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Abstract
Nickel-doped manganese aluminum ferrite NiXMn1−XAl0.5Fe1.5O4 (X = 0,0.3) nanoparticles were
synthesized via the Sol-gel method. XRD showed the spinel ferrite structure with average crystallite sizes
of 30.66 to 39.69 nm. FTIR confirmed metal-oxygen bonds. SEM revealed the surface morphology and
particle sizes of 75–95 nm. EDX confirmed the elemental composition. BET analysis determined the
surface area of 13.43 m2/g for undoped and 28.38 m2/g for Ni-doped ferrite. The band gap decreases
from 2.4 to 2.2 by doping nickel. Achieving 98.96% degradation of 10 mg/L Rhodamine B within 120 min
under visible light irradiation was accomplished using a catalyst dose of 0.1 g/L at pH 7 and 20°C with a
light intensity of 100 W. The photodegradation kinetics followed a first-order reaction. Hydroxyl radicals
were identified as the major reactive species responsible for dye degradation. The nickel-doped ferrite
nanoparticles exhibited efficient and stable photocatalytic performance for Rhodamine B removal from
wastewater under visible light. Photocatalytic performance for Rhodamine B removal from wastewater
under visible light.

1 Introduction
Rhodamine B is a synthetic dye that is widely used in a variety of applications, including textiles, food,
and cosmetics. It is also used as a tracer dye in water pollution studies. However, rhodamine B is a toxic
and persistent organic pollutant that can have several negative effects on the environment [1, 2].
Rhodamine B is toxic to aquatic organisms and can bioaccumulate in their bodies. It is a persistent
organic pollutant that can remain in the environment for long periods, posing a risk to aquatic life and
humans. Rhodamine B is toxic to humans and can cause skin irritation, eye irritation, respiratory
problems, digestive problems, and cancer [3, 4]. Rhodamine B is resistant to biodegradation due to its
stable structure, so it persists in natural environments and wastewater systems after use. Conventional
biological and chemical treatment methods have had limited success in removing Rhodamine B from
water [5]. Hence, there is a need for innovative treatment approaches to effectively decolorize and
degrade this recalcitrant dye.

Semiconductor photocatalysis has emerged as a promising advanced oxidation process for treating
organic pollutants in wastewater. Under light irradiation, photogenerated electrons and holes in the
semiconductor can react with water and oxygen to produce highly reactive hydroxyl and superoxide
radicals. These radicals can non-selectively oxidize dye molecules adsorbed on the photocatalyst surface
[6, 7]. A wide range of semiconductor photocatalysts like TiO2, ZnO, WO3, and ferrites have been explored
for dye degradation. Among ferrites, manganese aluminum ferrite possesses attractive properties like
visible light absorption, corrosion resistance, low cost, and environmental compatibility [8, 9]. However,
pristine MAF suffers from fast recombination of photogenerated charge carriers which limits its activity.

Spinel ferrites have the general formula MFe2O4 where M is a divalent metal cation like Mn, Ni, Cu, Mg,
etc. They possess an inverse spinel structure with oxygen forming a FCC closed packing, and metal
cations occupying interstitial tetrahedral and octahedral sites. Spinel ferrites exhibit unique electric,
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magnetic, and optical properties that make them useful for a wide range of applications including
photocatalysis. Their properties can be tuned by varying the composition and preparation conditions.
Among ferrites, manganese aluminum ferrite possesses attractive properties like visible light absorption,
corrosion resistance, low cost, and environmental compatibility [10–12]. However, pristine manganese
aluminum ferrite suffers from fast recombination of photogenerated charge carriers which limits its
activity.

