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Abstract 

Structural and optical properties of Tb3+ doped TbxCoFe2-xO4 (where X= 0.025, 0.075, 0.1) spinel ferrites 

were successfully synthesized by the sol-gel auto combustion method and sintered at 400 ℃ for 4 hours in an 

air atmosphere. The X-ray diffraction pattern confirms the formation of a cubic spinel phase structure. The 

average crystalline size was determined to be between to nm and both the lattice parameters and crystalline 

size decreased as the Tb3+ concentration increased. The intense 330 peaks show the single-phase formation 

of the ferrite sample. Morphological analysis through Scanning Electron Microscopy (SEM) shows spherical 

structure. 
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1. Introduction 

A broad family of oxides known as ferrites has 

exceptional structural and magnetic characteristics 

[1]. Both practically and fundamentally, ferrites are 

important and fascinating materials [2]. Due to their 

unique chemical, optical, magnetic, electrical, and 

dielectric properties as well as their structural and 

thermal stability, nanosized CoFe2O4, MnFe2O4, 

ZnFe2O4, NiFe2O4 and CuFe2O4 have drawn a lot 

of attention among other ferrites. These properties 

also have a wide range of potential technological 

applications, including photoluminescence, 

photocatalysis, humidity sensors, biosensors, 

pigment, corrosion protection, antimicrobial agents 

and biomedicine [3-8]. Cobalt ferrite bulk material’s 

microstructure is significantly impacted by rare earth 

elements such as La, Sm, Gd, Dy, Er and Yb. Cobalt 

is a significant and adaptable element with a wide 

range of uses in several industries. Cobalt-based 

catalysts are vital for a number of chemical processes, 

such as the creation of hydrogen, organic synthesis, 

and petroleum refining [9,10].Various morphologies, 

such as nanoparticles, hollow mesoporous 

nanospheres, nanorods, and three-dimensional 

organised microporous structures, have been 

investigated in the production of CoFe2O4 [9–11]. 

Terbium is a useful rare earth element with a wide 

range of uses in sectors including electronics, 

lighting, and energy. It has unique magnetic and 

optical characteristics. Because of its unique 

properties, terbium is a vital component in 

sophisticated technologies and is still being 

researched for potential advances [12]. The typical 

formula for nickel ferrite (NiFe2O4), along with a 

spinel structure is AB2O4 [13], where all of the Ni 

ions are found as the B (octahedral) site and the iron 

ions are found respectively at the A (tetrahedral) site 

along with B sites [14]. Due to its great mechanical 

hardness, huge permeability at high frequencies, low 

cost, chemical stability, and increased electric 

resistivity, nickel ferrite is widely employed in 

electronic devices [15]. NiFe2O4's magnetic and 

dielectric characteristics are heavily influenced by its 
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cation distribution and manufacturing process [16-

19]. It has been investigated how to alter ferrites at 

the atomic level using several kinds of nonmagnetic 

[20-24] and magnetic [25] atoms for cations. Ferrite’s 

crystal structure is altered by this selection, which 

also has an impact on the Fe3+–O2−–Fe3+ 

interaction. 

2. Synthesis Method 

TbxCoFe2-xO4 (where X=0.025, 0.075, 0.1) nano 

ferrite was prepared by the sol-gel auto-combustion 

method. The AR grade ferric nitrate 

((Fe(NO3)2.9H2O), cobalt nitrate, terbium nitrate 

((Tb(NO3)2.5H2O and ammonium hydroxide 

solution were used. The citric acid C6H8O7.H2O 

was used as fuel. The nitrates and citric acid in a 

stoichiometric proportion are dissolved in 100 ml 

distilled water, which is stirred till a homogeneous 

solution is obtained. The ammonium hydroxide 

solution is added drop by drop till Ph is equal to 7 is 

obtained. Then the mixed solution was kept on a hot 

plate at 100◦C for 1-2 hours to obtain the sol of it. 

after half an hour, this sol becomes a viscous gel. The 

gel then burns automatically to get the ash of ferrite 

nanoparticles. The ash was grinded in an agate mortar 

to get fine powder. Later, the powder was sintered at 

400 ◦C for 4 hours in the muffle furnace in an air 

atmosphere. 

3. Results and Discussion 

3.1.X-Ray Diffraction (XRD) 

The X-ray diffraction (XRD) pattern of the 

Tb3+doped Co spinel ferrite nanoparticles with 

TbCoxFe2O4, where x = 0.025, 0.075 and 0.1 was 

synthesized by the sol-gel auto-combustion method. 

