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Abstract: In present study sol-gel autocombustion techniques were used to create Dysprosium (Dy3+) doped Copper ferrites. 
Characterization of these produced compounds was done with XRD, SEM, FTIR, VSM, TG-DTA, and TEM. The TGA 
shows weight loss is caused by the autocatalytic oxidation reduction reactions of nitrates. Dy3+doped inCuxFe2−xO4 (x=0.00, 
0.025, 0.05, 0.075, 0.1, 0.125 and 0.15) exhibits a shape resembling fibrous reticulated grid. When Dy3+ concentration rises, 
the average grain size also rises. The XRD analysis of copper ferrite doped with Dy3+ exhibits a cubic spinel phase. The TEM 
investigation revealed that the particle size was between 30 to 40 nm. The FT-IR spectra displayed two prominent absorption 
bands at 540 cm−1, which are indicative of the metal's intrinsic stretching vibrations at the tetrahedral site, and lowest band 
detected at 424 cm−1 corresponds to the octahedral site, while the co-tetrahedral site. 

Keywords: Sol-gel Techniques, Dysprosium,Copper ferrites, Band gap, Cation Distribution, etc.   

1. Introduction  

Important magnetic compounds known as nanocrystalline 
ferrites have garnered a lot of interest lately because of their 
numerous technical and biological uses. The modification of 
structural characteristics including size, shape, and 
morphology is necessary for the wide range of applications 
of magnetic nanoparticles. Material scientists put a lot of 
work into modifying spinel ferrites' characteristics to meet 
the demands of particular applications. Ferrites' structural 
characteristics are greatly impacted by the preparation 
process, sintering conditions, cation substitution, and cation 
distribution [1-2]. Ferrite nanoparticles can be produced by 
a variety of physical and chemical techniques. Researchers 
became interested in the sol gel approach due to its benefits, 
which included producing nanoparticles with a narrow 
range, compact size, and superior chemical homogeneity [3-
4]. It is recognized as the mineral tenorite, which has the 
characteristics of organic solvents, water dissolved, and red 
color. Copper (II) oxide functions as a semiconductor of the 
p-type [1]. It is designed to intensify the brightness of optical 

equipment in order to produce dry battery cells as the 
cathode. Together with its narrow band gap, cupric oxide 
(CuO) is a necessary metal oxide transition that serves as the 
foundation for a number of high magneto-resistant materials 
and superconductors that can withstand high temperatures. 

Since it is less expensive, requires less heat treatment at 
lower temperatures, and is easier to handle than other 
processes, sol-gel autocombustion is one of the most popular 
techniques for producing nanoscale ferrite powder [5]. 
Starting ingredients included Ferric nitrate Fe(NO3)3⋅9H2O 
of analytical grade, Copper nitrate Cu(NO3)2⋅6H2O, 
Dysprosium nitrate Dy(NO3)3⋅5H2O, Citric acid 
C6H8O7⋅H2O, and ammonia solution (NH3⋅H2O). Sol gel 
auto-combustion was used to create two sets of five samples, 
each with a chemical formula of CuFe2−xO4Dyx (x = 0.00, 
0.025, 0.05, 0.075, 0.1, 0.125, and 0.15) nanoferrite particles. 
Metal nitrates function as an oxidizing agent and citric acid 
as a reducing agent. Citric acid functions as an organic fuel 
as well, giving the reactants a location to undergo redox 
reactions as they burn. The sol gel autocombustion is one of 
the widely used methods to prepare nanoscale ferrite powder 
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due to cost effective, low temperature heat treatment, and 
easy handling relative to other methods [6]. 

In this study, dysprosium doped copper ferrite was 
synthesized using the sol-gel auto combustion method [7]. 
The following properties were studies using various 
characterized techniques for synthesized ferrite materials: 
Structural behavior, Magnetic hysteresis, Band gap, 
Morphology, and Weight loss, Crystalline size, Cation 
distribution, etc. Catalytic activity of this copper doped with 
dysprosium. It was demonstrated that the rate constant in 
CuDyxFe2O4 [x=0.00, 0.025, 0.05, 0.075, 0.1, 0.125, and 
0.15] increases with an increase in the composition. 