Doping with transition metal ions is an effective strategy to improve the photocatalytic performance of
metal oxides [9]. Nickel is a promising dopant for enhancing the photo response of ferrite photocatalysts.
The incorporation of Ni2+ introduces additional energy levels in the bandgap of manganese aluminum
ferrite, which can promote charge carrier separation and extend light absorption to the visible region [13].
However, the photocatalytic efficiency is strongly dependent on the nickel doping concentration, as it
influences surface area, crystallinity, band structure, and other material properties [14]. There have been
very few systematic studies on identifying the optimal Ni doping level for maximizing the
photodegradation of Rhodamine B by photocatalysts.

This work aims to synthesize nickel-doped manganese aluminum ferrite with different dopant
concentrations via the sol-gel combustion technique and evaluate their photocatalytic activity for
decolorizing Rhodamine B under visible light. The synthesized photocatalysts will be thoroughly
characterized and tested for degradation of Rhodamine B in a batch photoreactor under varying
conditions. Kinetics of the photodegradation reaction will also be investigated. The insights from this
work can aid in the rational design of efficient nickel-doped ferrite photocatalysts for the treatment of
wastewater containing dye pollutants.

2. Materials and Methods

2.1 Materials
All the necessary chemicals, such as nickel nitrate hexahydrate, manganese nitrate tetrahydrate,
aluminum nitrate nonahydrate, iron nitrate hexahydrate, sodium hydroxide, hydrochloric acid, and
Rhodamine B dye, were carefully selected from the reputable supplier. These chemicals were specifically
chosen for their high quality and purity, as they were of analytical grade and required no further
purification. To ensure the accuracy of our experiments, distilled water was exclusively used for the
preparation of solutions.

2.2 Synthesis of Nickle-doped manganese aluminum ferrite
nanoparticles
The Sol-gel technique has been employed to synthesize the impressive NiXMn1−XAl0.5Fe1.5O4 (X = 0,0.3)
nanoparticles. To achieve the desired stoichiometric composition, it is crucial to carefully measure precise
quantities of nickel nitrate, manganese nitrate, aluminum nitrate, and iron nitrate and combine them in a
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beaker. Dissolve the metal nitrates in distilled water and stir well to get a clear solution. Add citric acid to
this solution in a 1:1 molar ratio concerning the total moles of metal nitrates. Stir vigorously until a
transparent solution is obtained. Adjust the pH of the solution between 7–8 using ammonia solution. To
make a very viscous gel, heat the solution at 70–80°C with constant stirring. To acquire the fluffy power,
dry the gel at 130°C to eliminate superfluous solvents. Calcinate the powder for 3 hours at 750°C. It cools
down naturally to room temperature. Grind the calcined powder again to get the final product
NiXMn1−XAl0.5Fe1.5O4 nanopowder.

2.2 Characterization of Nanoparticles
The synthesized NiXMn1−XAl0.5Fe1.5O4 (X = 0,0.3) nanoparticles were characterized by XRD used Crystal
structure and phase purity, FTIR was used for Functional groups on the surface, SEM was used for
Surface morphology and size, EDX was used for elemental composition, BET used for Specific surface
area and Electrical resistivity used material resists the flow of electric current.

2.3 Photocatalytic Activity Experiments
The nanoparticles of ferrite were tested for their photocatalytic activity by observing the degradation of
Rhodamine B dye under exposure to visible light. A halogen lamp of 100 W was utilized as the visible
source of light. In a standard test, a glass beaker was filled with an aqueous solution containing
Rhodamine B (10 mg/L) and the catalyst (100 mg/L). The mixture was stirred in the dark for 60 minutes
before irradiation to achieve adsorption-desorption equilibrium. Samples were collected at specific time
intervals, centrifuged to separate particles, and then examined with a UV-vis spectrophotometer. Various
operational parameters such as pH of the solution, temperature of the reaction, initial concentration of
Rhodamine B, dosage of the catalyst, addition of hydrogen peroxide, and intensity of light were studied.
The catalyst’s reusability was also assessed over multiple cycles. To identify the active species, trapping
tests were conducted using scavengers for hydroxyl radicals (•OH), holes (h+), and superoxide radicals
(O2−•). The efficiency of degradation was calculated using a specific mathematical formula.

