) and Mr 15.84-19.31 (emu/g) Value
with increasing erbium substitution and hard magnetization confirmed by VSM analysis. The

optical band gap determined was 2.5 eV. The photodegradation of various dyes in the presence
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of synthesised nanohexaferrites under the sun light showed that 4-nitroaniline undergo 98%

effective degradation without loss of the catalyst.

Keywords: Self-propagation, photocatalytic properties, Vibrating sample magnetometer, TGA,

hexagonal lattice and photocatalytic effect.

Introduction

Nanoparticle with particle size below 100 nm are important and has broad applications as
permanent magnets and data storage devices, materials for absorbing electromagnetic
radiations, high density magnetic recording, medical equipment macroscopic quantum
tunneling (MQT), Site-specific drug delivery etc. [1]. There has been considerable intensity in
using metal ferrites in photocatalysis. Among the ferrites, CoFe,O4 found to be stable structure
and superior magnetic properties. This is due to two distinct tetrahedral and octahedral
positions available for doping M?* and M** ions. Thus, photochemical properties in them can
be easily altered through doping and co-doping techniques [2]. In this respect, many novel
doped nanoferrites synthesized and reported their properties. The substituted hexaferrrites also
found to be have optimized photocatalytic properties which are classified in to six types based
on their crystal structure. They are M, W, X, Y, Z and U type ferrites with the general formula
MFe1>xO19 where M = Sr, Ba and Pb. Among these ferrites, the strontium doped ferrites make
it more suitable for many optical and magnetic related applications due to its suitable size and
charge [3-5]. Literature show that strontium doped ferrites used in finer recording media
applications, low coercivity and high saturation magnetization values [6]. Further, variation in
the amounts of both Sr?* and Fe3* alter the properties of doped ferrites. Substitution of Sr?*
ions by rare earth ions like La®", pr¥*, Nd*", Sm*" etc., similarly, Fe3* substitution AI**, La%*,
Gd**, Er®*, Co?*, Mn?*, Nd**, Bi®* etc., showed the properties that depend greatly on the (i) the

composition, (ii) synthetic method and (iii) the calcination temperature. For example, M-type
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hexagonal SrFe12O19and NdFe12019 synthesized by hydrothermal method which were sintered
at 1200 °C in air showed increased coercivity without causing any significant changes in
saturation magnetization and remanence even when the concentration of Sr>* and Nd** in their
respective ferrite is increased. In addition, M-type strontium hexaferrite is considered a
synthetic magnetic material of great interest due to its excellent chemical stability, high Curie
temperature, and corrosion resistance [7]. Erbium doping significant alters the magnetic and
optical properties of nanoferrites it also has significant role in changing the crystal structure
and lattice parameters. Erbium doping exhibits photoluminescence emission at 1534 nm and
thus suitable in optical waveguides and amplifies [8]. There are a number of methods known to
synthesize erbium doped nanomaterials. They are sol-gel, hydrothermal, Ball milling,
Auto-combustion, micro-emulsion, green synthesis and co-precipitation methods. Among these
the auto-combustion method at high temperature is very simple, having lower production cost
with higher purity of the sample and obtain homogeneity in short time interval [9-11].

Water pollution is a major threat to Society. The main source of water pollution is industrial
discharge. In recent decades due to urbanization and expansion of industries are the two critical
issues. Major industrial sectors are textile, pharmaceutical, leather, cosmetic, beverages,
cement, rubber, plastic, agriculture, paper industries and these industries are the primary
sources of poisonous chemicals such as heavy metals, mineral acids, organic acids, bleaching
agents, detergents, Inorganic particles, synthetic organic dyes and other residues which cause
severe environmental pollutions [12] and is becoming a threat to water bodies and humans.
Therefore, water treatment essentially required and it has been done by different methods, one
of the best methods is ultraviolet purification, which involves the use of nanocomposites or
semiconductor photocatalyst with tuneable bandgaps using TiO2 and ZnO [13]. The first used
catalyst for that purpose was titanium dioxide which has a strong potential for destroying the
micro-organisms and other organic pollutants in the presence of UV light [14]. In addition,

there are many TiOz based photocatalysts used widely due to its eco-friendly nature. Recently,
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researchers have investigated that the strontium substituted ferrite nanoparticles also have
potential optical applications [15]. Thus, a number of SrFe12.xO19 have been synthesized and
evaluated their photocatalytic properties. Further, doping rare-earth elements to SrFe12-xO19 Can
further alter their photocatalytic properties.

