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The Y-type hexaferrite and its nanocomposite with carbon dots have been made by
using a hydrothermal approach, whereas BaSrZn2-xMnxFe12-2ySiyNiyO22 (x = 0.0,
0.25, 0.5, 0.75, and 1.0) was made using a conventional microemulsion process. A
variety of approaches are used to explore the structural features, surface area, and
morphology of the materials. As indicated by on-site substitutions and super-exchange
interaction, saturation magnetization (Ms) and magnetic remanence (Mr) rise from 18-6
to 47.4 emu g-1 and 6.7 to 18.3 emu g-1, respectively with x,y = 0.75, although
coercivity (Hc) declines from 1.4 to 0.39 kOe. The ferrite material’s electrical resistivity
enhanced from 25.85x106 to 49.13%x106 ohm-cm. The increased saturation
magnetization (Ms), magnetic remanence (Mr), and electrical resistance of ferrite
material make it suitable for both high-density recording and microwave devices. The
photocatalyst (composite) for the degradation of Rhodamine B in the presence of
visible light was made from SrBaZn1.25Mn0.75Fe10.5Si0.75Ni0.75022/CDs with
different ratios. Photocatalysts with a modest CDs concentration (2.5wt%) successfully
degraded Rhodamine B (RhB) up to 94%. After eight rounds, the composite showed
excellent structural stability and good reusability. The trapping experiments confirmed
that OH radical species are the major contributor in the degradation process. The
composite material could be used to catch visible light and purify the environment from
various pollutants in the future.
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Abstract

The Y-type hexaferrite and its nanocomposite with carbon dots have been made by using a
hydrothermal approach, whereas BaSrZnz.xMnxFe12.2ySiyNiyO22 (X = 0.0, 0.25, 0.5, 0.75, and 1.0)
was made using a conventional microemulsion process. A variety of approaches are used to
explore the structural features, surface area, and morphology of the materials. As indicated by on-
site substitutions and super-exchange interaction, saturation magnetization (Ms) and magnetic
remanence (Mr) rise from 18-6 to 47.4 emu g* and 6.7 to 18.3 emu g7, respectively with x,y =
0.75, although coercivity (Hc) declines from 1.4 to 0.39 kOe. The ferrite material’s electrical
resistivity enhanced from 25.85x10° to 49.13x10° ohm-cm. The increased saturation
magnetization (Ms), magnetic remanence (Mr), and electrical resistance of ferrite material make
it suitable for both high-density recording and microwave devices. The photocatalyst (composite)
for the degradation of Rhodamine B in the presence of visible light was made from
SrBaZn1.25Mng.7sFe105Si0.75Ni0.75022/CDs with different ratios. Photocatalysts with a modest CDs
concentration (2.5wt%) successfully degraded Rhodamine B (RhB) up to 94%. After eight rounds,
the composite showed excellent structural stability and good reusability. The trapping experiments
confirmed that OH radical species are the major contributor in the degradation process. The
composite material could be used to catch visible light and purify the environment from various
pollutants in the future.
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1. Introduction

Nanomaterials are currently known as a fresh and intriguing category of materials owing to their
unique features. They offer remarkable electrical, mechanical, magnetic, thermal, and optical
properties because of their specific surface energy, enhanced surface area, and dense size [1-6]
The structural properties of nanoparticles have allowed them to expand their range of applications.
Ferrites materials have excellent electrochemical, electrical, dielectric, catalytic, and magnetic
properties. Ferrites could be employed in electrical and microwave devices, as well as
photocatalysts for the degradation of various pollutants due to their narrow band gap. Based on
magnetism, ferrites are classified as either soft or hard materials, and ferrites are categorized as
spinel, garnet, or hexagonal depending on their crystalline structure [7-9]. Further, the hexaferrite
are classified based on their composition having six types: M-type (BaFe12019) [10], U-type
(BasMeoFess060)[11], X-type (Ba:MezFexsOas6)[12], W-type (BaMezFe1s027)[13], Y-type
(BazMe2Fe1202;) [14], and Z-type (BasMe2Fe24041) [15].

