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Abstract 

The Cd
2+

 substituted copper ferrite having general chemical formula Cu1-xCdxFe2O4 was prepared by chemical co-

precipitation method. An extensive study of micro structural, electrical and dielectric properties of Cd substituted Copper 

ferrite has been performed. The X-ray analysis confirmed the formation of single phase of the prepared samples. By 

using values of the lattice constant (a) the bond length RA, RB and hopping length is calculated. It is observed that the 

variation of RA, RB is analogues to the variation of lattice constant (a), which is a common feature of a ferrite. The D.C. 

resistivity of all the samples is studied by using tow probe technique, from which transition temperature is calculated and 

it is observed that the values of the transition temperature (Tc) goes on decreasing with increasing Cd content x. The 

dielectric properties for a given series were studied as a function of frequency which shows that these properties are 

strongly depend upon frequency. 

 

Key World: Copper ferrites, IR spectra, D.C. resistivity, dielectric properties. 

 

Introduction:- 

 Mixed metal oxides with (III) oxides as their main component are known as ferrite are ferromagnetic 

in nature as originally prepared by Neel [1]. The general chemical formula for spinel ferrite is MFe2O4, where 

M is the divalent metal ion such as Ni, Co, Mg, Fe, Cd, Zn, etc. Amongst all the ferrites, copper ferrite is 

important due to its high electrical resistivity, low eddy current and dialectical losses and also it has low value 

of conductivity. The interesting physical and chemical properties of these materials arise from their ability to 

distribute the cation amongst the available tetrahedral A and octahedral B sites. The Knowledge of 

cationdistribution and spin alignment is essential to understand the properties of ferrites. These properties of a 

ferrite strongly depend upon chemical composition, method of preparation, sintering temperature, cation 

distribution, porosity, grain size etc[2]. The substituted copper ferrites have been the subject of extensive 

investigation because of their utility in microwave devices, computer memory chips and in magnetic recording 

media etc [3-6]. In the present work we focus on the structural, electrical and dielectric properties of Cd
2+

 

substituted copper ferrite system prepared by chemical co-precipitation method. 

 

Experimental:- 

The samples of the spinal ferrite having the general chemical formula Cu1-xCdxFe2O4 (x = 0.0-0.5) were 

prepared by chemical co-precipitation method. X-ray powder diffraction patterns were performed for all the 

samples. Using the X-ray diffraction patterns the structural parameters like lattice parameter, particle size and 

X-ray density were calculated. The X-ray diffraction pattern contains information not only about the phase 

composition of a crystalline sample but also contain information of crystalline sizes, solid solution, stress and 

texture. The temperature dependence of d. c. resistivity of all the samples was studied by two-probe method. 

Dielectric constant () dielectric loss () and dielectric loss tangent (tan) as a function of temperature were 

measured by LCR-Q (HP make, 4192) meter at fixed frequency of 1kHz and 10kHz. Dielectric constant () 

dielectric loss () and dielectric loss tangent (tan) as a function of frequency at room temperature were 

measured by LCR-Q (HP make, 4192).  
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Results and discussion:- 

The X-ray diffraction patterns of the Cu1-xCdxFe2O4 spinel ferrite system with x = 0.0-0.5, are shown in Figs. 

1(a-c).  All the peaks have been indexed by Miller indices. There is no extra peak other than the cubic spinel 

structure. The XRD patterns are sharp and intense. The lattice constant ‘a’ for all the samples were calculated 

by using the following relation, 

    𝑎 = 𝑑√𝑁       (1) 

Where ‘a’ is lattice parameter and,‘d’ is inter-planner spacing. The variation of lattice constant was studied as 

a function of composition. It is observed from Table 1, that the lattice constant increases with increase in Cd 

content x. This increase in lattice is due to the difference in ionic radii of constituent ions. The Cu
2+

 ions with 

smaller ionic radii (0.87 Å) are replaced by Cd
2+

 ions having larger ionic radii (1.09 Å).  The values of X-ray 

density (dx), particle size (t), porosity (P) and bulk density (dB) are listed in table 1. 