Research in our laboratory focused on synthesis of rare-earth substituted hexaferrites by
different methods by using different fuels and studied the photocatalytic properties [16]. In the
present research work, we report here the synthesis of Er®* substituted of SrFeis-xO19 (X=0,
0.01, 0.05 and 0.09) by auto-combustion method using urea as a fuel and studied structural,

morphological, magnetic optical and photocatalytic degradation of different dyes.

Experimental

Material and Methods

The samples for the preparation ErxSrFe1oxO19 nanoparticles i.e., all metal nitrates and organic
fuels used were of analytical grade. The metal precursors used were Ferric nitrate nonohydrates,
Fe(NO3)39H20(purity 99%), erbium nitrate hexahydrate, Er(NO3)36H.0, strontium nitrate
Sr(NOs)s, and urea (CHsN20), purchased from Merck chemicals and Nice chemicals. The
synthesized nanoparticles were characterized by Fourier transform infrared spectroscopy
(FTIR) on a perkin Elmer spectrometer (Spectrum 2 USA), Phase identification via powder
X-ray diffraction (XRD) which were obtained in 20 angle in the range 20-80" with Philips
diffractometer (BRUKER, d8 Advance, Germany) using CuKa radiations (A=1.5406 A). The
sample morphologies and micro structure were observed by emission scanning electron
microscopy (ESEM, JEOI/EO/JSM-639). The energy dispersive X-ray spectrum were recorded
using (EDX) (CarlZeiss, Model: EVOLS15, Germany). Vibrating sample magnetometer
(VSM; CREST, 20130523-01) was employed to characterize the magnetic properties at room
temperature. The saturation magnetization (Ms), Coercivity (Hc) and remanence magnetization

(Mr) obtained from Hysteresis loops. Thermo gravimetric analysis (TGA) and differential
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scanning calorimetry (DSC) was carried out by using NETZSCH, STA 2000 at 1000 °C, this

provides information about phase change, exothermic and endothermic events.

Procedure

The nanocomposites, SrErxFei».xO19 (SrM-HF’s) (x=0, 0.01, 0.05 and 0.09) have been
synthesized by Auto-combustion method. All metal nitrates used in appropriate ratio and urea
was dissolved in a small amount of deionized water taken in a beaker which was stirred by a
magnetic stirrer at room temperature to get homogeneous solution. The mixture was kept in a
furnace and heated to 500°C for about four minutes then a large amount of gas (N20 and CO2)
released and large amount of heat released by completing the whole reaction. The sintered
fluffy powders was ground in an mortar with pestle and mixed with a binder polyvinyl
pyrolidone (PVP) (CeHgNO)n. The fluffy powders are compressed to dia 10 mm and a
thickness of about 3 mm by loading a pressure of 8-106 kg/m? for 6 min. The pellets were
sintered in a furnace at the temperature of 1200°C for 3h and then gradually cooled to room
temperature. The experimental condition favourable for obtaining nanoparticles in the
significant crystalline state.

Photocatalytic activity of the synthesized SrM-HF’s was determined under solar light. The time
taken for decomposition of different dye was measured. In each experiment, 0.05 g of
SrM-HF’s nanoparticles were added into 50 mL of dye solution with a concentration of 10 mg
(1:1molar ratio). The suspension was magnetically stirred in the dark for 30 minutes to
establish the adsorption/desorption equilibrium at room temperature, then the solution was
directly irradiated under sunlight. After that samples were taken from the suspension and
centrifuged to remove the SrM-HF’s nanoparticles. The change in the concentration of each
degraded solution was determined by UV-Vis spectrophotometer (Shimadzu, UV-1650 PL
model) by measuring the absorbance in the range of 200—-800 nm. Distilled water was used as

the reference sample [17] and the percentage degradation of the aqueous dye solution was
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calculated by the relation given below
n=[(Co-Cy)/Co]X100 (1)
Here, n is the degradation percentage (%), is the initial absorbance of the dye (mg/L); C; is

the absorbance of the dye at the selected time interval (mg/L) [18].