As a result of rapid industry expansion, water pollution has become a major problem around the
world, and the majority of industries, including paper, textiles, food, printing, medicines, and
cosmetics, use dyes to improve product quality[16]. All of these enterprises generate large amounts
of colored effluent, which is discharged into the adjacent lakes, rivers, and other bodies of water.
Because these pigments are non-biodegradable, cancerous, and mutagenic, they are dangerous to
humans and marine life equally [17,18]. The radish violet dye rhodamine B is extensively utilized
in fabric and foodstuff. This pigment is toxic to the eyes, scalp, and cardiovascular system, and is
carcinogenic, neurotoxic, and reproductively damaging in animal tests. As a result, removing this

dye from wastewater is crucial for human and marine life protection [19,20].
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To remove the coloring ingredient from wastewater [21], adsorption [22], photochemical
degradation [23], superior oxidation [24], and coagulation [25] have all been utilized. Out of the
most environmentally friendly and clean methods of eliminating dyes from wastewater is
photocatalytic degradation. Various oxide semiconductor photocatalysts have been used for this
purpose, including Zinc oxide (ZnO) [26], Nickel oxide (NiO) [27], Copper oxide (CuO) [28],
Fe203[29], Bi2WOs [30], and reduced graphene oxide-Fe304/TiO2 [31]. Because of their improved
chemistry and photo-corrosion durability, magnetic oxide materials with spinel structure having
general formula MFe;04 (as M = divalent cation like Mn?*, Ni?*, Mg?*, Cu?*, Co?, etc.) are
gaining popularity as photocatalysts [32]. To boost the photocatalytic efficacy of these materials,
several researchers doped, replaced, and formed composites with other materials. Hexaferrites,
especially Y-type hexaferrites, outperform spinel ferrites in terms of magnetic properties, superior
chemical and thermal stability, stronger electrical resistivity for microwave applications, and
improved corrosion resistance [33]. The substituted Y-type hexaferrite was used in conjunction
with the carbon dots in this study since Y-type hexaferrite has been underutilized in the
photocatalytic degradation procedure of industrially important dye. Broad-spectrum sunlight
absorbance, chemical stability, nontoxicity, photosensitization, rapid bioactivity, and a range of
simple production techniques are among the chemical and photophysical features of carbon dots
(CDs) [34-37]. Because of their characteristics, carbon dots were employed to make composites
with Y-type hexaferrite material. Carbon dots with a smaller band gap absorb more light and
prevent photogenerated electron/hole pairs from recombination, hence increasing the efficiency of
the composite material [38].

Due to the low dc electrical resistivity of the spinel ferrites as compared to hexaferrite, they can

not be used at high frequency i.e. gigahertz and the Y-type hexaferrites are the best choice for this
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purpose. The morphology and the particle size of the ferrites materials are greatly affected by the
method used for their synthesis. VVarious methods have been reported for the synthesis of Y-type
hexaferrites such as solid state reaction method, coprecipitation, sol-gel, hydrothermal and
microemulsion method. The solid state reaction method required very high temperature and one
can not get the uniform distribution of the particles and good morphology. The coprecipitation and
sol-gel methods also have little control on the morphology while the microemaulsion method can
control the particle size as well as the morphology by using surfactants which act nano-reactors by
forming the micelles. Therefore, in this study the microemulsion method has been used for the

fabrication of all Y-type hexaferrite materials [39—41]

The morphological and electromagnetic characteristics of Y and M-type hexaferrite have been
altered in recent years using trivalent or divalent ions, as well as their dual metal cation interaction
as dopants or substituents at iron as well as other divalent metal ions. As a result, numerous ions
have been replaced at the iron and divalent cation sites, such as Al-Ga [42], Al-In [43], La-Mn
[44], Ce-Ni[45], Bi-Cr [46], Ti-Co [47], Fe[48], Ni-Mg [49], Al [50], In [51], and combinations
of tetravalent as well as divalent ions, like Ni-Zr, Cu-Zr, Zn-Zr, Ni-Ti, Mn-Zr, Co-Ti [52]. As a
result of substitution, only a few situations have improved both electric and magnetic features. The
primary purpose of the research was to optimize the properties of electricity and magnetism at the
same time as the substituted material so that it could be used at high frequencies and high-density
recording media.

The SrBaZni25Mno.75Fe10.5Si0.75Nio.75022/CDs nanocomposite is a novel photocatalyst material
with highly promising electrical, magnetic and photocatalytic characteristics. Unlike typical

photocatalysts, this material combines the synergistic effects of various metal in the ferrite with
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carbon dots (CDs). In this case, CDs inclusion not only boosts the photocatalytic performance but
also brings exceptional light absorption and charge separation capabilities. Furthermore, the
precisely tailored composition and structure of SrBaZni.2sMno.7sFe10.5S10.75N10.75022/CDs result in
improved stability, lower recombination losses, and longer material longevity. This innovation has
significant promise for numerous environmental remediation procedures, water purification, and
solar-powered energy conversion, making it a ground breaking and promising photocatalytic

material.