The XRD analysis is used to reveal the formation of 

crystalline phase structure and lattice constants. In the 

XRD pattern, the broad peaks indicate the fine nature 

of the particles. The average crystalline size was 

determined between to nm. And both the crystalline 

phase and lattice parameter decrease as the Tb3+ 

concentration increases. The observed peaks (222), 

(400), (332), (532), (631), and (642) confirm the 

cubic spinel structure of the samples. The XRD data 

was used to calculate lattice parameter (a), crystal 

size (D), lattice strain (), x-ray density of the most 

intense XRD pattern (400) of ferrite samples by using 

equations (1) to ().  

                                    a = d 

 

where d is the interplanar distance and h, k, l are the 

Miller indices. The crystalline size was calculated 

using the Debye–Scherrer formula, 

 

D =
kλ

βcosθ
                             (1) 

 

The average crystalline size (D) and lattice strain () 

were also calculated using the Williamson–Hall (W-

H) equation, which is given as,  

 

β =
Kλ

Dsinθ
+ 4εtanθ             (2) 

 

D =
Kλ

(Intercept)
                    (3) 

 

ε = Slope                                 (4) 

 

Where e is lattice strain, D is crystalline size, λ is the 

wavelength of the X-ray used, β is the full width at 

half maximum and θ is the Bragg’s angle. As Shown 

in Figure 1.  

 

 
Figure 1 X-ray diffraction (XRD) patterns of 

TbxCoFe2-xO4  at (x= 0.025, 0.075, 0.1) 

 

3.2.UV- Visible Spectroscopy 

The absorbance spectra show a clear dependence on 

about:blank


 

 

International Research Journal on Advanced Engineering 

and Management 

https://goldncloudpublications.com 

https://doi.org/10.47392/IRJAEM.2026.0221 

e ISSN: 2584-2854 

Volume: 04 Issue: 05  

May 2026 

Page No: 1473 - 1477 

 

 

   

                        IRJAEM 1475 

 

composition (x) across the wavelength range of 200–

800 nm. All samples exhibit strong absorption in the 

UV region, followed by a broad absorption band 

extending into the visible region, and a gradual 

decrease toward the near-infrared region. As Shown 

in Table 1. 

 

Table 4 EDX of TbxCoFe2-xO4 at  (x= 0.00) 

 

The sample with x = 0.025 displays the highest 

absorbance throughout the spectrum, with a 

prominent peak around 320–350 nm, indicating 

stronger electronic transitions. As the composition 

increases to x = 0.075 and x = 0.1, the overall 

absorbance decreases, and the spectra become 

comparatively flatter, suggesting a reduction in the 

number of absorbing species or changes in the 

electronic structure. As Shown in Figure 2. 

 

 
Figure 2 UV–Vis DRS of TbxCoFe2-xO4 at  (x= 

0.025, 0.075, 0.1) 

 

A slight shift of the absorption feature toward longer 

wavelengths is also observed with increasing x, 

which may indicate band gap narrowing or 

modification in energy levels. In the higher 

wavelength region (700–800 nm), all samples show a 

sharp decline and tend to converge, indicating 

minimal absorption and increased transparency. 

Overall, the results suggest that increasing x 

significantly influences the optical properties of the 

material by reducing absorbance and slightly altering 

the absorption edge.  

3.3.SEM analysis 

The SEM micrographs of TbxCoFe2-xO4 at  (x= 

0.00) presented in Fig.3, effectively illustrate the 

synthesis's outcomes. The images reveal a modest 

degree of agglomeration, characterized by a spherical 

morphology that contributes to a spherical structure. 

This non-uniform distribution can be attributed to 

various factors, including reaction time and sintering 

temperature. Interestingly, the observed 

agglomeration of nanoparticles likely results from 

their magnetic behaviour and the relatively weak 

surface interactions among primary particles, which 

are primarily held together by Van der Waals forces. 

As Shown in Figure 3 & 4. 

 

 
Figure 3 SEM of TbxCoFe2-xO4 at (a) x=0.00 

 

Element Line Mass % Atom% 

Fe k 64.01±3.12 65.24±3.18 

Co k 35.99±2.64 34.76±2.55 

Tb Line nd nd 

Total  100 100 

Spc_001   
Fitting ratio 

0.4966 
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Figure 4 EDX of TbxCoFe2-xO4 at x=0.00 

Conclusion 

In this present work, the Nanocrystalline 

TbxCoFe2O4 (where x = 025, 0.075, 0.1) powder 

was successfully synthesized by sol gel auto 

combustion method. The XRD pattern confirms the 

formation of a cubical spinel phase structure. The 

average grain size was determined to be between to 

nm. And both the lattice parameters and crystalline 

size decrease as the Tb3+ concentration increases. 

The intense 330 peaks show the single-phase 

formation of the ferrite sample. , the results suggest 

that increasing x significantly influences the optical 

properties of the material by reducing absorbance and 

slightly altering the absorption edge. . The images 

reveal a modest degree of agglomeration, 

characterized by a spherical morphology that 

contributes to a spherical structure. 
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