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ABSTRACT:- In this paper, CoFe2O4/Cr2O3 nano-composites were prepared by sol gel auto-combustion route. The crystal structure of the as prepared

composites was characterized by Rietveld refinement of X-ray diffraction pattern. The impedance spectrum reveals two types of relaxation in terms

of two semicircles above 340K. The 1st semicircle is possibly due to the relaxation of grains whereas the 2nd semicircle corresponds to the grain

boundary relaxation. The 1st relaxation shows non-Debye nature however the 2nd relaxation shows the Debye nature (extracted via Havriliak-

Negami model). The change in capacitance with the application of magnetic field gives an indication of magnetoelectric coupling in the prepared

nano-composites.

INTRODUCTION
❑ The magnetoelectric(ME) materials, in which the

magnetization can be changed by the application

electric field or polarization can be controlled by a

magnetic field, have attracted much attention because

of their potential applications.

❑ The Cr2O3, having antiferromagnetic transition

temperature (TN) at ~ 307K is a single phase ME

system, which exhibits ME coupling at room

temperature but the coupling is very weak.

❑ The observed weak ME coupling in single phase

systems bring more interest in composites consist of

piezoelectric-magnetostrictive phases which shows

enhanced ME coupling.

❑ A magnetic material with high magnetostriction is very

much essential to get enhanced ME coupling in

composites. Among all known ferrites, CoFe2O4 possess

very high value of magnetostriction.

SAMPLE SYNTHESIS

Sol-gel auto-combustion route (Molar ratio CoFe2O4:Cr2O3=1:4)

STEP-1 STEP-2

Fe(NO3)3.9H2O Co(NO3)2.6H2O C2H5NO2

Heating with continuous stirring

CoFe2O4 Xerogel powder

CoFe2O4 Powder

Grinding

Calcined at 600 0C

Cr(NO3)3.9H2O C2H5NO2

Heating with continuous stirring

CoFe2O4 Powder

CoFe2O4 + Cr2O3 Xerogel  Powder

CoFe2O4 + Cr2O3 Powder

Grinding

Sintered at 900 0C

Pelletisation

CHARACTERIZATIONS

Structural- X-ray diffractometer

(Rigaku-JAPAN) using Cu-Kα

radiation (λ= 1.5405Ǻ) with a

step size of 0.020 at a slow

scanning rate of 20/min.

Impedance measurement –

SR830 lock-in amplifier in a

frequency range of 0.1-100kHz

and a dc magnetic bias field up

to 1T is applied using an

electromagnet (GMW 5403)

equipped with a bipolar dc

power supply.

RESULTS AND DISCUSSIONS
X-ray diffraction Impedance study1.
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CONCLUSIONS
➢ CoFe2O4/Cr2O3 nano-composites were successfully synthesized following sol gel auto-combustion method.

➢ The phase formation was checked by employing Rietveld refinement on X-ray diffraction patterns.

➢ In impedance spectroscopy, the presence of single semicircle was observed up to 340 K, possibly due to the grain

contribution. there after by increase in temperature another contribution arises which may be from grain

boundary in the form of tail was observed.

➢ The change in capacitance with the introduction of magnetic field was found which signify presence of ME

behavior of the compound. Further in order to confirm the true nature of ME coupling the direct ME

measurements are in process.

Havriliak- Negami (HN) equation:- (Z')2+(Z'')2=R2[1+(ωτ)2α-2βcos( Τ𝜶𝝅
𝟐)(ωτ)α]        (1)
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FIGURE 3. (a) Variation of resistance for 1st semicircle (R1) and 2nd semicircle (R2) as a function of 
temperature and (b) The change in capacitance (ΔC) as a function of temperature is shown.

FIGURE 2. Z'' vs. Z' plot at 0T and 1T in the temperature range of (a) 300 K to 340 K 

and (b) 350 K to 400 K is shown. The data’s are fitted with eq.1 shown by solid red line.

FIGURE 1. The room temperature Rietveld-

refined X-ray diffraction pattern of the Cr2O3, 

CoFe2O4/Cr2O3 nano-composite and CoFe2O4

powders.