2. Materials and Methods: 

2.1 Synthesis process: 

As preliminary ingredients, extremely pure analytical 
reagent (AR) grade chemicals were used, such as iron (III) 
[Fe(NO3)3.9H2O] nitrate nonahydrate, copper (III) 
[Cu(NO3)3.9H2O]and dysprosium nitrate hexahydrate (III) 
[Dy(NO3)3.6H2O] nitrate hexahydrate (99.99%). In order to 
create Dysprosiumdoped Copper ferrite powder, citric 
(C6H8O7) acid was selected as the fuel agent. The molar ratio 
of metal nitrates to citric acid was maintained at 1:1 using 
stoichiometric calculations. The mixture was put on a 
magnetic stirrer set to stir uniformly at 50 revolutions per 
minute. During the stirring process, ammonia (NH3) 
solution was added to bring the pH level to 7 while keeping 
the temperature at 353 K. First, the mixture was made into a 
gel phase and subsequently underwent auto combustion 
burning to yield a loose, fluffy powder. To create a fine 
powder, the obtained powder was first calcined at 773 K for 
two hours, then sintered at 500°K for 5hrsand obtain a fine 
powder using characterization. 

2.2 Characterization: 

X-ray diffraction was used to analyze the structure and phase 
composition of the Dy–Cu ferrite nanoparticles. Cu-Kα 
radiation (λ = 0.15406 nm) was used. For every sample that 
was obtained, the Fourier transform infrared spectra analysis 
was performed to identify the chemical bonds. The 
spectrometer was used to record the data in the 400–4000 
cm−1 wave number range. Field emission scanning electron 
microscopy (FESEM) were used to ascertain the 
morphology and chemistry of nanosize particles. The 
magnetic characteristics of the sample were measured using 
a vibrating sample magnetometer (VSM) at room 
temperature and an applied field of up to 10 k (Oe). 

3. Result and Discussion: 

3.1 XRD Analysis: 

Figure-1 shows the CuFe2− xO4Dyx (x = 0.00, 0.025, 0.05, 
0.075, 0.1, 0.125, and 0.15) X-ray diffraction (XRD) pattern. 
All of the samples show the diffraction peaks corresponding 
to the planes (222), (400), (422), (433) and (532). It was 

determined that every sample showed a cubic spinel 
structure. Samples containing more dysprosium show small 
peaks corresponding to the secondary phase. In addition to 
the pure spinel phase, rare earth doped systems might also 
have secondary phases. Bharathiet al. [8] revealed that the 
DyFeO3 phase was present in the Dy-doped copper ferrite 
system. Compounds were synthesized and sintering at 400 
°C for 5 hrs as determined by the X-ray diffraction (XRD) 
pattern. 

Two theta ranges of room temperature to 80° were recorded 
for nanoferrite. The primary characteristic peak in the 
analysis of the XRD data for all samples was the formation 
of the cubic spinel structure. The lattice constant and 
crystalline size were computed using the reflection plane 
(400). The value derived from the XRD data analysis falls 
within the expected range of spinel cubic ferrites lattice 
constant [9]. 

Additionally, the successful replacement of rare earth 
Dy3+cations with Fe3+ was confirmed by the presence of 
major XRD peaks at similar (though not identical) positions. 
It is evident from figure-1 that peak broadening occurs. This 
broadening results from the replacement of Fe3+ ions with 
Dy3+ ions, which involves f-orbitals, which are deeply buried 
and produce broad peaks instead of d-orbitals, which are 
exposed off and produce sharp peaks. 