The structural, electrical, and magnetic properties of SrBaZni-xMnxFe12-2ySiyNiyO22 (X, y = 0.0,
0.25, 0.5, 0.75, and 1) Y-type hexaferrites were investigated. SrBaZn1.2sMng 75F€10.5Si0.75Ni0.75022
outperformed all other materials in terms of electrical and magnetic properties, hence it was chosen
for the manufacturing of carbon dot composites (CDs). The photocatalytic activity of the 1:0.25
composite (SrBaZni.2sMno.75Fe105Si0.75Ni0.75022: CDs) was found to be higher than that of other
composite materials, and the photocatalytic method was examined.

2. Experimental

2.1. Chemical used
The chemicals used for the fabrication of all the materials were iron nitrate (Fe(NO3)3.9H-0,
Sigma-Aldrich, 98%), strontium nitrate (Sr(NOs)2, Sigma-Aldrich, 99.8%), barium nitrate
(Ba(NOs)2, Merck, 99.0%), nickel nitrate (Ni(NOz)2. 6H20, Sigma-Aldrich, 99.6%), zinc nitrate
(Zn(NOs)2, 6H20, Sigma-Aldrich, 98%), manganese acetate (Mn(CH3COO), Sigma-Aldrich,
98%), cetyltriammonium bromide (CTAB, CieH3sN(CH3)3Br, Sigma-Aldrich, 98%), silicon
tetrachloride (SiCls, Sigma-Aldrich, 99%) and milk (commercial grade, Nestle). The deionized

water was used for the preparation of the solutions.



O©CO~NOOOTA~AWNPE

2.2. Y-type hexaferrite fabrication

With x,y values of 0.0, 0.25, 0.5, 0.75, and 1.0, the Y-type hexaferrite SrBaZny.xMnxFe1o.
2ySiyNiyO22 was synthesized via a simple micro-emulsion technique. The solutions of metal nitrates
such as Fe(NO3)3.9H20 (0.1 M), Sr(NOs3)2 and Ba(NOs)2 (0.0083 M), and zinc nitrate hexahydrate
(0.017 M) were prepared in deionized water and substituent (Mn, Si and Ni) concentrations were
changed as appropriate using their metal salts. On a magnetic hot plate, all of these solutions were
agitated, and CTAB was added as a surfactant in a metal: CTAB ratio (1:1.5). The pH of each
mixed solution was maintained at 11-12 to produce precipitates by gradually adding 2.0 M KOH
liquid dropwise. The mixture was shaken for a further two hours to get homogeneous particles.
Following centrifugation, the precipitates were obtained and washed many times using DI water
till the pH of the mixture was reduced to 7. The product was allowed to dry in an oven at 90 °C
before being annealed for nine hours at 1000 °C in a muffle furnace to obtain the final required
product.

2.3 Preparation of Carbon dots

Using a hydrothermal process, carbon dots (CDs) were created by combining 48 mL of water and
60 mL of milk. After that, the liquid was vigorously agitated for 20 minutes over a hot plate with
magnetic stirrer. The mixture of milk and water was then placed into a 100 mL autoclave, which
was then filled to 80 percent of its capability. The filled autoclave was inserted at 180 °C in an
electrical oven for 2 hours before being allowed to cool gradually to ambient temperature. The
material was extracted, washed, and rinsed numerous times with DI water. The substance was
finally dried at 100 °C and kept in a desiccator for subsequent analysis.

2.4 Composite Fabrication
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The hexaferrite with composition (BaSrZni.2sMno.7sFe105Sio.7sNio.7s022) and carbon dots
composites with various ratios 1:0, 1:0.25, 1:0.5, and 1:0.75 were fabricated via hydrothermal
route. The milk (60 mL) was mixed with 48 mL of water and also added already synthesized
hexaferrite having specific composition of BaSrZni2sMng 75Fe105Si0.75Nio.75022 with different
amounts related to various ratios. The milk/water and hexaferrite combination was stirred for about
2 hours. The entire mixture was therefore placed in an autoclave and placed for two hours at 180
°C for two hours. The rest of the procedure was the same as mentioned in section 2.3.