1

The symbol C0 indicates the initial concentration, whereas Ct represents the concentration remaining at a
certain time, denoted as t.

3. Results and Discussion

3.1 XRD Analysis
The X-ray diffraction (XRD) patterns of nickel-doped manganese aluminum ferrite NiXMn1−XAl0.5Fe1.5O4

(X = 0,0.3) nanoparticles prepared with X = 0 and 0.3 showed distinct diffraction peaks at 2θ = 18.5°,

Degradation (%) = × 100
C0 − Ct

C0
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29.8°, 35.1°, 42.7°, 52.9°, and 62.5°, which are attributed to the (111), (220), (311), (400), (422), and (440)
planes of the cubic spinel ferrite structure. The absence of impurity peaks indicates the high phase purity
of the synthesized materials. The average crystallite size, calculated using the Scherrer equation, was 30
and 39 nm for Ni0.3Mn0.7Al0.5Fe1.5O4 and Mn1Al0.5Fe1.5O4, respectively.

Table 1
The XRD Structural parameters of the synthesized MixMn1−xAl0.5Fe1.5O4

(X = 0,0.3) ferrite
Parameters Mn1Al0.5Fe1.5O4 Ni0.3Mn0.7Al0.5Fe1.5O4

FWHM 0.1987 0.2576

D-Spacing 2.5546 2.5267

Lattice constant (Å) 8.4726 8.3801

Cell Volume (Å)3 608.194 588.503

Hoping length La (Å) 3.668 3.628

Hoping length Lb (Å) 2.995 2.962

Crystalline size (nm) 39.79 30.66

X-Ray Density (g/cm3) 2.77E-18 3.67E-18

Dislocation density (g/cm3) 0.000631 0.001063

Lattice strain 0.0157 0.0206

Micro-Strain (lines/m-4) 0.0473 0.0613

The lattice parameter was determined to be 8.47 and 8.38 nm for Mn1Al0.5Fe1.5O4 and
Ni0.3Mn0.7Al0.5Fe1.5O4, respectively. As the Ni content increased the ferrite peaks became slightly broader

and less intense, suggesting a decrease in crystallinity due to the substitution of Ni2+ ions in the ferrite
lattice. Based on the data in Table 1, it appears that the following parameters decrease with nickel
doping: lattice constant, cell volume, hoping length La, hoping length Lb, crystalline size, and X-ray
density. There are a few possible explanations for these observations. One possibility is that the nickel
ions are smaller than the manganese ions they are replacing, which would lead to a decrease in the lattice
constant and cell volume. Additionally, the nickel ions may be causing distortions in the crystal lattice,
which would also lead to a decrease in the hoping length La and hoping length Lb. Finally, the nickel ions
may be causing the formation of smaller crystals, which would lead to a decrease in the crystalline size.
Another possibility is that the nickel ions are causing an increase in the dislocation density, which would
lead to an increase in the micro-strain. The dislocation density is a measure of the number of dislocations
in a material, and dislocations are imperfections in the crystal lattice that can cause strain.

3.2 FTIR Analysis
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FTIR spectroscopy provides valuable insights into the structural parameters of materials. Ferrites exhibit
two distinct M-O vibration frequencies: the first (550 − 443 cm⁻¹) corresponds to octahedral (B-site) M-O
stretching vibrations, while the second (527 − 523 cm⁻¹) arises from tetrahedral (A-site) M-O stretching
vibrations can be seen in Fig. 2. The presence of a band at 654 cm⁻¹ indicates Al–O-Al bending
vibrations. New bands at 892 cm⁻¹ confirm Fe-OH bond formation. Peaks at 1063 and 1057 cm⁻¹
correspond to Al–OH bending and stretching vibrations. The residual FeO-OH group was observed at
1177 and 1178 cm⁻¹ (OH-deformation vibrations). The faint peak at 1397 and 1395 cm⁻¹ is due to
asymmetric NO3 stretching vibrations in residual nitrate groups. With the increasing Ni concentration,
both ν1 and ν2 bands shifted, confirming the spinel structure. The observed peak shifts are attributed to
changes in cation occupancy in tetrahedral (A) and octahedral (B) sites. The decrease in bond lengths
leads to the observed increase in absorption frequency.

