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1. INTRODUCTION 
     Ferrites have been used as high frequency soft 

magnetic materials due to their high resistivity and high 

permeability [1]. Of all ferrites, the Mn-Zn ferrites are 

of the greatest practical importance nowadays [2-3]. The 

reason for the superiority over the other ferrites, such as 

Ni-Zn ferrite, is the higher saturation magnetization, the 

lower losses, and a relatively high Néel temperature. 

This is due to the fact that the Mn
2+

 has 5 Bohr 

magnetons ( B) while the Ni
2+

 has only 2.3 B. The Mn-

Zn ferrites has been widely used in electronic devices 

such as transformers, choke coil, thin-film read heads, 

and microwave acoustic devices up to 5×10
8
 Hz, owing 

to its high magnetization, high resistivity, and low eddy-

current losses. During the last few decades, there has 

been a growing interest in the study of the magnetic 

behavior and magnetic structure of mixed ferrite
 
due to 

its fascinating properties and interesting technological 

applications [4-8]. The substitution of 

magnetic/nonmagnetic ions has shown a tremendous 

effect in controlling the magnetic, structural, and 

electrical properties. The magnetic oxide with spinel 

structure seems to be particularly attractive, as they 

allow a variety of magnetic disorders and frustrations to 

be introduced [9]. In spinel lattice AB2O4, the anions (O
-

2
 ions) form cubic close packing, in which the interstices 

are occupied by tetrahedral (form the A-site and 

octahedral (form the B-sites) coordinated cations. In 

such magnetic oxide materials the competition between 

ferromagnetic and antiferromagnetic super-exchange 

interactions occurs between the spins of intersublattice 

and intrasublattices. In general, in spinel oxides 

intrasublattice interactions are weaker than the 

intersublattice interactions. 

    Microstructure, magnetic and electrical properties of 

Mn-Zn mixed ferrites depend on the method of 

preparation, sintering temperatures and the doping 

concentrations. Due to substitution of various cations, 

spinel type lattice may either compress or expand, hence 

there is a modification of A-B interaction, and also there 

is cation redistribution in A-site and B-sites that produce 

samples with various interesting properties. 

 

2. EXPERIMENTAL DETAILS 

     The powders of Mn0.50Zn0.50-xCuxFe2O4 with x = 0.00, 

0.10, 0.20, 0.30 and 0.40 were prepared through 

combustion method. Stoichiometric amounts of 

commercially available MnCl2.4H2O, Cu(NO3)2.3H2O, 

Zn(NO3)2.6H2O, Fe(NO3)3.9H2O were dissolved in 

ethanol. Then the solution was heated at 343K to 

transform into gel, the dried gel burnt out to form fluffy 

loose powders. Then the resultant powders were 

calcined at 973K for 5h and then pressed uniaxially into 

disk-shaped (about 0.01 mm outer diameter, 0.002-

0.003 m thickness) and toroid-shaped (about 0.01 m 

outer diameters, 0.005 m inner diameter, and 0.003 m 

thickness) samples.  The samples were sintered at 

1473K, 1503K and 1523K for 5 h in air. The 

temperature ramps were 0.16Ks
-1

 for heating and 0.08 

Ks
-1

 for cooling.  

    Microstructural properties were investigated with a 
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high-resolution optical microscope. The bulk density 

was measured by B = M/V where M is the mass of the 

sample and V is the volume. Average grain sizes (grain 

diameter) of the samples were determined from optical 

micrographs by linear intercept technique [10]. 

    The frequency characteristics of Mn-Zn ferrite 

samples i.e. the initial permeability spectra were 

investigated using an Agilent Impedance Analyzer 

(model no. 4192A). The complex permeability 

measurements on toroid-shaped specimens have been 

carried out at room temperature on all the samples in the 

frequency range 10
3
Hz-10

8
Hz. The values of the 

measured parameters obtained as a function of 

frequency and the real part ( i
/
) of the complex 

permeability have been calculated using the following 

relations: i
/
= Ls/Lo, where Ls is the self inductance of 

the sample core and Lo= ( oN
2
h/2 ) Ln( ro/ri) is derived 

geometrically. Where Lo is the inductance of the 

winding coil without the sample core, N is the number 

of turns of the coil (N = 5), h is the thickness, ro is the 

outer radius and ri is the inner radius of the toroidal 

specimen. The relative quality factor was calculated 

from the relation: Q = i
/
/tan , where tan  is the loss 

factor. 