2.5 Catalyst characterization

The structure of the synthesized materials was confirmed using a Rigaku D/max-Ultima X-ray
analyzer. The material’s surface area was determined utilizing BET measurement by Micrometrics
2460, and its morphology was studied through a scanning electron microscope (JSM-5600LV). A
UV-vis spectrophotometer (UV759S) was used to explore the optical properties of materials.
Photoluminescence (PL) spectroscopy was used to confirm the recombination between electrons
and holes via a Confocal micro-PlI/Raman spectrometer. A two-point probe procedure has been
used for the measurement of direct-current resistivity via a Kiethly-2400 source meter, and
magnetic properties were obtained with a vibrating sample magnetometer (VSM lakeshore-7900).
2.6. Photocatalytic experiments

Degrading Rhodamine B (RhB) dye in an aqueous medium was used to examine the photocatalytic
properties of the manufactured photocatalysts. As a source of light, a 350 W Xe lamp with a
minimum filtration system at 420 nm was used. A 100.00 mL (20 ppm) RhB solution and a 10.0
mg L! photocatalytic material were mixed. To establish adsorption/desorption equilibrium, this
mixture was stirred in the darkness for 30 minutes. The catalytic substance was centrifuged from

5.00 mL samples that were collected after every 20 minutes. With the use of a UV-vis
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spectrophotometer, the Beer-Lambert law was used to calculate the proportion of RhB present in
the samples (UV759S). Control studies were carried out to demonstrate that the presence of a
photo-catalyst and radiation cause dye degradation. As a result, the reaction mixture was held in
light in the initial investigation alone without the inclusion of a photocatalyst, whereas the
photocatalyst was introduced to the dyes in the darkness during the second experiment. In both
cases, the absorbance varies very little, showing that the degradation of the dye is due to the
presence of light and photocatalyst (photocatalytic process). The little reduction in absorbance may
be due to the adsorption process on the surface of the photocatalyst which was corrected while
calculating the photodegradation efficiency.

3. Results and discussion

3.1 Structural and Surface Properties Investigation

The production of hexagonal phases in synthetic materials was determined by powder X-ray
diffraction analysis. The XRD spectra of substituted products (SrBaZnxMnyFe12-2ySiyNiyO22
where x&y = 0.0, 025 05 075 and 1.0) and composite material (CDs/
SrBaZn1.25sMng 7sFe105Sn0.75Ni0.75022) are shown in Figure 1. All of the diffracted peaks
completely fit the conventional pattern JCPDS No. 00-025-1193 without a single additional peak
showing the distinct phase of Y-type hexagonal ferrites. The peak of the composite material, about
2-theta = 26°, corresponds to previously reported carbon dots having an hkl value (002), indicating
that the composite material has been fabricated successfully.

Several properties, particularly lattice parameters (a&c, cell volume), and crystallite size (S), were
calculated from the X-ray diffraction patterns by using formulas [53]. The effect of chemical
content on lattice parameters (a and c) and cell volume is illustrated in Table 1.0. The increase in

cell parameters with substituent contents has been described by ionic radii of the substituents i.e.
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Mn?* (0.80 A) and Ni?* (0.72 A) have greater ionic radii than metal ions Zn?* (0.74 A) and Fe%*
(0.64 A). The similar types of result are reported in the literature i.e. if the substituents ionic radius
is greater than the host then it will increase the lattice parameters and vice versa [37,50,51].
According to the Scherer formula, the crystal size of the generated materials ranges between 50
and 87 nm depending on peak broadening in the XRD analysis. The crystallite size is in agreement
with that of the already reported ferrites materials [36,37,52,54]. The lattice parameters of the
present work has also been compared with that of the substituted Y-type hexaferrites reported in
the literature as shown in supplementary materials (table S1). The reduced crystallite size of the

nanocomposites enables a greater surface area, which is advantageous for catalytic processes.
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Figure 1: X-ray diffraction patterns for SrBaZni.xMnxFe12-2ySiyNiyO22 (X, y = 0.0, 0.25, 0.5, 0.75

and 1.0) and the composite (CDs/SrBaZn1.25sMno 7sFe10.5Si0.75Ni0.75022 with ratio 0.25/1.0).
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Table 1.0: Cell constants, volume (a & ¢, Vcell), crystallite size (S), and magnetic parameters

for SrBaZn,.xMnxFe12-2ySiyNiyO2z.

Substituents a c(A) Cell Crystallite Saturation Remanence Coercivity
contents (A) volume size (nm) magnetic. (emug?) (KOe)
(A3) (emu g*)

xy=0 581 43.01 12573 56 18.6 6.7 1.40

X,y =0.25 582 43.03 12622 62 17.8 7.1 0.51

X,y =0.5 584 43.04 12712 87 44.2 15.0 1.05

X,y =0.75 585 43.07 12765 69 47.7 18.3 0.40

X,y =1.0 586 43.09 12814 57 27.0 8.4 0.39
Composite 52 334 10.6 0.43

The particle morphology and crystallite size of the generated composites were examined using
SEM methods, and the results are displayed in Figures 2a-d. Figures 2a&b show SrBazZn,Fe1202;
and SrBaZni.25sMno.7sFe105Si0.7sNio.75022, respectively and particles are spherical. Some of the
particles are agglomerated due to the magnetic nature of ferrites particles. The grain size calculated
by Image j is in the 150 to 200 nm range which is in agreement with that calculated from XRD
data. In the case of carbon dots (figure 2c), thin sheet type morphology appeared whilst small