Results and Discussion

FTIR studies

FTIR spectroscopy used to find the presence of functional groups. In fig. 1, it is observed that
two strong

characteristic absorption bands in the range 400-550 cm™, which are assigned to the intrinsic

vibrations of tetrahedral and octahedral positions in the M-hexagonal lattice [19].
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Fig. 1 FTIR spectra of SrErxFeinxO19 (FO: x = 0.00, EF-1: x=0.01, EF-2: x=0.05
and EF-3: x=0.09)

The absorption band in the region 454 and 591 cm™ corresponds Fe-O stretching vibration
[20]. These observations confirmed the formation of an M-type SrHF’s structure. No
absorption band appeared in the region 3200-3500 cm™ indicates the absence of an OH

group/moisture in the synthesized samples and confirming the completion of the reaction [21].
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XRD analysis
The PXRD pattern of the SrErxFe12xO19 (X=0, 0.01, 0.05 and 0.09) are showed in fig. 2. The
peaks with h, k, | values of planes (110), (114), (200) and (203) matching with the JCPDS card

number: 24-1207 for the hexagonal phase SrFe12O19 type.
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Fig. 2 XRD pattern of SrErFenxO19 (FO: x = 0.00, EF-1: x=0.01, EF-2: x=0.05
and EF-3: x= 0.09) standard diffraction pattern JCPDS card number 24-1207
In addition, it was observed that the sample SrErxFei>.xO19 Showed around 5% of phase of

secondary erbium oxide (ICSD: 202518). The lattice parameter calculated using the relation,

1 4 (hz+hk+£2) N 2 @)
dZhkl 3 2 2 sesesesesse

a C

Where dnii is the crystal planes comparing the distance; a and c are the lattice parameters; and
(hkl) are the Miller indices. XRD studies showed that the lattice parameter increased slightly
from 0.5107 to 0.5729 cm™. The increase in lattice parameter with increasing the Er* ion
concentration because of the substitution of larger ionic radius Sr*? (0.112nm) with smaller
ionic radius Er®*ions (0.1098 nm) [22].

Table.1 Crystallite size (D), lattice constant (a), cell volume (V), X-ray density (gx ray) and

bulk density of SrErxFe12-xO19 (x =0.00, 0.01, 0.05 and 0.09)
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Crystallite | Lattice Lattice (©)/@) | Cell X-ray density
Composition size (D) | constant | constant | A volume | (gx-ray)/g
/nm (a)/A (c)/A (V)IA® | cm?®
SrFe12019 31.00 5.8794 22.358 3.9133 | 691.38 | 0.5107
SrEro.01Fe11.99019 | 30.61 5.8814 |23.0180 |3.9161 | 691.38 | 0.5805
SrEro.osFe11.95019 | 30.40 5.8814 | 23.0180 |3.9161 | 691.38 | 0.5769
SrEro.o9F€11.91019 | 30.30 5.8814 23.0180 | 3.9161 | 691.38 | 0.5729

The unit V cell of the hexagonal system is determined by the relation V cell = 0.866 a’c
Where, a and c are lattice parameter obtained for the hexagonal system. From the XRD
profile, an average size of nanoferrite crystallites was determined by Debye-Scherer equation

(d) and is determined by the Scherrer’s formula.

_ K
D=t 3)

Where, K= 0.89 is a constant of Scherrer’s value for the hexagonal system, A = 0.15406 nm
wavelength of the incident X-rays, B is the FWHM of diffraction peak, 0 is the Bragg
diffraction angle. The average value of crystallite size obtained was in the range 30-35 nm and
values are tabulated in Table 1. Hypothetical X-ray thickness (dx) of each sample was

determined using the formula [12]

M

Dx=— (4)

NV

Where Z = 2, number of particles per unit cell, M is atomic weight, N is Avogadro’s number
and V is unit cell volume.

The cell volume of the SrErxFe12xO19 patterns were set in the various boundaries a, ¢c and V are
tabulated in table 1. X-ray thickness is in the range 0.5107-0.5729 cm™. The decrease in the

X-ray thickness was more because of doping of the larger molecular weight (104.116 amu) and
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ion volume (0.1034 nm) of the Er®*ion compared to the smaller molecular weight (87.62 amu)
and largest ion radius (0.112nm) of strontium ions.