 
Fig. 1: XRD patterns of CuDyxFe2−xO4 (x=0.00, 0.025, 0.05, 
0.075, 0.1, 0.125 and 0.15) 

Table 1: Measured values of Lattice Parameter, X-ray and 
Dislocation Density, etc 
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0.000 2.5181 8.3527 5.4577 11.24 0.0033 0.0308 
0.025 2.5835 8.5695 5.1080 11.91 0.0031 0.0267 
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0.500 2.5196 8.3575 5.5675 11.22 0.0033 0.0309 
0.075 2.5154 8.3436 5.6562 15.25 0.0024 0.0167 
0.100 2.5086 8.3211 5.7639 9.07 0.0041 0.0476 
0.125 2.5209 8.3618 5.7407 12.62 0.0029 0.0244 
0.150 2.5298 8.3915 5.7407 11.98 0.0031 0.0269 

Using the ‘d’ value and appropriate (hkl) (400) parameters, 
the lattice constant ‘a’ was computed using the following 
formula: 

A=dhkl√ℎ! + 𝑘! + 𝑙!                                                         (1) 

All of the compounds' apparent particle sizes were estimated. 
By applying an analysis of the X-ray diffraction peak 
broadening Scherrer's equation [10]: 

The cubic unit cell structure for Cu DyxFe2−xO4was obtained 
as 

 D = 0.9λ / β cos(θ)                             (2)  

Where, 

λ is the radiation wavelength,  

θ is the diffraction angle, and 

β is the full width at half maximum (FWHM).  

Table-1 shows the acquired lattice parameters. 

Utilizing the relation below, one can compute the theoretical 
X-ray density: 

Dhkl= "#
$%!

                                   (3) 

 in which N is the Avogadro's number, 'a' is the lattice 
constant, M is the molecular weight of the compound of 
ferrite sample, and 8 denotes the number of molecules per 
unit cell. Using the following relationship, one can determine 
the circular shape pellet's apparent density (experimental). 

D =&
'
= &"

(!)
                      (4) 

The mass, volume, radius, and thickness of the pellet are 
denoted by the lettersThe sample's mass and symmetry are 
used to calculate the theoretical density of the samples, 
whereas the lattice constant and molecular weight determine 
the X-ray density. Table-1 makes it visible. Because of pores 
that are dependent on the sintering conditions, the X-ray 
density is higher than the apparent density [11]. 

3.2 SEM Analysis: 

Samples are obtained, a morphology analysis is carried out, 
synthesized using the sol-gel concept, and it is demonstrated 
using scanning electron microscopy (SEM) technology. 
Figure-2 shows the pictures and the synthesis. According to 
[13], the agglomerated grain structure seen in the 
micrographs is caused by the interaction of magnetic 
nanoparticles. 

It indicates a micrograph's irregular grain structure. The 
grain is described as having regular grain structure in the 
absence of voids and as being well-structured with no cracks 
[14]. It is well known that the image morphology is 

comparable, horizontal, and less dispersed in terms of 
measurement. The SEM micrographs also show that as the 
Dy content rises, the grain size and porosity rise. 

It is observed that the stoichiometric formula and the 
measured elemental ratios of compositions agree. The EDX 
spectrum showed that while the peak intensity of iron and 
nickel decreased, the peak intensity of dysprosium increased 
as the amount of Dy doped increased. It is evident from the 
EDX spectra that the prepared samples contain no extra 
impurities. The substitution sample peaks suggest that ions 
such as dysprosium and cobalt enter the ferrite structure [15]. 

 

 
Fig. 2: Scanning Electron Microscopy (SEM)patterns of 
CuDyxFe2−xO4 ferrite nanoparticles 

 
Fig. 2(c): EDAX spectrum and compositional data of 
CuDyxFe2-xO4 (x=0.075, 0.1) ferrite nanoparticles. 
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Fig. 2(d): EDAX spectrum and compositional data of 
CuDyxFe2-xO4 ferrite nanoparticles. 

3.3 TEM Analysis: 

Figure-3 shows TEM pictures of the CuDyxFe2-xO4 system 
nanoparticles with (x=0.075,0.1). The TEM image revealed 
that these particles had not aggregated, and its measurement 
of 55 nm was found to be in close proximity to the value 
derived from the XRD pattern. The majority of the 
agglomerated nanoparticles have a spherical shape. The 
tendency of nanoparticles to aggregate in order to reach a 
low free energy state by decreasing the specific superficial 
area by lessening the interfaces with other particles may be 
the cause of the agglomeration of nanocrystals [12]. Table-1 
displays the average particle size determined from the TEM 
images. The values obtained from XRD are nearly 
equivalent to the crystallite size. 