ferrite particles have been ornamented on the exterior of carbon dots (figure 2d) in the composite
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while the thin sheets of carbon dots are arranged like flower’s petals. The size of particles in a
material can commonly exceed the size of crystallites due to the presence of flaws and faults at
grain boundaries. Crystallites are ordered atomic arrangements within a substance that form during
the crystallization process during solidification or recrystallization. Although these crystallites
have a well-defined atomic structure, they are not perfect; dislocations, vacancies, and grain
boundaries can exist at their edges (Lu, 2000). In contrast, particles are aggregates of crystallites
or non-crystalline substances. When a material is mechanically processed or recrystallized, new
grains with different orientations can nucleate and develop, resulting in a variety of grain sizes.
The existence of tiny crystallites or even amorphous regions within particles adds to their larger
size when compared to individual crystallite sizes (Gleiter, 1989). The surface area of carbon dots
(CDs), ferrite (SrBaZni.2sMno.7sFe105Si0.7sNi0.75022), and composite were evaluated using BET
investigation and N2 sorption isotherm models are shown in Figure 3. The surface area of the
composite (186.0 m? g1) is much larger than the surface area of the pristine materials i.e.
SrBazZni.2sMng 7sF€105Si0.7sNi0 75022 (83.0 m? g1) and carbon dots (133.0 m? g1). The larger the
surface area, the more active sites it will have on its surface, which is a need for employing it as a

photocatalyst.
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Figure 2: SEM images for (a) SrBaZnz2Fe12022, (b) SrBaZnisMnosFe11SnosNiosOz2, (c) carbon

dots and (d) CDs/ SrBaZn15MngsFe11SnosNiosO22 composite
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Figure 3: BET isotherms for SrBaZni2sMnozsFe105Sio75Nio.75022, carbon dots and CDs/
SrBaZn1.25Mng 7sFe10.5Si0.75N1i0.75022 composite
3.3 Magnetic and electrical properties
The two-point probe approach was used to evaluate the fluctuation in dc electrical resistivity with
substituent content of generated materials as given in Figure 4. The ferrites material’s resistivity
climbs from 25.85x10° to 49.13x10% Q cm as the dopant amount increases, the optimum value
was obtained at x,y = 0.75, and then began to fall. The conduction mechanism in Y-type
hexaferrites is the transfer of electrons from Fe®" to Fe?" ions at the octahedral site [55]. When Ni?*
substituted Fe3* at the octahedral region, the total amount of ferric ions at the octahedral site

reduced, as did electron hopping and, as a result, conductivity also decreased.
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The substitution will also produce the holes to compensate for the charges, the conduction
mechanism is provided this time by electron hopping among the ferric and ferrous states as well
as by the hopping of holes but because holes are more difficult to hop than electrons, the material's
resistance rises. When silicon ions replace iron ions at the tetrahedral site, the Si(IV) ions push
part of the iron ions to the octahedral position, resulting in an increase in ferric ions concentration
at that site and consequently, the conductivity increased. This impact is modest at lower doses and
does not influence resistivity. Owing to the improved conductivity of the carbon dots, the
composite material's resistivity is lower than that of SrBaZn 25Mng 75F€e10.5Si0.75Nio.75022. Carbon
dots with C-C sp2 hybridization allow electrons from neighboring carbon atoms and ferrite surface
regions to overlap, improving the conductivity of composite materials. The higher the ferrite
material's resistivity, the more likely it is to be employed in microwave devices, which demand
extremely high resistive materials [45]. SrBaZni2sMng.7sFe105Sio7sNio7s022 has a higher

resistivity than all other fabricated materials indicating that it can be utilized in microwave devices.
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Figure 4: Relationship between composition and DC electrical resistivity of all the fabricated
materials.