3.3 Scanning Electron Microscopy
The SEM micrograph shows the morphology of the NiXMn1-XAl0.5Fe1.5O4 (X = 0). The grains are arranged
in a variety of shapes and sizes, but most are roughly equiaxed. The grains are separated by grain
boundaries. The SEM image also shows that the NiXMn1-XAl0.5Fe1.5O4 (X = 0.3) particles are packed
closely together. This is likely to be due to the high packing density of the powder. The SEM image shows
that doping of nickel NiXMn1-XAl0.5Fe1.5O4 (X = 0,0.3) can have a significant impact on the grain size of
the material. This decrease in grain size 90 − 75 nm is due to the disruption of the crystal structure by the
nickel doping (J image software used to determine grain size). The decrease in grain size is beneficial for
several reasons, including improved strength, toughness, corrosion resistance, and electrical conductivity.

3.4 EDX Analysis
EDX spectra are used to identify and quantify the elemental composition of a material. In this case, the
EDX spectra of the ferrite nanoparticles confirmed that the synthesis process was successful and that the
nanoparticles have the expected stoichiometric composition. This means that the nanoparticles contain
the correct proportions of each element. The absence of impurity elements in the spectra indicates that
the synthesis process was clean and that there are no unexpected elements present in the nanoparticles
can be seen in Fig. 4. This is important because impurities can affect the properties of the nanoparticles.
Energy-dispersive X-ray spectroscopy (EDX) analysis confirms the presence of Al, Ni, Mn, Fe, and O
elements in the synthesized nanoparticles. The intensity of each signal corresponds to the relative
abundance of the respective element in the nanoparticles.

3.5 BET Analysis
The Nitrogen adsorption-desorption isotherm technique was used to determine the specific surface area,
pore size distribution, and pore volume of the NiXMn1-XAl0.5Fe1.5O4 (X = 0,0.3) catalysts. The results are

shown in Table 2. As can be seen, the BET surface area of the sample increased from 13.43 m2/g to 28.8
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m2/g as the nickel doping concentration increased. This is a significant increase in surface area, and it
can be attributed to the formation of new nickel-containing active sites on the surface of the catalyst.
Additionally, the average pore size increased from 19.35 Å to 35.6 Å as the nickel doping concentration
increased. This increase in pore size is also beneficial for the catalytic activity of the material, as it allows
larger molecules to access the active sites. The positive correlation between the doping concentration of
nickel and the surface area and pore size is clearly shown in Fig. 5. As the nickel doping concentration
increases, the surface area and pore size both increase. This is because nickel atoms can act as
nucleation sites for the formation of new pores.

Table .2: Adsorption Description results of Nitrogen of the NiXMn1−XAl0.5Fe1.5O4 (X = 0,0.3)

Sample Bet Surface Area

(m2 g− 1)

Total pore volume

(cm3g− 1)

Average pore radius

(Å)

Mn1Al0.5Fe1.5O4 13.43 0.456 19.35

Ni0.3Mn0.7Al0.5Fe1.5O4 28.38 1.675 35.6

2.6 Electrical Resistivity
The resistance of NiXMn1-XAl0.5Fe1.5O4 (X = 0,0.3) spinel ferrites as a function of temperature. The
resistance of both samples increases as the temperature increases. The graph shows that the electrical
resistivity of Ni0.3Mn0.7Al0.5Fe1.5O4 is lower than that of Mn1Al0.5Fe1.5O4 at all temperatures. This is
because Ni0.3Mn0.7Al0.5Fe1.5O4 is a mixed metal oxide, which means that it contains both metal and
oxide ions. Metal ions have free electrons that can conduct electricity, while oxide ions do not. Therefore,
the presence of nickel ions in Ni0.3Mn0.7Al0.5Fe1.5O4 reduces its electrical resistivity. Overall, the electrical
resistivity of the materials increases with temperature. This is due to the increased vibration of atoms and
the formation of defects at higher temperatures.

