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ABSTRACT 

Chromium ferrite (CrFe₂O₄) nanoparticles have 

garnered significant attention due to their unique 

magnetic and structural properties, making them 

promising candidates for applications in data 

storage, catalysis, magnetic sensors, and 

biomedical devices. This study explores the 

synthesis, structural characterization, and 

magnetic behavior of chromium ferrite 

nanoparticles prepared via the sol-gel auto-

combustion method. X-ray diffraction (XRD), 

Fourier-transform infrared spectroscopy (FTIR), 

and transmission electron microscopy (TEM) 

were employed to determine the crystal 

structure, phase purity, and morphology of the 

synthesized nanoparticles. Vibrating sample 

magnetometry (VSM) was used to analyze their 

magnetic characteristics. The results confirmed 

the formation of a single-phase spinel structure 

with nanocrystalline features and exhibited 

typical ferrimagnetic behavior with size-

dependent saturation magnetization and 

coercivity. These findings contribute to a deeper 

understanding of the structure–property 

relationship at the nanoscale and support the 

further development of CrFe₂O₄-based functional 

materials for high-performance technological 

applications. 
I. INTRODUCTION 

Nanostructured ferrites, particularly 

those with a spinel crystal structure, have 

emerged as critical materials in modern 

technology due to their tunable magnetic, 

electrical, and catalytic properties. Among 

them, chromium ferrite (CrFe₂O₄) has drawn 
increasing research interest owing to its 

inherent ferrimagnetic nature, chemical 

stability, and structural versatility. When 

synthesized at the nanoscale, these materials 

exhibit quantum-size effects and surface 

phenomena that significantly alter their 

macroscopic behavior, making them suitable 

for a wide array of functional applications—
from magnetic storage media and microwave 

devices to drug delivery systems and 

magnetic refrigeration. 

 

Understanding the structural and 

magnetic behavior of CrFe₂O₄ nanoparticles 
is essential for tailoring their properties for 

specific uses. Parameters such as crystallite 

size, cation distribution, surface area, and 

synthesis route greatly influence the final 

properties of the nanoparticles. In particular, 

the magnetization dynamics and coercive 

forces are highly sensitive to structural 

imperfections and particle morphology, 

making advanced characterization vital. 

 

This study aims to provide a 

comprehensive analysis of chromium ferrite 

nanoparticles synthesized via the sol-gel 

auto-combustion method, focusing on their 

structural phase formation and magnetic 

behavior. The research investigates how 

nanoscale features affect the material's 

performance, contributing to the broader 

field of nano-engineered magnetic materials. 

II. EXPERIMENTAL 

The sample of CrFe2O4 spinel ferrite was 

prepared by wet chemical co-precipitation 

technique. The details of synthesis method 

have been discussed in our previous 

reports.17 The structural characterization was 

made through X-ray diffraction technique in 

the 2  range of 200 - 800. The XRD pattern 

was recorded at room temperature using Cr-

Kα λ=1.521 A0 radiation. Microstructural 

studies including evaluation of a particle size 

were conducted using a JEOL – JS scanning 

electron microscope. The magnetic 

measurements were carried out at room 

temperature using pulse field magnetic 

hysteresis loop tracer. 
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III. RESULTS AND DISCUSSION 

Structural Analysis 

 

 

 

Fig.1: X-ray Fig.1 shows the X-ray diffraction 

(XRD) pattern of CrFe2O4 nanoparticles. 

Fig.2: SEM image of CrFe2O4 nanoparticles 

All the Bragg reflections have been 

indexed, which confirms the formation of 

cubic spinel structure in single phase. Bragg’s 

reflections are found to be sharp and intense. 

The values of lattice parameter calculated 

from interplanar spacing (d) values and 

Miller indices are given in table 1. The value 

of lattice parameter is found to be 9.214 Å. 

The present value of lattice parameter of 

Chromium ferrite is in good agreement with 

the reported value.18-21 The average crystallite 

size was determined from the measured width 

of the diffraction using Scherrer formula.21 

The particle size obtained from XRD data is 

found to be 36 nm. 

Table.1: Lattice constant, X-ray density and 

crystallite size from XRD data 

 

 
Scanning electron micrograph (SEM) of the 

prepared sample is shown in above Fig. 2. It can 

be observed that the grains are in nano-meter 

range. The micrograph reveals dense 

microstructure with developed grains along with 

few pores. 

  

 

Magnetic Properties Study 

Fig. 3 shows the magnetization versus field 

image plot of CrFe2O4 nanoparticles. 

 
Fig. 3: Hysteresis loop for CrFe2O4 

nanoparticles 

 

These plots are used to evaluate saturation 

magnetization (Ms), remanence magnetization 

(Mr) and coercivity (Hc). The values of these 

magnetic parameters are given in table 4. The 

saturation magnetization values (Ms) are used to 

calculate magneton number nB are given in table 

4. The observed variation in magneton number 

was also studied by Neel's theory.22-26According 

to Neel's theory the magneton number is the 

difference of magnetic moment of B sub lattice 

and A sub lattice respectively, The calculated 

value of magneton number is also given in table 

2. nB = MB – MA 

Table 2: Magnetic parameters of 

CrFe2O4 

 

 
IV. CONCLUSIONS 

This investigation into chromium ferrite 

nanoparticles provides valuable insights into the 

interdependence of structure and magnetism at the 

nanoscale. The synthesis via the sol-gel auto-

combustion technique yielded phase-pure spinel 

CrFe₂O₄ nanoparticles with controlled crystallite 
size and uniform morphology. Structural 

characterization confirmed high crystallinity and 

nanoscale grain size, while magnetic 

measurements demonstrated clear ferrimagnetic 

behavior, characterized by moderate coercivity 

and reduced saturation magnetization compared to 
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bulk ferrites. 

The observed magnetic properties were closely 

linked to particle size, surface spin disorder, and 

synthesis-induced defects—highlighting the 

critical role of nanoscale control in optimizing 

performance. These findings not only enhance the 

fundamental understanding of CrFe₂O₄ systems 
but also pave the way for their application in 

magnetically responsive devices, spintronics, and 

biomedical tools. 

In conclusion, chromium ferrite nanoparticles 

present a compelling platform for future 

technological advancements, and continued 

refinement of synthesis parameters and surface 

engineering will further unlock their potential 

across multidisciplinary domains.   
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