Using the hysteresis loops shown in Figure 5, magnetic characteristics like coercivity (Hc),
saturation magnetization (Ms), and remanence (Mr) were calculated. As demonstrated in Table
1.0, the Ms, Mr, and Hc values rise until x, y = 0.75, then fall as the substituent level rises. The
development of the cation distribution at various sub-lattice positions can be linked to the change
in these magnetic characteristics. Each unit cell of the Y-type hexaferrite structure, which is built
up of 3TS blocks with the general formulas S = Me;**Fes**Og and T = Ba,**Fes**O14, is made up
of three formula units. The cations are clustered at each sub-lattice location as follows: 6civ
(tetrahedral, 2),3avi (octahedral, 1), 6¢vi (octahedral, 2), 18hy, (Octahedral, 6), 6¢1y (tetrahedral, 2),
3by1 (octahedral, 1). The electrons at three different sites (3avl, 18hV1, and 3b1) spin in an upward
direction, whereas the downward spin at the other sites. The cation Si** appears to have tetrahedral

site preferences, whereas Ni?* appears to have octahedral preferences. Si** has no unpaired
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electrons in its outermost shell, whereas Ni?* has three unpaired electrons which indicates that the
silicon ion has 0 Bohar magneton magnetic moment while nickel ion has three. When non-
magnetic silicon (V) replaced ferric ions (which had 5 unpaired electrons i.e. magnetic moment
of 5 Bohar magneton) from the tetrahedral position in which the electrons have downward spin,
therefore, the number of unpaired electrons at the octahedral site have upward spin will be
increased. Even though Ni(ll) replaces ferric at the octahedral site, after accounting for opposing
spins, the overall quantity of unpaired es grows in the upward direction, resulting in higher
saturation magnetization and remanence. Another reason for the increase in both the Ms and Mr.
is indeed the substitution of Mn2+, which has five unpaired electrons, for Zn?*, which has no
unpaired electrons. Mr and Ms parameters of the SrBaZni.2sMno.7sFe10.5Si0.75Nio.75022 /CDs
composite material were lower than those of the ferrite material (ratio 1:0.25). The drop in
magnetic parameters could be due to the non-magnetic nature of the carbon dots. After x, y =0.75,
both values drop as a result of a reduction in super-exchange connections brought on by non-
magnetic Si(IV) ions [55-57].

As shown in Table 1, the coercivity (Hc) of the generated materials decreases as the replacement
level rises. The decrease in the value of coercivity can be explained by the equation, Hc =
K1/puoMs. The evidence supports the following rule: when Ms rises, Hc falls, and vice versa.
SrBaZn1.25Mng 75Fe105Si0.75Nio.75022 is the optimum material for use in high-density recording
medium, as indicated by increases in Ms and Mr and decreases in Hc values. As a result,
SrBaZn1.25Mng 7sFe10.5Si0.75N10.75022 was chosen for the production of carbon dot composites for
photocatalytic applications. The comparison of all the magnetic parameters with the already
reported materials has been given in supplementary materials (Table S2) showing that the present

material showed better magnetic properties.
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Figure 5: M-H loops for SrBaZnixMnxFe12-2ySiyNiyO22 (X, y = 0.0, 0.25, 0.5, 0.75 and 1.0) and
the composite (CDs/SrBaZn1.25sMno 7sFe10.5Si0.75Ni0.75022 with ratio 0.25/1.0).
3.3 Optical features
Figure 6 displays the diffuse reflectance spectra and optical characteristics of photocatalysts.,
including substituted hexaferrite (SrBaZni25Mno.7sFe105Sio.7sNio.75022), carbon dots (CDs), and
composite (CDs/ SrBaZni.2sMno.7sFe105Sio.7sNio.7s022) with a 0.25/1.0 ratio. According to the
Tauc figure, the band gap for ferrite material is 2.6 eV, 2.9 eV for CDs, and 2.22 eV for composite
material. The composite material's band gap is lower than that of individual components such as
CDs and SrBaZn1.25Mno.7sFe10.5Si0.75Ni0.75022, indicating that it can absorb more visible light. The
primary criterion for choosing a photocatalyst for usage in sunlight is that it comprises 45 percent

of the visible range, so sunshine can be used as a light source [58,59].
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Figure 6: UV/vis. spectrum and Tauc graphs for CDS, SrBaZni.2sMno 75Fe105Si0.75Nio.7s022, and

composite (CDs/SrBaZni.2sMno.7sFe10.5S10.75Nio.75022 with ratio 0.25/1.0)

Photoluminescence (PL) investigations can be used to evaluate migration, charge carrier setup,

and separation. The

fluorescence

intensity

for

the hexaferrite

(SrBaZn1.25Mng.75Fe105Si0.75Nio.75022) and CDs material was rather high, indicating a lot of
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electron/hole recombination. The composite's PL spectrum displays lower peak intensity than that
of the other materials, suggesting a higher possibility for electron/hole separation and a potential
increase in the composite's photocatalytic effectiveness [59-61]. The presence of two peaks in the
photoluminescence (PL) spectrum of materials at 409 and 462 nm can be attributed to the material's
unique electronic structure and crystal lattice properties. The first peak at 409 nm likely arises from
electron transitions between energy levels within the material's band structure, while the second
peak at 462 nm may be associated with the presence of defects or impurities within the crystal
lattice, resulting in localized electronic states. The distinct energy levels and transitions between
them lead to the observed emission peaks in the PL spectrum, providing valuable insights into the

material's optoelectronic properties and its potential applications in diverse fields.
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Figure 7: PL spectrum data for carbon dots, SrBaZn1.25sMng 75Fe10.5Si0.75Nio.75022, and composite
(CDs/SrBazny 2sMno.7sFe10.5Si0.75N1i0.75022 with ratio 0.25/1.0).