3.7 Photodegradation Experiments

3.7.1 Doping effect on photodegradation
The fact that photolysis observed no degradation suggests that the photodegradation observed in the
presence of the Ni-doped catalyst is due to a catalytic effect of the catalyst, rather than direct photolysis
of the pollutant in illustrated Fig. 7 (a). This is further supported by the observation that the
photodegradation efficiency is significantly higher for the Ni-doped catalyst (98.96%) than for the
undoped catalyst (83%). Ni-doped catalyst improves photodegradation by absorbing more visible light,
preventing electron-hole recombination, and increasing the number of active sites [15].

3.7.2 Effect of pH
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The photodegradation of rhodamine B was evaluated at pH 3 to 11 and was found to be 99.80–83.23%,
respectively in illustrated Fig. 7 (b). This is because the protonated form of rhodamine B is more
susceptible to photodegradation. At low pH, rhodamine B is protonated, which increases its positive
charge and makes it more reactive with hydroxyl radicals. At high pH, rhodamine B is deprotonated, which
reduces its positive charge and makes it less reactive with hydroxyl radicals in addition, Rhodamine B
aggregates at high pH, making them more difficult to photodegrade.

3.7.3 Effect of Dye Concentration
The degradation of rhodamine B decreased from 99.61% at 5 ppm to 62% at 50 ppm. This is a significant
decrease, and the dye concentration has a strong influence on the photodegradation rate illustrated in
Fig. 7 (c). The decrease in photodegradation of rhodamine B with increasing dye concentration can be
attributed to Limited active sites: Competition for active sites between rhodamine B molecules and
hydroxyl radicals decreases the number of rhodamine B molecules that are degraded. Self-shielding: Dye
molecules absorb photons of light before they reach the photocatalyst surface, preventing photocatalyst
activation and hydroxyl radical generation. Reaction intermediates: The formation of reaction
intermediates competes with rhodamine B molecules for active sites and hydroxyl radicals, decreasing
the degradation efficiency[16].

3.7.4 Effect of Catalyst Dosage
The photodegradation of rhodamine B increased from 98.96–99.8% as the catalyst dosage was
increased from 100 mg to 250 mg but decreased to 76% when the dosage was increased to 300 mg. The
photodegradation of rhodamine B increased as the catalyst dosage increased up to an optimal value, and
then decreased beyond that value can be seen in Fig. 7 (d). This is because increasing the catalyst
dosage increases the number of active sites available to generate reactive oxygen species (ROS) which
degrade the dye molecules. However, too much catalyst can lead to self-shading, where the catalyst
particles block each other from accessing light, and agglomeration, where the catalyst particles clump
together and reduce their surface area [17].

3.7.5 Effect of Temperature
The photodegradation of rhodamine B increased from 98.96% at 20  to 99.07% at 40  and 99.80%
at 60  illustrated in Fig. 8 (a). This increase in photodegradation with increasing temperature can be
attributed to the following factors. At higher temperatures, the mobility of rhodamine B molecules
increases, making it easier for them to encounter the photocatalyst and absorb photons of light.
Additionally, the adsorption capacity of the photocatalyst increases at higher temperatures, leading to
more rhodamine B molecules being available for photodegradation [18]. Finally, the generation of
hydroxyl radicals, which are the primary reactive species responsible for the photodegradation of
rhodamine B, also increases at higher temperatures.