 

3. RESULTS AND DISCUSSION 
      

3.1 Lattice parameter, density and porosity of the 

samples 

     

 

 

 

 

 

 

 

 

 

 

Fig 1. The XRD patterns for Mn0.50Zn0.50-x CuxFe2O4  

Figure 1 shows the X-ray diffraction (XRD) pattern of 

various Mn0.50Zn0.50-xCuxFe2O4 (with x = 0.00, 0.10, 

0.20, 0.30 and 0.40) sintered at 1473K. The observed 

diffraction peaks comply with the reported values thus 

confirming the formation of single phase cubic spinel 

structure and no unreacted constituents were present in 

these samples [11]. The exact values of lattice constant 

were estimated from the extrapolation of the lines to 

0)(F  or 90 . The variation of lattice 

parameter „a0‟ as a function of Cu content is shown in 

Figure 2. It is seen from the figure that the lattice 

parameter decreases with increasing Cu content. This 

can be attributed that the ionic radius of Cu
2+

 ions 

(7.2x10
-09

m) is  smaller than that of Zn
2+

 ions (7.4x10
-

09
m) [12]. When the smaller Cu ions enter the lattice, 

the unit cell compressed while preserving the over all 

cubic symmetry. It is observed that the bulk density 

decreases with increasing Cu substitution as shown in 

figure 3. This phenomenon could be explained in terms 

of the atomic weight. The atomic weight of Zn is greater 

than that of Cu [13]. On the other hand, porosity of the 

sample increases with increasing Cu content resulting 

from discontinuous grain growth. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. Variation of lattice parameter with Cu content of 

Mn0.50Zn0.50-xCuxFe2O4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3. Variation of Density and porosity of Mn0.50Zn0.50-

xCuxFe2O4 with Cu content sintered at 1473K 

  

3.2 B-H loops of Mn0.50Zn0.50-xCuxFe2O4 
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Fig 4. The B-H loops for Mn0.50Zn0.50-x CuxFe2O4 with x 

= 0.00, 0.10, 0.20, 0.30 and 0.40. 

 The B-H loops of the Mn-Zn-Cu ferrite were measured 
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at room temperature at constant frequency f = 1000 Hz 

as shown in Figure 4 It is observed that Hc increases 

with the increase in Cu
2+

. Increase in Hc with increase in 

Cu may be due to the increase in magnetocrystalline 

anisotropy . It is well known that all these properties are 

extrinsic, which depend on the grain size, intra- and 

inter-granular porosity. Intragranular porosity occurs for 

higher content of Cu, which affects the magnetic 

properties. The area within the loop is directly related to 

the hysteresis loss. It is seen from the figure 4 that the 

loop area of B-H curve increases significantly, here by 

increases the hysteresis loss.  
 

3.3 Complex initial permeability 

    The real part of complex initial permeability of 

Mn0.50Zn0.50-xCuxFe2O4 has the highest value when no 

copper is substituted. The permeability decreases with 

increasing Cu content in Mn0.50Zn0.50-xCuxFe2O4 as 

shown in figure 5. The composition shows resonance 

frequency; with real part i
/
 decreases drastically at high 

frequency above 5MHz (depending on composition and 

sintering temperatures). But we observed that for 

Mn0.50Zn0.30Cu0.20Fe2O4, µ
/
i was found to be maximum 

at 1473K. If the sintering temperature is higher than that 

of optimum, i
/
 decreases as shown in figure 6. It is 

possible that the sample sintered at higher temperature 

increases the number of pores within the grain. The 

pores acts as pinning sites for the domain wall 

movement. Consequently, domain wall motion is 

restricted and this limits the rate of growth of 

permeability. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5. The frequency dependence of initial permeability 

of various Mn0.50Zn0.50-xCuxFe2O4 sintered at 1473K for 

5h. 

 

 

 

 

 

 
 
    

 

 

 

 

 

Fig 6. The variation of complex initial permeability with 

frequency of Mn0.50Zn0.30Cu0.20Fe2O4 sintered at 

different temperatures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7. The frequency dependent relative quality factor in 

Mn0.50Zn0.50-xCuxFe2O4 sintered at 1473K. 

  
3.4 Relative quality factor 

The variation of relative quality factor with frequency 

for various doping concentration of the composition 

sintered at 1473K is shown in figure 7. The loss is due 

to lag of motion of domain walls with respect to the 

applied alternating magnetic field and is attributed to 

imperfections in the lattice [14, 15]. The sample sintered 

at 1503K has highest Q value while at 1523K it is the 

lowest as shown in figure 8. 

 

 

 
 

 

 

 

 

 

 

 

 

 

Fig 8. The frequency dependent relative quality factor of 

Mn0.50Zn0.20Cu0.30Fe2O4 at different sintering 

temperature. 

 

4. CONCLUSION 

   The lattice parameter and density of polycrystalline 

Mn0.50Zn0.50-xCuxFe2O4 decreases with increasing Cu 

substitution. With the increase of sintering temperature, 

the µi
/
 and Q of these ferrites increase up to 1503K but 

above 1503K there is a decrease of these values. The µi
/ 

of the samples strongly depends on average grain size 

and porosity. B-H loop study reveals that with 

substitution of Cu content in mn-Zn ferrite enhances the 

hardness of the material.  
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6. NOMENCLATURE 
 

Symbol Meaning Unit 

 Density (Kg/m
3
) 

T Temperature (K) 

f Frequency (Hz) 

a0 Lattice constant (m) 

Q Relative Quality Factor - 

µi
/
 Real Part of Initial 

Permeability 

- 

µi
//
 Imaginary Part of Initial 

Permeability 

- 

H Applied magnetic field A/m 

B Magnetic induction T 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