3.4. Photocatalytic performance
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To evaluate the photocatalytic properties of fabricated samples being exposed to visible light,
rhodamine B (RhB) was adopted as a designated pollutant in this study. Control experiments were
carried out to ensure that the photocatalyst and light were the main causes of the dye
decomposition. Instead of using a catalyst, a 20 ppm dye solution was initially exposed to light.
Secondly, 100 mL of dye solution was mixed with 0.01 g of catalyst while it was left in the dark
for 30 minutes. There was no deterioration in any of the studies, though there was a tiny change in
the dye solution's absorbance, which is possibly brought on by the surface adsorption of the
photocatalyst. The inclusion of both photocatalysts and light resulted in dye deterioration. The
following equation was used to compute the % dye degradation[62]:
% Degradation = (1 —C, /C, ) x 100

At time t, the dye concentration is denoted by Ct, and the concentration at time t = 0.0 is denoted
by Co. The percent dye degradation employing different photocatalysts is shown in Figure 8a, such
as carbon dots, substituted hexaferrite (SrBaZni.zsMno.zsFe1osSio7sNio75022), and their
combination with various ratios (ferrites: carbon dots) i.e., 1:0.25, 1:0.5 and 1:0.75. Carbon dots
and substituted hexaferrite photodegraded with 56 and 71 percent efficiency, respectively. The
efficiency of composite materials with ratios 1:0.25, 1:0.5, and 1:0.75 of
SrBaZn1.25Mng 7sFe10.5Si0.75Ni0.75022:CD  was determined to be 94, 85, and 75 percent,
respectively. Figures 8b—d illustrate how the absorbance varies over time for each of the materials
produced in this work. The absorbance reduces over time, indicating that dye degradation is going
to take place but the reduction in absorbance for the composite with a ratio of 1:0.25 is much higher
as compared to other materials indicating its excellent efficiency [63]. When the carbon dot
concentration exceeds from 1:0.25 ratio, the photocatalytic efficiency declines, which might be

because the shielding effect prevents the ferrite from absorbing further light. The time dependence
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degradation efficiency of RhB at various photocatalysts has been given in figure 8e. The
degradation efficiency increase with time and attain the maximum value of 94% at time 80
minutes. The photocatalytic degradation efficiency of the present photocatalyst i.e. composite
materials has been compared with similar type of composite materials in supplementary materials

(table S1) showing its better efficiency with minimum time as compared to other related materials.
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Figure 8: (a) RhB degradation in percentage using various photocatalysts, time-absorbance
relationship for (b) carbon dots, (c) SrBaZni2sMng7sFe105Sio.7sNio75022, (d) composite
(CDs/SrBazn1.2sMng.7sFe10.5Si0.75Ni0.75022 with ratio 0.25/1.0) and (d) degradation efficiency with
time.

3.5. Reaction mechanism

By absorbing light, the photocatalysts create e’/h* pairs in conduction and valance band. The dye
is degraded whenever these photoinduced charge species interact with water and oxygen to form
reactive species [52]. Carbon dots and hexaferrite have lower efficiency due to electron-hole pair
recombination and formation of less reactive species (*O2 and *OH). As a result, the photo-Fenton
interaction may explain why ferrite materials outperform carbon dots. Electrons in the hexaferrite’s
conduction band react with ferric ions after light absorption, converting them to ferrous ions [53].
The Fenton reaction generates more *OH because there is a ferric/ferrous ion pair and the
photodegradation efficiency of SrBaZn1.2sMno.75Fe10.5Si0.75Nio.75022 was much higher as compared
to carbon dots.