3.7.6 Effect of Light Intensity

℃ ℃
℃
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The degradation efficiency of RhB under 100 W, 200 W, and sunlight illumination was 98.96%, 99.8%, and
99.8%, respectively illustrated in Fig. 8 (b). The photodegradation rate of Rhodamine B is directly
proportional to light intensity. This is because higher light intensity generates more electron-hole pairs on
the photocatalyst surface, which enhances the production of reactive oxygen species (ROS), such as
hydroxyl radicals (OH˙), superoxide radicals (O2⁻˙), and hydrogen peroxide (H2O2). These ROS are the
primary oxidants responsible for the degradation of Rhodamine B. Sunlight is the most abundant and
renewable source of light energy for photocatalytic degradation, as it contains both UV and visible light,
which can excite a wide range of photocatalysts.

3.7.7 Effect of H2O2 Addition
Adding hydrogen peroxide (H2O2) increased the degradation of rhodamine B dye up to a concentration of
6 mM H2O2. Degradation increased from 83.96–98.61% as the H2O2 concentration was raised from 0 to
6 mM. However, at 8 mM H2O2, degradation decreased to 77.61% illustrated in Fig. 8 (c). The increase in
degradation is attributed to higher production of hydroxyl radicals (HO•) at higher H2O2 levels, which
degrade the dye. The subsequent drop in degradation at 8 mM H2O2 is due to (a) scavenging of HO• by
excess H2O2, (b) formation of less reactive per hydroxyl radicals (HO2•) from HO• at high H2O2 levels, and
(c) inhibition of the Fenton reaction by high H2O2 competing with dye for HO• and complexing the
catalyst [19].

3.7.8 Scavenger Analysis
To pinpoint the primary reactive species, the impacts of scavengers such as benzoquinone (a scavenger
for O2̇−•), tert-butyl alcohol (a scavenger for OH•), and ethylenediaminetetraacetic acid (a scavenger for
h+) were investigated [20]. It was found that hydroxyl radicals are the key species driving the degradation
of Rhodamine B (degraded 48% with TBA, a scavenger of hydroxyl radicals, compared to 98.96% with no
scavenger) illustrated in Fig. 8 (d). Scavenging experiments with benzoquinone (BQ) and
ethylenediaminetetraacetic acid (EDTA), scavengers of superoxide radicals (O2

−•) and metal ions,
respectively, have little effect on the degradation of Rhodamine B (95% and 92% degradation,
respectively).

3.7.9 Photodegradation Mechanism
A potential mechanism for the photodegradation of Rhodamine B over the ferrite photocatalyst was
suggested based on the trapping experiments. When exposed to visible light, electron-hole pairs are
formed. These holes oxidize water that is adsorbed on the surface, resulting in the creation of highly
reactive OH• radicals. Electrons are trapped by surface defects or react with dissolved O2 to give O2̇−
radicals. The Rhodamine B molecules are then degraded by these reactive species through oxidation,
decomposition, and mineralization reactions. When ferrite undergoes irradiation, the process of electron
excitation from the valence band to the conduction band occurs[21]. This generates holes that lead to the
production of hydroxyl radicals, as described below:
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Step 1

Generation of electron-hole pairs

where: Ni0.3Mn0.7Al0.5Fe1.5O4is the ferrite photocatalyst, hν is a photon of visible light, 
is the excited ferrite photocatalyst, e⁻ is an electron and h⁺ is a hole.

Step 2

Oxidation of surface adsorbed water

where:  is a hydroxyl radical

Step 3

Trapping of electrons

where:  is a superoxide radical

Step 4

Degradation of Rhodamine B

5

Or

The overall reaction for the photodegradation of Rhodamine B can be written as:

The dye photodegradation by visible light irradiation is an effective and environmentally friendly
technique that produces only CO2 and H2O as end products [22].