Magnetic properties

The effects of erbium doped strontium hexaferrites were analysed by vibrating sample
magnetometer at room temperature operated at an applied magnetic field of 10 kOe. The
magnetic parameters i.e., saturation magnetization (Ms), coercivity (Hc) and remnant
magnetization (Mr) were determined based on these curves and the values are tabulated in
table 2. The hysteresis curves of all samples of M- types hexaferrites with the formula,
SrErxFe12xO19 (X = 0.00, 0.01, 0.05 and 0.09). On the whole, the Ms of these samples were
more than 25 emu/g, which contained certain amount of SrFe12O19. Similarly, the Hc of the
nanocomposites were more than 4500 G, the composites are in comparison to a conventional
ferromagnetic and could be considered as hard-magnetic materials as shown in Fig. 3 [23].

The magnetic properties of substituted hexagonal ferrites are impacted by the electronic
configuration of substituted or doped cations. The substituted Er®* has an electronegativity of
1.17. The Fe3* ion has five unpaired electrons and the hexagonal ferrites have a total of 12 Fe3*
occupied in five distinct sub-lattices. One is tetrahedral (4f1), three are octahedral (12k, 2a and
4f;), and one is trigonal bipyramidal (2b). Of the twelve Fe®" ions, four are oriented
downwards, at 4f1 (2 Fe®") and eight 4f, (2Fe®") are oriented upwards, at 12k (6 Fe*), 2a (1
Fe®) and 2b (1 Fe®*"). Thus, magnetic moment is caused by the remaining 4Fe®*ions, which
have an upward orientation while the four downward and four upward spins cancel each other

[24].
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Fig. 3  Hysteresis curves of SrErxFei2xO19 (FO; x=0.0, EF-1; x=0.01, EF-2; x=0.05 and
EF-3; x=0.09)
Saturation magnetization (Ms) is reduced due to addition of Er®" ions. The magnetic

parameters were calculated using the following relationship

M X Ms Mr

ng = —— (5) S =15
Hc X Ms
........ (6) ~ Zaoea

Where nf is the magnetic movement/ formula unit in pb, Ms - saturation magnetization

(emu/g) Mr - remanence magnetization, M - molecular weight in g, 5585-magnetic factor,
K-magnetic anisotropic constant and Hc- coercity.
Table.2 The values of saturation magnetization and their related data of synthesized

nanoferrites (FO; x=0.0, EF-1; x=0.01, EF-2; x=0.05 and EF-3; x=0.09)

Name of | NPs Ms(emu/g) | Mr(emu/g) | Mr/Ms Hc(Oe) | nB(up)
composition symbol
INFMR2506640 Volume 7, Issue 6, November-December 2025 10
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SrFe12019 EO 28.715 15.841 0.55166 | 4939.8 5.458
SrEro.o1Fe11.99019 | EF1 30.909 17.113 0.55328 | 4537.70 |6.734
SrEro.0sF€11.95019 | EF2 32.930 18.254 0.55432 | 5090.3 7.031
SrEro.ogFe11.91019 | EF3 34.824 19.318 0.55473 | 52325 7.536

A site substitution increases the magnetization. Hc magnetic moment of

Erd*.
Fe3* ions
increase |
increases

Neverthel

Fe3* is higher than

Therefore, the magnetization of B sub lattices increased as a result of an increase in

at the B location [25] Thus, lesser magnetic Er®* replaced from the samples causes
n magnetization. According to results, the saturation magnetization and remanence
with increasing erbium doping. The rise in the Ms value when x exceeds 0.09.

ess, a larger magnetism in the lattice is generated by an increase of hyperfine fields in

the 12K and 2b sites as a result of the super exchange interaction in Fe%*-O - Fe** [26]. Which

affects Er

3+ and the (host) Fe®" ions respective ionic radii as well. The values of Ms and Mr

with content are compared in supplementary figure S1. The table.2 show the values of

saturation

Thermal

magnetization and related data.

analysis

The thermal degradation of SrEro.osFe11.91019 has been studied and two major weight loss have

been observed and the graph is showed in supplementary file.S2. In the first step, loss of water

molecules presents within the lattice occur at 100 °C, and also decomposition of urea-nitrate

occurred at 350 °C [27].