The composite material with the maximum efficiency has a hexaferrite/carbon dots ratio of 1/0.25,
which may be explained using PL analysis. The PL spectrum of the composite material has
minimum peak intensity, showing that charge carrier recombination is less as compared to other
materials which is responsible for the increased activity. These ideas can be applied to show why
ferrite/CDs are more efficient than other photocatalysts. (a) By introducing their photon-excited
particles into the conduction band of ferrites when exposed to visible light, CDs can act as an
activator. (b) Through the n- a* interaction, CDs can assist in the adsorption of organic
contaminants, enhancing the effectiveness of the composite material. Additionally, by narrowing

the energy gap between conduction and valence bands, the substantial conjugation positioned
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inside the aromatic dye rings may help CDs carry out photocatalytic activity responses [64-67].
Figure 9a displays the outcomes of the tests for holes, *O, and *OH scavengers, which were
carried out to learn more about the photocatalytic mechanism. When *OH scavenger (tertiary
butanol), *O2 scavenger (para-benzoquinone), and hole scavenger (EDTA-2Na) were used, the
percentage degradation of rhodamine B dye decreased from 94% to 40.1%, 34.8%, and 59%,
respectively. The «OH scavenger experiment demonstrated the highest loss in photocatalytic
activity (from 94 to 34.8 percent), implying that *OH is the primary reactive component that

destroys RhB, with holes and *O playing a minor role.
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Figure 9: (a) Proportion of RhB degradation when scavengers are present, (b) Test for reusability
and stability (c) before and after 8 consecutive runs XRD pattern and d) SEM micrograph of the
composite after stability test.

Rhodamine B can be degraded photo-catalytically, as seen in Figure 10. In the first stage, the
photocatalyst absorbs light and produces an electron/hole pair. After that, the electron combines
with O to produce the reactive species *O2, which subsequently interacts with the proton to create
the radicles *OH. The photo-Fenton reaction generated a huge number of *OH reactive species at
the same time, resulting in holes. As a result, a large amount of *OH is created, which accounts for
the composite material's increased efficiency.

The photocatalyst's durability and usage are equally as crucial as its effectiveness. In this work,
the stability and reuse of the photocatalyst were also investigated. Using centrifugation, the
(SrBaZn1.2sMno.7sFe10.5Si0.75Ni0.75022/CDs  photocatalyst was enhanced and washed with
deionized water three times before drying after being exposed to light for 80 minutes. Figure 9b
shows the recycle periods of the (SrBaZn1.2sMno 7sFe10.5Si0.75Ni0.75022/CDs nanocomposite during
the RhB photodegradation process. After five successive cycles, it was discovered that catalytic
efficiency does not degrade significantly (figure 9b). Figure 9c shows the XRD analysis of the
photocatalyst after five consecutive runs. The peaks in the XRD spectra were maintained at the
same 2-theta levels before the photocatalytic cycles, demonstrating that the photocatalyst's crystal
structure was unaltered, and a little reduction in the efficiency also indicates that the fabricated
material in the present work can be effectively used for the photodegradation of industrially
important dye RhB. Figure 9d represents the SEM micrographs of the nanocomposite to confirm

the surface morphology, also indicating a little change in the shape of the nanocomposite. this little
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change was also due to the adsorption of dye molecules on the surface of the fabricated material,

which can cause the blockage of many active sites due to the long-term usability.

Potential (V) vs. NHE / \
H,0,—0, 0,

Visible light

H,0
(' **  Harmless product

~.*‘OH

Sr Ba Zn, ,sMn ;5F ey 581, 75Nig 7505,

Figure 10: Diagram illustrating RhB's photodegradation process

Conclusion

Y-type hexaferrite substituted nanomaterials were perfectly synthesized using a traditional
microemulsion technique. XRD validated the hexagonal phase, whereas BET, SEM, and
UV/visible spectroscopy confirmed the shape, surface area, and band gap. Hysteresis loop
measurements were used to determine the Ms, Mr, and Hc, and a two-point probe calculation was
used to get the dc electrical resistivity. Coercivity decreases from 1.40 to 0.39 KOe, but saturation

magnetization and remanence increase from 18.6 to 47.7 and 6.7 to 18.3 emu g, respectively.
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Electrical resistance rises from 25.85x10° to 49.13x10° ohm cm as substituent concentration rises.
Because of improvements in magnetic and electric properties, materials with the formula
SrBaZn1.25Mno.7sFe10.5Si0.75Ni0.75022 could be employed in recording media and microwave
devices. Carbon dots with various ratios were added to SrBaZn1.25Mno.7sF€10.5Si0.75Nio.75022 and
the sample with ratio 1:0.25 (SrBaZn1.25Mno.75sFe10.5Si0.75Nio.75022: CDs) degrade the RhB up to
94 percent. To corroborate the photodegradation mechanism, trapping investigations were
conducted, and the composite material showed to be highly robust while the trapping experiments
suggested that *OH played a major role. This composite material has a high economic potential
for degrading the Rhodamine B dye in aquatic conditions.
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