3.7.10 Optical Properties

Ni0.3Mn0.7Al0.5Fe1.5O4 + hv→ Ni0.3Mn0.7Al0.5Fe1.5O
∗
4 + e

−
+ h+ (2)

Ni0.3Mn0.7Al0.5Fe1.5O
∗
4

h+ + H2O → OH
∗ + H+ (3)

OH
∗

e− + O2 → O
∗−
2 (4)

O
∗−
2

RhB + OH∗ → intermediates → CO2 + H2O + Otherinorganicproducts

RhB + O∗−
2 → intermediates → CO2 + H2O + Otherinorganicproducts (6)

RhB + Ferrite + hv → CO2 + H2O + Otherinorganicproducts + Ferrite (7)
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The Tauc equation, which is used to determine the band gap of both direct and indirect semiconductors,
can be expressed as follows:

In this context: α represents the absorption coefficient at a given photon energy hν, A is a constant value,
Eg refers to the band gap, and n is a constant that varies based on the specific type of semiconductor.
Nickel (Ni) doping in NiXMn1−XAl0.5Fe1.5O4 can decrease the band gap from 2.4 to 2.2 eV can be seen in
Fig. 9. Nickel doping enhances photodegradation by introducing new energy levels within the band gap,
leading to increased absorption of visible light and the generation of more electron-hole pairs.
Additionally, Ni atoms act as electron traps, preventing recombination and extending the lifetimes of
these charge carriers, further enhancing photocatalytic activity.

2.7.12 Kinetics
A kinetic study was undertaken to elucidate the reaction order of the decomposition of rhodamine B. The
concentration of RhB was monitored over time. The concentration data was fitted to equations for first
order and second-order reaction kinetics, given below:

First-order rate equation:

Second-order rate equation:

In this context: Ct represents the concentration at a specific time ‘t’, C0 denotes the initial concentration, ‘k’
is the rate constant, and ‘t’ is the time elapsed. The evaluation of the kinetic data indicates that the
decomposition reaction aligns more accurately with first-order kinetics, as evidenced by a high R2 value
of 0.998 for the first-order plot shown in Fig. 10 (a). The second-order plot Fig. 11 (b) gave a slightly lower
R2 value of 0.917. These results provide clear evidence that the decomposition of RhB at this
concentration follows first-order kinetics. The reaction rate is dependent on the concentration of RhB,
indicating a mechanism involving one molecule of dye reacting in the rate-determining step. This kinetic
study elucidates the rate law and reveals insights into the reaction mechanism.

3.7.13 Comparison Study
Table 3 presents a comparison of various photocatalytic materials and their effectiveness in breaking
down the Rhodamine B dye under the influence of visible or UV light. It compares the photocatalytic
activity of different composite materials containing iron oxide with additions like ZnO, CuS, graphene

αhv = A (hv − Eg)n (8)

ln( ) (9)
Ct

C0

= + Kt (10)
1

Ct

1

C0
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oxide, etc. The key metric assessed is the removal efficiency of Rhodamine B dye after irradiation for
different periods ranging from 90 minutes to 230 minutes. The catalyst dosage also varies from 0.1 g/L
to 2.0 g/L for the different composites. Different light sources are tested - visible light vs UV light. The
current study of nickel-doped manganese aluminum ferrite, which achieved 98.96% dye removal in 120
minutes using 0.1 g/L catalyst dosage - was one of the best results.

Table 3
Photocatalytic degradation of Rhodamine B results as compared to previous studies

Compositions Light

source

Time

(minutes)

Catalyst

dosage(g/L)

  Removal

efficiency (%)

Ref.