 
Fig. 3: Transmission Electron microscopy of CuDyxFe2-xO4 
ferrite nanoparticles 

3.4.VSM Analysis: 

Figure-4shows that magnetic hysteresis loop of CuDyxFe2-

xO4 system (x=0.00, 0.025, 0.05, 0.075, 0.1, 0.125 and 0.15) 
were using vibrating sample magnetometer. The magnetic 
parameters such as saturation magnetization (Ms), Remanent 
magnetization (Mr), and Coercivity(Hc).The magnetic 
hysteresis loops characteristic of CuDyxfe2-

xO4system(x=0.00, 0.025, 0.05, 0.075, 0.1, 0.125 and 
0.15)system are depicted in Figure-7, along with an inset that 
displays an enlarged area surrounding the origin. Evidently, 
at the maximum applied field, saturation magnetization is 
not attained. This could be because spins on nanoparticle 
surfaces are non-collinear, which makes spin alignment 
challenging even at high applied fields [16]. Table-2 lists 
each sample's saturation magnetization (Ms), Coercivity 
(Hc), and remnant ratio (R=Mr / Ms). For pure cobalt ferrite, 
the value Ms value has decreases from 96.8000 to 
73.6000emu/g and Mr value has decreased from 23.4400 to 
7.0400 emu/g where the coercvity has increased from 
58.3333 to 58.8889 Oe. The decrease of Ms with Dy content 
is consistent with the result reported for rare earth doped 
ferrites [17]. Tables demonstrate that the value of MS is 
directly correlated with the size of the nanoferrite particles 
[18]. 

 
Fig. 4: Hysteresis loop of CuDyxfe2-xO4 samples at room 
temperature. 

Table 2: Measured parameters for Magnetic parameters 
from Hysteresis loops 

Content(x) Coercivity 
(Hc)(Oe) 

Remnant  
Magnetization 
(Mr)(emu/g) 

Ms(emu/g) 

0.0 058.3333 023.4400 096.8000 
0.025 052.7778 011.0154 034.8308 
0.05 052.7778 007.3143 036.471 
0.075 042.7778 008.0800 074.4000 
0.1 048.8889 008.5600 073.4400 
0.125 058.8889 003.6800 073.6000 
0.15 056.1111 007.0400 070.0800 

Grain size, Cation distribution between the tetrahedral (A) 
and octahedral (B) sites, and preparation conditions all affect 
the saturation magnetization of ferrite material. The 
saturation magnetization may also be impacted by 



 Int. J. Thin. Fil. Sci. Tec. 14, No. 2, 131-137 (2025) / http://www.naturalspublishing.com/Journals.asp                                             135 
 

 
        © 2025 NSP 
         Natural Sciences Publishing Cor. 

 

modifications to the ion concentration and type in the A and 
B sites. The weakening of AB interactions may be the cause 
of the decrease in Ms with dysprosium content. The unpaired 
electrons of the ions occupying the A and B sites can interact 
in three different ways. However, Compared to A-A and B-
B interactions, the A-B interaction is more common. The 
difference between the moments of the B and A sublattices 
in a ferrimagnetic material is called the net magnetic 
moment. On the spinel lattice's octahedral site, Dy3+ ions are 
substituted because of the large ionic radii. As a result, the 
substitution of Dy3+ ions for Fe3+ ions lowers the magnetic 
moment of the octahedral sublattice and the Fe3+-Fe3+ 
interactions.  Ms to drop off. Further, the ordering of the 
magnetic moments of rare earth ions takes place at very low 
temperatures and is primarily caused by the 4f electrons 
[19][20]. 

3.5.TG-DTAAnalysis: 

Figure-5displays the thermogram of the unannealed sample 
of CuDyxFe2-xO4 system (x=0.00, 0.025, 0.05, 0.075, 0.1, 
0.125 and 0.15). This thermogram indicates that the weight 
loss happened gradually. The desorption of adsorbed water 
in the samples is displayed in the first stage. Weight loss 
occurs during the second stage, which is caused by the 
hydroxides changing into the ferrite sample's oxides. The 
development of the spinel structure is said to be responsible 
for the third and final stage. Our group has published 
comparable thermogravimetric results for ferrite and 
perovskite nanoparticles [21,22]. 

