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ABSTRACT 

 
Polycrystalline spinel ferrite 𝐶𝑢0.7+𝑥𝑍𝑛0.3𝐺𝑒𝑥𝐹𝑒2−2𝑥𝑂4where x= 0.0, 0.1 to 0.6 prepared by standard double sintered 

ceramic method. The a. c. susceptibility measurements on powdered samples were made using double coil set up. A specimen is 

kept in the center of a balanced double coil which itself is at the center of a Helmholtz coil system producing an alternating magnetic 

field behaves like an alternating dipole and induces a differential emf in the double coil. T/RT does not vary with temperature. 

As composition of Ge4+ is increased the Curie temperature (Tc) decreases. Near the Curie temperature there is sharp decrease of 

T/RT suggesting the single-phase formation of material. 
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I. INTRODUCTION 
 

Semiconductor natured polycrystalline spinel 

ferrites are most important materials due to their 

interesting structural, electrical and magnetic properties. 

In these, physical properties depend upon the nature of 

ions involved, their charges and their site distribution 

amongst tetrahedral (A) and octahedral [B] sites. For 

these, in spinels two extreme distributions of cations are 

possible i.e. normal and inverse distribution [1]. Such 

distribution is a result of an individual site preference of 

each substitutional ion. The ferrites by virtue of their 

structure can accommodate a verity of cations at different 

sites, enabling a wide variation in properties. These 

properties mainly depend upon chemical composition, 

method of preparation, sintering time and temperature [2]. 

By introducing small amount of foreign ion can change 

the electrical and magnetic properties of ferrite [3-4]. 

Extensive works have been carried out by various workers 

to upgrade the properties of ferrites by substituting 

different types of amount of impurities. 

Copper ferrites have attracted attention of 

investigators for its uniqueness condition. It shows 

remarkable effect in structural sensitivity. In addition, the 

electrical and magnetic characteristics can be controlled 

and innovated by many factors such as preparation 

condition, cation distribution and ion substitution [5-6]. 

The copper ferrite has a structure of distortion of spinel 

[7]. When it is heated to a temperature above 760c and 

rapidly quenched to room temperature the structure was 

cubic while when it is heated at a temperature below 

760c crystal structure was tetragonal. The influence of 

Jahn-Teller ions +2Cu at octahedral [B] sites can be 

modified by substitution of trivalent and tetravalent ions. 

Many workers have reported the influence of tetravalent 

ions like ++++ 4444 Sn,Si,Ti,Ge  and +4Mn  on the properties 

of copper ferrite [8-12]. 

In this paper we report the study of effect of +4Ge

on magnetic susceptibility of copper zinc ferrite. 

 

II. EXPERIMENTAL DETAILS 
 

Polycrystalline spinel ferrite    

Cuo.7+xZn0.3GexFe2-2xO4 where x = 0.0, 0.1 to 0.6. were 

prepared by standard ceramic method. The analytical 

reagent oxides CuO (Copper oxide), ZnO (Zinc oxide), 

GeO2 (Germanium dioxide) and Fe2O3 (Ferric oxide) 
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 were used for preparation. These oxides were weighed in 

required mole proportions on a single pan balance having 

accuracy 0.1mg and mixed thoroughly. This mixture was 

then ground in agate mortar for about two hours. Mixture 

was then transferred into a silicon crucible for 

presintering heated at 500C for 24 hours and cooled in 

the furnace to room temperature. The temperature of 

furnace was measured with the help of Platinum-Rhodium 

thermocouple. The presintering powder of samples were 

again ground for minimum two hours. The powder was 

then palletized without any binder in a die of 10mm 

diameter by applying a hydraulic pressure of 5 tons per 

square inch for about 10 minutes. After removing the load 

pellet was taken out from the die. The pellets were finally 

sintered at 950C for 24 hours at which solid state reaction 

is completed and naturally cooled up to room temperature. 

The a. c. susceptibility measurements on 

powdered samples were made using double coil set up. 

The measurements were taken from room temperature to 

800K, operating at frequency of 263 Hz and rms field of 

39.8Am-1. 

 

III. RESULT AND DISCUSSION 
 

The variation of a. c. susceptibility T/RT 

against temperature T Cuo.7+xZn0.3GexFe2-2xO4 where x = 

0.0, 0.2, 0.4 and 0.6. is as shown in Fig 1. (a and b) which 

exhibit normal ferrimagnetic behaviour.  

 

 
Figure 1 (a) Thermal variation of a. c. susceptibility 

with temperature of 𝑪𝒖𝟎.𝟕+𝒙𝒁𝒏𝟎.𝟑𝑮𝒆𝒙𝑭𝒆𝟐−𝟐𝒙𝑶𝟒 

system for x=0.0 and x=0.2 

 
Figure 2 (b) Thermal variation of a. c. susceptibility 

with temperature of 𝑪𝒖𝟎.𝟕+𝒙𝒁𝒏𝟎.𝟑𝑮𝒆𝒙𝑭𝒆𝟐−𝟐𝒙𝑶𝟒 

system for x=0.4 and x=0.6 

 

From figure 1 following observations were 

made,  

[1]  T/RT does not vary with temperature. 

[2]  As the content of Ge4+ is increased the Curie 

temperature (Tc) decreases.  

[3]  Near the Curie temperature, there is sharp decrease of 

T/RT suggesting the single-phase formation of material. 

Curie temperature was measured at point on 

graph when T/RT =0. The details of Curie temperature 

are as shown in Table 1.  

 

Table 1: Variation of Curie temperature for 

4x22x3.0x7.0 OFeGeZnCu −+
 with composition x. 

Composition 

‘x’ 

a. c. 

susceptibility 

in K 

Laoria method 

in K 

0.0 748 750 

0.1 742 740 

0.2 705 710 

0.3 690 688 

0.4 681 680 

0.5 655 660 

0.6 640 642 

 

From table1 it is observed that, Curie 

temperature decreases with increase of Ge4+ content ‘x’. 

This decrease in Curie temperature with Ge4+ for all cases 

is due to substitution of non-magnetic Ge4+ ions in the 
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 present system. The non-magnetic ions reduce the active 

magnetic linkages per magnetic ion per formula unit as a 

result Curie temperature Tc decreases with increase of 

Ge4+ concentration in the system. Also decrease of Curie 

temperature Tc on addition of Ge4+ is due to reduction in 

A-B interaction. The thermal energy required to offset the 

spin alignment decreases which results in the decrease of 

Tc on increasing content of Ge4+ while the non-linear fall 

in Tc suggests that canted spins are favoured. From table 

1, it is also observed that Curie temperature determined 

from susceptibility and resistivity good agreement with 

Curie temperature determined from Laoria method. 

The influence of cation distribution on magnetic 

properties of copper ferrite has been studied by Stierstadt 

et al [13]. They concluded that the Curie temperature 

sensitivity depend upon the statistical distribution of Cu2+ 

ions over the octahedral and tetrahedral sites. Similar 

result also reported by Ghatage et al [14].  

 

IV. CONCLUSION 
 

A. C. susceptibility measurement suggests that 

the Cuo.7+xZn0.3GexFe2-2xO4 system shows normal 

ferrimagnetic behaviour. Also, there is decrease in Curie 

temperature with increasing Ge4+ content x. This decrease 

in Curie temperature with Ge4+ for all compositions is due 

to substitution of non-magnetic Ge4+ ions in the present 

system. The non-magnetic ions reduce the active 

magnetic linkages as a result Curie temperature (Tc) 

decreases with increase of Ge4+ concentration. Also 

decrease of Curie temperature on addition of Ge4+ is due 

to reduction in A-B interaction. 
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