CoNd0.05Fe1.95O4 Visible light 120 0.15   94.7 [23]

NiFe2O4 UV light 105 1.5   84 [24]

NiFe2O4@HAp-Sn2+ Visible light 230 0.65   84.4 [25]

NiFe2O4 Visible light 120 0.35   90 [26]

ZnFe@CuS Visible light 90 1.5   93 [27]

ZnFe2O4/graphene oxide Visible light 180 1.3   94 [28]

Zn-doped Fe3O4 UV light 90 2.0   97 [29]

ZnFe2O4-50%@ ZnO Visible light 160 0.5   79 [5]

Ni0.3Mn0.7Al0.5Fe1.5O4 Visible light 120 0.1   98.96 Current

study

3.7.14 Catalyst Recyclability
The recyclability of the catalyst decreases with repeating cycles, with the degradation of rhodamine B
decreasing from 98.96% in the first cycle to 95% in the fifth cycle shown in Fig. 11. This is likely due to
several factors, including Loss of catalyst: The catalyst is lost during the degradation process, reducing
the amount of catalyst available for the next cycle. Deactivation of the catalyst: The catalyst becomes
deactivated over time, reducing its activity and ability to degrade rhodamine Fouling of the catalyst: The
catalyst is blocked by the reaction products or impurities, reducing its ability to degrade rhodamine B. The
decrease in recyclability of the catalyst with repeating cycles is a common problem in catalysis.

Conclusion
The nickel-doped manganese aluminum ferrite nanoparticles synthesized in this work were thoroughly
characterized. The broadening of the XRD peaks (311) indicates the FCC crystalline structure. XRD
showed the spinel structure with average crystallite sizes of 30–39 nm. FTIR confirmed the metal-oxygen
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bonds. The SEM analysis indicated the particles are small and irregularly shaped and used to determine
particle size range of 75–90 nm. BET analysis showed the surface area increased from 13.43 to 28.38
m2/g after nickel doping. The electrical resistivity exhibits a positive temperature coefficient, indicating
that resistance increases with increasing temperature. Under normal conditions, 99.8% degradation of 10
mg/L Rhodamine B was achieved in 120 min under 100 W visible light using 0.1 g/L catalyst at pH 7 and
20°C. First-order rate kinetics was followed. It was determined that hydroxyl radicals have a significant
impact on the degradation of RhB. The nickel-doped ferrite demonstrated excellent photocatalytic activity,
reusability for 5 cycles, and stability. This comprehensive study proves the potential of nickel-doped
nanoparticles as efficient photocatalysts for dye removal using visible light.
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Figure 1

XRD graph of NiXMn1-XAl0.5Fe1.5O4 (X= 0,0.3)
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Figure 2

FTIR Analysis spectrum of NiXMn1-XAl0.5Fe1.5O4 (X= 0,0.3)
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Figure 3

Sem Micrograph of NiXMn1-XAl0.5Fe1.5O4 (X = 0,0.3)
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Figure 4

EDX graphs and elemental composition of NiXMn1-XAl0.5Fe1.5O4 (X= 0,0.3)
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Figure 5

BET analysis of NiXMn1-XAl0.5Fe1.5O4 (X= 0,0.3)
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Figure 6

electrical resistivity of NiXMn1-XAl0.5Fe1.5O4 (X= 0,0.3)



Page 22/25

Figure 7

Influence of different factors on the removal of Congo red by NiXMn1-XAl0.5Fe1.5O4 ferrite. (a) effect of
doping (b) effect of pH (c) dye concentration (d) catalyst dose, Normal Conditions [pH 7, Dye
concentration 10 ppm, Catalyst dose 100 mg, Temperature 20°C, Light intensity 100 W except that factor
which effect determine]
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Figure 8

Removal efficiency of NiXMn1-XAl0.5Fe1.5O4 ferrite for rhodamine b under different conditions. (a)
Temperature effect (b) effect of light Intensity (c) H2O2 Addition effect (d) Scavenger Analysis, Normal
Conditions [pH 7, Dye concentration 10 ppm, Catalyst dose 100 mg, Temperature 20°C, Light intensity
100 W except that factor which effect determine]
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Figure 9

The UV-Visible DRS Spectra and Talc Graphs of NiXMn1-XAl0.5Fe1.5O4 (X= 0,0.3) ferrite.

Figure 10

kinetics model fitting (a)First order (b)Second order
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Figure 11

Recyclability of nickel-doped manganese aluminum ferrite