According to the TG-DTA study (Figure-3), weight loss for 
0.11% at Dy3+doped Cu-ferrite11.6%, 2.6%, 1.8% between, 
and negligible beyond Mass loss up to 200 °C is attributed to 
sample dehydration, whereas mass loss up to 600 °C is 
caused by organic materials and certain impurities 
evaporating.seven exothermic peaks can be seen in the DTA 
curve in the vicinity of 100 °C, 260 °C, 450 °C, and 800 °C. 
These peaks correspond to the evaporation of water 
molecules, the decay of organic molecules, and the phase 
formation of (0.11%) [23]. 

 
Fig. 5: (A) TGA and (B) DTA Curves of Dy3+doping 
CuFe2O4nanoferrite 

3.6 FT-IRSpectroscopy Analysis: 

Typically, the infrared bands of solids are attributed to the 
vibration of ions within the crystal lattice within the wave 
range of 4000-500 cm-1. All spinel ferrites have two distinct 
metal-oxygen bands visible in their infrared spectra. 
Tetrahedral site (A) and octahedral site (B) are where the 
vibrations of the cubic spinel unit cell can be constructed, 
according to Waldron [24, 25]. 

The presence of distinctive absorption bands in the Fourier 
Transform Infrared (FT-IR) spectrum indicates the 
formation of spinel structure in the prepared samples. Fig. 6, 
provides the IR bands' vibrational frequencies. The bands of 
absorption seen in our spinel ferrites, the ranges 540-532 cm-

1 and 408-424cm-1 are characteristic. The lower frequency 
band (2) is brought on by the metal-oxygen vibration in the 
octahedral site, while the higher frequency band (1) 
corresponds to intrinsic stretching vibrations of the metal at 
the tetrahedral site [26]. 

 
Fig. 6: FT-IR curve of Dy3+ doping CuFe2O4nanoferrite 
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3.7 UV-Visible Spectroscopy Analysis: 

The Dy3+doped copper ferrite optical absorption spectra have 
been investigated in the 200–800 nm wavelength range 
(Figure-7). In general, dopant element concentration, lattice 
strain, surficial impact, lattice structure parameters, and 
grain size all affect a material's optical band gap. The optical 
band gaps for samples owing to the first and second 
absorption bands were found using UV-Vis spectroscopy. 

 
Fig. 7: Absorbance spectra CuDyFe2O4 

The following formula can be used to determine the optical 
band gap based on the evolution of the α-coefficient as a 
function of incident photon energy. From 1.08 to 1.9, the 
absorbance increased quickly, with the maximum 
absorbance occurring at 543 nm wavelength. The formula is 
used to find the band gap energy.  

Band gap for energy = 1240/π(nm)        (5) 

4. Conclusion: 

X-ray diffraction patterns show that the cubic spinel phase 
has formed without the presence of any extra impurity peaks, 
indicating that the sol-gel synthesis of CuDyFe2O4 (x=0.00, 
0.025, 0.05, 0.075, 0.1, 0.125 and 0.15) compounds have 
been successfully completed and is sintering at 500°C. The 
XRD data yielded an average crystallite size of between 
9.07and 15.25 nm. At room temperature, all of the samples 
exhibit noticeable hysteresis and good saturation 
magnetization values. The octahedral site occupancy of Dy3+ 
ions is indicated by the FT-IR spectra. Dysprosium 
substitution reduces saturation magnetization and coercivity 
of copper ferrite, but the decrease in the latter is more 
pronounced. The coercivity in the multidomain regime is 
dependent on particle size, which explains the monotonic 
decline in coercivity with Dy3+ substitution. Because there is 
less A-B interaction when dysprosium ions are added to 
copper ferrite, saturation magnetization is reduced. These 
findings imply that copper ferrite nanoparticles' structural 
and magnetic characteristics can be adjusted to suit 
technological uses by substituting a proper quantity of 
dysprosium ions. 
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