In the next step the weight loss associated with the decomposition of the residual organic

material observed within the range of 350-580 °C. Breakdown of metal hydroxide and

developm

ent of hexagonal ferrite can be completely performed below 600 °C. Above 600 °C,

no noteworthy weight loss was observed, but the phase formation of ferrite crystals might have

taken place [28-29]. Therefore, all the produced solids were calcinated around 1200°C for 4 h

in high-temperature muffle furnace and exploited for intended investigations [30].
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SEM Studies

The grain and morphology and particle size of synthesized SrErxFe1>xO19  (x = 0.00, 0.01,
0.05 and 0.09) depicted in fig. 4 (a-d). The figure showed that some have rod shape; some have
hexagonal platelet like grain with particles are placed irregular manner. The particle sizes are
calculated and they found to be in the range of 30-31 nm. The synthesized samples showed
that the surfaces with agglomerated particles and magnetic interaction between individual
particles could be the reason for the observed agglomeration which leads to the formation of
large particles [31-32]. To examine the grain size, it was confirmed that as an increase in
concentration by x moles, the grain size decreases. It has been reported that in auto-combustion

technique using urea as a fuel the reaction involves crystallization.

-~ e ? -~ b
SEM HV: 250 kV WD: 5.00 mm VEGA3 TESCAN
SEM MAG: 35.0 kx Det: SE

SEM HV: 25.0 KV
SEM MAG: 40.0 kx

SEM HV: 25.0 kV WD: 5.04 mm | | VEGAS TESCAN SEMHV: 25.0 KV WD: 5.04 mm | VEGAZ TESCAN

SEM MAG: 70.0 kx Det: SE SEM MAG: 40,0 kx Det: SE A

Fig.4 (a-d) SEM micrographs of M-type hexaferrites SrErxFe12.xO19 for all compositions FO;
(a) x=0.00, EF-1; (b) x=0.01, EF-2; (c) x=0.05, EF-3 (d) x=0.09
The crystals obtained from a solution of nanoparticles to the M-HF’s. This is due to short

period of time reaction time and requirement of high temperature to complete the reaction [33].
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EDX Studies

The percentage of each element in the synthesised SrErxFei».xO19 nanoparticles with a
temperature of 1200 °C and a time period of 3 h are recorded using energy dispersive X-ray
analysis spectra EDS (Carl Zeiss, Model: EVOLS15, Germany). The spectra in figure 5 (a-d)
shows the presence of elements, Sr, Er, Fe and O in expected values. The spectra present no

impurity, indicating the high purity of all the samples and confirms high crystallinity of all the
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Fig.5: Elemental mapping and EDX spectrum of SrFei>xErkO19 nanoparticles with a
temperature of 900 °C, (FO; x=0.0, EF-1; x=0.01, EF-2; x=0.05 and EF-3; x=0.09)

Optical properties

The UV-Visible spectra were recorded for all the SrErxFe12xO19 nanoparticles using Shimadzu
UV-2600 spectrophotometer and displayed an excitonic peak centre around 370 nm. The

fundamental property of semiconductors is the band gap and is measured by UV-Visible

IJFMR2506640
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spectroscopy. The absorption in the visible region directly affects the colour of the chemicals
which show transitions from the ground state to the excited state.UV-Visible spectra of bare
strontium ferrite gave a band at 320 nm and erbium doped strontium ferrites at 370 nm. The
band gap of SrErxFe1oxO19was 2.5eV and the band gap of erbium doped magnetic nanoparticle
increases from x=0.00 to x=0.09 with increasing concentration as calculated by the Tauc’s
relation. This showed that the band gap values increase as the particle size decreases. The
band gap value of all NPs indicate that all the synthesized nanoparticle acts as semiconductors
with band gap in the range 0-3 eV [34].

Absorption measured in the range of 200-800 nm. Using equation Kubelka-Munk (K-M)
model to get optical reflection spectra and F(R) was calculated from the following conditions.

All Er®* doped nanoparticles were analysed to obtain the optical band gap.

Eg :g = liﬁ .......... (8)
_ (1=R)?
FRo)= 222 ©)
{FR ) m}'" (hv-EQ) (10)

Where: h is the Planck is constant (6.626 x 10734 Js), C-speed of light (2.99 x 108
ms™), A - Wavelength of reflectance spectra, Roo - Diffuse reflectance spectra, o -Absorption
coefficient, v -Frequency of the incident light, Eg —Band gap energy and n = 2 for direct band
gap.

The absorption spectra of SrErxFei».xO19 (X=0.00<x<0.09) recorded by preparing samples in
polyaniline and showed two characteristic absorption peaks attributed to the synthesized
SrErxFe12xO19, one is around 285 nm and other is at 385 nm. The first absorption band
assigned at around 300 nm is due to the n-n* electronic transitions and other is assigned at 385

nm. The absorption increases with increasing Er®* concentration of SrEriFei2xO1s. In
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accordance with Beer’s law, the absorption is proportional to the number of absorbing
molecules. These results suggest that there are interactions among SrErxFe12.xO19 Nnanoparticles

as described by equations 10.

