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Exchange interaction vs thermal fluctuation 

Heisenberg Hamiltonian Randomizing thermal effects

KBT
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Spinel structure MB2 O4

(A)- site ions

[B]- site ions

Oxygen ions

Tetrahedral (A) site

Octahedral [B] site

64 tetrahedral sites                                                8 occupied

32 octahedral sites                                                16 occupied

Spinel Ferrite Introduction



Regular spinel structure
Divalent metal ions in the tetrahedral (A)-site and trivalent metal ions in the octahedral [B]-site

Inverse spinel structure
Half of the [B]-sites (8 sites) are occupied by divalent metal ions and the remaining half of the
[B]-sites (8 sites) and all the (A)-sites are occupied by the trivalent metal ions

(M2+)A[Fe2
3+]B O4

(Fe3+)A[M2+Fe3+]B O4

Partial inverse spinel structure

(M1-δ
2+Feδ

3+)A[Mδ
2+Fe2-δ

3+]B O4

δ degree of inversion

Spinel Ferrite Introduction



Tetrahedral (A) site Octahedral [B] site

Fe3+ Fe3+ Ni2+

Néel theory: M = MB – MA
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Tetrahedral (A) site Octahedral [B] site

Fe3+ Fe3+ Co2+

(Fe3+)A[M2+Fe3+]B O4

CoFe2O4

NiFe2O4

3µB

2µB

Tetrahedral (A) site Octahedral [B] site

Fe3+ Fe3+ Cu2+CuFe2O4 1µB

Tetrahedral (A) site Octahedral [B] site

Fe3+ Fe3+ Mg2+MgFe2O4 0µB



1- Complex exchange interactions of the different cations between and within the A & B sites.
2- Effect of the reduced particle size.
3- Effect of defects and lattice deformation.

Tetrahedral (A) site Octahedral [B] site

Fe3+ Fe3+ Ni2+

Néel theory: M = MB – MA
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Applications of Ferrites

➢Ferrites have very wide rang of applications:
❖ In radio receivers to increase the sensitivity and selectivity of the receiver.
❖ As cores in audio and TV transformer
❖ In digital computers and data processing circuits.
❖ To produce low frequency ultra sonic waves by magnetostriction principle.
❖ In high-power microwave Components and Industrial Microwave Systems..
❖ In the design of ferromagnetic amplifiers of microwave signals.
❖ In instruments like galvanometers, ammeter, voltmeter, flex meters, speedometers,
wattmeter, compasses and recorders
❖ In high power circulators, isolators, couplers, phase shifters, filters, and loads for
industrial, radar, medical and high energy physics applications.
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Spinel Ferrite Introduction

Tunning Ferrite Properties

Controlling particle size R&TM-doping



Ion A-site (Å) B-site (Å)

r(Sm3+) - 0.958

r(Gd3+) - 0.938

r(Ce3+) - 1.14

Ion A-site (Å) B-site (Å)

r(Fe3+) 0.49 0.645

r(Ni2+) 0.55 0.69

r(Co2+) 0.38 0.745

VS

R3+ ions doping

B-site

Lattice distortion

Diffuse to the grain boundaries

Extra amorphous or crystalline phases

Spinel Ferrite

Decrease the particle size

Introduction



SOL-GEL MethodStandard Ceramic Method

Experimental Preparation

Fe2O3 Ce2O3 CoO

Grinding and Mixing

Calcination
1100-1200 C

Regrinding and 
Pressing

Sintering
1250

Fe Nitrate
Co Nitrate
Ni Nitrate

Mixed Solution dissolved in distilled water 

Citric Acid

Stirred

Heating on hot plate

Viscous gel

Combustion

Residue Fine powder

Ce Nitrate

Adjusting pH



Preparation Methods

Solid State Reaction Sol-gel

Transition metal-Rareearth Oxides

Expensive

High Temperatures

Energy consuming

Bulk Material

Particle size - No control

Transition metal-Rareearth Nitrates

Reduced Cost

Low Temperatures

Energy saving

Nano Material

Controlled Particle size

Experimental Preparation



X-ray Diffraction

Structure

Magnetic
Morphology

Elastic

UV Visible 
Spectroscopy

Neutron Diffraction

Vibrating Sample 
Magnetometer

Electron Spin 
Resonance

Transmission Electron 
Microscope

Optical

Fourier-Transform 
Infrared Spectroscopy

Experimental Techniques

Mössbauer Effect 
Spectroscopy

Scanning Electron 
Microscope



CoFe2-xCexO4

In this presentation

CoFe2-xCexO4

x=0, 0.01, 0.03, 0.05, 0.07 and 0.1

Sol-gel

X-ray Diffraction

Neutron Diffraction

Vibrating Sample 
Magnetometer

Mössbauer Effect 
Spectroscopy

Transmission Electron 
Microscope



TEM

0.1 0.05

0.01

HR-TEM Micrographs

➢ Nano size

➢ Spherical shape

Fluffy final product for

the prepared samples.

CoFe2-xCexO4
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VSMCoFe2-xCexO4



VSMCoFe2-xCexO4



Decreasing D Ms & Hc

VSMCoFe2-xCexO4



MECoFe2-xCexO4



Typical long range ferrimagnetic
order 

MECoFe2-xCexO4



Typical long range ferrimagnetic
order 

Nano Scale: Small grain sizes (D)
with short range magnetic order

Finite size effects lead to a reduction in magnetism
and the appearance of superparamagnetic phase
in ultrasmall particles

MECoFe2-xCexO4
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Conclusion

- Ce3+ doping decreases the particle size of the prepared samples.
- TEM measurements confirm the formation of nano sized – spherical shaped

particles.
- XRD illustrates a single spinel phase for all the prepared samples and a

gradual decrease of D with increasing Ce content was observed.
- VSM measurements spot a gradual decrease in the saturation magnetization

with decreasing D.
- Mössbauer effect spectroscopy suggests the coexistence of the magnetic

order for large particle sizes and superparamagnetic behavior for ultrasmall
particles.

- Neutron diffraction measurements capture the reduced particle size and the
magnetic order.



Thanks for your attention! 
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