The D.C. electrical resistivity is an important property of low – temperature sintered for MLCI application, 

because resistivity remarkably affects the electroplating of devices. Variation of logarithmic of resistivity 

versus reciprocal of temperature is shown in Fig. 2 (1, b) for all the samples. All these resistivity plots are 

similar in nature and obeys the Arrhenius relation.  

 = 0exp [Eg / KBT]        (2) 

where, 

 Eg = Activation energy in eV 

KB = Boltzmann constant  

T  = Absolute temperature.     

 The resistivity decreases with increase in temperature. Each sample shows a break in resistivity plot at 

a particular temperature. At this point the plot divides into two regions namely ferrimagnetic region and 

paramagnetic region. The temperature at which curve is divided into two regions may corresponds to Curie 

temperature of the sample. Using these resistivity plots and Arrhenius relation given in equation (2), the 

activation energy of all the samples was calculated and the values of activation energy are given in 1. 

Fig. 3 shows the variation of the dielectric constant () with logarithm of frequency (LogF) at room 

temperature for all the compositions. It can be seen from Fig.3 that the values of the dielectric constant are 

found to decrease continuously with increasing frequency for all the samples under investigation. The 

decrease in dielectric behavior of Cu-Cd ferrites is a normal dielectric behavior of spinel ferrites. In the 

present series of Cu1-xCdxFe2O4, maximum ferrous ions are available at octahedral [B] site due to occupancy 

of cadmium ions at tetrahedral (A) site. Therefore, it is possible for these ions to be polarized to a maximum 

possible extent. Further, as the frequency of the externally applied field increases gradually, the dielectric 

constant decreases. The reduction occurs because beyond a certain frequency of the externally applied electric 

field the electronic exchange between ferrous and ferric ions do not follow the alternating field.  

Similar to dielectric constant, dielectric loss and dielectric loss tangent also decreases exponentially showing 

maxima at a particular frequency. The conduction mechanism in ‘n’ type ferrites is considered as due to 

hopping of electrons between Fe
2+

 and Fe
3+

 and the hopping of holes between Cu
2+

 and Cu
1+

 ions in ‘p’ type 

ferrites. When the hopping frequency is nearly equal to that of the externally applied electric field a maximum 

loss may be observed. The condition of observing a maximum in the dielectric losses of a dielectric material is 

given by τ=1; where, =2fmax and τ is the relaxation time. The relaxation time τ is related to the jumping 

probability per unit time(p), given by equation τ=1/2p or fmax p. This equation shows that fmax is proportional 

to the jumping or hopping probability. Now a decrease of fmax with increasing cadmium content indicates that 

the hopping or jumping probability per unit time decreases continuously. 
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Fig 1 (a, b): XRD Pattern of the samples x=0.0 -0.5 forCu1-xCdxFe2O4 prepared by wet chemical co-

precipitation technique. 

 
Fig. 2 (a-b): Variation of log  verses 1000/T  for the samples x=0.0 to x=0.6 of the series  Cu1-xCdxFe2O4 

prepared by wet chemical co-precipitation  technique. 



  
 
 
 

176 S.V.Rajmane, U.B.Dindore,
 
K.M.Jadhav

 

 
 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 3, Issue 3 

March 2016       

 

 
Fig. 3 (a-b): Variation of dielectric constant, with frequency forCu1-xCdxFe2O4 (x = 0.0-0.6) 

prepared by wet chemical method. 

 

Table 1: Lattice constant ‘a’, X-ray density ‘dx’ bulk density ‘dB’ particle size ‘t’, and transition 

temperature ‘TC’ for Cu1-xCdxFe2O4 

Comp. 

‘x’ 

Lattice constant 

‘a’ (Å) 

X-ray density 

‘dx’ (Å) 

Bulk density 

‘dB’ (Å) 

Particle size 

‘t’ (Å) 

Transition 

temperature 

‘TC’ (
o
K) 

0.0 8.37 5.4198 4.12 342 763 

0.1 8.44 5.3940 4.23 348 745 

0.2 8.51 5.3673 4.29 351 729 

0.3 8.63 5.2475 4.34 359 709 

0.4 8.69 5.2385 4.41 364 689 

0.5 8.73 5.2644 4.47 371 673 
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