Photocatalytic studies

Photocatalytic degradation for four dyes such as Erichrome black-T (EBT), methyl Orange
(MO) Methyl blue (MB) and 4-nitroaniline (4NA) were studied under UV light illumination
using SrErxFe12xO19. The probable mechanism of photo degradation is represented in the

following reaction mechanism.

4 ¢
A?A

Conduction Bond

e-cb

OH’

Oxidation

Valence band

H20

Fig. 6 Scheme of Mechanism of dye degradation in the presence of SrEro.goFe11.91019 under UV
light

SrFe12xErO1ot hv (vis) —> SrFenxErnO19 (€CB+h*'VB) ...
(11)

SrFe1xErOgg (eCB) + O0——~> O, L (12)

Oy +h* _s HOO- L. (13)

2HOO —> H.0.+O. (14)

SrFeizErxOme ("VB) + HO—>  HO' + H* e (15)
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Dye +HO + O2- —> CO2 +H20 (By product) ... (16)

Dye +  SrFeixErnOi9 ——> (h'VB) Oxidation ~ Product
............ (17)

Dye +  SrFepxErOig 5 (eCB) Reduction  Product
............ (18)

Among the products, hydroxyl radicals (*OH) are the most significant contributors in dye
degradation. Figure 6 depicts a schematic illustration of dye photodegradation utilizing
SrErxFe12xO19 under UV light. The photodegradation was initiated only when the
SrErxFe12xO19 photocatalyst interacted with the UV light. During the photoexcitation, electrons
in the conduction band (CB) and holes in the valence band (VB) are arranged. The
photogenerated electrons in the CB react with molecular oxygen to produce anionic superoxide
radical («Oz) through reduction [35]. e attracts to the photogenerated hole in VB by hydroxyl
ions or water molecule to produce the most reactive hydroxyl radical (*OH) over oxidation
[36]. The H202 produced due to the superoxide anion radical’s interact with e /h+ pairs. On the
SrErxFe12.xO19 surface, the organic molecules are attacked by these effective species which act
as strong oxidizing agents. As a result, these organic dye molecules easily attacked by ions
leads to by-products [37]. This is known as the redox reaction, which occurs on the
photocatalyst’s surface. Fig.8 showed the comparison of photodegradation studies of
SrErxFe12xO19 against EBT, MO, MB and 4NA as a targeted pollutant under UV light

illumination. UV-Visible spectroscopy was employed to record the decolourisation.

1.5
—— 10 min EBT

Absorbanceau)
4 a0

Absorbance(au)

Wave length(nm) Wave length(nm)

) MB

Absorbance{au)

Absorbance(a u)

IJFV
49

600
Wave length(nm)


http://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Fig. 7 Band gap energy of different time interval in the presence of SrEro.ogFe11.01 O19

of EBT, MO, MB and 4NA dyes over SrFe12xSmxO19. Initially, no changes were observed but
after irradiation, it was discovered that the dye degrades. The evaluation of degradation
efficiency of SrErxFe1oxO190n 4NA, EBT, MB and MO dyes was carried out. In presence of Sr
Ero.ooFe11.91019, 98 % degradation of 4NA dye has occurred in 90 min. while EBT, MB and
MO dyes degraded to 87, 72 and 78% respectively in 90 min. 4NA dye showed excellent
degradation when compared to other dyes and the results are showed in supplementary table
S-5. Based on the results only 4NA dye was considered for further studies. In continuation,
the photodegradation of 4NA was conducted at different parameters like, concentrations of
dye, various amount of catalyst at different pH conditions etc., The plots in Fig. 7 show the
effect of concentration and the catalyst load on the degradation of dye.

Table.3 Comparison table: Time of degradation and % of degradation of different dyes

in the presence SrErxFei2-xO19 (x =0.00, 0.01, 0.05 and 0.09)

Samples Time (Min) | % Degradation of dye
ANA EBT MO MB
X=0.00 0 0 0 0 0
X=0.01 30 18 14 15 12
X=005 60 73 48 44 41
X=0.09 90 98 85 80 75
NFMR2506640 Volume 7, Issue 6, November-December 2025 17
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Fig. 8 Comparison of % degradation of different dyes in the presence of Sr Ero.ooFe11.91019
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Dye degradation ability of synthesized nano materials have been determined by taking 4-nitro
aniline (4-NA), EBT, MO and MB. Among them 4-NA found to have degraded effectively in
lesser time. Therefore, the degradation of 4NA in different concentration was studied by taking
dye from 5 to 20 ppm, with a catalyst dosage of 20 mg per 100 mL, as illustrated in Figure
9(a). The highest degradation of 4NA dye was appeared at a concentration of 5 ppm [38]. As
the concentration of dye increases, the number of dye molecules adsorbed on the surface of the
catalyst increases and reduces the active sites available for catalytic reaction and hence the

degradation rate decreases.

Effect of catalyst dosage

The efficiency of the SrFe1oxErxO19 catalyst at an optimal load was determined by varying the
catalyst amount from 5 to 20 mg per 100 mL and by adding 5 ppm 4NA dye. The highest
percentage of degradation attained for the 15 mg of the catalyst load as showed in Figure 9(b)
[39]. Hence, 15 mg catalyst weight was chosen for the further photocatalytic experiments.
Effect of pH

One of the main parameters influencing the photocatalytic polluted water treatment is the pH.
To obtain maximum degradation efficiency, pH must be optimised. The pH of the dye solution
was varied from 2 to 12 to investigate the influence of pH on dye degradation and the results
were shown in Figure 9(c). The results reveal that at lower pH, the proportion of dye
degradation was less. Therefore, the increased photocatalytic degradation raises the pH of the
dye solution, which may be due to availability of more number of *OH in alkaline medium and
will create an additional OH radicals by interacting with holes produced by the catalyst
electronic excitation [40].

Electronic properties

On the other hand, the density of states (DOS) of SrErxFe1xO19, Where Er¥*occupy the 12k

site, displays a creation of low-lying energy occupied bands in the majority spin channel
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extending from 4.4 to 1.9 eV, in addition to a narrow band in the minority spin channel,
decreasing the band gap energy to 1.01 eV. These bands are characteristic of the electronic
configuration A2, 2g, T5, 29, T3, 1g of the octahedral coordinated Er®*.

This study suggests that the band gap would be decreased upon doping with Er®* and Fe®* ions.
However, as it is seen in Section Photocatalytic studies, the experimental band gap energy
from the present work is not affected upon doping. It is measured to be 2.5 eV for the SrM
compound. Response, making this material very interesting for polluted water treatment
applications [41].

Recycling of catalyst

A catalyst recycling experiment was utilized to evaluate the photocatalyst’s stability
throughout the degradation process. 50 mg of 4NA catalyst in 100mL solution of 10 ppm and
exposed to sunlight source. Reuse efficiency of catalysts was done by further processing of the
catalyst after collecting it from the first cycle of catalyst activity. The degradation efficiency
and decomposition potency of SrErxFe12xO19and 4NA dye was almost identical for 2 cycles.
In the second cycle, the catalytic activity decreased by 10% in 60 min. It was observed that
80% of dye degradation was achieved in 45 min, when it was used in the third cycle. The
photocatalyst could be used for three cycles with minimal change in catalyst property and
degradability [42].

Conclusion

Erbium doped strontium M-type hexagonal ferrites SrErxFe12.xO19 (x=0.0, 0.01, 0.05 and 0.09)
nanoparticles have been synthesized through auto-combustion method using urea as fuel. The
XRD investigation revealed the existence of crystalline and hexagonal structure with absence
of ErsO3 as separate phase. SEM studies for erbium doped ferrites indicated the platelets like
grains with well-defined hexagonal shape. FTIR analysis for pure and doped strontium ferrite
samples show that Fe?*/Fe at 454 cm™, Fe-O stretching modes appeared at 591 cm™.

Hysteresis curves from VSM analysis at room temperature exhibited ferromagnetism
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behaviour for x=0.01 to 0.09. Coercivity found to be more than 4.9 kOe. As erbium
substitution increases, Hc and Mr values decreases which confirm hard magnetization.
Photo-degradation ability of SrEro.osFe119:1019 on EBT, MO, MB and 4-NA dyes determined.
All dyes degraded but 4-NA degraded to 98%. The degradation efficiency of 4NA compared
with the literature values. The band gap energy (Eg) of 2.5 eV, indicated that this
SrErxFe12.xO19 compound could be used in permanent magnets and also polluted water
treatment.
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